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DESIGNING A 
SIMPLE OPEN 
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HANDBOOK 
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RETAIL PRICE LIST 
Golden Dragon Pre-Amplifier Tubes 
6A08/ECC85 
12AT7A/E81CC/ECC81 
12AU7A/E82CC/ECC82 
12AX7A/E88CC/ECC83 
6DJ8/E88CC/ECC88 
6SN7GT/ECC33 

Singles 
£6.50 
£6.95 
£6.95 
£6.95 

£10.95 
£8.95 

Special Quality Golden Dragon Pre-AmplifierTubes 
Singles 

E81CC-01 Gold Pins Low Microphony Low Noise £ 10.50 
E82CC-01 Gold Pins Low Microphony Low Noise £10.50 
E83CC-01 Gold Pins Low Microphony Low Noise £9.50 
E88CC-01 Gold Pins Low Microphony Low Noise £14.50 

Golden Dragon 
Golden Dragon Triodes 

Singles 
2A3 4PIN £22.50 
2A3 OCTAL £22.50 
211 £28.50 
811A £11.50 
845 £36.50 
805 £36.50 

Pairs Quads 
£50.00 £100.00 
£50.00 £100.00 
£60.00 £120.00 
£25.00 £50.00 
£75.00 £150.00 
£75.00 £150.00 

Golden Dragon 300B Range 
Singles Pairs 

300B Super £79.00 £160.00 
4.300B £84.00 £170.00 
4.300BLX Super £124.00 £250.00 

Quads 
£320.00 
£340.00 
£500.00 

Please enquire of any tube types not 
listed. We have an inventory of over 

2,500 different types in stock. 

Golden Dragon Power Tubes 
Pairs Quads 

EL34/6CA7 £25.00 £50.00 
E34L £29.95 
EL84 £8.95 
E84L £12.50 
6L6WGB/5881 £25.00 
KT66 £25.95 
KT88 £57.95 
KT88 Super(...)£67.95 
6L6GC £19.95 
6550A £42.95 
6550A Special 

£64.95 
50CA10 £84.95 
807 £25.00 
KT66 Super £65.00 
KT90 £65.00 
KT90 LX £75.00 

£60.00 
£19.00 
£25.00 
£50.00 
£52.00 
£116.00 
£136.00 
£40.00 
£86.00 

£130.00 
£170.00 
£50.00 
£130.00 
£130.00 
£150.00 

Octets 
£100.00 
£120.00 
£38.00 
£50.00 

£100.00 
£104.00 
£232.00 
£272.00 
£30.00 

£172.00 

£260.00 
£340.00 
£100.00 
£260.00 
£260.00 
£300.00 

Ceramic Sockets and Hardware 
Standard Gold Plated 

Locking 4 Pin 
(300B etc.) £6.95 
4 Pin UX4 (300B etc.) £2.5 
Jumbo (211 etc.) £12.50 
Octal Chassis 
(EL34 etc.) £1.25 
Octal PCB (EL34 etc.) £1.25 
B9A Chassis ( pre amp) £1.25 
B9A PCB (pre amp) £1.25 
Screening Can & Skirt ( pre amp) 
Damping Can ( pre amp) 
Power Valve Retainer ( EL34 etc.) 

£15.00 
£3.50 

£25.00 

£3.50 
£3.50 
£2.50 
£2.50 
£8.50 
£4.50 
£5.50 

Golden 

274B 

350B 

EL156 Octal 

E134 Super 

EL34M 

Dragon 

£14.50 each 

£29.95 pair 

£75.00 pair 

£25.00 pair 

£25.00 pair 

Carriage charge £2.50 on any U.K order. Cash 
with order or Visa - Mastercard accepted. 24 
Hour Answerphone Service. 

We have a vast range of tubes available from 
manufacturers all over the world including rare 
and vintage types. A 70 page booklet of valves 
available is updated monthly and can be 
provided at a cost of £2.50 per copy including 
U.K postage or you may telephone our Sales 
Desk for a prompt quotation. Prices exclude 
VAT. Please add VAT at 17.5%. 

A selection from our stock of over 2,500 different audio quality 
valves. Please enquire for items not listed 

