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Ferrograph Series 7 - 

a lifetime of recording 

Ferrograph Tape Recorders have been 
famous ever since 1949. A lifetime's exper- 
ience of making fine recorders goes into 
every one of Ferrograph's brilliant new 
Series 7. 

And there is a lifetime's recording in every 
Ferrograph instrument. Many of the earliest 
Ferrographs are giving perfect service 
today - twenty years later. You can be 
sure your Ferrograph will do the same for 
you. It will give dependable service for 
many, many years to come. It will keep its 
value. It will need the minimum of service. 
Spare parts will remain available for a 
lifetime's recording. That's how Ferrograph 
got its name. 

Available in Mono, and in Stereo with 
and without end amplifiers: combining a 
unique range of 30 recording facilities, 
including: 
# All silicon solid-state electronics with FET 
input stages and wide input overload margins. 
0 Vertical or horizontal operation. 
% Unit construction: The 3 individual units i.e. 
tape deck, power unit and amplifier complex are 
mounted on a single frame easily removable from 
cabinet for service or installation in other cabinets 
or racks. 
# 3 motors (no bells). 3 tape speeds. 
# Variable speed spooling control for easy 
indexing and editing. 
0 Electrical deck operation allowing pre-setting 
for time-switch starting without need for mach- 
ine to be previously powered. 
0 Provision for instantaneous stop/start by 
electrical remote control. 
0 Single lever-knob deck operation with pause 
position. 
0 Independent press-to-record button for safety 
and to permit click-free recording and insertions. 
0 8J" reel capacity. 
0 Endless loop cassette facility. 
0 Internal loud speakers (2)—1 each channel on 
stereo, 2 phased on mono. 
0 4 digit, one-press re-set, gear-driven index 
counter. 
0 2 inputs per channel with independent mixing 
(ability to mix 4 inputs into one channel on 
stereo machine). 
0 Signal level meter for each channel operative 
on playback as well as record. 
0 Tape/original switching through to output 
stages. 
0 Re-record facility on stereo models for multi- 
play, echo effects etc, without external connec- 
tions. 
0 Meters switchable to read 100 kHz bias and 
erase supply with accessible preset adjustment. 
0 Three outputs per channel i.e. (1) line out 
level response. (2) line out—after tone controls. 
(3) power output—8-15 ohms. 
0 Power output 10W per channel. 
0 Independent tone controls giving full lift and 
cut to both bass and treble each channel. 
0 Retractable carrying handle permitting carry- 
ing by one or two persons. 
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U.K. Retail prices from £150 inch P.T. 

Please see next page for list of Ferrograph 
Stockists 
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FERPiOGEAPH 
The Ferrograph Co Ltd, Mercury House. 195 Knightsbridge, SW7 Telephone: 01-589 4485 
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Listen for yourself 

To know the Fmograph Series 7 yon most look at ft, Ustcn to it, for yourself. Yon will find it In stock at many of 
the best tape-recording and Hi-Fi specialists in the country, including the following: 

Ferrograph stockists 
Loodoa Deskra 
C.C Goodwin (Sales) Ltd.. 7 The Broadway, 
Wood Green, N22. 
Francis of Strcaiham, Tape Recorder Specialists. 
169-173 Streatham High 
Road,SW\(,. Hampstead Hish Fidelity 9lo Heath Street. NWl. 
Imhofs, 112-116 A/ew Oxford St., 
WC\. Largs of Hoi bom, 
76/77 High Ho/born, WCI 
Nusound, 241/4 Pentonvllle Rd.,Hl 
Nusound, SlHigh Holborn, WCl. 
Nusound, 
228 Bishopsgate, EC2. Nusound. 
360 Kilburn High Road, N. W.6. 
Nusound, 36Lewisham High Street, 
S.EM. Nusound. 
2 Maryland Station, E\S. 
The Recorder Co., 186-188 West End Lane, W. Hampstead, N W6. REW (Earlsfield) Ltd.. 
266-268 Upper Tooling Road. SW11. REW (Earlsfield) Ltd.. 
146 Charing Cross Road, WCl. Tclesonic Ltd., 
92 Tottenham Court Road. Wt. Teletapc Ltd.. 
33 Edgtvare Road, W2. Teletapc Ltd., 
84/88 Shaftesbury Ave., 
WX. 
Aberdeen 
Aberdeen Radio Co., 
12 Hodden Street. Aberdeen Sound Centre 
Ltd., 
25.4 Belmont Street. 

Raylec Limited, 
43 Buff Parade, High St. 
Birminaham 
ChasH. Young Ltd., 170-172 Corporation St., 
Birmingham 4. 
CH. (Hi-Fidelity) Ltd., 167-169 Bromsgrove St., Birmingham 5. Cine-Equipments Ltd., 
Audio Visual Department, 9A Dale End, Birming- 
ham 4. 
Blackburn 
Holdings Audio Centre, 
39-41 Mincing Lane. 
Blackpool 
F. Benfell Limited, 17 Cheapside (Abingdon Street). 

Boltoa 
Marker & Howarth, 
Churchgate. 
Boecorabe 
Tape Recorders (Bournemouth) Ltd., 
874 Christchurch Road. 

Forrester's, 
National Radio Supplies 
Ltd.. 70-72 Hoidenhurst Road. 
Brighton 
Averys, 77 St. James's Street. Lanes Radio Ltd.. 
II Gardner Street. 
Bristol 
Audio Bristol, Park Street A venue, 
Bristol I. Bristol & West Recording Service Ltd., 
6 Park Row, Bristol 1. 
Tape Recorder A. Hi-Fi Centres Ltd.. 
82 Stokes Croft. 
Bromley Bromley Sound, 
32 Letchworth Drive. 
Bury J. Smith A Son (The 
Rock) Ltd., 
184 The Rock. 
Cambridge 
University Audio. I and 2 Peas Hill. 
Canterbury Canterbury Hi-Fi Centre, 
26 St. Dunstan's Street. 
Cardiff The Roath Radio & 
Television Co., 23/27 Morgan Arcade, Cardiff CF\ 2AF. 
Sound Film Services (Cinema Liaison Ltd.), 
27 Charles Street. 
Tape Recorder & Hi-Fi Centres Ltd., 
Oxford Arcade, 
The Hayes. 
Castle Dooglas 
John Mitchell, 141 King Street. 
Coventry Coventry Hi-Fi Centre, 
13 City Arcade. Coventry Tape Recorder 
Services, 
33 King William Street. 
Crewe Charlesworths of Crewe 
Ltd.. 28 High town. 
Darlington McKenna & Brown Ltd., II Bond Gate. 

Derby Bucklands of Derby. 
41-49 London Road. 
Doncaster 
Tom Jacques Ltd., Sound and Electronic 
Engineers, Engln 16 Wt 
Dorcbeatcr 
Suttons, 
Hardye Arcade. 
Edinburgh 
J. B. Fulton Associates 
Ltd.. 16 Howe St., Edinburgh 3 
J. J. Mitchel(Cameras) 
Ltd.. Haymarkel Corner, 
Edinburgh 11. 
Eppiag Chew & Osbomc Ltd.. 
148 High Street. 
Farnham 
Lloyd of Keyworth Ltd., 26/28 Downing Street. 
Glasgow McCormack Ltd., 
33 Bath Street. 
Goodmayea Unique Radio Ltd., 
The Facade, High Road. 
Grareeend 
Bennett & Brown 
(Gravesend) Ltd., 58.606 and60c Wrotham 
Road. 
Grimaby Lincolnshire Instrument 
Co.. Hi-fi House. 69-71 " Cartergote. 
Guildford 
Merrow Sound Ltd., 
229 Epsom Rd., Merrow. P.J. Equipments Ltd., 
3 Onslow Street. 
High Wycombe Hughes Photographic & Hi-Fi Specialists, 
7 High Street. 
Huddcrsficld 
Woods, The Music Shop. 
New Street. 
llford Nusound. 
87/100 llford Lane. 
Kettering 
Paul Taylor A Partners Ltd., I Silver Street. 
Leads Beckett Film Services 
Ltd.. Audio-Visual Specialists 
46-48 The Headrow, Leeds LS\ 8 EL. Va I lance Audio Lab, 
20 New Market Street., 

Leicester 
United Film Service, 13 King Street. 
Liverpool Beaver Radio (L'pool) 
Ltd., 20/22 Whiteehapel. 
Lowest of t Hughe$(Lowestoft) Ltd,. 
62 London Road North. 
Maidstono 
SI oman A Petlitt, 
Pudding Lane. 
Manchester 
Lanes High Fidelity Ltd., 248 Wllmslow Road. Manchester 14. 
Mansfield 
Syd Booth, 11 Queen Street. 
Middlesbrough 
McKenna A Brown Ltd., 
Linlhorpe Road. 
Newcastle Clement Wain Limited, Redllon Square. 
Newcastle-upoa-Tym 
Turners (Ncwcastle- 
upon-Tyne) Ltd., Camera House, Pink 
Lane. 
Norwich Suttons, 
16-18 Exchange Street. 
Nottingham 
The Audio Centre, 28/30 Pelham Street. 
Peter Anson Electronics, 165 Arkwrighl Street. Nottingham Tape 
Recorders Ltd., 
11 Burton Street. 
Oxford 
Westwoods. 
46 George St., Oxford. 
Plymouth 
Albert E. Ford Ltd., 84 Cornwall Street. 
Portsmouth 
H. R. Knight Ltd.. 71 Tangier Road. 
Rarasgatc 
Tom Joyce, 
147 Boundary Road. 
Redcar McKenna A Brown Ltd., 
135 High Street. 
Reigate 
Alan Laurenson A Co.. 
9 Bell Street. 
Salisbury 
Suttons Music Centre. 
Blue Boar Row. 
Sheffield 
Sheffield Sound Centre, 101 EcclesaU Road. 

Solibull CH. (Hi-Fidelity) Ltd.. 
12 Drury Lane. 
Southampton 
Hamilton Electronics (Southampton) Ltd., 
35 London Road. Suttons, 421 Shirley Road. 
Sooth Shields Savilles's, 5/7 Keppel Street. 
Stafford 
Tom Reekie Ltd., 
10 Bridge Street. 
Siockport W. J. A M. Baylis Ltd.. 
611 Gorton Road, Reddish. 
Stockton-on-Teca 
Bond A Mason. Radio-TV-Hi-Ft- 
Elcctrical, 94 Church Road. 
Stoke-on-Treat 
Wilson's Radio Ltd., 
30/32 Liverpool Road. 
Sod bury 
The Record Shop, 
King Street. 
Sunderiand Saxons(Sunderland) Ltd. 
Photographic Dealers, 
20-22 Waterloo Place. 
Sw Holt, 
Radio, TV. HI-FI, Audio, Electronics, 
Pic ton Arcade, Oxford Street. 
Teddingtoo 
Daytronics Ltd., 119 A High Street. 
Truro 
Fords (Prop. E. J. E. 
Vivian), 9 Pydar Street. 
Wealdttooc 
K.J. Enterprises, 17 The Bridge. 
Wilmslow 
The Hi-Fi A Tape Recorder Lounge, 
Green Lane. 
Wokiat D. HTHughcs A Sons 
Ltd.. 29 High Street, Knaphill. 
WolverhamptBO 
M. R. Warner A Son 
Ltd., 26 Chape! Ash. 
Worthing Bowers A Wilkins Ltd., 
I Becket Buildings, Littlehampton Road. 

If none of these is near enough to you, in case of diffiiculty, or for free literature, send us the coupon, or give us a ring on 01-589 4485 

FERROGEAPH 
To Tho Famtrapk Co, LU., Mvcwy How. 195 Koichtibridfo, Loodoo SW7 
O PUau md mt a fm brochurt om 1S4 „.wo Ftmtrapk Srrles 7 NAME  □ Of /*o M» Frrrograph WoJUoJ/or 

wUcb Indo* II ADDRESS  

the tape recorder with 
the hearing-is-believing sound 
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K.J. ENTERPRISES 

BRITAIN'S PREMIER MAIL-ORDER AUDIO SPECIALISTS 

Immediate despatch on Advertised Lines. 

Send Cash with Order. 

DISCOUNT BARGAINS * VAST STOCKS OF TAPE & EQUIPMENT * REFUND GUARANTEE. 

BRANDED TAPES 

20% OFF! 

BASF—EMI—GRUN DIG—PHILIPS 

SCOTCH-AGFA 
Brand new, Fully Cuaranteed and in normal manufacturers pack. 

STANDARD PLAY 
5" 600' 1 
sr 900' ^ Except Agfa 7" 1200' J 

LIST OUR 
PRICE PRICE 

22/2 18/- 
29/5 24/- 36/7 29/6 

LONG PLAY 
3' 210' Not Scotch 

300' Scotch only 
450' 
600' BASF, Agfa only 
900' 

1200' 
1800' 2400'BASF,Scotch only 
3280' Agfa only 

3 4' 
•5" 
•sr •7" 
sr 

10- 
10" 
ior 

3600' BASF only 
4200' Ag(a, BASF only 

9/3 7/4 
9/7 7/9 

14/9 12/- 
12/- 18/- 
29/2 23/6 
34/5 29/4 
51(7 41/4 
74/- 58/9 
85/9 48/9 
94/4 77/4 
113/4 89/3 

SCOTCH DYNARANGE (L/P) 
5' 900' 32/8 24/3 
Si" 1200' 41/- 33/- 
7" 1800' 58/1 44/4 
81" 2400' (Metal Reel) 84/3 47/4 

GRUNDIG TAPE AVAILABLE ONLY WHERE MARKED WITH ASTERISK 
Postage and packing 2/6. 

LIST OUR 
DOUBLE PLAY PRICE PRICE 
3" 300'Not Scotch 14,3 11/4 400'Scotch only 14/7 13/3 

600' 24/- 21/- 900'Agfa, BASF only 31/- 25/- 
1200' 43/2 34/9 
I BOO' 54/11 44/- 
2400' 79/- 63/4 

3' 
4 
r 

•sr 
•7' 
10" 4600' Agfa only 140/9 112/9 

TRIPLE PLAY 
450'Not Scotch 22/3 18/- 
600' Scotch only 24/10 19/9 
900' 40/- 31/3 

1200'Agfa, BASF only 50/- 40/3 
1800' Not Scotch 67/2 54/- 
2400'\Agla. BASF 91/4 73/4 

3" 
3* 4" 

•er 
5 
sr 7" 3600" /only 114/4 93/4 

COMPACT CASSETTES 
C.60 17/4 14/3 
C.90 25/- 20/3 
C.I 20 33/4 27/- 

Orders over £3 oost free. 

AMPEX TAPE-SAVE 30% 
A special offer of top quality, premium grade, mylar (Polyster) base tape with Full Leader and Stop Foil. Boxed and Fully guaranteed. 

ufT pRICE TYPE 
541-12 
551-12 
551-16 
551-24 

DESCRIPTION LIST PRICE ONE THREE 
1150'on Si" reel Long Play ... 35/- 24/6 71/- 
1200' on 5* reel Double Play ... 42/- 29/6 86/- 
1650' on 51' Feel Double Play ... 55/- 33/6 97/6 
2400' on 7" reel Double Play ... 77/6 49/6 145/6 

POST AND PACKING 2/6. ORDERS OVER £3 POST FREE. 

SIX 
137/- 
168/- 
189,- 
285/- 

ComffBtci 

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

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

MAXELL 
MC.60 MC.90 MC.I20 

I for 10/6 I for 14/- I for 18/6 
3 for 30/- 3 for 40/6 3 for 54/- 
6 for 55/6 6 for 78/- 6forl05/- 

12 for 105/- 12 for 150/- I2for204/- 
Post and Packing 2/6. Orders over £3 post free: 

Must not be confused with cheaper American Overture 
Cassettes advertised elsewhere. 

1LF0RD 

ZONAL TAPE 

40% OFF! 

NEW KJ SPECTACULAR 

.Ut 

From the Motion Picture and Magnetic Products Division of ILFORD LTD. we are 
proud to present a New Stupendous BARGAIN OFFER! Never before have 
you been offered such a breathtaking opportunity. ILFORD-ZONAL premium 
grade magnetic tape (extensively used by the B.B.C.) at a terrific reduction of 
40%! Brand New, Boxed. Fully Guaranteed and complete with leaders, trailers 
and stop foil. UNIQUE TO KJ. DESCRIPTION LIST PRICE 
900' on 5* 

1200' on 5r 
1800' on 7" 
1200' on 5' 
1800' on 51" 2400' on 7" 
Post and Packing 2/6 

reel Long Play P.V.C. 
reel Long Play P.V.C. 
reel Long Play P.V.C. 
reel Double Play (Polyester) 
reel Double Play (Polyester) reel Double Play (Polyester) 

29/1 
36/1 
51/4 
43/1 
56/1 
78/10 

ONE 
17/6 
22/6 
29/6 
27/9 
36/- 49/6 

THREE 
50/6 
65/- 
86/- 
81/- 
105/- 145/6 

SIX 
96/6 
125/- 
165/- 
157/6 
204/- 
285/- 

Orders over £3 post free 

BARGAIN OF THE MONTH 

PHILIPS/STELLA 4-TRACK TAPE RECORDER 
flodcl 9123 

f r- 

£ 

B1H3 (Mk 
Si-Era | LIST PRICE £60-0-10 

OUR PRICE 

*48 
Carriage f0/- 

An attractively priced, high quality, rcel-to-reel recorder. You will find that 
this machine, despite its many potentialities, is very simple to operate, thanks to 
the clear arrangement of its controls and connection sockets alike. 

LOOK AT SOME OF ITS 
0 Mono recording and playback. 
0 Stereo playback, duoplay and multi- 

play with stereo amplifier and 
accessories. 

0 4 track, 2 speeds—3J and !{ i.p.s. 
reels up to 7". 

0 Output 4 nr. 
0 Tone control. 
0 Tape position indicator. 

OUTSTANDING FEATURES 
0 All transistor amplifier. 
0 Suitable for use o$ amplifier. 
0 Facilities for mixing and for monitor- 

ing via its built-in loudspeaker. 
0 Supplied with omnidirectional moving 

coil microphone. 7" reel of tope, 
T empty spool, connecting lead and 
library rack. 

0 Magnificent wooden sided cabinet. 

K. J. ENTERPRISES (Dept Q®) 17 THE BRIDGE, 
WEALDSTONE, MIDDLESEX (Opposite Harrow and 
Wealdstone Station). 01-427 7758. Showroom hours: 
9.30a.m. - 5.30p.m. Closed Lunch 12.30 - 1.30p.m. Close 
1p.m. Saturday. 

I Our New 100 page illustrated catalogue sent entirely 
FREE on request. Britain's most specialised com- 

1 prehensive range of recording tape, Accessories 
and Audio equipment. 20,000 reels of tape always in 

1 stock with reductions ranging up to 50oo 

www.americanradiohistory.com

www.americanradiohistory.com


SEPTEMBER 1969 VOLUME 11 NUMBER 9 

INCORPORATING 
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DIN6WALL AVENUE, 
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® Link House Publications Ltd., 1969 
All rights reserved 

COVER PICTURE 

Gerald Chevin, author of 'Recording 
Pop Music', is seen here at the Advision 
24-channel mixing console. Designed 
by Dag Fellner, it is used mainly with an 
8-track Scully. Features include pre 
and post fade foldback, Baxandall 
equalisers, echo and (EMT plate) 
reverberation. 

SUBSCRIPTION RATES 

Annual home and overseas subscription 
rales to Tape Recorder and its associated 
journal Hi-Fi News are 30s. and 47s. 
respectively. U.S.A. 84.80 4 85.60. Six-month 
subscriptions are 15s.f7ape Recorder) and 
24s. (Hi-Fi News), 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. 

one of the main reasons put forward over the 
years for the public's apparent apathy toward 
commercial tape records has been the incon- 
venience of fast-winding from one band or 
passage to another. Few domestic tape trans- 
ports are capable of a satisfactory spooling 
speed, their sole drive power coming in most 
cases from a single relatively weak induction 
motor. Few have any form of search facility, 
perhaps fortunate since none have ferrite play- 
back heads. 