ECC81 BRIMAR 4.50 

ECC81 TEONEX 3.50 

ECC82 TEONEX 3.50 

ECC83 TEONEX 3.50 

ECC85 TEONEX 3.50 

ECC88 TEONEX 4.50 

ECC88 BRIMAR 4.50 

ECF82 RCA 3.50 

ECL86 TEONEX 3.50 

EF86 TEONEX 4.50 

EF804S TELEFUNKEN 36.00 

EL34 TEONEX 6.50 

EL86 MULLARD 4.50 

EL504 TEONEX 3.50 

EL519 PHILIPS 15.00 

GZ32 MULLARD 8.50 

GZ37 MULLARD 4.50 

GZ34 TEONEX 5.50 

G237 GEC 5.50 

KT66 TEONEX 6.50 

KT88 TEONEX 12.50 

M8136/ECC82 MULLARD 8.50 

M8162/ECC81 

M8137/ECC83 

0A2WA 

PCC88 

PL36 

PL519 

TT100 

U19 

UCC85 

2A3 

5Y3WGTA 

5V4G 

6AG7 

6A7G 

6B4G 

6C8G 

6K7G 

6L6GC 

6SN7GT 

6V6G 

6V6GT 

6X4 

MULLARD 

MULLARD 

TEONEX 

BRIMAR 

MAZDA 

THORN 

GEC 

GEC 

MULLARD 

TEONEX 

SYLVANIA 

BRIMAR 

RCA 

RCA 

TEONEX 

RCA 

RCA 

TEONEX 

TEONEX 

RCA 

TEONEX 

TEONEX 

8.50 

24.00 

4.50 

3.50 

3.50 

5.95 

65.00 

8.50 

3.50 

15.00 

4.50 

3.50 

3.50 

8.50 

29.50 

3.50 

3.50 

4.50 

4.50 

6.50 

4.50 

4.50 

12AT6 BRIMAR 

12AV6 RCA 

12BA6 WESTINGHOUSE 

12BH7A USA 

12E1 STC 

13D3 BRIMAR 

85A2 MULLARD 

300B TEONEX 

807 TEONEX 

1625 RCA 

5687 USA 

5814A GE 

5881 USSR 

6072A USA 

6146B TEONEX 

6158 BRIMAR 

6189 SYLVANIA 

6189W GE 

6201 GE 

6463 USA 

6550A TEONEX 

6870 BRIMAR 

2.50 

2.50 

3.50 

12.00 

15.00 

6.50 

6.50 

50.00 

6.50 

6.50 

6.50 

5.50 

6.50 

8.95 

8.50 

6.50 

4.95 

5.95 

6.50 

4.50 

12.50 

11.50 

EXPORT WELCOME 

CARRIAGE AT COST 

P.M. COMPONENTS LTD., Springhead Enterprise Park, Springhead Road, Gravesend, Kent DA11 8HD, England 

Sales Desk Tel: 01474 560521. Fax: 01474 333762 
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KIT NEWS 
All the news from the DIY hi-fi industry. 

REVIVING THE QUAD 
FM1 TUNER 
We bring Quad's vintage classic tuner back to life, with a 

dedicated power supply and a complete tune up 

THE OPEN BAFFLE 
LOUDSPEAKER 
Prompted by one of your letters, we take a theoretical 

look at building a simple, passive open baffle loudspeaker. 

K5881 GOES TRIODE 
Well, on its input at least. The latest version of our 

popular 20W K588I stereo power amplifier now uses a 

7025 double triode input valve for a sweeter, warmer 

sound. We bring you the latest circuit. 

BOOK REVIEW: 

LOUDSPEAKER AND 

HEADPHONE HANDBOOK 

Edited by John Borwick and containing chapters from 

some of the industry's leading experts, this is one of the 

most complete reference works we've come across. 

DIY LETTERS 
Here's where you can write in to tell 

us about your own unique designs and 

ideas as well as ask for help along your 

way to DIY hi-fi bliss. 
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16 

21 

25 

27 
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CRICKLEBOOD ELEC1110111(SANSAII 51/1ERSOUND 

Audio Polypropylene 4110300,511 

the secret's as the netabsed fen, 

alanufaaurad apectu.auy 10' IlIgh end audio. these 

PolYberarlene aerators offer exceptonal value for 

money as they use a specially Imported high purity 

rnetabsed polypropylene 00 ensinro woody Mated 

and transparent sound quality and extremely low 

distortion, crabber they are placed directly in the 

srand path such as es crossovers or for descralm9 ets • 

Heal for replasog dd. stale and leaky caper:atm. 

Part no Vale Parse 

CW1OON CAP PROPEL 100H it 25 

CW1506 CAP PROPEL 150ri 3121 

CV12206 CAP PROPEL 220r« 31.25 

CW3306 (» PROPEL 3300 11.25 

CW47116 CAP PROP/1.470H £ 1.21 

CHWION CAP PROPEL 613Onf 11.25 

Wil Ural CAP PROPEL laaf 31.25 

CW1USN CAP PROPEL 1.50 11.50 

CW2U2N CAP PROPEL 220 £1.30 

CW3U3N CAP PROPEL 3.3oF [105 

CW4U76 CAP PROPEL 4.70 /ZOO 

CW6U8N CAP PROPEL ease 1230 

CW1001 CAP PROWL 100 13.50 

CW116 CAP PROPEL 150 1430 

CW22U CAP PROPEL 220 16.50 

CWSOU CAP PROPEL 100 19.95 

CV1100t1 CAP morn 100ot £20.00 

Low value caorators are aatenwely used n amps 

>ewe (Mealy o tale control, bass 6 ogee etc) 

BY obantro to PHYProbalen. You car ootor at 

enhanced Crate • Ongeter sound especoly 

treble amend mid bass range, and a transparent nee bass 

improvement. Close toknanse & frah stabity ensure 

that both channels can be voy closely matched. 