If this really is the main disadvantage of tape 
records, then the problem can now be con- 
sidered at least half solved. On page 352, R. L. 
White of British Telecommunications Research 
Ltd. details an experimental device which 
makes searching a simple matter of button 
pressing. This development has come at an 
appropriate time, when the staple supply of 
domestic decks to British manufacturers is 
about to dry up. Alba, Baird, CWS, Dansetle, 
Elizabethan, Fidelity, Portadyneand Wyndsor, 
manufacturers who for years have added their 
own simple electronics to other fieople's decks, 
are now faced with designing and tooling for a 
deck of their own, or importing one from 
Japan. Several have already gone one stage 
further and are selling complete imported 
recorders under their own name. 

At least one company with audio interests is 
considering producing a domestic deck to fill 
the impending vacuum. We may reasonably 
hope that they will study the automatic tape 
transport control system, balancing its merits 
and cost in relation to the domestic and studio 
markets. 

The supposed problem of fast-winding is 
really only one of several factors acting against 
tape as a commercial playback medium. 
Equally important are the capital cost of copy- 
ing equipment, time, labour, and the cost of 
raw materials. With present techniques, all 
these factors swing in favour of the disc 
medium. But new techniques are evolving. 
The Philips Compact Cassette is promising in 
terms of handling convenience and lends itself, 
as well as reel-to-reel, to the system described 
by Mr White. The cassette does not solve the 
problem of hardwear costs, however. These 
have recently been reduced by riveting the 
plastic components rather than using nuts and 
bolts, though the unit price is still higher than 
that of an LP disc. 

In January 1968 we described a new form of 
tape transport designed by Newell Associates 
Inc. of Sunnydale, California. By squeezing 
the supply and take-up reels hard against a 
central capstan drum, the tape can safely be 
wound so tightly that protective spools become 
entirely superfluous. Newell claim such great 
improvements in performance that one tends 
to overlook their system's mundane solution 
to the tape record cost problem. It has been 
confidently predicted that, using the Newell 

system in conjunction with a simplified Dolby 
noise reduction circuit, the qualities of an LP 
disc can be equalled or bettered on 9.5 cm/s 
tape. The absence of a spool lowers the tape 
record raw material cost (and 'raw material' to 
the record manufacturer means tape, not 
simply oxide and plastic) below that of an 
equivalent disc. 

Mechanically, the Newell tape transport is 
simpler than any conventional design. No 
indep>endent reel drive is needed, no tension 
servo, no scrape filters, no pinch-wheel; every- 
thing from head contact to tape length counting 
is achieved via the capstan drum. The Newell 
is capable of acceleration figures beyond reach 
of any modern studio recorder (+304 to-304 
cm/s in 100 mS) and consequently could take 
full advantage of an automatic tape control 
system. Marry the two devices and the LP 
gramophone record could go the way of the 
seventy-eight. 

FEATURE ARTICLES 
352 AN AUTOMATIC TAPE TRANSPORT 

CONTROL SYSTEM 
By R. L. While 

355 THE SOUND STUDIO—Part Six 
By K. R. Wicks 

357 A SIMPLE TRANSISTOR TESTER 
By John Fisher 

359 LOCAL RADIO 
By R. J. Wright 

362 A STEREO FI-CORD—Part Two 
By M. G. Skeet 

364 RECORDING POP MUSIC 
By Gerald Chevin 

371 VTR CIRCUITRY—Part Two 
By Henry Maxwell 

REGULAR ITEMS 
351 WORLD OF TAPE 
366 TAPE RECORDER SERVICE 

By H. W. Hellyer 
369 SOUND WORKSHOP 

By F. C. Judd 
370 NEW RELEASES ON CASSETTE 

EQUIPMENT REVIEWS 
375 TRUVOX 54 

By A. Tutchings 
377 DUBREO STYLOPHONE 

By Peter Baslin 
379 FI-CORD 600 AND 650 CAPACITOR 

MICROPHONES (POSTSCRIPT) 
By A. Tutchings 
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FAMILY TAPE 

RECORDER 

OUR PRICE 

N 4305 
Everything the family could want in a 
tape recorder. Record yourchildren'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 featuresof much morcexpensive 
recorders. Supplied complete with 
microphone, recording/playback lead. 
5* reel of long play tape, S' empty 
spool. 

¥ 

List Ptice 

£46.13.11 

5^^ 

ALSO COMPLETE PHILIPS 
RANGE INCLUDING— 
N 2200 CASSETTOPHONE— 
Your choice of music anywhere, i nm, 
streamlined musicassette player. 76 
hour batteries. All transistor amplifier. 
Our Price 9i gns. List price 13 gns. 
Only a few left. 
GL 559 Smart,attractiveloudspeaker 
enclosure. 6 watt. Size \0i"x7±" x7±". 
List Price £11. Our Price 8i. gns. 

3575 Full stereo tape recorder. 
Duopjay and multiplay integrated. 
First class frequency response and 
reproduction with full tonal values. 
List Priceapprox.£IOI. Our Price 72 gns. 

FERROGRAPH MODEL 713 
A monosystem of tremendous potential. 
Vertical or horizontal operation. 
Silicon solid state electronics. 3 motors 
(no belts). Halftrack. Tape speeds !{. 
3|, 7^. Output: 10 watts RMS. 

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

MODEL 702/4 A suptrb stcreo 5ys. 
tern. Specification 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 mjsterpiece 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 heard and 
compered.OUR PRICE £|94 .3.1 

List Price £204.14.9. 
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. Rcw 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. 

PHILIPS ^^EL 3302 
CASSETTE PORTABLE RECORDER 
OUR PRICE 

LIST PRICE 
£32 . I .7 

A real gem from 
Philips. Record or ■ ■ M playback,anywhere, in- 

'a /I stantly. Just snap a 
W #1 _Compact Cassette or 
f ■■♦nWV Musicassette. Powered M ■ URO. 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 
Easy Terms 

R.E.W. 
AUDIO 

VISUALS 

HEADQUARTER SHOWROOMS AND MAIL ORDER: DEPT. TR 
266-8 UPPER TOOTING RD., LONDON, S.W.I7. Tel. 01-672 4471/2 and 9I7S. 

WEST END SHOWROOMS: 
146 CHARING CROSS ROAD, LONDON, W.C.2. 
Telephone; 01-836 3365 (opposite Astoria Cinema). 
NAME   
ADDRESS  

QEC3E35Bi 

i 

for every purpose 

The DP4 

Designed for general use 
—P.A., tape recording etc. 

The DP6 

Small in size, large in 
performance. As a lavalier 
type and for panel mount- 
ing on control units etc. 

The GC/1 Cardioid 

For stage and church work, 
P.A. use, lecture halls etc., 
where acoustic feedback 
Is a serious problem. 

The GR/1 and GR/Z Ribbon 

Ideal for studio and similar 
uses, when a high stan- 
dard of fidelity is essential. 
Easily replaceable ribbon 
assembly. 

Other models and a full range of stands, 
reflectors, windshieldsand accessories available 

All microphones are manufactured in a special section of 
our works, under strictly controlled conditions with 
stringent test and inspection at every stage. 
Each and every microphone is individually tested both 
aurally and on Bruel & Kjoer visual and graphic recording 
test equipment for conformity to a prescribed performance. 

ICframpian/sound equipment 
^-7 * Intesrritv that vn 

Send for leaflet giving full details 
Integrity that you hear 

GRAMPIAN REPRODUCERS LTD., 
Hanworth hading Estate. Fellham. Middlesex. 01-894-9141 
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WORLD 

OOLBY REACH HALF-THOUSAND 
fourteen NorsE reducton units ordered on 
June 18 by Trident Studios brought the total 
number of A301 orders to 500. The Trident 
models will be included in a 16-lrack and 
8-track pop recording chain. Along with 
recent orders from Olympic (10 units for a 
16-track installation) and Marquee (four units), 
the order marks a significant inroad into the 
UK studio market. Until the Hlektra Corpora- 
tion adopted A301 equipment to overcome 
noise problems inherent in multi-track pop 
recording, the Dolby system was used primarily 
for major classical and operatic productions. 
The A301 was recently employed for the first 
lime in the production of a radio programme, 
a concert series featuring the Fine Arts Quartet, 
recorded by WFMT, Chicago. 

6.5 mm VTR DEMONSTRATED IN 
JOHANNESBURG 

an akai X-500 6.5 mm 28.5 cm/s helical scan 
video tape recorder, the first model to leave 
Japan, was exhibited in Johannesburg at the 
Rand Easter Show. The demonstration was 
arranged by Akai's South African distributor. 
Glens (Ply) Ltd. Quarter-track audio heads 
are also filled, allowing normal domestic audio 
operation at 19 and 9.5 cm/s. Spool capacity 
is 18 cm. 
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ALBRECHT FILM TRANSPORT 
the above photograph of an Albrecht MB4I 
sprocketed film transport was incorrectly 
captioned last month as a 'Sandor' (printer's 
version of 'Sondor'). Our apologies to F. W. O. 
Bauch Ltd. for a rather tactless error. The 
MBil uses a Syntronic electronic drive control 
system providing synchronous operation of up 
to 50 transports at between 0 and 100 f/s in 
either direction. Two versions are available, 
the MB4I-16 taking 16 mm magnetic film and 
the MBil-35 taking 17.5 and 35 mm. 

CASSETTE DATA RECORDER 
a low-priced miniature digital recorder using 
a newly patented optical synchronisation system 
has been developed in the USA. A recording 

capacity of 140,000 characters (equal to a short 
novel) is achieved on a Philips Compact 
Cassette at rates of 0 to 120 characters per 
second. Maximum playback rale is 300 
characters per second. The recorder will accept 
random data from teletypewriters, analogue to 
digital converters, and similar sources. The 
tape is driven in 1.105 mm steps by a dual 
capstan mechanism, each step providing space 
for one 9-bit character. Each character is 
assembled in an electronic store and recorded 
at the command of a pulse generated by a 
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photocell beneath a slotted disc fixed to the 
capstan shaft. Two centre tracks (see photo) 
carry the input data while the outer tracks 
contain synchronising information. Manufac- 
turer is Mobark Instruments Corporation, 1273 
Terra Bella Avenue. Mountain View, California 
94040. USA. 

ELSTONE RESHUFFLE 
A change of name for Elslone Electronics 
Ltd. has been announced by John Farnell. 
The company is now Farnell-Tandberg Ltd., 
reflecting the growth of Tandberg business in 
recent years. Another company has been 
formed to handle the activities of the A. C. 
Farnell Ltd. Industrial Division, to be known 
as Farnell Electronic Components Ltd. 

CASSETTE COPYING SYSTEM 
a transportable cassette copying system was 
recently placed on the US market, manufac- 
tured by Computerized Electronic Education 
Inc., 214 Long Lane, Upper Darby, Pennsylvania 
19082. The current model, DCI542, dubs a 
9.5 cm/s master at 38 cm/s on to 4.75 cm/s 
Philips Compact Cassettes moving at 19 cm/s. 
Two 1-track mono channels may be copied 
simultaneously on to four cassettes. Where 
the demand for copies is great, additional 
8-cassetle recording units may be connected 
to the master player to dub up to 20 cassettes 
per run. The equipment can be further exten- 
ded to accommodate a cassette master. 

An endless loop ol 12.5 mm Scotch 8998 
instrumentation tape is incorporated in the 
Fell Avionics CO.1000-1 accident data 
recorder. The lower section contains a 
6.25 mm voice loop. A titanium shell and (not 
shown in photo) 25 mm heat insulation 
layer protect the tapes. 

Lo e. 
9 - 
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SHIBADEN DISTRIBUTION 
shibaden television equipment, until recently 
imported from Japan by Thermionic Products, 
is now being handled by General Video Systems 
Ltd., 61/63 Watford Way, Hendon, London 
N.W.4 (Tel. 01-202 8056). Among the units 
available to the scienlific/indusirial markets is 
the SV-707E, a 625-line helical-scan battery 
portable VTR taking 12.5 mm tape. Price is 
£590 including camera, zoom lens, batteries 
andcharger. The compatible S V-HOO EC mains 
recorder features a 230 mm monitor, UHF 
tuner and video distribution amplifier. 

NEXT MONTH 
•THE SYNTHESIS of Musical Instrument 
Tone' is the title of a series commencing in 
the October issue. Contributed by R. M. 
Youngson, it details the construction of a 
versatile electronic synthesizer with the 
unique feature of independent vibrato on 
each key. Terence Long reviews the Uher 
1000 Pilot professional battery portable 
while Stanley Kelly covers the Fi-Cord 800 
and 850 capacitor microphones. 
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IN recent years the price of domestic tape 
recorders has dropped considerably and 

therefore they have become very widely used. 
However the disc player still remains popular, 
even though the prices of both instruments are 
comparable for a given reproduction quality. 
It would appear that the tape recorder, although 
a more versatile piece of equipment, has certain 
disadvantages compared with a disc player. 
One of these is that it is difficult to select a 
particular passage of music from a long reel of 
tape. 

This article describes the construction of the 
control equipment for a tape deck which 
allows any number of chosen passages to be 
selected from a suitably marked tape. 

Description of Operation 
After the instrument is switched on, the 

re-set button is pressed to ensure that the 
internal counter is set to zero. The tape reel is 
then loaded in the usual way and the required 
passages are selected by means of latching 
push button switches. The tape deck will then 
fast wind until the first selected passage is 
reached and will proceed to play this. When 
this piece of music has been played, it will fast 
wind on to the next selected passage and play 
that. When all the selected passages have been 
played the tape is rewound to the starting 
point and a new choice may be made. 

Tape Deck 
It is essential to have a tape deck which can 

be controlled electrically rather than mechani- 

•British Telecommunications Research Ltd. 

cally. Ideally the deck should have three 
motors and solenoid operated pinch wheel and 
brakes. Some tape decks do have these facili- 
ties but it should be possible to convert most 
three-motor decks by the addition of suitable 
solenoids; it may even be possible in some cases 
to convert a single motor deck if the drive 
clutches can also be operated by magnets. The 
motors and solenoids will be connected to 
relays which can be operated from the electronic 
circuits. Because the signals needed to control 
the tape deck will depend on the particular 
deck used, this article will describe only the 
means of generating the basic wind, rewind, 
play and stop signals for operating the relays. 
Some delay will almost certainly have to be 
provided between the various functions to 
ensure that the tape does not break or spill and 
this may be either allowed for in the electronic 
circuits or in the relays. Some of the logic may 
also be performed by the relays if these have 
sufficient contacts. A general description of 
these circuits will be given but the actual 
arrangement will have to be left to the 
constructor. 

Tape Marking 
To determine the position of the various 

sections of tape it is necessary to put some 
form of marker at the beginning and end of 
each section. The markers should, if possible, 
fulfil the following criteria: 

(a) Easily recognisable by the circuit 
(b) Give only one output pulse per marker 
(c) Be visible 
(d) Easy and cheap to put on the tape 
(e) Identifiable at any tape speed 

The type of marker which seems to be most 
suitable is one which can be recognised by a 
photo-transistor. Short transparent sections in 
the tape were used in the prototype and these 

can be provided by either removing the oxide 
from the tape or by inserting small pieces of 
transparent jointing tape. These sections need 
only be about 7 mm long. 

Circuit Operation 
The block diagram for the control circuit is 

shown in fig. I. The photo-transistor is on one 
side of the tape and a small lamp is on the other 
side so that the photo-transistor will conduct 
when a transparent section of tape passes it. 
The output from the photo-transistor is fed 
into a 'Schmitl Trigger' circuit to give the pulse 
fast rise and fall times. This circuit drives a 
binary counter which, in conjunction with the 
counter direction control, can count either up 
or down depending on the direction in which 
the tape is moving. 

When a selector key is pressed it is electrically 
latched by means of a small electromagnet, the 
'Key Pressed Detector" senses a 'key pressed* 
condition and signals the tape deck to fast 
wind. At the same time an output is given on 
the appropriate wire to the coincidence detec- 
tor. As the tape winds through, the binary 
counter counts the number of markers which 
pass the photo-transistor. The output from 
the counter is fed into a binary to I of 16 
converter whose outputs go to the coincidence 
detector. When the counter reaches the same 
number as the key which has been pressed, an 
output appears on the coincidence detector 
which causes the tape deck control to set the 
tape deck to the play position. The required 
section of tape will then be played until the 
next marker appears and the counter is stepped 
on I, the output from the coincidence detector 
will then disappearand the key will be released. 

If no more keys are pressed, the output from 
the Key Pressed Detector will also cease, which 
will cause the tape deck control to set the tape 
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deck to rewind. At the same time the counting 
direction of the counter is also changed so that 
it counts down as each marker appears. When 
the counter reaches zero, a signal appears on 
the '0' output from the binary to 1 of 16 
converter which causes the tape deck control 
to slop the tape deck. 

If several keys are pressed then the lowest 
numbered selection will be played first and that 
key released, but, since another key will still be 
latched, there will be an output from the Key 
Pressed Detector which will cause the tape 
deck to fast wind until the next selected piece 
of tape is reached. Thus the selected sections 
of tape will be played in numerical order and 
then the tape will be rewound to the beginning. 

A counter re-set button is provided to set the 
counter to zero after switching the machine on, 
or in the event of the counter getting out of 
step with the tape for any reason. 

Key Construction 
The key construction is shown in fig. 2. The 

coil is wound on a 1 inch 2BA steel screw with 
washers soldered on to act as cheeks. Adhesive 
tape is then put round the screw and on the 
cheeks to ensure that the wire does not make 
contact with the metal. This bobbin should 
then be wound full of 40 SWG enamelled 
wire and adhesive tape applied to keep the 
whole in place. One end of the coil is connected 
to the screw and the other is soldered to a piece 
of flexible PVC-covered wire and brought out. 
The resistance of the completed coil should be 
about 150 ohms and if it is very different from 
this an alternative gauge of wire should be 
used. 

The rest of the yoke for the magnet is made 
from 20 SWG tinned plate about 10 mm wide. 
This should either be tapped and screwed on 
or else soldered on (in which case it should be 
fixed before the coil is wound). In either case 
it is probably easier to attach the tinned plate 
flat and then bend it up and cut off the end on 
a level with the lop of the screw head. The 
protruding end of the screw is pushed into a 
hole drilled in the base plate so that the magnets 
are spaced at 12 mm intervals. 

The key itself is made from a 51 mm length 
of 26 SWG brass with a 12 x 10 mm piece of 
tinned plate soldered to the end. It is important 
to avoid getting too much solder on the under- 
side of the tinned plate and the easiest way to 
do this is to tin the top of the tinned plate and 
the underside of the brass and then press the 
two together with a soldering iron on top of 
the brass. The brass strip is fixed to the higher 
piece of wood as shown and, if necessary, the 
brass should be bent to ensure that the tinned 
plate makes contact evenly with both parts of 
the magnet. A plastic or wood numbered 
button may be glued to the top of the brass. 

The prototype has 14 selector keys, which is 
the maximum number which can be provided 
with the circuit to be described, tut this can be 
extended reasonably easily by adding more 
stages to the counter. 

Circuit Design 
Although a basic knowledge of Boolean 

Algebra would be an advantage, it should be 
possible for the constructor to make this 
equipment without such knowledge since full 
details are given of all the important circuits 
and there should be no difficulty in arranging 

{continued overleaf) 
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TAPE TRANSPORT CONTROL CONTINUED 

those which apply to the particular deck used. 
However, for the purpose of explanation, a 
few theoretical details will be given. 

Throughout the circuit the following voltage 
levels apply: 

Logic 1 = —12 V 
Logic 0 — 0 V 

Signals in the various parts of the circuit are 
denoted by capital letters. _ 

If a signal is denoted by A then A (not A) is 
the inverse of A. In other words, if A is at 
logic 1 then A is at logic 0 and vice versa. The 
circuit used to generate A from A is called an 
inverter and is shown in fig. 3. 

If signals A and B are fed into an or gate 
then the output will be A or B. When either 
A or B or both are at logic 1, the output will 
be at logic 1. If they are both at logic 0 the 
output will be logic 0. The circuit of an or 
gale is shown in fig. 4. 

If signals A and B are fed into an and gate 
then the output will be A.B (A and B). When 
both A and B area! logic 1 the output will also 
be at logic I, but if either or both is at logic 0 
the output will be logic 0. The circuit of an 
and gate is shown in fig. 5. 

Both these types of gale can theoretically be 
extended to any number of inputs with the 
same basic rules applying. For instance there 
arc two 14-input or gales in the circuit. These 
have a logic I output unless all the inputs are 
at logic 0. 

If an or gale is followed by an inverter then 
the combination is called a nor gate. It is not 
necessary to use diodes in a nor gate if there 
are only a few inputs and the circuit of a nor 
gate using resistors instead is shown in fig. 6. 
The output of a nor gate is A or B which is 
equivalent to A.B. 