Part No Vale Voltage Pree 

CPP47P CAP PROPEL 470 2500 1035 

CPPIOOP CAP PROPEL 1000 210V 1035 

CP11150P CAP PROPEL 1100 210. [0.35 

CPP220P CAP PROW 2200 210V 30 35 

CP9330P CAP PROPEL 3300 2SO. 3035 

CF9470P CAP PROPYL 4700 250. 10.3$ 

CPP1NO CAP PROPEL 14 210V 1035 

CPPINS [0.31 

C19262 

CPP4N7 

Del ON 

Cf9226 CAP PROPEL 220 

C29476 CAP PROP(L 470 

CAP WM. 2.20 210. 1035 

CAP PROWL 4.744 63V 10.10 

CAP PROPIL 100 63V 10 61 

63V 10.81 

630 11.00 

Lon Impedense High Temperature 

11 OS Cl Radial ElectroyIns t 3% 

Sabena enstroytes at affordable rases. The Ow 

mperance end resterce manses sorb punty. test 

Ore supend tenperahre charactensras One. the 

upraise to reran 0135340e and« the most vane.. 

orator's. 

Pat llo Value Voltage Pnce 

1610 1024e TEW 3,1 50. [0.25 

2112650 102411080 22,0 SOV 1025 

407963 102111080 4.70 630 10.25 

10H63 LO 21 TEMP 100 630 1025 

22H63 LO 2111TEra 22r1 63V 30 30 

471163 LO 211 lira 470 63V 10.31 

1001163 (02111 TEra 100,A 630 [0.50 

220650 LO 111 TEW 2200 50V [0.75 

470H63 LO 21111374740 63V [ 1.25 

10001135 LO 2 H TEW 10000 35V 11.50 

22001150 LO 214 114b 22000 50. 3225 

4708021 LO 2 II 11/4P 47000 25V 11.50 

(lna Solder Lug Reservoir 

Capacitor 10.000uf 80V 

Oman; the right electrolyte for power supply use n 

very important o kerang rams ban Want Ammo 

»mum current floo for good ganged 6 bass 

response tine cal/Tenors are respected the World over 

for thee except..1. aelm attnrates. 

Part No TA/Voltage Pnce 

10000(80 CAL Ell1A10041/80V Ill CO 

bomaso, Air Cored Inductors. 

A range of cadenceal at cored +Orators for 80 sr 40 

crossures/Mters for use up to 3006 1 2mrn enameled 

copper see around on a« spaced place batten. 

Pan No 

P11 

Purr 

P22 

P33 

P47 

P68 

P100 

P150 

P220 

P330 

220010 r 50 413.1 bran 

330010.208.19nm 

47001 0 250 50 I gnm 

680010.350 59.19rran 

Im110 an 59.19mm 

1.51bl 0 10 70x3Ornm 

2 Zrrr 0 60 70.30ran 

3 3m11a710 70.30 

Monocor Ferrste Inductors 

32.50 

£300 

/I 01 

1430 

[5.50 

16.50 

18.00 

/10.00 

A range of professonal hçe effeency fernte cored 

reductors mth very be dore losses for tel or 40 

crossovers or fees for use to to 400W. 
1, ram enameled sopper *me ( 1.3mm on F1000) mod 

on bastes bobbn 

Part W. Sperfeabon Perce 

0220 2.2b1 0.1511 4006 55x3Iren [6.50 

1330 3.3ral 0.20 330W 65m39mrn 19.10 

F470 4. bra 0210 140.11 65x3Ornm [ 1103 

F680 6.8ral 0.3511 120W 65m39rnm 112.00 

51000 10m6 0.450 1006 65m39mrn 113.50 

Quality Valves 

Affordable range ot .. gh Quality Ili,. 

Part No. Dessnpran Price 

65500 0.11817 VALVE 126.00 

61007 OUTPUT VALVE (4.50 

656701 30118510 ...EVE [4.50 

6V6GT OUTFUT VALVE [3.91 

ECC81 THOM 1430 Nratrik Pro- Audio Super Qual.ty Gold 

(CC82 TRIM /430 Plated Phono IRCA) Plugs 

ECC83 TRIG% £4 SO 

EF86 LOW NOISE PENTCOE [3.10 

EL34 CCITPUT VALVE £8.50 

EL84 OUTPUT VALVE [3.50 

0234 RECTIFIER 16.50 

KT88 OUTPUT VALVE 120.00 

Fully Gold Plated Phono IRCA/ Plug. 

With sprsng coil cable grip. rerth bound last at oserton to emanate pop 

node range of cables These cabectors make contact 

Part No. >screen bee 

PPG5A2 PAR GOLD PLUGS for up to 1130 

Smm CABLE per 

PPG8A2 PAR GOU) PLUGS for up to 1130 

Bann. CABLE par 

Very High Quality Phono ( RCA) Plugs Avalable n 2 colours 3 lengths belly florae oxygen 

free cable vels extra naralderles controUgraresIng mre 

Very f.g3 grainy sates grey metal rah heavy gob plated 

cœnectors Top collet cabe pro APIlE mantas 

Very low none 

Part No >salmon 

FPG6112 GOLD ME PLUGS fa a. 

to ben CABLE 

PPG8H2 GOU)PTFE PLUGS for 

to Bern CABLE 

Valve Holders • Nigh quality valve bases. 