If an and gate is followed by an inverter 
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then the combination is called a nand gale. 
The circuit of a nand gale is shown in fig. 7. 
The output of a nand gate is A.B which is 
equivalent to A or B. 

The only other circuit element used is the 
"bistable" or "toggle". This is a circuit with two 

stable states which can be switched from one 
state to the other by an input pulse. The toggles 
used in this equipment have only one input 
and they change slate whenever the signal on 
the input changes from logic 1 to logic 0. 
There are two outputs from each toggle which 

are denoted by D and D forjnstance. In one 
state D will be logic 1 and D will be logic 0, 
while in the other state D will be logic 0 and D 
will be logic I. The circuit of a toggle is shown 
in fig. 8. Also shown is the symbol used to 
denote a toggle. 
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PART SIX MISCELLANEOUS STUDIO FACILITIES BY K. R. WICKS 

IN this series, as far as studio circuitry is 
concerned, only the fundamentals have been 

discussed, although in fact such basic arrange- 
ments are rarely used as the inclusion of 
additional circuits can greatly increase the 
versatility of the studio. 

The frequency response of the programme 
chains described so far has been assumed to be 
fiat over the audio range, but it is often desir- 
able to modify the response in order to improve 
quality, or to obtain a particular effect. For 
example, when using a ribbon microphone close 
to a talking subject, it is often necessary to 
reduce the bass response, otherwise the quality 
will be 'boomy'. A simple passive network 

may be used to give the required bass cut, and 
a switch incorporated between microphone and 
prcamp so that either the normal or the 
modified response may be obtained. Some- 
times the degree of bass cut may be varied, but 
this arrangement is more common on equip- 
ment designed for use with moving-coil micro- 
phones out of doors, and is employed to reduce 
extraneous LF noise such as traffic rumble. 

In some BBC studios, separate microphone 
sockets with built-in bass cut networks are 
provided as alternatives to the normal sockets, 
whilst in other studios, portable bass cut units 
are connected into microphone leads as 
required. 

The "close" microphone technique which 
gives rise to the need for bass correction may 
be used for a number of reasons. In a large 
hall, the reverberation time may be sufficiently 
long to render speech almost unintelligible 
unless the subject is positioned close to the 
microphone so that the ratio of direct to 
indirect sound is increased. The technique is 
also used by vocalists in order to provide a 
satisfactory balance between the voice and the 
backing. Another use is in studios where there 
is an audience, the reduced gain required in the 
microphone circuit minimising the chances of 
acoustic howls caused by feedback from the 
loudspeakers in the auditorium. In small 
studios loo, it is often advantageous to place 
the microphone very near to the subject. The 
coloration caused by the poor rcverberative 
quality associated with small studios will be 
reduced, firstly by the fact that the direct to 
indirect sound ratio is increased, and secondly, 
since the coloration occurs at LF, by the bass 
cut filter, introduced primarily to correct the 
direct speech quality. It can be seen, therefore, 
that such a filter can be used to extend the 
scope of most studios. 

More complicated devices used to alter the 
frequency response of a channel are variously 
described as curve benders, effects units, 
correction units, or (belter) response selection 
amplifiers. The circuit of one such unit used 
by the BBC is shown in fig. 1. Continuous 
control of bass and treble are provided by the 
50 K and 25 K potentiometers respectively, and 
the 'presence' control SI permits a peak of 3 dB 
or 6 dB to be introduced at a frequency of 2.8 
kHz. Commercial sound studios tend to employ 
a large number of units similar to this in order 
to control the response of each mixer channel, 
this being particularly useful for 'pop' music 
recording. 

Only a few years ago it was quite unusual for 
any form of tone control to be provided in 
BBC studios except for a Variable Correction 
Unit (VCU) in a few recording channels, and a 
modified Quad control unit in one or two 
studios. The VCU enabled a poor quality or 
non-standard tape or disc to be copied with 
bass and treble corrections as necessary in 
order to obtain a tape which would be accept- 
able when reproduced on a standard machine. 
The Quad unit was used mainly to reduce 
excessive surface noise on discs when it could 
not be successfully dealt with by the lop cut 
filler normally provided in studio record 
reproducers. Nowadays, response selection 
amplifiers are more common than they used 

(continued overleaf) 
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THE SOUND STUDIO CONTINUED 

to be in broadcast studios, and are sometimes 
used to obtain, for example, 'telephone quality". 

Reverberation is the effect caused by a closely 
following series of sound reflections, whilst the 
term echo refers (or rather should refer) to a 
distinctly separate reflection. In .studios, 
however, reverberation is often called echo and 
it is convenient to conform to this practice. 
For instance you will find that 'echo mixture 
switches' are used to obtain the desired amount 
of artificial reverberation. 

There are numerous ways in which artificial 
reverberation can be obtained. A simple 
method is to feed the signal to a loudspeaker 
in an echo room (reverberation chamber), 
which is an acoustically insulated room with 
highly reflective interior walls, the reverberative 
sound being picked up by a microphone placed 
well away from the loudspeaker in order to 
reduce the direct sound content. The provision 
ofartificial reverberation means that additional 
circuitry has to be introduced into the studio 
mixer in order to be able to control the effect 
and apply it when necessary. Fig. 2 is a simpli- 
fied diagram of a typical arrangement used in 
broadcast studios. The signals from the micro- 
phone and gram are first amplified and then 
controlled by the channel faders in the usual 
manner. The hybrid transformers provide two 
completely independent outputs per channel, 
one for the main chain and one for the echo 
chain. Each pair of outlets is fed to an "echo 
mixture switch' which consists of two ganged 
attenuators connected in opposite sense, so 
that in the extreme positions, either maximum 
signal is fed to the main chain and no signal to 
the echo chain, or vice versa. Intermediate 
positions of the switches allow various ratios 
of direct to echo signals to be obtained. A star 
mixing pad combines the signals for the main 
chain of the mixer, whilst another pad is used 
to mix the echo outputs, this combined signal 
being fed to the echo room loudspeaker unit 
via an amplifier. The reverberation is picked 
up and fed into a special channel of the mixer 
which has, in addition to a fader, an 'echo cut 
key', allowing the effect to be inserted or 
removed instantly if required. The echo signal 
joins the main chain at the star mixing pad, 
and it is now that the reason for using hybrid 
transformers in each channel becomes appar- 
ent. If ordinary transformers with two 
secondaries were used, then any echo mixture 
switch in an intermediate position would 
provide a link, via the transformer, between 
the main and echo mixing pads. Since the echo 
signal is eventually amplified and fed to the 
main chain, a 'howl-round' caused by 
feedback would be likely to occur if the main 
and echo circuits were linked in this way. The 
hybrid transformer is, however, designed so 
that the linkage between the two secondaries is 
very small, and the problems of feedback are 
thus avoided. In the circuit described, the 
output would be taken to the main fader, or to 
the group fader if provided, any independent 
source being mixed in just after the group 
fader. 

Echo rooms have been used effectively for 
many years in drama and music for special 
effects and also to enhance the general quality 
of studios used for orchestral concerts. In some 
cases, the echo room output is filtered in order 

to provide additional reverberation only over 
the frequency range where the natural rever- 
beration of the studio is lacking, though this 
practice is not so common as it was because 
improvements in studio design have made it 
possible to obtain a reasonably flat reverbera- 
tion time over the audio range. Echo rooms 
are sometimes shared among a number of 
broadcast studios, the microphone and loud- 
speaker being plugged to the studio required, 
although this arrangement would not be so 
convenient for commercial studios producing 
mostly 'pop' records, as everyone would require 
the facility all the time. 

Another way to obtain artificial echo is to 
use a magnetic recorder with several playback 
heads. The signal is recorded on a revolving 
oxide-coated drum, and reproduced by each 
replay head in turn, these outputs being 
combined and fed back to the record head via 
an attenuator, and then re-recorded. This set 
up is shown in fig. 3, and it is possible to obtain 
an approximately exponential decay curve with 

FIG. 3 MAGNETIC DRUM ECHO UNIT 
Vb- 

HJSi 

RguriKC 

OUtrlit 

this apparatus. The amount of feedback from 
each head, the spacing of the heads, and the 
speed of the drum will have a bearing on the 
effect obtained. With a slow speed or widely 
spaced heads, a long reverberation time is 
obtained, but individual echoes can sometimes 
be detected and this is usually undesirable. 
Feedback can be increased until oscillation 
occurs, the sound produced in this condition 
being fairly complex and related to the time 
taken for the signal to be transferred from the 
record head to the replay heads. 

Several electromechanical devices have been 
developed to produce artificial reverberation, 
the best of these being the reverberation plate 
illustrated in fig. 4. The plate itself is a large 
rectangular sheet of thin steel, vertically 
mounted by means of springs at the comers. 

REVERBERATION PLATE FIG. 4 
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and activated by a moving-coil drive unit. The 

vibrations in the plate are picked up by a 
contact microphone, equalised to counteract 
the effects of plate resonance, and fed to the 
echo channel. The reverberation time is 
adjusted by varying the distance of damping 
pads from the plate by a motor, controlled 
remotely from the studio desk, an indication of 
the reverberation time provided at any setting 
of the dampers being given by a meter on the 
control panel. 

One slight disadvantage of this system is that 
the reduced damping required for very long 
reverberation times causes the plate's natural 
LF resonance to become more noticeable, 
so that the LF response rises slightly as 
reverberation time is increased. A typical unit 
would measure 2.5 x 1.5 x0.5 mand should be 
installed near the studio in a position where it 
is unlikely to be knocked inadvertently, as it 
is sensitive to mechanical disturbance although 
not to sounds of normal intensity. The 
reverberation plate is the most common device 
of its type now being installed in sound studios. 

The requirements for tape and disc reproduc- 
tion are similar: it must be possible to com- 
mence playback at any given point and at the 
precise moment required. Pre-fade facilities 
are provided on studio machines so that the 
required part of the recording can be found 
using headphones. On tape, the position can 
be marked with a Chinagraph pencil, and the 
usual procedure is lowind back about 30 cm, 
leaving the capstan motor running. When the 
material is required, the capstan is started and 
then the pinch wheel is engaged, causing the 
tape to be driven up to speed very quickly. As 
the mark on the tape passes the playback head, 
the replay fader, which is most often used as a 
simple in/out device, is brought up quickly, and 
very accurate starts can be obtained in this way. 
In many cases, it is convenient for a tape 
machine to be started remotely from the studio 
desk, and most recorded programmes trans- 
mitted by the BBC are started in this way, a 
number of start keys being provided on the 
continuity control panel. Fast starts are 
obtained on studio disc players by allowing the 
turntable itself to resolve continuously, the 
disc resting on a separate aluminium plate 
which can quickly be lowered on to the turn- 
table. The position required on the record is 
found by playing it and listening on prefade. 
When the place has been located, the plate is 
raised to a position just above the turntable, 
and then, still monitoring the disc, it is carefully 
rotated by hand until the stylus is positioned 
about one-third of a revolution before this 
point. To play the disc, the start control is 
operated, and the fader opened just under a 
second later, by which time the disc should 
have attained full speed, a nd the desired starting 
point should have been reached. Only a little 
practice is necessary to obtain very accurate 
starts by this method. 

On some machines, muting relays are incor- 
porated so that no output is obtained for a 
short period of time after the start control has 
been operated. This is to prevent 'wow' starts. 
If a disc is set up without allowing sufficient 
run up, the start is 'clipped', the effect usually 
being less tolerable than slight 'wow'. 

The most common sources of sound having 
now been dealt with, next month's article will 
cover studio tape recorders. 
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a aipielpansislor tester 

BY JOHN FISHER 

ALTHOUGH this article has little directly 
to do with tape recording, nevertheless 

quite a number of Tape Recorder readers are 
evidently interested in building and servicing 
transistor equipment, so perhaps it is not out 
of place to describe here a simple design for a 
transistor tester. It can be built for about £3, 
depending on where one buys the more 
expensive items (the meter and switches), and 
is therefore not too expensive an item for the 
home workshop. Certainly anyone venturing 
into the market of 'surplus' or 'unmarked' 
transistors should find it of some little use, as 
these devices vary from genuine bargains from 
some sources to downright junk from others. 

The transistor tester to be described tests 
both p-n-p and n-p-n types. It will indicate a 
short circuit or high leakage, or similar faults, 
measure current gain below 1 mA for small 
signal transistors and gain at up to 2 mA for 
drivers or other higher current rating devices, 
and breakdown voltage in silicon transistors. 
It is not generally suitable for measuring the 
breakdown voltage of germanium transistors 
whose considerably higher leakage results in 

meaningless indications: these are best measured 
by other techniques, beyond the scope of this 
article. The tester is not suitable for field effect 
transistors. 

The unit is powered by one 9 V Ever-Ready 
PP3 battery and two 22.5 V batteries. It uses 
a 1 mA movement calibrated 0-100 which 
allows direct readoff of current gain or break- 
down voltage in conjunction with the factors 
on the range scale. A centre-off biased double 
pole, double throw, toggle switch selects correct 
polarity for p-n-p or n-p-n types, and is held in 
the appropriate position while the test is made. 
The off-biased switch avoids unnecessary drain 
on the small battery. 

In position 1, the rotary selector switch is 
set for the first reading which will indicate if 
there is an internal short in the transistor or if 
it is excessively leaky (the leakage should be 
barely readable with small-signal transistors of 
any type, unless faulty). This position is also 
used for the breakdown test. Selecting positions 
2-5 covers DC current gains of 3,000 (for super 
high-gain specimens and compound connected 
pairs), 1,000, 300, 100, at collector currents of 

up to 1 mA depending on the gain and range 
The intermediate gain ranges can give some 

idea of gain spread with collector current. 
Position 6 reads gain 0-100 at a collector cur- 
rent of 0-2 mA, the second wafer of the switch 
being used to shunt the meter appropriately. 
This extra position sometimes helps to indicate 
better the gain of medium-current driver 
transistors; a third wafer would have allowed 
the collector load resistor (which protects the 
meter against damage) to be reduced, allowing 
the check to be made at say 10 mA instead of 
about 2 mA. However, the prototype manages 
to produce useful results with the ranges as 
indicated. 

The bias resistors are 5% types, and may 
where necessary be made up in series. There 
will be a small error between germanium 
and silicon transistors, due to the different BE 
voltages causing a small change in base current. 
However, even allowing for this, with batteries 
in reasonable condition something like ±10% 
accuracy should be possible and, for matching 
transistors, closer tolerances should be achieved 
as the conditions and scale will be the same for 
each. 

An indication of transistor breakdown 
voltage* is achieved by passing a small and 
limited current through the transistor: an HT 
of 45 V plus the 9 V supply is used so, provided 
the breakdown voltage of the transistor is below 
about 45 V, the voltage drop across it can be 
measured when the excess voltage is applied, 
using a high-impedance transistor-voltmeter 
arrangement. The instrument's meter is 
switched to achieve this, using a small off-biased 
key switch which also switches the HT supply 
to the transistor. As with the p-n-p I n-p-n 
switch, the off biasing helps save batteries I A 
second position is provided on the keyswitch 
to pass a higher current. In the normal position 
the current through the transistor is limited to 
about 2.5 pA, in the higher current position to 
10 pA. It is not normally desirable to use the 
higher current source; the 2.5 pA on the other 
hand should not cause damage. 

The transistor-voltmeter is formed by a large 
(8S M) series resistor plus a compound pair 
using 2N929 transistors which maintain their 
current gain to a very low current level. The 
meter is in the collector circuit of the transis- 
tors. Two very low gain devices were selected 
from a batch to give a current gain product of 
1000. If the gain is slightly higher, S2b can 
switch a resistor across the meter to correct for 
this. The meter should read about 40-45 V in 

(continued on page 361) 

FIG. I BASIC CIRCUIT FIG. 2 TRANSISTOR VOLTMETER 
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Olympia 

EMPIRE HALL, 10 AM TO 9.30 PM 
ADMISSION : 
ADULTS 3/6, CHILDREN 1 /9 
nth International Handier alts and 
Do it yourself Exhibition 
Sponsored by Do it yourself magazine 

Buzz along to the 

Do it yourself 

EXHIBITION 

AUGUST 29—SEPTEMBER 13 

Make a bee-line for the 1969 Do it yourself Exhibition and 
catch up with all the latest ideas, materialsandequipment. 
This year's attractions include the super new Craftwork 
Centre with fascinating displays and demonstrations of 
wood carving, stone polishing, boat building etc. Through- 
out the Exhibition top experts will be ready to solve your 
d-i-y problems and help you to achieve the best results at 
lowest cost. Don't miss this great show with something 
for every do-it-yourselfer! 
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STORAGE SPACE 

TAPE plays a major role in the new BBC 
local radio experiment. By this I do not 

mean that there is much scope for creative or 
original production, but virtually all the pro- 
grammes are pre-recorded, and the live 
programmes are generally limited to local news 
bulletins and record request shows. The equip- 
ment available is severely limited, as will 
become apparent later on, and many amateur 
enthusiasts can boast a higher quality than is 
possible in local radio. When the amateur 
intends to produce a tape, quality is his over- 
riding consideration, not the laws of copyright 
and the requirements of needle-lime. 

While saying the equipment is limited, I do 
not mean limited in respect of cost or neces- 
sarily quality. Versatility is the limiting factor. 
All the equipment is based on Peto Scott 
mixers, and it may be helpful to refer to the 
diagram of Radio Durham while I describe the 
facilities available. 

The mixers are complicated, but basically 
contain two microphone inputs, two gram 
inputs from Thorens turntables, two tape 
inputs, spare input, talkback to other studio 
and ops room, two PPM's, Ring Main and 
pre-fade monitoring on all inputs. 

This list is in no way exhaustive but gives an 
idea of what is available. Ilford-Zonal tape is 
used, but a large proportion of what is used 
goes into the waste paper basket since it would 
be more costly to employ an engineer to splice 
together anything but the largest amounts than 
it is to buy new reels. Thus only the longest 
lengths of used tape ever find their way on to 
the Leeraser. The Philips EL 3740 recorders arc 
lent to the radio station concerned by the 
BBC in London. The microphones used are 
the well-known AKG D202 cardioid, which is 
employed in Studio One for all normal applica- 
tions and in Studio Two for the recording of 
music or discussions involving more than two 
persons. An STC 403S ribbon, which is 
normally set into the table, is then removed, 
its bi-polar diagram clearly being at a dis- 
advantage in favour of the AKG which is 
omni-direclional in the vertical position. The 

LOCAL 

RADIO 

BY ROBERT WRIGHT 

403S is also used in Studio One from the 
operating panel, if necessary by a second 
announcer silting opposite, and in Studio Two 
for one or two persons. Beyer microphones 
are used with the eight Uher 4000 battery 
portables. 

Besides the Philips recorders, which are the 
only machines available in the station on which 
editing is possible (and as there are only five, 
this means careful planning of editing time 
when a large programme is being prepared), 
there are three Revox 736 models. One of these 
is used for outside recording purposes in 
conjunction with a portable mixer. The Revox 
machines are non-standard, being converted to 
full or j-lrack mono recording with full track 
erase and a modified input and output arrange- 
ment. The Uher machines are also modified 
and only operate at 19 cm/s. Various other 
controls have been changed to minimise the 
possibility of error in inexperienced hands. 
With modification still the byword, the 
Thorens TDI24 turntables are also non- 
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standard. These are normally equipped with a 
brake, which is essential for broadcasting, but 
the arm is not as would be supplied if the 
machines were purchased complete. The Decca 
Deram ceramic cartridge is used. Each station 
has seven of these turntables. 

'Jingles' made by the Radiophonic Workshop 
(in the case of Radio Durham, local tunes such 
as Bobby Shaftoc or the Lambton Worm) are 
played on a Tandberg endless cartridge 
machine. Each station has its own Radio Car 
in the station's livery. This operates on the 
UHF waveband and is therefore extremely 
limited in range because the signal is lost if the 
car is used behind any large hill. Radio 
Durham may trade in the radio from the car 
in favour of two Spotmasler 'jingle' machines. 
Finally even a Robuk can be found in one of 
the station's offices! 

I mentioned earlier the requirements of copy- 
right and needle time. We are all too familiar 
with the fact that commercial discs cannot 
legally be copied, whether for public perform- 
ance or even private use. Needle time is 
negotiated with the Musicians Union and 
Performing Rights interests, and limits the 
amount of commercial record material which 
can be played on the air every day. The Local 
Radio stations have only one hour of needle 
time per day, and the success of the experiment 
must be assessed in the light of this, and the fact 
that only 30% of the population own VHF 
receivers. Every record that is played is noted 
in a log and paid for; only if a disc is 'illustra- 
tive' is it not paid for. 

Reading the long list of equipment which I 
have given above, the reader may doubt my 
earlier statement that it is limited in versatility. 
The reason is not to be found in the equipment 
itself but in the surroundings. Each studio is 
acoustically almost completely dead. Thus 
music is very difficult, and in most cases 
impossible to record. Piano is acceptable; 
voice accompanied by guitar using both 
microphones is reasonable; a group of singers 
is unmanageable. Again the fact that only two 

(continued overleaf) 
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\ Microphones and Pick-ups 

/ by Bang & Olufsen 

MICROPHONES 
Beomic 1000 Omni-directional 
moving coil microphone. Res- 
ponse 50-17,000 Hz± 2.5 dB. 
Sensitivity 0.1 mV/vbar. Hum 
sensitivity -139 d B. Output: 200 
ohms at 1 KHz. via 9ft lead, 5 pin 
DIN plug. Supplied with fre- 
quency response chart, lavalier 
cord, anti microphonic base, and 
packed in a futuristic container. 
Price *£9.9.0d. 
B.M.5. Studio quality Stereo 
ribbon microphone. Figure of 8 
response; Sections may be swi- 
villed up to 90° relative to each 
other for the desired stereo 
effect. Fitted with music/ speech 
switch. Response 30 - 13,000 
Hz ±2.5 dB . Sensitivity 85 dB 
below 1 volt/pbar. Hum sensi- 
tivity -146 dB. Output 200 ohms 
at 1 KHz. via 9 ft lead, 5 pin 
DIN plug. Supplied in rosewood 

presentation box with table stand. Price *€30.9.0d. 
B.IVI.6. Mono ribbon microphone (lower half of the B.M.5). 
Speciiication as B.M.5. Supplied in presentation case with 
table stand, price *£21.2.0d. It may be converted to a B.M.5 
by an addition of the B.M.7. (available separately price 
*£9.19.6d.) 
Microphone Accessories Stereo/Mono extension leads: 
prices *15 ft £1.17.6d. 30 ft £2.9.6d. 45 ft £2.19.6d. 60 ft 
£3 15s. 75 ft £4 5s/Floor Stand £7.15s. Boom Arm £4.19.6d. 
Line matching transformer to 50 K ohm impedance; £2.9.6d. 

PICK-UP CARTRIDGES 

A range of quality magnetic cartridges using the B & O 
patented micro-cross system giving low harmonic distortion 
and a smooth frequency response. They follow the Inter- 
national tracking angle of 15° and, with standard mounting 
centres, will tit virtually all quality pick-up arms. 

S.P.6. Response 20 - 20,000 
Hz ± 2.5 dB. Compliance 15 x 
10-6 cm/dyne. Pressure 1.5-2.0 
g. Stylus: 15 m diamond. Out- 
put: 7 mV. 47K ohms. Price 
*£7.19.6d. 
Replacementstyli available: ISy, 
75u,and 5x Wwelliptical. 

S.P.8. As S.P.6, but supplied with 5 x 17n elliptical stylus in 
Rosewood box, price *£12.19.6d. 
S.P.10. Response 15 -25,000 Hz ± 3dB. Compliance 25 x 
10-6 cm/dyne. Pressure 1.0 - 1.5g. Stylus: 15u naked 
diamond. Output: 5mV. 47K ohms. Price *£9.19.6d. 
Replacement styli available; 15uand 5 x 17w elliptical. 
S.P.I 2. As S.P.I 0, but supplied with 5 x 17ii elliptical stylus. 
Price *£14.19.6d. 

* Prices indicated are recommended retail prices. 
B & 0 quality accessories are obtainable from B & O dealers; 
Send for further details to the Accessory Department 
Bang & Olufsen U.K. Limited, 
Eastbrook Road, Gloucester. 
Telephone: 0452 21591. 

PT05I 

BRITAIN'S ONLY 
TAPE RECORDER MART 

specialising in the SALE, EXCHANGE and PURCHASE 
of every make of high quality Tape Recorder. Brenell, 
Ferrograph, Ampex, B & O, etc., we have the lot! 
Fantastic savings of up to 50 per cent off original list prices 
for Personal Callers only. Our stocks change daily—call 
today—well over 100 models to choose from—all guaranteed 
you pay no tax on secondhand machines. 

TYPICAL BARGAINS 
ALL WITH 3 MONTHS WRITTEN GUARANTEE 

(Note: M — Mono, S—Stereo, BP—Battery Portable, 4—4 track, 2—2 track) 

(S/4) 
SANYO 929 (S/4 —(e 
TANDBERG 74 

FERROGRAPH 422 (S/2) 
akai MS r;-: ^ 
SONY TC200 tyZ 
VORTEX ION WVAH (M/2) 
TANDBERG 62 (S/2)   
REVOX E36 (S/2)   
FERROGRAPH 4A/N (M/2) 
PHILIPS EL3536 (S/4)   
REPS RIO (M/2)   
BRENELL MK5 Seriaa III (M/2)... 
TELEFUNKEN M300 (8P/M/2) 
WYNDSOR VANGUARD (M/4) 
TELEFUNKEN 204E (S/4) 
AKAI X4 (BP/S/4)   
PHILIPS EL330I (BP/M/2)  
SANYO ISI (BP/S/4)   

Our price ONLY 79 sna* 
Our price ONLY 79 fnl. 
Our price ONLY 59 sna. 
Our price ONLY 52 gna. 
Our price ONLY 49 gna. 
Our price ONLY 45 gna. 
Our price ONLY 75 gna. 
Our price ONLY 79 gna. 
Our price ONLY 49 gna. 
Our price ONLY 39 gna. 
Our price ONLY 29 gna. 
Our price ONLY 52 gna. 
Our price ONLY 39 gna. 
Our price ONLY 49 gna. 
Our price ONLY 69 gna. 
Our price ONLY 69 gna. 
Our price ONLY 16 gna. 
Our price ONLY 45 gna. 

NOTE.—THESE ARE NOW EVEN BETTER VALUE AS YOU 
PAT NO TAX ON SECONDHAND RECORDERS. 

CRUNDIG TK40 (M/2) 
SONY TC500 (S/4) ... 
AKAI M9 (S/4) SONY TC800 ( . 
VORTEXION WVB/4 (M/2) 
TANDBERG 1241 (S/4)   
REVOX 736 (S/4)   
FERROGRAPH SA/N (M/2) 
PHILIPS EL3534 (S/4)   
BRENELL MK5M Seriaa III (M/2) 
TELEFUNKEN 85KL (M/2) 
SONY TC260 (S/4)  
AKAI 1710 (S/4)   
SONY TC2S0A (S/4)   VORTEXION CBL/S 
FERROGRAPH 422 (2, 

> (M/i) FERROGRAPH 63 
PHILIPS EL3549 (M/2)  

PERSONAL CALLERS 

Our price ONLY 35 gna. 
Our price O N LY 57 gna. 

Our price ONLY 115 gna. 
Our price ONLY 49 gna. 
Our price ONLY 52 gna. 
Our price ONLY 69 gna. 
Our price ONLY 95 gna. 
Our price ONLY 55 gna. 
Our price ONLY 59 gna. 
Our price ONLY 69 gna. Our price ONLY 39 gna. 
Our price ONLY 72 gna. Our price ONLY 65 gna. 
Our price ONLY 48 gna. 
Our price ONLY 89 gna. 
Our price ONLY 59 gna. 
Our price ONLY 29 gna. 
Our price ONLY 72 gna. 

ONLY 

NEW TAPE RECORDERS 
We also stock every make and model of New Tape Recorder 
plus a complete range of accessories. 

Part of the NuSound Organisation 

MART 
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LOCAL RADIO CONTINUED 

microphones are generally in use is limiting. 
As an experiment, we have tried to record a 
jazz group consisting of saxophone, bass 
guitar, piano, singer, and drums. Bearing in 
mind the small size of the studio, and its 
acoustics, we taped two players, giving the 
others headphones for a second take to mix 
the first lake on to a second recorder, but 
failed to achieve any margin of success. The 
studios are designed for speech only, and it is 
wise not to try anything too ambitious in the 
musical field. But the point I am trying to 
make is that the amateur is not at such a 
disadvantage with respect to the equipment he 
can use. The AKG D202, the Revox 736, and 
the Uher 4000 are found in a large number of 
amateur recordists' homes. With a good mixer 
and a room converted with cushions and 
blankets into a studio, plus a nearby operations 
room for the equipment, he can produce 
recordings superior to those possible in the 
local radio station. But most of all, the 
amateur has the ideas and the time to experi- 
ment. Local radios sometimes have ideas but 
rarely have lime to exploit them. 

If you have a BBC local radio station in your 
area, I would strongly advise contacting the 
manager to ask what scope there is for amateur 
work on his station. Very often, professionals 
resent amateur intrusion, but not so in this 
case, since these stations depend to a great 
extent on unpaid help. Radio Leeds claims to 
make use of the services of 100 people for each 
day's broadcasting. If you have, as yet, no 
such station, then the making of a programme 
is an easy and interesting experiment. Assuming 
that you have two tape recorders at your 
disposal (failing this, the generosity of a friend 

SIMPLE TRANSISTOR TESTER CONTINUED 

the low current position and just over 50 V in 
the high current position. 

The test voltage is fed via the p-n-p/n-p-n 
switch to provide the correct polarity to the 
transistor on test. The normal sequence after 
checking the other characteristics of the 
transistor would be, with the selector in 
position I, to depress the breakdown voltage 
key, and note what the reading drops to when 
the p-n-p/n-p-n switch is operated. The break- 
down voltage tester can also be used to check 
diodes. A word of warning—-although the 

must be sought), set your equipment up as in 
the diagram. This diagram, of course, repre- 
sents the simplest and indeed the classic method 
of programme compilation. Examples include 
all news programmes, and particularly such 
magazine programmes as the early morning 
'Today' with Jack de Manio. The presenter 
sits in the studio and links together taped 
interviews. Suppose you intend to make a 
programme about the changes that have taken 
place in your area over 50 years. First take a 
recorder and visit as many of the old people in 
the area as you can find. When you have 
enough material, pick the pieces you want by 
listening to the material over and over again. 
Then edit together your choice, and separate 
each item with coloured leader—-yellow for the 
leader and red for the trailer. Work out ways 
in which the subject matter of each interview 
is connected and then write your linking script. 
Set Tape One in the playback mode with your 
interviews, and Tape Two in the record mode 
with blank tape. TThen use the pause control 
on Tape One to link the material into one 
programme. 

Many amateurs like to make money out of 
their hobby, and there is no reason why a 
programme such as this should not interest 
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transistors in the transistor-voltmeter are 
silicon, there is no stabilisation against tem- 
perature changes, and small fluctuations in 
reading over the extremes of domestic tempera- 
tures encountered arc likely: with a pair of 
surplus general-purpose silicon transistors 
substituted for the 2N929s, a maximum drift 
over about 5 V was noted. 

The prototype was made up on an alumin- 
ium front panel, etched matt finish. Transistor 
holders and wander sockets were wired in 
parallel to cater for most transistor types. An 
aluminium case was also used, padded with 
thick plastic foam to prevent the batteries 
shaking about and to avoid possible shorts. 

someone: a local station will almost certainly 
play a good quality tape over the air, but will 
not pay for it. But a BBC regional service is 
more likely to pay for material. An example 
will serve to illustrate the point. In the pro- 
gramme we make for Radio Durham, we cover 
University affairs, and this entails sending a 
reporter to all the meetings of any importance 
in the University. Thus one of our number 
covered a talk the Chief Constable gave to the 
Liberal Society. In this talk he made some 
comments on the British Penal System and, in 
answering a question, gave it as his opinion 
that the Train Robbers in Durham Jail should 
be quietly shot rather than kept in prison for 
so long. Not unnaturally, this was front page 
news in the following day's papers. But our 
reporter, by inadvertence, forgot to ask the 
Chief Constable about this remark in the 
interview arranged after the meeting; had he 
done so, the interview could have been played 
on one of the BBC's late night shows, which 
would have been a scoop, and the interviewer 
would be better off now to the tune of up to £50. 

The future looks rosy for local radio. It 
seems to be one of the few Government experi- 
ments the Opposition supports, albeit from the 
commercial standpoint. The Conservative 
Party supports commercial radio by saying 
that pirate radio stations proved that the public 
want it. Surely the public liked the non-stop 
pop provided by the pirates, unhampered by 
the dictates of needle time, not the fact that 
they were commercial. But any legal commer- 
cial station will still have to abide by needle 
lime, which will probably allow only one hour's 
records per day, and therefore not provide 
non-stop pop. What any local station will 
provide is an opportunity for the work of the 
amateur recordist to be heard in public. They 
deserve our support. 

Labelling was carried out using Dymo tape and 
Lelrasel. 

Components 
Suitable I mA meters: Ernest Turner Instruments 

Ltd. Mode! 909 or similar 
Biased d.p.d.t. toggle switch: Hallords (car 

accessories) headlamp (lasher 
Key switch: two-way, 2 c.o., 2 c.o., TMC Series 1000 
Transistors: Texas Instruments 2N929 

"Quoted breakdown figures in fig. 3 may refer to condi- 
tions of base open circuit, base shorted to emitter or 
reverse-biased. Circuit drawn reads values for base o/c. 
Read values for base and emitter shorted by using 
temporary link between base and emitter wander sockets. 
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M.G. Skeet describes the 
conversion of a Fi-Cord 1A 
PART 2 

THE conversion carried out has the dubious 
feature that the prototype is also the 

finished product. Meaning that it is usual to 
make production models which take into 
account experience of the prototype/s. Having 
no intention of going into production, all I can 
do is explain what was done and suggest what 
might be done the second time. 

First, to relate an interim phase while the 
machine was still mono. Adding 20 mm to its 
height, separate secondary-type motor batteries 
were provided. These were given their own 
micro-switch. The motor lamp was also shifted 
to this plinth; the whole object being to remove 
interference from the motor and its circuit. 
The switch was fitted near the motor end and 
was operated by a long locking push button. 
The lamp was similarly fitted deep down and a 
Perspex rod was used to allow its glow to be 
seen at the top end. 

This has a bearing on the design of the box 
to house the conversion. The photographs 
show two 'panniers' on either side of the 
existing Fi-Cord with the plinth under the deck 
section. The outside dimensions of the 
finished case are 295 x 230 x 80 mm. Rather 
than 'panniers', perhaps a better approach 
would be to construct a new three-compartment 
box. From left to right, looking at the control 
end, for the electronics (except oscillator), the 
deck plus oscillator, and the batteries. 

A strongly recommended construction 
method is to use pinned butt-joined plywood 
and a 'filler' glue such as Cascomite. This glue 
soaks into the wood, hardening the surface at 
comers. The usual pins used are veneer pins, 
or, alternately, cut down paper pins. As can 
be seen, the original plastic strap is still in use 
but something stronger is necessary due to the 
increase in weight. The electronics compart- 
ment is lined with tin plate obtained from large 
empty marmalade tins from a local works 
canteen. Plastic faced cloth from the local 
market was used to cover the outside of the 
box and the two-toned grey scheme was 

continued. The lids and part of the underside 
have foam under the covering. The side 
compartment lids are single screw fixing by 
using a metal hook, bolted to the lid which fits 
into a slot at the bottom of the compartment. 
An impact adhesive is best for the tin plate and 
covering cloth. 

Perhaps mention ought to be made briefly of 
other changes not directly related to the stereo 
conversion. These can probably be seen in 
some of the illustrations. 

The 4.75 cm/s speed belt nearest the motor 
was removed by cutting. As a consequence the 
speed change knob was locked in the 19 cm/s 
positionby a piece of bent metal stuck to the 
underside of the deck. This reduces the load 
on the motor. The governor requires resetting; 
more on this later. The existing non-revolving 
tape guide is no longer used. Instead, another 
is fitted near the revolving guide. The tape 
back tension lever on the feed spool is covered 
in a piece of PVC sleeving. The theory is that 
the tape back tension at the original non- 
revolving guide was suspect and now more 
control is possible by varying the tension on 
the feed spool lever spring. The tape deck is 
hinged at the control end and of course this 
was most useful during development. To avoid 
long wiring to the motor, a plug and socket 
connect the motor circuitry when the deck is 
in its down position. 

The layout of the printed circuit panels and 
disposition of the controls can be seen in figs 
10 and II. The idea was to keep the record 
amplifiers as far as possible from the motor in 
case of interference pick-up. The record gain 
control knobs need to be within easy reach of 
the user's fingers. The oscillator was kept in 
its original position so as to minimise stray 
bias problems. This original printed circuit 
board could be cut down further than shown 
but an early thought was that maybe two 
oscillators would be needed. To allow access 
during development the existing cut down 
printed circuit board was made 'plug in' by 
bolting to it the plug end from a Radiospares 
printed circuit panel. 

Fig. 12 shows the general positions of the 
circuits on the printed circuit panels and the 
positions of the tin plate screens. The wiring 
of the panels makes use of an unpatcntablc 
'birds nest' technique. Some connections are 
soldered mid-air joints! In many cases extra 
insulated wires are used to make use of the 
many three-hole side connections. Reliability 
is ensured as long as a connection which should 
be made does not become unmade or two points 
that should be insulated do not become 
connected. It is remarkable how much can be 
packed on to one of these panels. The surface 
of the tin plate lining in the amplifier compart- 
ment is covered in white Fablon. All panels 
are screened from each other by the detachable 
pieces of similarly covered tin plate. Plastic 
foam blocks stop the panels and screens 
moving once the compartment lid is on. 

When it came to thinking about the head 
changing, I considered it important to bear in 
mind that the head gaps should take up exactly 
the same positions that the existing head gaps 
do. Think hard before starting and measure 
from fixed points on the deck to each head gap. 
A good idea is to use bits of stiff copper wire 
which can be readily offered up to the new 
heads to check their positions. 

The LF4 V full-track erase head has the same 

fixing method as the original i-track head. All 
that was required were longer screws. The 
LF4VS differs in fixing arrangements but, as 
the writer has not seen one, no details can be 
given. The next problem was to fit the SKN4 
record head. Not wishing to disturb the pinch- 
wheel operating system, which is fitted to the 
existing head bracket, meant the rear of the 
head fixing screws could not be used. They 
were cut off. Figs 8 and 9 show the cutting 
required of the head bracket, the hole in the 
deck and the additional support bracket behind 
the erase head. This latter is needed because 
one of the existing bracket fixing screws had to 
be removed to make way for the greater height 
of the record/playback head. In all there are 
now three screws holding the head assembly 
to the deck. 

Fig. 7 shows the record head strap made of 
tin plate with small BA threads soldered to it. 
These pass through a top plate which overhangs 
the erase head. Two small BA screws hold this 
plate to the existing bracket. 

FIG. I Arranaement of controls. 

,! 

FIG. 2 Repositioned lid hinges and circuit panels. 

FIG. 3 Pluo-in points for circuit panels. 

A > 

FIG. 4 Relay spring ends soldered to tin plate. 

if 
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Azimuth adjustment is by the same method 
as Fi-Cord originally provided—albeit with 
nuts instead of screws. The original piece of 
wire can be stuck on top of the new head. 

Although finished black, the deck plate is an 
alloy and is easily cut. Many small holes were 
drilled around the outline of the cutaway 
required. The piece to be removed was then 
punched out. Filing cleans up the edges. To 
avoid filings getting into the motor and pulleys, 
make use of gravity by fixing the deck in a vice, 
so that particles are kept away from these and 
other vulnerable parts. The flywheel is held to 
the deck by its bearing and the three screws 
around the capstan hold the bearing to the 
deck. 

Setting-up tests have been carried out with 
the following lest equipment: Tutchings Test 
Tape No. 3, used for azimuth adjustment. 
Sine-wave oscillator: 0 to 8 mV output at 22 K. 
Heathkil OS2 oscilloscope. Heathkit A V3 
valve millivolt meter. Multimeter: 20 K/V on 
DC ranges. 