Chassis IdelatIng eth screw fittings 

Part No. Deenphco Pnce 

89AC 890 VALVE Hues CERAMIC Il SO 

8901 B9A VALVE HOLDER CERAMIC 2.00 

CC SCREEfiNG CAN 3225 

DC11 OCTAL VALVE NOLDER CH1811(12.00 

10 OCTAL VALVE HOLDER HIE11011 1 1 

Pree 

£330 

parr 

13.50 

Par 

See.i Vo' of drams each ncludes 2 cable orbs pars 

555 5,- 5 3nrr Tear re« lor a 

Part No. Dwfabran bee 
PP142 NEUTRIK PRO AUDIO (12 00/par 

Extra High Quality Gold Plated Phono 

Oxygen Free ( RCA/ Leads ( pairs) 

Part No Length/Wk. race 

LPPIQG 0.8 Metres/Green [5.10 

UM QV 08 Metre:Nora 15.50 

LPP2QG 13 Metres/Green [6.50 

LPP2QV 1 5 Net/es/Vole 16.50 

LPPSQG S Metres/Green [11.00 

LPPSQV 5 Metres/Vora 311.00 

Be. Reflex Tuning Ports 

A range of Hateable plebe sorts for use on van°rori 

slx«.11..WW.Her cremes. dranneter 

Lnabustable length gm/ 

Pan No. Dmensons Prise 

331 0-311,110210 1230 

R50 0.50L-150-2110 [3.00 

870 4-701.4124-245 [3.50 

11100 0.1101,160-122 3510 

885 0-81 angled A5' for narrow 

rennet...210310 £630 

High Quality Components at the right 

price.Please ad £ 2.00 carriage • VAT 

to all orders Credit Card phone 

orders accepted. 

Ask for our free cataloguer 

, 40 & 42 Cricklewood Broadway, London NIN2 3ET. Tel: 0181 452 0161 Fax: 0181 208 1441 

WATFORD VALVES 
3 RYALL CLOSE PHONE 

BRICKET WOOD 01923 893270 
ST ALBANS FAX 

HERTS AL2 3TS 01923 679207 

QUAD 11 OWNERS  

WE HAVE THE ONLY REAL KT66 REPLACEMENT. THIS 
N.O.S. ITEM WAS MANUFACTURED IN THE UNITED 
STATES AND CONFORMS TO THE HIGHEST MILITARY 
STANDARDS. THE SOUND QUALITY IS EQUAL TO THE 
G.E.0 KT 66. WE OFFER THESE AFTER A BURN IN, 
LISTENING & MATCHING PROCESS AT £40.00 PER PAIR. 
HOW MUCH FOR A KT 66 ! 

PHILIPS/G.E. TESLA/SVETLANA 

ECC81/6201 £4.00 
ECC82/6189W £4.50 
ECC83/12AX7WA £5.11 
ECC83/5751 £5.11 

EL34 
E34L 
6550 
6550C GOLD 

NEW OLD STOCK SOVTEK 

ECL86 
EF86 
EL84 
6L6WGB/5881 
6SL7WGT 
6SN7WGTA 
6V6GT 
6550A 

£4.00 
£9.00 
£6.00 

£10.00 
£6.00 
£6.00 
£6.50 

£30.00 

£8.50 
£8.50 

£15.00 
£16.00 

12AX7WA/WB £3.25 
12AX7WXT £2.77 
12AX7 PREMIUM £4.50 
EL34 £4.90 
EL84M 
6L6/5881 
6922 
7199 

£5.00 
£4.90 
£4.00 
£8.00 

FREE MATCHING on ELM and 6550. Huge range held. 
All new, boxed & guaranteed. Prices are plus VAT & carriage. 

THE Service Specialists 
From Classic Valve to Digital LaserDisc... 

You supply the Problem, We supply the Solution! 

QUAD • GRANT • LEAK • RCA • REVOX • ALTOBASS • RADFORD • 
PIONEER • LUMLEY • TEAC • YAMAHA • AVANTIC etc. 

For over 20 years we have provided un-matched technical services to 
Enthusiast and Pro. alike. We've satisfied customers at all points of the 

compass - even in Australia! 
• What makes us so popular? Simply, we're the best! 

RESTORATION. Messrs, Leak, Walker, Radford et al. got it right! 
Yesteryear's great designs are, in the main, fine. They certainly don't need 
converting into something else, which seems to be a current trend. We will 
carefully restore your classic using modern high-quality components; this 
alone frequently improves the sound quality enormously. We will not, 
though, alter the original design in an attempt to "improve" it. Enjoy owning 
and listening to a Classic... not a latterday fad. 

REPAIR/CALIBRATION. Even the finest equipment's will suffer an 
occasional breakdown and need meticulous repair, calibration and 
alignment. The only standards we recognise and work to are Manufacturers 
Original. Our Test & Measurement facilities are probably the best in this 
sector of the Industry... and we know how to use them! 

KIT-BUILDING. There are numerous kits around nowadays. They all 
require skill/experience to build satisfactorily and, in the case of valve 
equipment, safely. Some designs are good, others ....well, let's just say 
their 'designers' would benefit from a sojourn on that celebrated desert 
island with only Terman and Langford-Smith for company! 
Whichever kit you choose, though, It will benefit from a professional 
build. We will build it, de-bug it and give you a set of Final Test figures 
from your sample. 

KIT-RESCUE. In trouble? It won't work? Nil desperandum. Contact us 
about a rescue/re-furbish. 

For more details of our comprehensive services, 'phone or fax:-

(0113) 244 0378 
AUDIO LABORATORIES (LEEDS) 

NOVEMBER 1996 HI-FI WORLD SUPPLEMENT 
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KIT NEWS 
THE NEW POWERS THAT BE 

Svetlana Electron Devices of 

Huntsville, Alabama, have 

just introduced 

four new 

power 

triodes intended 

specifically for use in high 
quality amplifiers. Like the 845 and 

21 I A, these new Svetlanas have direct-
heated, thoriated tungsten flaments, but 

come with massive graphite anodes. 

Rated at I 25w, there's power on tap 

even in single-ended operation. 

Four amplification factors are offered 
for circuit design flexibility, with the 

SV572-3, for example, claimed to give a 

clean sound without feedback, while a 

pair of SV572-160s can produce 300w 
output in Class B. 

Svetlana Electron Devices 

8200 South Memorial Parkway, 

Huntsville, AL 35802 
Tel: (205) 882 1344 

Fax: (205) 880 8077 

MORE SVETLANA GOLD 

Watford Valves have started importing 

the latest Svetlana EL34 and 6550C Gold 

power valves. The latter benefits from a 
new tri-plate anode, precise grid/screen 

alignment and gold-plating on the grid 

itself. There is also a free matching 
service on both valves throughout 

October. 

Watford Valves 

3 Ryall Close, 

Bricket Wood, 

St. Albans, 

Herts. AL2 3TS. 

Tel: 01923 893270 

BACK TO THE FUTURE 

PM Components are taking a trip down 

memory lane with their new Retro 

range of valves, recreations of original 
designs from companies like GEC 

and Marconi. Thus far two valves 

have been produced, the KT88-R 

and KT66-R, both using the same 

materials in their construction 

as the originals and built to the 

same standard For prices and 
more information contact: 

PM Components 

Unit B3 

Springhead Enterprise Park, 
Gravesend, 

Kent DA II 8HD 

Tel: 01474 560521 

AUDIOCOM GO ALUMINIUM 

Audiocom are now able to supply 450v 

aluminium capacitors from Panasonic. 
These have a large ripple current 

capacity and can be used in valve amp 

power supplies and the like. Audiocom 

are also offering 10% off prices of OS-

CON capacitors and high purity silver 

wire during November, and any order 

over £25 will include a free metre of 
silver solder. 

Audiocom 

2 Swallowtree Gardens, 
Saundersfoot, 

Pembrokeshire SA69 9DE 

Tel: 01834 814036 

CHELMER'S LION 

Chelmer Valve Company can now 

supply a version of the KT88 which is a 

close copy of GEC's Gold Lion valve. 

The valves are manufactured in Europe 

and come in matched pairs with 

individual test reports at £60 a set. 

Chelmer Valve Company 

130 New London Road, 
Chelmsford, 

Essex. CM2 ORG. 

Tel: 01245 355296 

SJS TRANSFORMATION 

Extending their existing range of valve 

amplifier output transformers, SJS 

Electroacoustics are now producing four 

new single-ended transformers designed 

for maximum bandwidth with 

interleaving and split bobbins. For those 

who like transformers in their pre- as 

well as power amps, there are also new 

arrivals on the interstage and pre-amp 

output transformer scene, SJS claiming a 

bandwidth of I 20kHz for both types. 

For the final aesthetic touch, black, 

chrome and brass finished caps are 
available. 

SJS Electroacoustics 

Ben-Dor, 

Lumb Carr Road, 

Holcombe, Bury, 

Lancs. BL8 4NN 

Tel/Fax: 01706 823025 

SIMPLE SWITCHERS 

If you'd like to follow Linn down the 

road to high efficiency switch-mode 

power supplies, then Farnell 

might have what 

you're looking for. 
They now stock the new £7.50 LM2825 

from National Semiconductor, which 

contains a complete 1 A switching 
regulator on a single chip - all you need 

to add for a 5v or 3.3v output is a 7-40v 

input. Also available is a variety of 

regulators from Melcher's IMR6 range, 

concentrating mainly on 5v and I 2v 

supplies with prices starting at £28.69. 

Farnell Electronic Services 
Edinburgh Way, 

Harlow, 

Essex CM20 2DF 

Tel: 01279 626777 

HI-FI WORLD SUPPLEMENT 
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Hart Audio Kits - 
Your Value for Money Route to Better Sound 
2 Penylan Mill, Oswestry, Shropshire, UK. SY 10 9AF 

Phone 01691 652894 Fax. 01691 662864 

Hart Audio Kits and factory assembled units use the very best 
audiophile components in circuit designs by the renowned John 

Linsley Hood to give you unbeatable performance and unbelievable 
value for money. 

We have always led the field for easy home construction to 

professional standards, even in the sixties we were using easily 

assembled printed circuits when Heathkit in America were still using 

tag boards! Many years of experience and innovation, going back to 

the early Dinsdale and Bally classics gives us incomparable design 

expertise in the needs of the home constructor. The current range of 

Hart kits is designed to give you all the components for a matching 
ensemble of audio excellence. 