The head azimuth was set using the test tape. 
Then, with the oscillator connected to the centre 
channel input at 0.5 mV, the level meter half- 
way between zero and the start of the red area, 
recordings were made at intervals over a wide 
frequency range. When played back on a 
Revox 736 the minus 3 dB points were 50 Hz 
and 15 Hz with respect to 1 kHz. The Revox 
has a 70 |iS playback characteristic. The tape 
used was Philips DP (not the low noise variety). 
Bias was at maximum due to fresh batteries. 
The level on the tape was equivalent to that 
with the Revox at —7 dB on its VU meter. 

To assess the signal-lo-noise ratio, a ten 
second recording of a 1 kHz sine-wave was 

made on the left-hand channel at full gain and 
at a level equivalent to 0 dB on the Revox. 
The ten-second recording was followed by one 
of half that duration with the gain control at 
zero. Again playing back on the Revox, the 
noise was 45 dB below the recorded signal. 

Whilst the recording above was being made, 
the right-hand and centre channel inputs were 
short circuited and, for the first five seconds, 
the centre channel gain control was at zero. 
For the second five seconds of recording, the 
centre channel gain control was fully advanced. 
Using the Revox, the crosstalk measured 
—43 dB and —40 dB respectively. 

As to be expected with primary cells of the 
type used, the voltage output varies with the 
load and the service life to 0e expected depends 
on the discharge rate and the length of'recovery 
time'. The motor makes use of a pair of Ever 
Ready I2S9 batteries which have already been 
used for the electronics down to an end point 
voltage of 3.8 V each, while still on load. They 
are then used until the lamp ceases to illuminate. 
The governor needs adjustment to get speed 
correct if nominal 9 V batteries are used. 

The determining factor as far as the electron- 
ics batteries are concerned is the effect that the 
falling voltage has on the erase and bias 
voltages (see below). The first sign of low erase 
volts is incomplete erasure and low bias will 
produce more distortion and more trouble 
with dropout. 

Subjected to the record load of around 88 mA 
the voltage falls quickly to 8 V and use is made 
of the batteries until the on-Ioad voltage falls 
to 7.6 V. 

Indication of expected life can be gleaned 
from the data kindly supplied by Ever Ready 
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for one No. 1289 battery (Table 1). 
The demands made by the electronics totals 

88 mA at 8 V and is made up as follows:— 
Pel and Pc2 Two mic preamps and record 

amps: 13 mA each 
Pc3 Centre channel preamp and 

monitor: 8 m.A total 
Pc4 Two playback amps: 2 mA each 
Pc5 Oscillator: 50 mA total 
The motor draws 130 mA from its batteries. 

The data for the heads used suggest that 
erase and bias voltages should be 35 V and 23 V 
respectively at 55 kHz. The oscillator frequency 
was found to be 60 kHz and the voltages 
decided as being suitable are 37 V erase and 
27 V bias for 7.6 V DC supply or 40 V erase 
and 30 V bias for 8 V DC supply. 

Should motor speed require attention for 
any of the reasons mentioned, the following 
quote from the Fi-Cord 1A service manual 
should put matters right; 

"Adjust speed as necessary on the small 
(continued on page 381) 

FIG. 5 Required battery connection bending. 

EVER READY 

FIG. 6 Full-track erase and t-track record heads. 

FIG. 7 Tin plate strap soldered to threaded brass. 

FIG. 8 Cut-away head bracket. 
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RECORDING MUSIC 

A RECORDING engineer's activities may 
range from re-editing the latest cat's-food 

commercial to recording this week's No. 1 
'pop-group'; the procedure of the latter is the 
subject of this article. 

Before any recording session is due to start, 
the producer, artist and engineer (that's me!) 
discuss the various types of sounds and ideas 
the particular piece of music requires. 

When the components of the line up are 
known (normally two guitars, bass, lead, 
drums and piano), separation screens are 
positioned in the studio. Their function is to 
restrict sounds of, say, the piano entering the 
microphones around the other instruments. 
This is known as separation and, in conjunction 
with studio acoustics, is an essential factor in 
modem recording techniques. 

It must be stressed that the type and number 
of methods used by each engineer vary between 
studios and engineers. 

Taking the drums first, I normally employ 
three mikes: an overall to cover the general 
sound, a close mike for special effects (wood 
blocks, etc.), and a bass drum mike for the extra 
thudding sound. 

The bass and lead guitars may be directly 
injected, a split lead feeding an electric guitar 
amplifier on one output and through a trans- 
former directly into the mixing console on the 
other. This allows a microphone to be used 
on the amplifier which, mixed with the direct 
signal, becomes quite interesting. 

The piano is part of studio furniture and the 
engineer knows the best place for the mike. 

When the microphone situation is resolved. 

they are connected (through power supplies if 
they are the capacitor type) to mike amps. The 
passage of signal to the tape machine is depicted 
in fig. 1. 

The microphone amplifier has a stepped gain 
which is produced by introducing maximum 
negative feedback at its lowest gain, and vice 
versa. The output is then fed into a fader 
which attenuates the signal like a potentiometer 
but retains a constant impedance for any value 
of resistance, which simply means that the 
frequency response is constant at any position 
of the fader; also the distortion is minimal. 

The network in fig. 1 works as follows. Rl, 
R2 and R3 are so arranged that whatever the 
attenuation they introduce, the impedance seen 
at the input and output terminals remains 
constant at 600 ohms. R2 and R3 form a 
potential divider, but whatever their resistance 

ratio the effective impedance at the output is 
600 ohms. Also, Rl is varied in value accord- 
ing to the changes of R2 and R3, so that the 
microphone amplifier always feeds the same 
load. This is achieved by mechanical linking 
of the resistor slides. 

Choosing a specific instrument, for example 
the bass guitar, we can completely alter the 
sound by inserting an equaliser. 

An equaliser alters the frequency response 
of the incoming signal at predetermined points 
in the audio spectrum. In other words, it is a 
glorified tone-control. 

If we try a 10 dB boost at 100 Hz, the bass 
will become fuller and rounder whilst attenua- 
ting it at 10 kHz to suppress unwanted (hiss). 

Different instruments produce sounds con- 
taining differing harmonics. Middle C on a 
piano will sound entirely different to the same 

FIG. I 
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• Senior Sound Engineer, Advision Studios. 

pitch on a guitar. Middle C has a fundamental 
frequency of 261.63 Hz, its second harmonic 
being equal to twice this, the third harmonic 
three times, and so on. So it follows that 
different harmonic relationships, with regard 
to levels (i.e., the fifth harmonic may be much 
louder than the fundamental), are key factors 
in determining why a piano sounds different to 
a guitar. 

The equaliser can 'pick-out' quite sharply 
any number of harmonics contained within 
the fundamental and boost or attenuate them 
to such an extent as to create a 'new sound'. 
It might also be necessary to limit or compress 
the bass guitar by switching a limiter/compres- 
sor into the chain. 

A limiter/compressor is primarily intended 
to stop excursions of sounds above pre- 
determined levels. 

The difference-between a limiter and com- 
pressor, as well as their functions, often seems 
to create confusion. 

A compressor is normally regarded as any 
device with a ratio of 2:1 to approximately 
30:1. If it were 10:1, then any 10 dB increase 
of input signal will only increase the output by 
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RECORDING 

1 dB. It is normally signified as a limiter when 
its ratio becomes as high as 30:1, so it can be 
seen that limiting is much more severe than 
compression but in studios the terms are 
normally synonymous. 

If a bass guitar is compressed (sorry, limited 
heavily) it will produce a thud or clicking sound 
which may sometimes be mixed intentionally in 
with the overall sound. 

There are several methods of recording: 
basically mono, stereo, 4-track and 8-track. 
Each has its own advantages and disadvantages 
which are discussed below. 

A professional mono tape machine uses 
standard play 6.25mm tape, usually on 26.5cm 
spools. This type of recording entails 'mixing' 
all the sounds simultaneously, which means 
that the balance between the various instru- 
ments cannot be altered at a later date. 

When recording pop music with the mono 
or stereo systems, the rhythm track is normally 
'cut' first, then voices can be added afterwards 
on what is termed an over dub (fig. 2). 

The main advantages are that one hears the 
final sound from the word go, and it stands to 
reason that the session time is reduced; or 
conversely more tracks may be recorded in a 
given time. 

With four tracks, each instrument may be 
recorded on a separate track as follows: 

Track 1. Bass guitar 
Track 2. Lead guitar 
Track 3. Piano 
Track 4. Drums 

J 

The output from this is fed into the main signal 
source via the echo-return potentiometer and 
so adds reverberation to the original sound. 

A simple reverb plate operates as follows: a 
sample of the main sound is fed into the drive 
unit of a loudspeaker, mechanically linked to a 
large thin metal sheet. This in turn vibrates in 
sympathy with the sound, and these vibrations 
are detected by a sensitive pickup, the output 
from this being connected into the main sound 
source. The vibrations are controlled by 
variable damping, remotely activated by servo- 
motors which control the echo delay time, 
usually between a quarter and five seconds. 

Once the appropriate amount of reverbera- 
tion and the correct recording level for each 
track has been found, the rhythm track is 
recorded. This is usually done in three or four 
takes and, after play-back, the master take is 
chosen. It may be necessary to edit between 
different takes, to obtain a 'perfect' master 
rhythm track. 

It can be seen that to add voices or extra 
instruments, mixing the four tracks down to 
one track of another machine is necessary, so 
part of this freedom to control individual 
instrument levels on a 'final mix' is lost. This 
is where extra tracks on the same piece of tape 
would be an asset—so they invented the 8-track 
machine. This system is exactly the same as 
4-track, but uses 25 mm tape. 

By utilizing an 8-track there are four spare 
tracks to add voices and things—but this is 
not quite as easy as it seems. 

The pre-recorded tracks are re-played 
through head-phones to the singers. When the 

MUSIC 

By Gerald Chevin 

vocals are added, the following procedure takes 
place: The pre-recorded tracks are switched to 
set-sync, this means that they are then re- 
played from the record head. This eliminates 
the delay (between the vocal and rhythm tracks) 
that would occur if playback were from the 
normal play head during the recording process. 

In addition to 8-track machines, a 24-track 
model is now available—the Ampex MM1000. 

After completing all the tracks, the next 
stage consists of a hamburger break, then final 
mixing down to mono and/or stereo where all 
the final-stages, re-equalising, compressing/ 
limiting, reverberation/echo and reduction take 
place. 

The 38 cm/s master tape is then re-played 
through the studio monitor loudspeakers and 
on a domestic set-up to ensure that the mix is 
suitable for any audio system, i.e., that the vocal 
is audible and the backing has sufficient bass 
and treble. 

The recording, which probably commenced 
about 8 p.m. (a better atmosphere is created at 
night), is almost over. Copies are made on 
acetate discs and given to the producer and 
group, so they may listen at leisure to the final 
product of their efforts. After a week or so, 
when everyone is satisfied, a master disc is 
cut and sent to the processing plant, where 
pressings are made for distribution to the 
record shops. 

Within a few weeks the record may, or may 
not, have soared to the top of the charts and 
the artists may have found fame and fortune, 
or may not. But the recording engineer ? He's 
recording another pop group. 

This is advantageous because the relative 
balance of each instrument may be altered 
after recording as well as re-equalising and 
adding echo and/or reverberation. 

There are two basic sources of reverbaralion; 
the chamber and the plate. Reverberation and 
echo are not synonymous; echo is a repetitive 
sound, whilst reverberation increases the 
duration of the signals, so as to create the 
impression that the performers are in a large 
auditorium. 

Studio mixing consoles have controls for 
reverberation and/or echo, called echo-send 
and echo-return. Each fader has its own echo- 
send control either before or after the fader, 
and a group of faders, an overall echo-return. 
The arrangement is shown in fig. 3 (echo-send 
before fader). 

A reverb chamber functions in this way; a 
sample of the main sound (controlled by the 
echo-send potentiometer) is fed to a monitor 
in the reverb chamber, which is an irregularly- 
shaped room with very smooth walls and is 
very 'live'. The sound is reflected from the 
walls and is delated before it reaches the 
omnidirectional microphone at the other end. 

FIG. 3 REVERBERATION 
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SONY 

TC200 

BY H. W. HELLYER 

IT seems amazing that I should have neglected 
Sony in these servicing articles. To be 

charitable, I could say that Sony seldom need 
servicing. It would make a good advertising 
slogan, except for one consideration: manufac- 
turers always underplay service. In their biased 
opinion, nothing can ever go wrong. We who 
know different would be glad to confirm that 
Sony products, in the domestic sphere, are 
among the best. For the past two years, I have 
worked extensively with Sony tape recorders, 
radios and video tape recorders and can claim 
a reasonable experience. Two points arise: 
their construction is good, and does not give a 
lot of after-sales bother. Secondly, their spares 
and service information facility is superb. I 

E 

will not embarrass them further but get on 
with the job in hand. 

From the servicing aspect the TC200 is not 
too difficult to get at. The chassis, complete, 
comes out of the wooden cabinet with the 
minimum of fuss, by removing screws at base 
and rear. There is no need to take off all the 
knobs and top plate unless deck adjustments 
have to be carried out. 

The main printed circuit board runs across 
the front of the machine, and circumspect 
probing will soon prove electrical faults. 

One great advantage of a fully stereo 
machine, which I make no apology for stress- 
ing, is the ability to 'swop' connections at any 
stage of the circuit for comparative tests. Thus, 
one need not wonder vainly whether a playback 
head is a little under par on one track when all 
one has to do is change the connections so that 
the suspected winding feeds the alternative 
channel, when any discrepancy soon shows up. 

Having mentioned heads, and the worry of 
output and response, I must be fair and discuss 
the one aspect where Sony, in my humble 
opinion, have not done their bit. The record/ 
play heads of this, and later machines, tend to 
wear rather more rapidly than is desirable for 
equipment of this quality. Admittedly, much 
of the acceleration of wear is due to abrasion 
and, ultimately, to a neglect of the basic pro- 
fessional practice of cleaning heads before each 
session, and never, repeat never, using inferior 
tape. While Bogen heads, for example, take 
ill-treatment in their stride for many useful 
hours, Sony heads will suddenly show signs of 
impaired high frequency response, or lower 
output on one track, and a visual inspection 
reveals that a 'pit' has worn in the head. The 
facing collapses inwards. I have had battles 
with Sony over this, even when guarantees 
have been involved. Their argument is that 
their heads are inexpensive, and, with correct 
usage, have long life. 

Unfortunately, the ordinary chap will always 
neglect the niggling regimen of head and tape 
cleaning until it is too late. Then it becomes 
necessary to change the head. This is initially 
an easy job. The record/play heads of the 
TC200, and later models up to the TC530, are 
mounted within the shield and the whole 
supported in place by the adjustment screws. 
Four wires from the windings emerge from a 
hole at the back of the mounting and are 
soldered to pins in an insulated block beside 
the mounting. 

So far, so easy—the dismantling problem 
comes when one has to remove the head from 
its snug mounting. It is secured by two screws 
through the base, passing through a height- 
correcting spacer block. The screws, in every 
case I have had to handle, seem to have been 
fitted by a maniacal exponent of the medieval 
thumbscrew. It may sound blasphemous, but 
the only method I have found of removing 
these screws without scarring the cross-cut 
which both Philips and Posidriv screwdrivers 
fail to engage, is to start with a hard tap from 
a small hammer, using a screwdriver whose 
end has been ground exactly to shape. The 
head is held firmly while doing this, the top of 
the mounting resting on a wood block. After 
this initial tap, one can unscrew gently and 
release the head. 

When replacing, the problem is to align the 
holes in head, block and mounting. Beware of 
omitting the block by mistake. If you do so, 

and then fit the screws, they will go too far up 
through the head mounting and damage the 
winding. I did so—once. 

It is always wise to remove the pressure pad 
flap before working around the head channel. 
Pressure pads are sprung into engagement in 
the Sony style, held off by a claw bracket in the 
neutral position. Two small screws secure each 
pad flap. 

We shall be taking a closer look at deck 
features in the next couple of articles, splitting 
the treatment to leave room for a few notes on 
circuitry. But the two prime points that need 
mentioning here arc the rising clutch drive 
wheel and the selector cam. Once or twice we 
have had bother with clutch action, and the 
fault has lain with these two items. The 
symptoms are either jerky take-up or spillage 
at the right. 

Way back in 1964, when I dealt with the 
predecessors to the current range (Sony 101, 
HI, 262, 464 and 362. July to October 1964), 
I jibed about the 'idler versus belt' controversy 
then being waged and cited Sony as a prime 
example of the efficiency of idler drive. I see 
no reason to go back on that statement, after 
several more years' experience of them. 

Inspection of the take-uparrangemenl reveals 
that the clutch drive idler is mounted on a 
sliding arm, sprung toward engagement, and 
with a step at its selector end. The set of this 
step is very important, as is the secure mounting 
of the selector cam, whose ramp engages this 
lever. If either of these things is wrong, the 
lower edge of the idler can rub on the larger 
flange of the motor pulley, and jerky take-up 
will be noted, especially with lightly loaded 
spools. 

The opposite condition (with the idler not 
correctly lowered to engage the larger flange of 
the motor pulley, as it should for fast forward 
winding) causes a pronounced shudder at the 
right-hand spool carrier. The trouble is almost 
always due to the riser portion of the shaped 
disc which lifts the set end of the idler lever. 

Clutches, in this and other models, are 
weight-dependent, and the usual requirements 
for clean felts and spindle bushes must be 
observed. On the left-hand side there is not 
only the felt to contend with but also the flat 
disc beneath it and the pulley which drives one 
of the tape position indicator belts. (A pair of 
belts is used to obtain the right position of bell 
entry relative to the three-digit counter.) 

Brakes very seldom give trouble on these 
models, despite their unconventional design. 
At the feed side, a sprung sub lever on the 
rewind idler bracket halts the idler which jams 
solid against the wheel—the pressure depending 
on the torque. The spring blade at the outer 
part of the bracket is the only weak part. At 
the right, a pivoted arm with a simple brake 
block (on the U-piece by the outer periphery 
of the spool carrier rubber tyre) has a straight- 
forward action imparted by the central cam. 

In all, the key to the whole mechanism is this 
cam around the selector switch, with its shaping, 
and the secret is to keep it well greased. One 
small point to watch is the fitting of the spring 
for the fast winding section of the knob. It can 
very easily slip out of place if carelessly assem- 
bled; and this knob has to come off for any 
deck dismantling. 

Capstan and pressure roller assemblies on 
the Sony machines arc one of the talking points 

(continued on page 380) 
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o 

the 

1969 

INTERNATIONAL 

audio 

festival 

& 

Photo-Cine 

OCTOBER 

16-22 

Hear and compare the world's finest sound 
producing equipment for the home. The top 
loudspeakers, amplifiers, tape-recorders, 
pick-ups, tapes and accessories have been 
brought together under one roof to give you 
a superb Festival of Sound and Sight. 
Both newcomer and expert. .. everyone 
who takes pleasure in using and listening 
to Hi-Fi equipment of the Highest 
Standard must visit this International 
Audio Fair. 
Lovers of music of all types, if they 
are true to their enthusiasm, can hear 
for themselves, how exactly and 
faithfully their favourite passage 
can be played back to them. 

Admission 4/- 

OLYMPIA 

10 a.m.—9 p.m. 
Not Sunday London W.14. 

¥ 
--- 

DISCOUNTS :: TERMS :: DEMONSTRATIONS 

F. CAVE, Tape Recorder & Hi-Fi Specialist 

CAVES are 
the TANDBERG 

SPECIALISTS 

Special discounts 
on SANYO 

for a 
limited period 

Tape Recorders Available: Teleton, Standard, 
Philips, Akai, Ferrograph, Awia, Fidelity, Grundig, 
Marconiphone, Revox, Tandberg, Telefunken, 
Wyndsor, National, Truvox and many others. 

Hi-Fi Equipment Available: Armstrong, Dual, 
Goodmans, Grampian, Leak, Lowther, Lux, 
Philips. Quad, Radon, Rogers, Jordan-Watts, 
K.E.F., Sanyo, Teleton, Celestion, Decca, 
Connoisseur, Goldring, Thorens, Transcriptor, 
Tannoy, Kenneth J. Elwin, Ortofon, Bowers & 
Wilkins and many others. 

Tel: 01-948 1441 
Up to 8 p.m. 

5 BRIDGE STREET, RICHMOND, SURREY 
Mail Orders: Dept. TR, 27 Hill St., Richmond. 

2/6 P.O. for catalogue or S.A.E. for list 

F. CAVE 

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" topes in 
plastic mailing boxes.) 

Standard Play List Our 
Price Price 

5* 600' 22/3 IS/- 
SJ" 900' 29/S 20/6 
7- 1200' 36/7 25/6 

Long Play 
3" 210' 9/6 6/9 
4- 450' 15/7 10/9 
5' 900' 29/3 20/6 
Si' 1200' 36/5 25/6 
T 1800' „. SI/7 36/- 

Double Play List Our 
Price Price 

3" 300' ■ 15/- 10/6 
4' 600' . 26/1 18/3 
5" 1200' . 43/3 30/3 
Si* 1800' . 56/5 39/6 
T 2400' . 79/7 55/6 

Triple Play 
3- 450' . 23/- 16/- 
4- 900' . 40/1 28/- 
5' 1800' . 67/3 47/3 
SJ" 2400' . 91/5 64/- 
7- 3600' . 116/7 81/6 

C.90    . 25/1 17/6 
C.I 20   33/7 23/6 

BASF Low Noise 
Compact Cassettes 
C.60   17/7 12/3 

Post and Packing 2/6 per order: 

LEDA TAPES (D) 
17 LEIGH PARK ROAD, LEIGH-ON-SEA, ESSEX 

London office Tel. 01-226 7004 
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FIG. I MICROPHONE PREAMPLIFIER 

OUMD 

R Hi 
li 

PREAMPLIFI CATION 
AND MIXING 
BY F. C. JUDD 

FIRST of all apologies to those readers who 
were expecting something in July about the 

techniques of electronic music. I had hoped to 
do some further research on this subject in 
order to present more up to date information 
but unfortunately time has not been on my 
side. However, electronic music enthusiasts 
may find good use for some, if not all, of the 
audio circuits given in this article, many of 
which are very recent designs, or slight varia- 
tions, by Mullard Applications Laboratory 
employing Mullard low noise n-p-n BC108 and 
BCI09 silicon transistors. I have built and 
used all the circuits reproduced here but it is 
possible that slight changes in component 
values may be necessary for optimum perform- 
ance. It is recommended that only the transis- 
tors specified are used. 

The first circuit (fig. 1) is for a very low noise, 
high gain microphone preamplifier. It has an 
input impedance of approximately 100 K with 
a sensitivity of 3 to 10 mV and an average out- 
put signal level of 300 to 500 mV. The input is 
suitable for the connection of microphone 
transformers with a high secondary impedance 
but not suitable for the direct connection of 
crystal microphones or microphones with an 
impedance of less than 200 ohms. It will 
operate with a 200-ohm microphone but at 
reduced sensitivity. Two feedback paths are 
provided between Tr2 and Trl and theseensure 
both a wide frequency response and stable DC 
operation. The frequency response is approxi- 
mately 20 Hz-20 kHz ±2 dB and noise level is 
around —60 dB. For optimum gain and per- 
formance, the HT should be 18 V. The current 
consumption is around 2 mA which means 
economical operation from a battery supply. 
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Two or more of these amplifiers can be 
combined to form a very efficient microphone 
and high level signal mixer. This, however, 
requires a passive mixing network like that 
shown in fig. 2 and an additional amplifier to 
recover the 12 dB or so loss introduced by the 
network. The circuit of fig. 3 can be employed 
for this and the points X—X from the passive 
network connected as shown. This circuit is a 
modified version of fig. 1 and its gain can be 
controlled by varying the feedback via R4 
(12 K) from the collector of Tr2 to the emitter 
of Trl. The feedback is controlled by Vrl 
(4.7 K) which allows an overall gain of between 
about 12 and 40 dB. With most of Vrl in 
circuit, the gain will be around 12 dB and the 
input sensitivity up to 500 mV or so. This is 
sufficient to recover the loss of the passive 
mixing network. By itself, the circuit shown in 
fig. 3 is useful because of its variable gain and 
input sensitivity. For instance, with Vrl at 
minimum resistance the gain rises to about 
40 dB and the input sensitivity to 10 mV or less. 

{continued overleaf) 

FIG. 2 PASSIVE MIXING NETWORK 

MIC PRE-IMPS I FIG. II 

o < 

< 

U GH LEVEL irars 

I00K lOOK 100K I00X 
LOG LOG LOG LOG 
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SOUND WORKSHOP CONTINUED 

It has a fairly low output impedance and a large 
useful signal output. 

This was produced originally as a pre- 
amplifier for an electric guitar magnetic pick-up 
but which required a large degree of treble lift 
or cut for a wide variation in tonal quality. 
The variable gain provided by Vrl allows for 
an input sensitivity of between about 50 and 
200 mV at an input impedance of approxima- 
tely 100 K. The treble control Vr2 provides 
about 14 dB lift and 10 dB cut at 10 kHz. 

The two-way signal level mixer in fig. 4 
employs three BC10S transistors and, without 
the gain controls which I have added, has an 
input impedance of 2.5 M. The gain controls 
reduce this for practical purposes to about 
500 K. The input signals can be taken up to 
1 V for a distortion factor of not greater than 
0.5%. The voltage gain through the amplifier 
is unity. Output impedance from the emitter 
follower Tr3 is approximately 70 ohms. This 
amplifier could be used in conjunction with the 
microphone preamplifier in fig. I and is an 
alternative to using a passive mixing network 
and amplifier as outlined earlier. 

Electronic music enthusiasts may find a use 
for the circuit given in fig. 5, which orovides a 
sustained decay of variable duration to any 
signal fed into the input. It can be used in 
conjunction with a tone source such as an audio 

FIG. 4 TWO -CHANNEL. HIGH INPUT LEVEL MIXER 
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generator for producing 'bell' effects. Signals 
of up to 1 V or so can be taken to the input, 
though the level should be set by VR1 to prevent 
overloading. With a signal at the input and the 
'key' open, the 50 K. control VR2 should be 
adjusted until the transistor is just cut off (i.e., 
no signal at the output). The key must be one 
which returns to the open condition immedia- 
tely after depressing it, like an electronic organ 
key. The moment the key contact makes, the 
transistor conducts and will then slowly return 

FIG. 5 ARTIFICIAL DELAY CIRCUIT 

-SV 

wv 

IHRIT 
lOpf 

•HO— 

fcVR2 
J50K > UN 

0C7I —10- 
C3 

■»5 
•ior 

~zVw 

RS IX 

VHI 
10X LOG 

-*■ rr 

""T I T +V£ 

CX 10yF TO SOpF (SEE TEXT) 
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to cut off as CX charges up. The value of CX, 
therefore, determines the duration of the decay 
lime and, for a very long decay, may need to 
be around 50 gF or more. If the control VR2 
is set so that the transistor is well beyond cut- 
off, a very short decay can be obtained almost 
irrespective of the value of CX. The circuit can 
be run from a 9 V battery. 

The white noise generator in fig. 6 has 
various applications in the sound workshop 
and is a useful signal source for electronic 
music and sound effects. The output is around 
50 to 100 mV of noise covering the audio 
frequency range but which can be filtered as 
desired for other uses. To obtain a very high 
pitched noise (noise without much LF content), 
C4 (I kpF) can be reduced considerably to say 
100 pF or less. The crystal diode may be any 
ordinary radio diode GEX34, OA81, etc., but 
it may be necessary to adjust Rl (100 K) to 
obtain maximum noise signal. The current 
consumption is very low and an Ever Ready 
PP9 battery is quite adequate for the HT 
supply. 

new releases 

on cassette 

PHILIPS 
Dusty in Memphis Dusty Springfield CPP1080 

FONTANA 
Colosseum CFP404t 

MERCURY 
From St. Louis to Frisco Chuck Berry CMP7029 

CBS 
The Songs of Leonard Cohen 40-63241 
A Happening in Central Park Barbra Streisand 

40-63432 

PYE 
Donovan in Concert CYF251 

REPRISE 
Greatest Hits Frank Sinatra CRP368 
Gentle on my Mind Dean Martin CRP369 

ISLAND 
Traffic CIR15000 
This Was JethroTull CIR15001 

370 

www.americanradiohistory.com

www.americanradiohistory.com


VTR 

#*% 

HAVING taken at a gulp the complete 
video tape recording system, and looked 

at the sections in block form, we should now 
be ready to examine the detail of individual 
circuits. Some of these will bear a remarkable 
resemblance to the audio amplifier circuits we 
have seen in these pages many times, but others 
will be strange and not always obvious in their 
function. 

One outstanding fact we may note when 
studying the Sony VTR circuits, is the general 
use of n-p-n transistors. Indeed, a quick glance 
at the blueprint of the CV-2000B shows that of 
the full complement of 55 transistors, only 
three are p-n-p types. Most of the others are 
silicon planar n-p-n types, high-performance, 
low-noise in their characteristics and very 
stable in their performance. 

This is not the place for fundamental theory, 
but I feel a few notes on the building blocks of 
the circuitry, starling with the transistors 
themselves, may not come amiss. 

As with many other innovations, the planar 
technique evolved from efforts to improve 
production methods, enabling manufacturers to 
make greater numbers of consistently similar 
semi-conductors, each physically smaller than 
had been possible before. They also brought 
the bonus of cheaper devices with an improved 
HF performance. The planar technique cannot 
be used with germanium, so we get an increased 
use of silicon transistors, which themselves 
offer more stable operation and a much better 
thermal tolerance than the earlier types based 
on the diffused junction process. 

To begin with, a crystal of pure silicon is 
grown and then doped with an n-type impurity 
under very closely controlled conditions. This 
doped crystal is then sliced into thin plates 
about 25 mm in diameter and chemically 
cleaned. (Thin, in this context, is even thinner 
than landlady's ham—about 1 nm.) After the 
cleaning operation, the slices are heated to 
about 1200oC in pure oxygen, which covers 
them completely in a layer of silicon oxide. 
The oxidised slice is placed on a spinner and a 
drop of resist is placed upon it. Resist is a 
material which reacts to ultra-violet light by 
becoming very hard. This operation has to be 
done not only in the rigorously monitored dust- 
free conditions but also with the light carefully 
controlled. 

The next step, after the photo-resist is applied 
(in thickness determined by the type of transis- 

BY HENRY MAXWELL 
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tor to be made and obtained simply by the 
speed of spinning), is to mask the disc with a 
photographic negative, so that the required 
hard portion receives a bath of ultra-violet 
light and the base 'window' is left in the original 
form and can be washed away. The slice is 
then baked, hardening the photo-resist still 
more, and the exposed oxided areas treated 
with a hydrofluoric acid solution to remove the 
oxide and reveal the basic silicon. 

After more cleaning and baking, the slice is 
treated with a doping impurity (usually boron) 
which evaporates and settles in the window 
area. In another hot oven, with oxygen flowing, 
the boron is diffused into the silicon to a 
controlled depth of 3 to 5 nm (in the types of 
transistor we are considering). This forms the 
base. 

Another oxide layer is produced, and another 
pattern exposed by the photo-resist method, so 
that windows for the emitters are formed (the 
slices being treated in great numbers, not 
singly). The exposing and doping process is 
repeated, using phosphorus in place of boron, 
and the emitter is diffused, becoming an «-type 
material. 

Once again, the photo-resist method is 
employed to produce windows over the base 
and emitter areas, the slice is placed in a 
vacuum and a fine layer of aluminium deposited. 
A further etching process removes unwanted 
aluminium except where it is needed to provide 
an anchor point for the contacts, which will be 
gold or aluminium wires. 

The oxide layer is removed from the collector 
side of the slice and the complete disc, which 
contains between 200 and 6000 'basic' transis- 
tors, according to type, is tested for breakdown 
voltage and current gain before being scribed 
into small squares each containing a single 
transistor. 

There are several more stages of cleaning, 
attaching lead-out wires and encapsulation 
before the small blob we treat so casually is 
ready for insertion in a circuit. There are 
special processes for the epitaxial types, 
involving heavier doping. Before the first coat 
of resist is applied, the slice is covered by a thin 
layer (5 to 20 .am) of lightly-doped silicon with 
the same crystal orientation as the original 
slice. 

Final testing involves measurement of 21 
static and dynamic characteristics which include 

{continued on page 3T3) 
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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 OIL 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: 
7j in/sec (19 cm/sec), 

in/sec (9.5 cm/sec) 
Playing Time; 
stereo 
30 min. x 2 at 7^ in/sec 
with 7" (18cm). 
1.200ft. (360m) tape 

1 hour x 2 at 3| in/sec 
with 7" (18 cm). 
1.200 ft. (360 m) tape 
monaural 
30 min x 4 at 7^ in/sec 
with 7" (18 cm). 
1,200 ft. (360 m) tape 
1 hour x 4 at 3 Jin/sec 
with 7" (18 cm), 
1.200ft. (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 ±3db) 
30-12.000 c/s at 3 J 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: 
14^" wide x 12 J" 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: 

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

^ SANYO 
People the world over agreo there's something about a Sanyo 
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VTR CIRCUITRY CONTINUED 

reverse leakage current, reverse breakdown 
voltage, knee and saturation voltages and DC 
and AC gain. The batches are then boxed, 
stored and given a passing-out test before 
delivery. If any box fails, the whole batch goes 
through the complete tests again, and cannot 
be passed out until the specifications are met. 
Contrary to popular belief, the rejects are not 
sold to unscrupulous dealers in the surplus 
market—at least, not by Mullard, who were 
good enough to show me the complete manu- 
facturing process, from which the foregoing 
perfunctory notes were derived. Fig. X con- 
denses the processing sequence even further, 
for those who prefer graphics to wodges of 
print. 

Silicon transistors are not direct substitutes 
for their germanium predecessors. Several 
queries have been received in the Tape Recorder 
office with regard to uplifting playback ampli- 
fier performance by substituting silicon devices. 
This is quite in order, so long as we remember 
that the characteristics are quite different, and 
biasing arrangements will have to be altered. 
The 'normal" bias configuration for germanium 
and similar devices is shown in fig. 2a, where 
the current is only slightly influenced by 
spreads in hFE, but if current variations result- 
ing from supply variations are to be kept low, 
a value of emitter voltage much more than 
Vbe is needed. An alternative biasing method, 
fig. 2b, uses just the single base resistor and 
gives lower changes of current with Vet 
variations, but is very sensitive to spreads in 
hfE. (hfE, the h parameter in the common 
emitter arrangement for forward current gain.) 

Principal differences between germanium 
and silicon devices are in the base-emitter 
voltage Vbe and the collector leakage current 
Icbo- Whereas the Vbe of germanium transis- 
tors may be limited to 0.1 or 0.2 V, silicon 
devices operate at 0.6 to 0.7 V, although the 
actual rate of change of current with changing 
Vbe for each type is virtually the same. Hence 
the first difference: a larger voltage drop is 
needed across the emitter resistor of a circuit 
such as fig. 2a. 

The second point, collector leakage current, 
is a great advance when we consider silicon 
devices, where it is practically negligible up to 
quite high temperatures. This makes biasing 

circuits much more flexible, although the choice 
of method will still depend on the supply 
voltage. 

A third method which will be met in the 
circuits to follow is current biasing with feed- 
back from the collector to the base, such as in 
fig. 2c. This type of configuration will be found 
where there is plenty of supply available, as R, 
must necessarily be large to diminish spread 
in emitter current with spreads in forward 
current gain. So there will be appreciable 
collector voltage swings—indeed, there are 
times when the greater part of the supply 
voltage is developed across R, and the spread 
in Vc is directly proportional to the spread in 
hfE. 

Thus we see that, with silicon devices, the 
operating voltages will be different, emitter 
voltage proportionately higher than with 
germanium transistors using a similar supply, 
and the biasing components may appear to 
have unusual values. A good deal depends on 
what proportion of the supply can be dropped 
across the feedback resistor. 

Fig. 3 shows the video amplifier circuits that 
handle the incoming video signal and process 
it to drive the modulator. The incoming video 
signal is from 0 to 3 MHz, negative-going 
synchronisation and 0.7 V peak-to-peak, and 
this is amplified in the three-transistor block to 
approximately 3 V for application to the FM 
modulator. Input impedance is 75 ohms and 
this is matched into the base of T1 by the 
shunting effect of the fixed 100 ohm resistor 
and the manual video level control, 500 ohms 
in value. 

Pre-emphasis is necessary to obtain the best 
signal-to-noise ratio, and to obtain this and 
the wideband characteristic of the amplifier, a 
negative feedback loop from the collector of 
T2 to the emitter of T1 will be seen, with the 
emitter load of T1 shunted by another variable 
network. This network is best adjusted (after 
the clamping and carrier controls have been 
set) by observation of a test card and gradual 
increase in the resistive element until overshoot 
or ringing are observed. With a little practise, 
the backing-off point is easily determined. 

Between T2 and T3 we find another peculiar 
circuit, with two more preset controls and 
series diodes to their sliders. It is necessary to 
obtain a DC reference level before applying 
the modulating signal to the FM generator and 
the best way is to clamp the tip of the sync 

FIG. 3 VIDEO AMPLIFIFR 
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pulses. This is done by the first network, with 
the preset providing the bias level of the 
clamping circuit, being the adjustable lower 
leg of a potentiometer across the 28 V line. 

The second network works in a similar way, 
except that reversal of the polarity of the diode 
now means that the positive tips of the modula- 
ting signal will be bypassed if they exceed a 
level determined by the potentiometer setting. 
So this control is a peak-white clipper, and can 
be used to prevent overmodulation—which 
shows itself on the video recording much as it 
does on your television receiver when you 
advance the contrast control loo much; soot 
and whitewash picture, with greys conspicuous 
by their absence. 

To couple the signal from the video amplifier 
T1 andT2 to the 1.7 MHz frequency-modulated 
generator, it is necessary to insert T3, an 
emitter follower, which provides the correct 
impedance match. The low output impedance 
of the n-p-n emitter follower gives maximum 
transference of energy for application to the 
two bases of an astable multivibrator, which 
will begin our look at the recording circuits 
next month. 

FIG. 2 
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THE 
CITY 

228 BISHOP5GATE 
LONDON EX.2 
Telephone: 01-247 2609 

Opposite Liverpool Street Station 
Hours of Business: 

MONDAY to FRIDAY — 9 a.m. to 6 p.m 
Closed all day Saturday 

OPEN SUNDAY 
10 a.m. to 2 p.m. 

Part of the NuSound Organisation 

Our manager Bob 
Hookingt is a keen tape 
recording enthusiast. 
Bang & Olufsen's are 
his speciality, having 
used B & O equipment for several years his 
knowledge of this won- 
derful range is second to 
none. He is able to give 
personal callers his ex- pert advice (please avoid 
telephoning) not only on 
B. & O. but on any other 
recorder suitable to your 
individual requirements 
and pocket. 

TAPE RECORDER CENTRE 

At the City Tape Recorder Centre 
you can see one of the finest 
selections of tape recorders on 
display in London. Every leading 
make and model from Akai to 
Vortexlon. 

We are easy to get to being almost 
opposite Liverpool St. Station and 
remember we are the only tape 
recorder specialists In Great Britain 
open on Sunday ! 
Do your weekly rush shopping on 
Saturday with your wife and visit 
us on Sunday at your leisure ! 

★ GENEROUS PART EXCHANGES 

★ FREE AFTER SALES SERVICING 

★ UNBEATABLE SPECIAL OFFERS 

★ EXPERT STAFF EXPERT ADVICE 

NOW IN STOCK 
The very latest B & O 2000K 
DE LUXE. Featuring semi- 
professional specification — a 
fully transistorised stereo/ 
mono recorder with 4 track 
record and replay facilities 
and many more special fea- 
tures. Price £158.7.3. 

THE BANG & OLUFSEN SPECIALISTS 

When in the city — call in at the City! 

HI-FI in the Home 

by John Crabbc, editor of Hi-Fi News and Tape Recorder 

"the most up-to-date and comprehensive treatment on domestic hi-fi yet in print" 
AUDIO RECORD REVIEW 

"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 who 

is rightly wary of the smooth talk in the hi-fi shop" 
THE MUSICAL TIMES 

"written with the authority of a dedicated professional, it could well become a 
recognised standard on the subject... Deserves a place on the bookshelf of all who 

are interested in improving the quality of sound reproduction in the home" 
ELECTRICAL & RADIO TRADING 

"a practical and helpful book . . . Mr. Crabbe explains everything and includes 
a sizeable glossary and plenty of diagrams" 

THE TIMES 

40/- from booksellers 

or direct from the Publishers (post 2/-) 

BLANDFORD PRESS, 167 HIGH HOLBORN, LONDON, W.C.I 

u 
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equipment reviews 

FIG. I TRUVOX R54 RECORD/PLAY WOW AND FLUTTER 

0 • 09 V. 