81100 AUDIO DESIGN 80 WAIT POWER AMPUFIER 

This fantastic John Linsley Hood designed amplifier is the flagship of our range, 

and the ideal powerhouse for your ultimate hi-fi system This kit is your way to get 

fit pertormance at bargain basement prices. Unique design features such as fully 

PET stabilised power supplies gives this amplifier World Class Performance With 
startling clarity and transparency of sound, allied to the famous HART quality of 

components and ease of construction 

Useful options are a stereo LED power meter and a versatile passive front end 

giving switched inputs with ALPS precision Blue Velvet low-noise volume and 
balance controls 

Construction is very simple and enjoyable with all the difficult work done for you, 

even tie wiring is pre-terminaled, ready for instant use! All versions are available 
with Standard components or specially selected Super Audiophile components at 

f29 60 mdra per channel, plus f2 40 if you want to include Gold Plated speaker 
terminals 

01100 Standard Stereo Amplifier £415.21 

KITOOSA Audiophile Specification £493.01 

kit 000 Relay Switched Input Version £454.64 

Ott 00$ Stereo Slave Amplifier C353.62 

K11DOM Monobloc Power Amp £271.20 

91.910 ‘reprint of latest Amplifier Articles £4.50 

KI1DOCIA Construction Manual with Full Parts List £5.50 

, A Super Audiophile versions come with upgraded 

nacitors and Gold plated input and speaker terminations 

"CHIARA" SINGLE ENDED CLASS "A" AMPLIFIER 

First module lo appear in our ne* '2000 Range of kits This unit provides a high 

quality 'phone output for those many amplifiers that do not have one Easily 

installed with special link-through facility the unit draws its power from our new 

Andante Ultra- High Quality linear nodal supply Housed in the neat, black 
finished. Flan minibox il features Ihe wide frequency response, low distortion and 

'musicality" that one associates with designs from the renowned John Linsley 

Hood Pre-terminated interconnecting leads and PCB mounted sockets prevent 

supply polarity and on-board diagnostics provide visual indication of supply line 

integrity. Volume and balance controls are Alps Blue Velvet- components Very 

easily built, even by beginners, since all components fit directly on the single 
printed circuit board and there is no conventional wiring whatsoever The kil has 

very detailed instructions and even cornes with a roll of Han 

audiograde silver solder It can also be supplied factory 

issembled and tested Selling or less than the total cost of all 

;he components if they were bought separately this unit 

represents incredible value for money and makes an attractive 

clot- --anus addition to any hi -fi system 
62100 Headphone Amplifier £112.50 

K2100SA : per Audiophile' Version £115.46 

A2100SA Factory Assembled and Tested 
03565 Andante' Audiophile Power Supply to sur! 

A3565 Factory Assembled and Tested 'Andante' 

f152.46 

£84.42 

£133.42 

61450 MAGNETIC PICKUP PREAMPLIFIER KIT Features a totally discrete 
component implementation with the superior sound of the Shunt Feedback 

concept High quality components fitting lo an advanced double sided printed 

circuit board make this product at the leading edge of technology that you will be 
proud to own Nevertheless with our step by step instructions it is very easy and 

satisfying lo assemble The higher current consumption of this and means that it 

is best powered by our new Aadaata Audio Poster Supply. itself an advanced 

piece of technology in a matchbox case This supplies the superbly smoothed and 
stabilised supply lines by any sensitive preamplifier and features a fully potted Hi-

grade Modal transtormer along with a special limited shift earthing system for 

hum free operation The 01450 is suitable tor all moving coil and mOVing magnet 

transducers this unit is especially recommended for, and will extract the very best 
from the modern generation of low output high quality moving coil transducers 

This magnificent kil, canes complete with all parts ready to assemble inside the 
fully finished 226 x 134063mm case Corras with. hill. easy to follow, 

instructions as well as the Flan Guide to PCB Construction, we even throw in 

enough Han Audiograde Silver Solder to construct your kit! 

O1450 Pickup Preamp Kifform £110.511 

O14505A Super Audiophile Version £138.94 

Why not buy the reprints and construction manual for the kit you are ;nterested 
to see how easy it is to build your own equipment the HART way The FULL cost 

ALPS " Blue Velvet PRECISION AUDIO CONTROLS. 

Now you can throw out those noisy ill-matched carbon pots and replace with the 
real hi-fi components only used selectively in the very top 11191110f World class 

amplifiers The improvement in track accuracy and matching really is incredible 

Cannels and rock solid image stability 

MANUAL POTENTIOMETERS 

2-Ce' ,K Lin 

2 tee 50K or 100K Log 

2-Gang 10K Special Balance, zero crosstalk and zero centre losS 

MOTORISED POTENTIOMETERS 

e Sang illb lib 520.0 blarioe zero crosstalk and less lnan 1,11, 

position 

II 5.67 

£16.40 
£17.48 

C26.20 

£26.98 

ACTIVE SUN-WOOFER MODULE ASIA 100 

This complete Plug-and-Play drive module, with an active low-pais filter, and 
built-in 125 Watt power amplifier is the ideal unit for the DIY construction of a 

powerful sub-woofer system Crossover frequencies down to 50Hz give real 

'trouser flapping' bass down to 25Hz with the easily constructed cabinet design 

provided The complete unit will give real bass support to your existing speak, 

system and is easily driven by line or speaker sources 

AM 100 MODUlE £185.29 

IIIMOS Se £36.68 

HART SUPER AUDIOGRADE SILVER SOLDER 

Hart Super r. . ' the SellOus 

audiophile Nd t , y y .o r-,eaou'o ' ara cut t .s designed 

to melt at normal soldering temperatures avoiding the possibility of thermal 

damage to components or the need fro special high temperature irons Avery low 

esdie Nov rates poles 'castes/ tut emits te reed toi board dealing abatement+, 

S45-007 3mtrs 22SWG in Hart Mini Tube £3.90 
845-0011 100g Reel Special Valve Grade. 20swg £12.90 

1345-01» 100g Precision PCB Grade 22swg £14.75 
845110 • Cq Superfine 24swg tor ultra prease condol and easy *along £21.45 

VALVE OUTPUT INANSFINIMBIS 
Modern high performance toroidal output transfOrmes tor use with a push-pull 

parr of EL34s Modern circuit, supplied free with each set, gives a healthy 32 

Watts with a lull boxer bandwidth from 5Hz to 55Klizi Distortion at 29W is only 

007% Supplied in sets of 3 ( One mains and two output), or individually d 
required 

SPECIAL OFFER Set of three POST FREE in UK £99 

TECIIIIICAL MOKSIIELF 

"AUDIO ELECTRONICS" J L Linsley Hood 

'r - by the master himself this new book covers the ureerlyr: 

audio techniques and equipment in tape recording, tuners, power output stanc, 

digital audio, lest instruments and loudspeaker crossover systems 

ISBN 0-7506-2181-8 £18.99* 

"DU MT OF LINEAR ELECTINONICS" J L Linsley Hood 

The definitive linear electronics and audiobook Learn how to read circint 

diagrams and understand amplifiers and how they are designed to give the best 

158k £16.96' 

NAST Eke lusivel FREE amendments sheet with each copy. 

"THE ART OF SOLDERING" ti Brewster 

Absc. r anyone who ever picks up y so lour; aon 

ISBN £3.95* 

"ACTIVE FILTER COOKBOOk" Don Lancaster 

All the inside intormalion on the calculation on construction OILaw-pass, high 

pass and band-pass Stern using Besse: Chebohek ae0 Butterworth lopologren 

f19.95. 

"HOW TO USE OSCILLOSCOPES & OTHER TEST EQUIPMENT" 

Per 1 £3.50 

"TH( LOUDSPEAKER DESIGN COOKBOOK" New 5th Ed Vance Dick, 

-6825130-10-9 C25.95 

"ELECTROSTATIC LOUDSPEAKER DESIGN AND CONSTRUCTION" 

,-r This ClaSSIC il- .,-trostatic 

£18.95 

"THE ELECTROSTATIC LOUDSPEAKER DESIGN COOKBOOK" e-r P 

,-dersThis new len tarat '7,, Inn 

loudspeakers to hands-on guidance on practical construction, also covering 

t'-'rising supplies and amplifier suitability A full chapter also covers 

rcssion line woolen enclosures ISBN 1-882580-00-1 £25.95 

"BULLOCK ON BOXER" y M Bullock-III with Roben Mite bony Is 

tor anyone interested in loudspeaker enclosures, theme 

practicel budding and is now reesidered as one of Inn 

BKAA8 £11.40 

"LOUDSPEAKERS, THE WHY AND HOW OF 6000 REPRODUCTION" 

G A Briggs The 1949 Classic on the whom e scbjed of High F identy reprn 
ISBN 0-9624-1913-3 f13.95 

VALVE AND EARLY CLASSIC BOOKS 

THE Vit BOOK . MdF:ey Lnruprerensi,e muden b,ioy On the us, 

valves BKTV1 £17.95 

"VALVE AMPLIFIERS" Morgan Jones 

An easy to read modern book on the subiect of valve amplifiers which goes 

through !head with very little theory and a great deal of practical informatir 

your Mecca is where valve amplifiers are then this is your Koranl 

RRP 025 fly r £4.50 

MUtLARD TUBE CIRCUITS FOR AUDIO AMPLIFIERS Mullard Ltd A DIY 

err .mcedataBKAA7 E1SM 

"THE WILLIAMSON AMPLIFIER" Ilk Williamson From April 1947.a cult 

Wtorld 0-9624-1918-4 NL 

AN APPROACH TO AUDIO FREQUENCY AMPLIFIER DESIGN GEC 

âatts Full or 

genuine information trom the valve era with valve specifications and base 

connection diagrams 1-882580-05-2 £18.95 

AUDIO ANTHOLOGIES Collected articles from Audio Engineering Magazine 

Si y voumes covering the days when audio was young and valves were Kind: 

These are OltAA3/ 1 to 6 Each volume £13.95 

SPECIAL OFFER All Six, Post Free for £79.30 

"PRINCIPLES OF ELECTRON TUBES" Herbert J Reich PH D 

Rehr.' 1,f41 textbook on the workings of valves The use of valves o 

AB A a- y .-' l''i5 covered with sample circuits 111111, 1n- en , 1 

BKAA34 £27.95 

SPECIAL OFFER. tinny £15 ew, 0, FREE r 

a John Wive, • 

%tap ea books Is £2 (£ 3.50 for heavy books with • 1'' 

CLEO for any number any sue' No waiting. All listed books are normally 

la Meld 

Ordering Yost HART kit is easy, simply post, telephone or fax your order anytime. Let us know what you require, with your name, address, cheque or credit card number and 
expiry date. Your daytime phone number is useful in case we need to gel back to you. If you need further information on our kits just ask our FREE lists. Overseas order are 
welcome and we can send anywhere in the World. Post on UK orders up to £20 Is £1.50, over £20 - £3.50. Express Courier £10. 