19CM/S 

0-12% W 

0-KV. 

9-5CM/S 

0-10#/o 

I 1 SECOND 

FIG. 2 TRUVOX R54 PLAY-ONLY RESPONSE IUIE MIWTI 

9-SCM/S IU 90 + 3180j)S 

19CM/S mo 50+ 3190)15 

100 ZOO 500 
FOEODEICY 11 Hi 
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FIG. 3 TRUVOX R54 RECORD-PLAY RESPONSE IIIIE II 10 UHE 1*111 

19CN/S 

9*5CM/S 

20 SO 100 200 500 1000 2K 
FHEQDEICY II Hi 

51 109 201 

FIG. 4 TRUVOX R54 ACOUSTIC RESPONSE (WHITE HOISE IESI TAPE I 
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TRUVOX 54 

MANUFACTURER'S SPECIFICATION (19 
cm/s). Ouarter-lrack transistor recorder with two 
178 * 102 mm 15 ohm speakers wired in parallel. 
Wow and flutter: 0.14%. Frequency response: 
30 Hz-17 kHz ±3 dB. Signal-to-noise ratio: 46 
dB. Bias frequency: 91 kHz. Spool capacity: 
18 cm. Modulation indicator: Meter, dB scaled. 
Microphone Input: 150 l+V at 25 K. Auxiliary 
input: 50 mV at 200 K. Output: 0.5 V at unspeci- 
fied impedance. Power output: 5 W RMS 
continuous at 8 ohms. Sockets: DIN. Dimen- 
sions: 340 x 380 x 180 mm. Weight; 11.5 kg. 
Price: £77 5s 1d. 
Manufacturer: Truvox Ltd., Hythe, South- 
ampton. 

THE circuit diagram and many more 
details of the Truvox 50 appeared in 

H. W. Hellyer's "Tape Recorder Service' 
article in June 1969. The controls are laid 
out in a logical fashion with microphone input 
(DIN socket) and microphone/gram mixer 
controls to the left of the main control key- 
board, and with replay tone and loudness 
controls to the right. A three-digit instant 
reset tape position counter is mounted just 
above the volume control, and a pair of track 
selectors above the tone control connect top 
or bottom track for record and play with 
duoplay (parallel tracks) on play only. The 
power amplifier and speakers are in action 
during recording, providing simple monitoring 
facilities. It should also be noted that the 
recording pre-emphasis top rise is fed to the 
power amplifier and speakers, and a touch of 
the top cut lone control may be needed when 
recording from radio to restore the balance 
during monitoring. 

The single motor drive is fairly powerful 
and a full 18 cm reel of LP tape (360 m) is 
wound or rewound in just over three minutes. 

The tape counter is driven from the RH 
take up reel and clocks up 7 digits for 10 reel 
revolutions. 

The three tape speeds, selected by a control 
at the rear of the deck, were within 2% of 
the nominal speeds of 19, 9.5 and 4.75 cm/s. 

Short term speed fluctuations are shown in 
the pen recordings of fig. 1. It will be seen 
that a very slight trace of 14 Hz capstan 

(continued on page 377) 
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It's easy to get to S.W.16 

With so many shops to choose from, there must be 
excellent reasons why people prefer to buy more and 
more from Francis of Streatham. Perhaps you 
would care to find out by calling or writing to us about 
your requirements in tape and hi-fi equipment too. 
(S.a.e. with written enquiries please.) 

EVERYTHING IN RECORDERS 

AND HI-FI ON THE BEST OF TERMS 
ic VERY LARGE STOCKS OF EQUIPMENT 

AND ACCESSORIES 
NO EXTRA FOR CREDIT 
UP TO 18 MONTHS 

if FREE SERVICE DURING GUARANTEE 
PERIOD—OWN SERVICE DEPT. 

We are TANDBERG specialists and 
carry full stocks of these famous 
products. 
Also FERROGRAPH, VORTEXION. 
AKAI, PHILIPS. ETC.. ETC. 
Part Exchange facilities 
FOR A FAIR and DEPENDABLE 
DEAL—BUY IT FROM 

FRANCIS OF STREATHAM 
169-173 STREATHAM HIGH ROAD, LONDON, S.W.I6 

Phone: 01-769 0466 : 01-769 0192 
PIcu* not* our only addreil Free Car Park, Prcntii Road nearby 
OPEN ALL DAY SATURDAY—EARLY CLOSING WEDNESDAY 

SPECIAL OFFER 
Gerrard SP25 Motor/Turntable 

Unit, Mk. II 
brand new in maker's carton and 

guaranteed 
Post paid in U.K. £12 0 0 

GOOD SELECTION OF RE-CONDI- 
TIONED RECORDERS AVAILABLE. ATTRACTIVE PRICES. PERSONAL 

SHOPPERS ONLY 

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' 
5}" 900' 
7" 1200' 
Double Play 
3" 350' 
4" 600' 
5" 1200' 
Si" 1800' 
7" 2400' 

2/- 
4/- 
6/- 
7/6 
9/" 

4/- 
6/- 

11/6 
16/- 
19/6 

Long Play 
3" 220' 
4' 400' 
5" 900' 
Si" 1200' 
7" 1800' 
Empty Spools 
3" 
4" 
5" 
5i' ... 
7" 

2/3 
S/- 
8/- 

10/- 
13/- 

8d 
1/8 
1/9 
v- 
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 

on 

Black 

Long-Life 

Zonatape 

0/ AN ILFORD 
/o PRODUCT. 

List Pylw Our Price 
5- SP 22/2 12/2 
SK'SP 29/5 16/2 
7- SP 36/7 21/3 
5" EP 29/1 18/1 
SK'EP 36/1 22/1 
7" EP 51/4 32/ 

•A first class POLYESTER based recording tape manufactured for 
professional use...must be the best offer yet for tape of this 

quality! 

•POST 8 PACKING 2/6 • ORDERS OVER £5 POST FREE 
FILGfllMS WIT. MARGERY LANE 

LOWER KINGSWOOO. SURREY. 

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

Thank, to bulk purchue we can offer tensilised HI-FI tapes, manu- 
factured by e British firm of world repute. All boxsd individually (staled 
if required) in polythene. Our capes are not to be confused with imported 
sub-standard or used tapes. Full-money refund if not delighted. 
Thl. month "DRY SPLICE" (3/») given FREE with every order. 

Std. L.P. D.P. Boxed 
Length ea. 3 for Length ea. 3 for Length ea. 3 for empty spls 

3" ISO' 2/- S/» 3* 220' 2/6 7/- 3" 400' 4/6 13/- 3* 7d. 
4- 300' 4/- 10/- 4" 450" 5/- 14/-  - --• 
5* 600' 6/- 17/6 5" 900' 8/- 23/6 
SJ' 900- 7/- 20/6 SJ' 1200' 10/6 30/6 
7" 1200' 9/- 25/6 7* 1800' 13/- 38/6 

4" 600' 
5' 1200' 
SJ'ISOO' 7" 2400' 

6/9 19/6 
12/6 37/- 
17/- 50/- 
21/- 61/- 

4" 1/8 
5" 1/9 
SK 1/9 7' 2/- 

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

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 LIMITED 
Do you suffer from INSOMNIA—the modern scourge ? 
Every year hundreds of people kill themselves by taking sleeping pills. Every 
year hundreds of people ruin their lives by becoming drug addicts. Insomnia 
is NOT a disease. You can overcome insomnia easily, quickly and safely by 
acquiring 

THE REAL FACTS ABOUT SLEEP 
dcna lor particulars oi mis ana twenty oilier tapes on self improvement. 
Publications: "Sleep-learning, Its Theory, Application and Technique". 
"Mental Power through Sleep-suggestion." Distributors of the Cassette 
battery/mains Slecp-o-matic Unit. Pillow speakers. Time clocks. 
Brochures from:— 
RAPID RECORDING SERVICE, 21 Bishops Close, London E17 

MORE QUALITY BARGAINS IN 

■XCHANGE 

> & MARTSD 

■ ¥■ EVERY THURSDAY 

if you are a RADIO, TV 

or TAPE enthusiast 
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TRUVOX 54 REVIEW CONTINUED 

wobble is evident at the highest speed of 
19 cm/s,with7 Hz wowat 9.5cm/s. Nevertheless 
the mean wow and flutter readings of 0.1% 
and 0.12% RMS are about average for a 
good quality domestic recorder. 

Fig. 2 shows the play-only responses to line 
output from NAB 50 and 90 pS test tapes. 
Playback equalisation is close to the required 
time constants with a slight fall above 5 kHz 
and a bass rise below 200 Hz combined with 
'wavelength wobbles' due to the short pole- 
face length of the heads. 

The record-play responses of fig. 3 show 
the same head contour effect at low fre- 
quencies, but with a quite remarkable top 
droop in recording at 19 cm/s. The recording 
pre-emphasis was better at 9.5 cm/s with 
only a 5 dB fall at 10 kHz. 

Peak recording level of 32 mM/mm was 
recorded at a VU meter reading of +3 dB. 
3rd harmonic distortion at this level at I kHz, 
19 cm/s, was 3.9%. Unweighted system 
noise, with no tape passing the heads, was 
51 dB below peak recording'level. Weighting 
the measurement to the IEC 'A' curve gave 
the remarkably low hiss level of -69 dB. 
Bulk-erased tape noise under these test con- 

.V 

4. 
9 

- 

\ 

ditions was -53 dB. and tape erased on the 
machine was -48 dB on the top track and 
-53 dB on the bottom track. The difference 
in hiss level on machine erased tape was 
quite evident at all tape speeds and was not 
altered by degaussing the heads. It was also 
proved that it was not caused by difference in 
recording or replay responses, as the frequency 
responses were within 1 dB on top and bottom 
tracks under all conditions. 

1 can only assume that there is some second 
harmonic distortion in the bias and erase 
waveform which adds on one track and 
cancels on the other due to head phasing. 

The acoustic response of fig. 4 was obtained 
by playing a 19 cm/s one-third octave white 
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noise test tape and measuring the sound 
output at a point midway between the front 
facing speakers at a distance of 30 cm with 
the tone control set to the maximum top 
position. The sound quality is rather better 
than might be expected from the response 
curve. There is some real bass response 
below 100 Hz, which is more than can be 
said for many domestic recorders, and the 
response is reasonably balanced about a raid- 
frequency of 800 Hz, but the sharp fall above 
5 kHz makes one try to turn the tone 
control beyond its stop in an effort to add a 
bit of brightness to the rather dull response, 
particularly when recording at 19 cm/s, 
where the 'wetness' heard during recording 
just is not there on playback. 

COMMENT 
This is a nicely styled, easy to use domestic 

recorder which gives pleasant 'AM quality' 
sound and could be vastly improved by a 
little more attention to recording pre-emphasis 
and choice of speakers. 

The slight change in noise level on top and 
bottom tracks also needs looking into as the 
system noise itself is remarkably low. 

Once again I would put in a plea for tone 
controls to move clockwise for more bass or 
treble as the case may be. In this machine 
the tone control has to be turned fully anti- 
clockwise for maximum treble. A. Tutchings. 

DUBREQ STYLOPHONE 

MANUFACTURER'S SPECIFICATION. Minia- 
ture transistor electronic organ incorporating 
twin-T feedback oscillator, single notes obtained 
by resistive network in one limb of the twin-T. 
Vibrato; Switchable 6 Hz phase-shift oscillator. 
Keyboard: 20 note, A above middle C up to E. 
Tuning: Concert pitch, variable by ±1 semitone. 
Output: 500 mV at medium impedance. Output 
to Internal speaker: 200 mV. Battery; Ever Ready 
PPS or equivalent. Price: £8 18s. 6d. Manufac- 
turer: Dubreq Studios Ltd., IS CricKlewood 
Broadway, London N.W.2. 

ABOUT two years ago, with the help of a 
friend who knew all about electronic 

fizzes and so on, I built what I described as the 
smallest electronic organ in the world. It 
measured about 300 x 200 x 50 mm in its 
mahogany case and operated from a 9 V battery. 
All was well until Rolf Harris appeared on 
television with an electronic organ that made 
mine look like a pantechnicon. 

It took me very many months of searching 
the Saturday papers and asking in shops 
bztween London and Liverpool before 1 

{continued on page 379) 
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Your Tape Dealer 
LONDON AREA 

FOR ALL LEADING 
AUDIO EQUIPMENT 

Clauical Records 
by Mail Service 
hampstead 
HIGH FIDELITY 
9la Heath Street, 
Hampstead, N.W.3. 
Tel. HAMpstead ttTl h"! 

AVEN 

196-198 SOUTH EAUNG RD. 

LONDON 
W.5 
Tel. 01-560 0194 

£«.-S 

Stockists for all the leading makes of Tape Equip inen 
207 EDGWARE ROAD, W.2. Tel.: PAD 3271 
118 EDGWARE ROAD. W.2. Tel.: PAD 9789 
33 TOTTENHAM CT. RD., W.I. Tel.: MUS 2605 
42 TOTTENHAM CT. RD.. W.l. 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 
TOUR CENTRE FOR FRIENDLY HELP. SALES AND 

SERVICE 
3 4 4 STATION PARADE, 
SHEEN LANE. SHEEN. 
LONDON. S.W.I4 

Open until 8 p.m. on Fridays 
PROSPECT 0985 

Opposite Mortlake Station, S.R. 

CHESHIRE 

go Scandinavian hi-fi ... 
Bang & Olufscn, Tandberg, Arena, DynaCron, Radford. 
Sony, Philips, Quad, Leak, Fisher, Sanyo, Pioneer. Akai. 
Sansui, Wharfedale, Armstrong, Rogers, Ferrograph, 
Trio, Dual, Bryan, Normende, Eddystone, Goodmans, 

fScott, Braun, Telefunken, Grundig, etc.  
the hi-fi and tape recorder lounge 

~~ \ #PART EXCHANGE 
^Comparator Dems 

#E XPERT STAFF AAI 
#Home Dems #Aftef 

DVICE SERVICE er Sales Service 
GREEN LANE, WILMSLOW, CHES. SK9 ILR 

Wilmslow 24766 and ask for Mr. Bird 
Hosed Weds, except by appointment 

FOR ALL YOUR REQUIREMENTS... 

C OF CREWE LTD. J 

Head Office : 14 Hightown, Crewe. Tel. 3327 

Hi-Fi CENTRE: 28 HIGHTOWN, CREWE 
Technical Division : 19 Ludford Street, Crewe 

Your Tape Dealer 
CHESHIRE (contd) 

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

ic Cameras 
iC Monitors 
ic Video Tape Recorders 
ic Ampex ★ Ikegami 
* G.E.C. ic Locwe Opta 

FULL SERVICE OFFERED 

★ Bryan ic Truvox ★ Leak 
ic Goodmans 
iC Goldring 
iC Thorens 
★ Eagl. ETC. 

Holiday Bros. (A.V.) Ltd. 6,b
St

s
0

h
c'k

w
D0

H
rr

,h 

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 

-Homu'OOH tCuGoojcs 

Hamilton Electronics(Southampton)Ltd. 
35 London Road. Southampton Phone 28622 3 Lines 

FORRESTER'S 

NATIONAL RADIO 
SUPPLIES LTD. 

70-72 HOLDENHURST ROAD 
BOURNEMOUTH HANTS 

Largest hi-fi and radio component 
store in the south Tel: 2S232 

HERTFORDSHIRE 

WATFORD 
High Fidelity Centre 

at RADIOLUX Ltd. 
36 WOODLANDS PARADE. HIGH ST. 

WATFORD (opposite the pond) 
WATFORD 29734,41029 

/f ITS GOOD — WE STOCK IT ! 
Demonstrations in our Stereo Theatre. Also home 

domonscracions with no obligation. 

NOTTINGHAMSHIRE 

IVoUlngham Tape Recorder lid. 
BURTON ST. 2 mins. Victoria Station 

Specialists in all the best makes of 
• TAPE RECORDERS 0 AMPLIFIERS 0 

0 HI-FI DISC EQUIPMENT 0 
'Telephone: Nottingham 45222 

Your Tape Dealer 

LANCASHIRE 
— STOCKPORT AUDIO CENTRE   

FINEST IN NORTH WEST 

/7_Revoxj\ AKAI /^_SIMON\ 
BiO UHE SONY 

13 
RUNOt bRENEL 

(Xrwoet 'CO 
-TRUVOX- 

ic ALL MODELS ON COMPARISON DEMONSTRATION 
iC EVENING DEMONSTRATIONS BY APPOINTMENT 

FAIRBOTHAM A CO. LTD., 
  58-62 Lower Hilltal., STO 4872   

BOLTON 

H.D.KIRK 

Specialists in 
High Fidelity Sound 

c 

203 St. George's Road 
Ph0"e 230,3 BOLTON 

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

nd T"- - 
12 OXFORD STREET 

NEWCASTLE UPON TYNE I 

o 

SURREY 

FARNHAM SURREY 
* Stockist, of all good Hi-Fi apparatus. 
4r Comparative demonstrations. ■jf We offer a real after sales service. 

Easiest of terms ■fr No parking problems. 

Lloyd & Key worth Ltd. 
THE RECORD SHOP 

26-27 DOWNING STREET. FARNHAM 
SURREY Telephone ; Farnham455j4 

SURREY AND HAMPSHIRE'S HI-FI SPECIALISTS 
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I have used the Slylophone in combination 
with other instruments and the results have 
been extremely gratifying. As yet, however, I 
have not produced a symphony, although this 
is by no means impossible! The 1.6 octave 
range is rather restricting but can be increased 
by doubling or halving tape speed. Without 
doubt, the best results are achieved by using a 
glissando technique, sliding easily from one 
note to the next. Big jumps of, say, an octave, 
are a little more difficult. I suggested to Mr 
Bert Coleman of Dubreq that the lead from 
the innards to the stylus could be split into two, 
providing two styli. The instrument could then 
be played rather like a xylophone. In fact, 1 
experimented with this and it works well. (If 
both styluses are brought into contact with the 
keyboard simultaneously, the higher of the two 
notes results. The effect is that the lower 
frequency note is cancelled out.) 

This is an extremely well-made and workable 
little instrument, producing results far more 
professional in sound than one would think 
from its modest appearance. A well-thought- 
out leaflet is included with a year's guarantee 
and the instrument is British made. My model 
came with a battery included—something that, 
nowadays, one expects only from Hong Kong 
or Japan. There are very few criticisms, the 
chief one being that I feel that the instrument is 
too light in weight. The light, shiny case has a 
habit of slithering about and I overcame the 
difficulty by sticking 6.25 mm plastic foam on 
the underside. The lack of a volume control 
and internal speaker cut-out could easily be 
remedied but are not, by any means, serious 
omissions. After all, one should remember that 
this little instrument costs less than £9. 

I should very much like to see Dubreq make 
a more elaborate version, incorporating selec- 
tive voicings, speaker controls, a larger key- 
board and dual styli. Peter Bastin 

FI-CORD 600 AND 650 CAPACITOR MICROPHONES (POSTSCRIPT) 

AT the end of my March review of the than 20 dB better at 22 phons when weighted phons; the 'B' and 'C readings are suspect as 
Fi-Cord FC650 and FC600 microphones, to the ear's response for very low sound levels it is difficult to find a quiet enough environment 

I expressed a wish to lest another pair of these (IEC 'A' curve). The noise levels for 'B' and for a non-directional microphone. Very low 
units, as it was suspected that the measured 'C weightings are given for good measure, frequency sounds, which are completely 
noise levels might not be representative of Sensitivity was exactly 1.5 mV/|iB. inaudible to the human ear, kick the meter and 
production samples. Fi-Cord's immediate The FC600 stiffness-controlled pressure lend to obscure the true internal noise of the 
reaction was to send along further microphones, microphone shows slightly more bass rise and microphone. 
together with the designer armed with a pocket- less 8 kHz peak, combined with a higher Thus the specification figures, of 40 Hz to 16 
ful of bits to satisfy my curiosity as to the sensitivity of 1.8 mV/aB, all of which points to kHz ±3 dB frequency response, approximately 
circuit of the preamplifier and the capsule a very slight reduction in the spacing of the 1.5 mV/nB sensitivity and approximately 25 
construction. diaphragm and back plate. The 'A' curve phon internal noise level, are completely met 

The FC650 capsule is of the single diaphragm weighting gives an internal noise level of 24 in these recent samples. A. Tutchings 
resistance controlled type with the rear of the 
diaphragm open to the sound through a net- 
work of damping holes in the back plate. This 
combines the functions of pressure element and 
velocity element in just the right proportions 
to give optimum front-to-back ratio, with the 
usual cardioid polar response. The field effect 
transistor offers a very high input impedance, 
even when compared with the 100 M polarising 
and biasing resistors, and the output of the 
FET is fed directly to an emitter-follower 
transistor to provide the specified 200 ohms 
source impedance. All moisture-sensitive 
circuit elements are potted in epoxy resin. 

The frequency response of the second sample 
is almost identical to that of the first review, 
but the internally generated noise level is more 

STYLOPHONE REVIEW CONTINUED 

discovered who made this 154 x 115 x 39 mm 
electronic marvel. Dubreq Studios derive their 
name from their previous profession, recording 
engineers. Thus 'dub' and 'recording'. 

The Slylophone is a self-contained miniature 
electronic organ, working on a multivibrator 
principle. It has switchable vibrato and can be 
fed directly into an amplifier or tape-recorder. 
The case is black plastic with a silvered grille 
and a white base. The electronic components 
are on a printed circuit board and the whole 
caboodle weighs practically nothing at all— 
which may be a mistake, for it can be very 
easily knocked off a table. The keyboard 
consists of a separated metalled surface 
arranged like a piano keyboard and is played 
by bringing a stylus (which looks like a ball- 
point pen) in contact with it. The technique 
can be staccatto or glissando, according to 
whim. What, in fact, happens is that the con- 
tact between stylus and keyboard completes 
the circuit. Switching out the vibrato circuit 
produces a straight tone, reminiscent of a 
boozed-up church organ. The vibrato itself is 
beautiful, operating at about 6 Hz. To hear it 
at its best, the lowest note should be brought 
into circuit, resulting in a rich, pulsating sound. 
The keyboard is 20-note, ranging from A to E, 
1.6 octaves above middle C. The organ is tuned 
to Concert pitch but can be 'lifted' by means 
of a master control set in the back of the case. 
This control varied the pitch four semi- 
tones. The organ is powered by a small 9 V dry 
battery which is easily replaced by removing 
the back of the case. 

There are two controls on the Slylophone— 
an on/off switch and an on/off vibrato switch. 
There is one output socket for miniature jack 
plug which allows the instrument to be channel- 

led direct into amplifying equipment. The 
internal speaker remains on and there is a 
whale of an output from the organ. There is 
no volume control on the organ, so all level- 
balancing has to be done on the amplifying rig. 
If played unamplified, the speaker can be muted 
by placing the hand over the grille; tonal 
changes can be effected in the same way 
(Dubreq can supply a battery-powered ampli- 
fier if necessary). The Slylophone does not play 
chords. Let me stress that straight away. Any 
organ which plays chords requires three or 
more oscillators which could certainly not be 
obtained for the very modest sum of £8 18s. 6d. 

The tone and power through the 50 mm 
speaker is quite extraordinary, but use of an 
amplifier is desirable for recording as this can 
help to produce slightly different voicing by 
cutting bass or treble. I have tried the organ 
through amplifiers, reverberation units, fuzz 
boxes, wah-pedals and microphones, and all 
sorts of interesting effects can be obtained. If 
the Slylophone is fed directly into a reverbera- 
tion unit, then into the recorder, a rich, round 
effect can be obtained, but it is necessary to 
have some form of control over volume. Other- 
wise, the organ tends to sound monotonous if 
played at the same audio level and in the same 

FIG. I FI-CORD FC650 AND FC600 CAPACITOR MICROPHONES 
REPEAT FREQUENCY RESPONSE TESTS 
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Your Tape Dealer 

SURREY (continued) 

CROYDON'S 
TAPE RECORDER CENTRE 

All leading makes in slock, Hi-Fi equipment, cabi- 
nets. etc. Servica agents for AKA1 Tape Recorders 

SPALDING ELECTRICAL LTD., 
352 /3S4 Lower Addiscombe Road, 

CROYDON. 
ADDiscombe 1231/2040 

 SUSSEX  

WORTHING, SUSSEX 

Stocking Fcrrograph, Revox, Sony, 
Tandberg, Truvox, Philips, EMI, Luxor, 
etc., on fully comparative Demonstration 

BOWERS & WILKINS LTD. 
1 Becket Bldgs., Littlehampton Road, 

Worthing 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 — SOLIHULL 

For the best in equipment visit 

C.H. (HIGH FIDELITY) LTD 
Hi-Fidelity Centre I 12 Drury Lane, 

167-169 Bromsgrove Sc., I SOLIHULL. 
BIRMINGHAM 5 I WARWICKSHIRE 

021-692 1687 | 021-705 7999 
Demonstrations by appointment 

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 

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

94 BRISTOL STREET 
BIRMINGHAM Tel. 021-692 1359 

TAPE RECORDER SERVICE CONTINUED 

in these pages, where the sleeved capstan is 
widely condemned as a wow-maker. The 
sleeves are not as those commonly used in 
Japanese equipment for speed changing. They 
are a snug fit, held by the milled retaining 
screw. The only time they need removing is for 
frequency changing from 50 to 60 Hz mains. 
And then it needs a strong prising action at 
the bottom with a broad-bladed screwdriver to 
get the sleeve off. 

Mains supply change, apart from the obvious 
voltage selector alteration, requires replacement 
of this sleeve and the pressure roller, then 
reconnection of the start capacitor adjacent to 
the motor, to put 1.5 nF across the phase wind- 
ing for 60 Hz, 2 nF for 50 Hz operation. The 
sleeve and pinch roller are marked with a red 
line for 50 Hz., a while line for 60 Hz. 

Circuitry of the TC200 is fairly plain with 
two completely separate amplifier channels and 
a shared oscillator. The oscillator coil gave 
some trouble on earlier production runs but I 
have not had to change one for well over a 
year and presume this bogey has been beaten. 
If trouble is experienced, look for impaired 
erasure as the first signs, followed by what 
seems to be a roughness of recording (pre- 
recorded tapes replaying happily). This last is 
caused by incorrect biasing. 

Preamplifier circuits are transistorised, with 
2SD64 transistors (replaced by the ACI27 if in 
difficulty) helping keep noise levels down. 
Bitter experience has taught us that hiss levels 
are entirely dependent on the choice of transis- 
tor, and if I owned a TC200 1 would be tempted 
to redesign the preamplifier, using a BCIOSj 
BC109 pair. But that's another story. 

The valve numbers may look a bit frightening 
but, in fact, there are UK equivalents, or near- 
equivalents, available. The 6267 pentodes of 
the amplifier can be directly replaced by EF86 
and the 30MP23 output valves are replaced by 
30-A5. This last replacement is a good idea, as 
it happens, because one of the troubles with the 
30MP23 was a grid charge build-up which 

produced a positive voltage at the control grid 
and resulted in noise and distortion. 

One final point that may help settle a few 
arguments: the DIN connector for record/play 
is not simply a paralleled duplication of the 
phono sockets. It permits an added facility. 
The DIN connector inputs are more sensitive 
than the auxiliary phono sockets, which have a 
compensating network bypassing the first 
stages, whereas the DIN inputs go to the 
microphone input point via an attenuator of 
approximately 18:1 at mid-frequency but with 
a bit of treble lift. This makes it possible to 
match most pickups into the machine, with 
perhaps a little external added matching for 
ceramics demanding a higher impedance load, 
and a shunt for some types of magnetic 
cartridge. 

It sometimes needs a little experimentation 
to gel the best results from various cartridges. 
But the—60 dB input at the microphone socket 
gives full modulation from a 1 mV input, and 
all that remains is for the impedances to be 
matched. 

Outputs from the DIN socket are the same 
as from the line out socket, regrettably, which 
means that the signal is taken from a splitter 
across the secondary of the output transformer, 
via a simple 10 K series attenuator. This is not, 
in my language, a true 'Line Out', but perhaps 
we may postpone that argument. 
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A STEREO FI-CORD CONTINUED 

14 BA screw. This is critical. Screw out anti- 
clockwise to increase speed. If the 14 BA screw 
is screwed out until its end is clear of the spring, 
maximum speed has been obtained. If this is 
not high enough, screw in the contact screw 
and lock it with the lock nut. This will increase 
the speed. Reset the speed on the small (14 BA) 
screw.' 

It is likely that channel unbalances will 
trouble constructors as much as any other 
aspect. If compatibility with mains equipment 
is required, then 'all' (a small word with hidden 
meaning) that has to be done is to get the 
Fi-Cord record channels balanced. This means 
that the microphones should have identical 
outputs and that the head should put identical 
signals on to each track of the tape. 

A suggested procedure is as follows; If two- 
channel mono is provided, use this to supply a 
signal—voice from mono microphone to both 
record amplifiers. If not provided, use stereo 
channels and short together the wipers of the 
ganged gain control. Listen on playback 
through mains equipment for a centre image. 
The channel putting more on tape needs 
attenuating. This is best done by series resist- 
ance (22 to 220 ohms) between the record 
amplifier emitter-follower and the following 
feedback pair. If greater unbalances are 
evident than can be corrected by the above, 
then transistor substitution should be tried. 

Then all that remains is to get the left and 
right microphones and their preamps to do the 
same. Arrange the microphones to be used in 
the appropriate stereo pick-up manner. In 
mind here is the need for spaced use of omni- 
directional types and (preferred) crossed 
coincident use of directional types. Speak 
central to the microphones, avoiding assymetri- 
cal acoustics, and make a recording. On play- 
back a central image should be discerned as 
before. The higher level channel needs attenua- 
ting and is best done by inserting a feedback 
resistor (22-220 ohms) between the emitter of 
the first transistor and the 2.2 K bypassed 
resistor normally connected. Again, if greater 
unbalances are evident than can be cured by 
this method, then transistor substitution should 
be tried. 

Incidentally a quick check on the microphone 

f 

r 

FIG. 9 Head bracket support and new guide. 

output balance can be made by short-circuiting 
the two inputs together while speaking. The 
central voice will not move but of course the 
stereo acoustic will collapse. 

Headphone monitoring central image pro- 
duction should be checked and adjusted by 
resistances in series with the monitor level 
control. Playback to headphones of a correctly 
balanced tape on the Fi-Cord should produce 
a central image. Probably best to put small 
resistances in series with the head in the 
channel with highest level. The above assumes 
that the headphones (or the listener's hearing?) 
are not unbalanced. 

In this conversion the major difficulty has 
been in getting this stereo balance to be 
compatible among the various playback systems 
being employed. All the foregoing can do is 
to indicate some of the problems. 

Although no longer servicing the 1A, 
Fi-Cord have been most helpful in supplying 
information on particular aspects. It must also 
be recorded that Erskine Laboratories of 
Scarborough, the manufacturers, have been 
similarly helpful. 

TABLE 1 ESTIMATED SERVICE LIFE AT 
20''C OF ONE EVER READY f?«9 BATTERY 
mA at 4.5 V SERVICE LIFE TO ENDPOINT 

VOLTS 

75 mA 
100 mA 

(30 minutes discharge per day) 
3.3 V 
23 hours 
16 hours 

3 V 
26 hours 
19 hours 

2,7 V 
29 hours 
21 hours 

75 mA 
100 mA 

(2 hours discharge per day) 
16 hours 

9 hours 
22 hours 
13 hours 

26 hours 
16 hours 

FIG. 12 EDGE CONNECTOR NUMBERING AND SCREENING IVIEWtH FROM COHFMilll SIOEl 

SCREENED' OUIPIIT 
LEADS 

qzp 
RECORD 

IRANSEQRMER 

PC'S 
IPCtbl 

CA/WW- 

PCIl 
(RCtal 

1 i ■ r 

FCJb 

fC3c 

FCli 

o dj 

PCCa < PClb 

LOWER 1 2315 6 70 
UPPER 11 TO 18 

123CS678 

Your Tape Dealer 

WARWICKSHIRE (continued) 

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- 

Scolland'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, L.ak, Fisher, Rogers, Quad, 
B & O, Gotdring, Garrard, Thorens, Connoisseur, 
Goodmans. Wharfedale, Kef, Celcscion, Decca, 
Truvox, Philips, Sony. _ Arena, Ftevox, Tandberg, 
Brenell, Ferrograph, Akai, Uher, Grondig, 

CREDIT TERMS — PART EXCHANGES 
Repairs and Servicing Tel. Douglas 7124 
 141 St Georges Road, Glasgow C3  

Recording 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 undlstorted cutting levels 
and extended playing times even from amateur recordings. 

Booklet available. 
4S HIGH STREET 
BURNHAM, BERKS. 

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

"I 

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   
issne 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) 
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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 rates Is. per word, minimum 15s., Box Nos. 2s. extra. Copy and remittance 
for advertisements in OCTOBER 1969 issue must reach these offices by 21st AUGUST addressed to: 
The Advertisement Manaoer, Tape Recorder, Link House, Dingwall 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. 

SITUATIONS VACANT 

Wanted: Recordist. Details S.A.E. Trans 
World Radio and Television Service, Fleet 
Street House, Great Wakering, Essex. 

Qualified Maintenance Engineers and 
Trainee Maintenance Engineers required for 
Recording Studio in London W.ll. Telephone 
for interview 01-229-1229. 

Fully qualified maintenance engineer required 
full time for sound studios Soulh-West London. 
Telephone for appointment 01-748-7961. 

Trainee maintenance engineer required for 
sound studios South-West London. Day 
release if required. Telephone for appointment 
01-748-7961. 

FOR SALE-PRIVATE 

Solid State Stereo Tape Recorder, Eagle 
TC.450. Vertical or Horizontal operation, 4- 
track stereo and mono record/playback (as 
reviewed in Tape Recorder Sept. '68), in 
pristine condition. A few hours use only. Cost 
£69. Bargain at £40 o.n.o. Box No. 553 (Kent). 

Sony TC.800 Mains-Battery, one year old, 
tapes, £40. Kevin Milnes, 4 Derwent Drive, 
Chadderton, Near Oldham, Lanes. 

Sony TC.200, brand new, with guarantee. 
Cost £90, accept £70 o.v.n.o. Cousins, 12 
Roger Road, Burton Grange, Barnsley. 

Stellaphone 4-lrack 2-speed tape recorder, 
unwanted gift, as new. £30 o.n.o. Lionel 
Azulay, 41 Bloomfield Road, London, S.E.I8. 

For sale. Sanyo MR151, Sony three-band 
radio, pre-recorded tapes and unused tapes. 
The lot £70. Please send stamped addressed 
envelope. Pierce, 80 Railway Road, Rock 
Ferry, Birkenhead, Cheshire. 

FOR SALE-TRADE 
Pre-recorded stereo American tapes 7i, 

cheap as records; Bernstein's Mahler, Maazles 
Sibelius, Karajan's Beethoven Nine Sympho- 
nies £15, £3 cheaper: also pop, jazz, all 
stocked: catalogue 5/-. Postereo Tapes, 
9 Darley Street, Harold's Cross, Dublin, 
Ireland. 

Ferrographs, ex-Govl. models, from £17.10. 
S.A.E. details: Wright, 10 Church Street, 
Dowlais, Glamorgan. 

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

Continental music tapes, marches, light 
dances and folk music, send Is 6d for brochure 
to; Hartley, 41 Swanmore Road. Bourne- 
mouth. 

Moog Synthesizers are available from Audio- 
lek Marketing, Bridgefields. Welwyn Garden 
City, Herts. Synth 1 £2,345, Synth II £3,301, 
Synth III £4,198. All Moog equipment has a 
one-year warranty which we cover. 

Limiter/Compressor as described in July '69 
Tape Recorder available from G. Chcvin, 95 
Ardwell Avenue, Barkingside, Essex. 

A & B Audio mixing consoles manufactured by 
Edge Productions, available from G. Chevin, 
95 Ardwell Avenue, Barkingside, Essex. 

Always be careful (and money-wise) before 
buying quality equipment. Send your require- 
ment list to Audio Supply Association for 
evaluation and quotation. See below . . . 

If quality matters consult first our 70-page 
photographically illustrated catalogue with 
technical specifications (5/6). Members enjoy 
unbiased advisory service, preferential terms. 
Membership 7/6. Our associates also manufac- 
lure records from your own tapes, or record 
the Master at our studios (Steinway Grand). 
Bulk terms for choirs, fund-raising. Please 
specify requirements. Audio Supply Associa- 
tion, 18 Blenheim Road, London W.4. 

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, Carnforth, 
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. 

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. 

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

Pressing Specialists. Stereo/mono discs 
manufactured from your tapes, e.g. 99 off 7' 
EP Mono 10/4 each. 99 off 12" LP Mono 15/- 
each. Mobile recording service available. 
Please send for full particulars. North Surrey 
Recording Co., 59 Hillfield Ave., Morden, 
Surrey. 01-648-6345. 

Ring Guildford 61684 for Tape-Disc and 
mobile recordings. EP and LP pressings. S.a.e. 
brochure. Fanfare Records, 1 Broomfield Close, 
Rydes Hill, Guildford. 

MISCELLANEOUS 

Skilled tape recorder repairs carried out by 
expert personnel of many years' experience 
backed by extensive test equipment: Wow and 
flutter meter, audio valve voltmeter, audio 
generator, oscilloscope, etc., with final test 
performance figures quoted if required— 
Ferrograph specialists. Tape Recorder Centre, 
Tel-Lce-Radio, 220 The Broadway, Wimble- 
don. S.W. 19. 01-542-4946. 

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 
Tooling Road, London, S.W. 17. 

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

STC 4038 ribbon microphones wanted 
urgently. Box No. 552 (London). 

Wanted: tape recorder or tape deck having 
sound on sound facilities. Any make con- 
sidered. Tandberg deck preferred. Must be 
excellent condition. Also set of good quality 
headphones. Write with details to: Widd, 2 
Albert Street, Bridlinglon, Yorks. 

Empty compact tape cassettes wanted. 
Saunders, 61 Rosebery Crescent, Newcastle 
NE2I EX. 

Wanted: Collaro studio tape deck, brand 
new. Details to: John Gunn, Meadow Inn, 91 
Arkwright Street, Nottingham. 

Ferrograph tape recorder wanted, series 5 
or 6, must be in tip lop condition, required 
for school. Write with full details and price to 
Box No. 554 (Kent). 
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Ferrograph F307 

stereo amplifier- 

the heart of 

great Hi-Fi 

F307 is an integrated Stereo Amplifier, built in a tradition of excellence and extremely versatile 
in its capabilities. 

It presents a clean uncluttered appearance, conforming very closely with the Series Seven 
Recorder in this regard. Only its main controls appear on the panel—all subsidiary controls being housed 
beneath a hinged extruded aluminium flap. 

F307 delivers power output of 20 watts RMS per channel into a load of 8 ohms and has a 
total harmonic distortion of less than 0.25','„ at 1kHz at all levels up to its rated output. 

Your Ferrograph dealer will be pleased to demonstrate F307 to you. When planning your 

serious consideration must be given and its Manual ^To the Ferrograph Co. Ltd. ^ 
makes informative and compelling reading. ' Mercury House. 195 Knightsbridge. London. S.W.7. i 

■ Please send me FREE details of the Ferrograph Stereo Amplifier F307 □ ■ 
—m—*-■——V A ~M—OR send me the F307 Manual for which I enclose 5s $d post paid D 

FERROGEAPH J r ! 
The Ferrograph Co. Ltd. ■ ■ 
Mercury House, 195 Knightsbridge, London, S.W.7. tr_b 
Telephone; 01 -589 4485 ■■ M 
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Model X-200D 
Model AA-6000 

THREE MOTOR AUTO. REVERSE CUSTOM DECK—X-200D 
*4 track stereo/monaural recording and playback *CROSS-FIELD HEAD *3 
motors, 3 speeds * Solid state pre-amplifier with two integrated circuits 
*Sensing tape continuous reverse (Auto, reverse) *Manual reverse *Mag- 
nificent oil-finished wooden cabinet *For increased stereo enjoyment, use 
the matching AA-6000, 120 watt solid state amplifier and the matching 
speaker SW-160 (4 way, 60 watt input). 

SW160 

Prove it by the sound! 
 prove it with 

AKAI 
CROSS-FIELD HEAD 

Pullin Photographic Limited: 11, Aintree Road, Perivale, Greenford, Middlesex, Tel; 01998-1541 
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