24hrs SALES LINE 

01691 652894 

ALL PRICES 

INCLUDE 

UK/EU VAT We 
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ete QUAD FMI TUNER 

d 

„vc turunr 
Noel Keywood investigates the restoration of the Quad FM I valve tuner. 

I
've seen boxes of unloved Quad 
FM Is tuners sitting under trestle 

tables, to clear for around £ 10 

apiece. Why does a lovely valve tuner 

like this so commonly inhabit the lowlier 

regions of a vintage swap-meet? A Leak 

Troughline these days goes for £50 

minimum - and often a lot more. 

There is a reason Quads 

remain ignored of 

course, but it 

isn't related to 

performance. 

The big drawback with 

the Quad FM I is that it is powered 

from the Quad II valve power amplifiers 

(yes, both of them), via the preamplifier. 

It is also switched by the Quad II 

preamplifier. So an FMI is the most inert 

tuner going if you don't happen to own 

an entire Quad 22/11 set up. Peter 

Walker, founder of Quad, showed some 

ingenuity with his first integrated system 

arrangement (he did beat B&0), but he 

didn't do much for second hand prices. 

Unbelievably, to split the load, the 

Quad 22 preamp and the FM I draw L.T. 

for their heaters (6.3V) from one power 

amp, and H.T. (330V) from the other 

power amp. The mains connection to 

the preamplifier exists only so that the 

whole shooting match can be switched 

on by the volume control. In those days 

- the late 1950s - power amps were 

hidden away, leaving a set up as compact 

as any today, and certainly more elegant, 

but difficult to switch on 

without a complex arrangement 

like this. 

For me, the volume control 

mounted power switch and illuminated 

Quad legend were distinguishing features 

of Quad pre/powers, not to mention the 

delightfully solid cast fascias. I was going 

to say they don't build 'em like it today, 

but they do. 

Both Mission and Linn acknowledge 

the example of Quad in this respect, and 

both use complex castings that cost a 

fortune to tool up. Trouble is, neither 

really exploit the styling benefits casting 

provides, certainly not in the way Quad 

did with the FM I, sculpting wonderful 

curves, bevels and ledges, difficult to 

achieve by any other method. Linn and 

Mission castings are too planar to 

clearly advertise their 

uniqueness and - woe! - they 

are painted black. 

So that's the glory of the FM I: it's 

beautiful to look at and to use, one of a 

kind, but a trifle difficult to get going. 

What do you expect for a tenner? 

There's definitely leeway here for many 

evenings entertainment, restoring an 

HI-FI WORLD SUPPLEMENT NOVEMBER 1996 II 



FM I, so as usual let me first 

pour a little cold water on 

the idea. 

Building a power supply 

for the FMI gets it up and 

running as an independent 

unit. This is a simple enough 

task for anyone conversant 

with electronics, but 

dangerous if you don't 

know how. The FM I needs 

330V H.T. (High Tension). 

The good news is that a 

complete supply will cost 

just £20 or so. 

The other big problem 

with old tuners is alignment. 

This is quite likely to be 

awry and tuner realignment 

is not an easy task. If a 

simple RF generator is used 

it requires skill and 

experience. A poorly 

aligned tuner will distort, be 

insensitive and suffer 

interference. But I have 

more good news: Quad 

offer an alignment service 

that costs £40. 

Ageing valve units like 

this - and the FMI is now 40 

years old - usually have a lot 

of resistors and capacitors 

that need replacing, since 

old components drift in 

value over the years and fail. 

The few decent condition 

FM Is I've encountered to 

date worked in a fashion, 

but not properly. However, 

armed with a circuit 

diagram and a good 

electronic multimeter it 

isn't difficult to repair a 

tuner like this, if you have a 

little electrical knowledge. 

Fail, and you have either 

lost £20 or so, or you can 

ask Quad to bail you out, 

since they still service and 

repair the FM I. 

I need to point out that 

this article is a guide to 

getting the FM I going, 

identifying the main 

problems. You must have 

some electronic knowledge 

to be able to tackle such a 

project. This is not a subject 

for beginners and this article 

is not meant for those with 

scant knowledge. 
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CIRCUIT 

DESCRIPTION 
Here is Quad's circuit description: 

"A broad band fixed tuned transformer 

couples the low impedance aerial to a RF 

pentode (6BH6) the output of which is 

transformer coupled to a low noise 

triode (one half of I 2AT7) mixer stage. 

The local oscillator (other half of 

I 2AT7) is fully temperature 

compensated and provides an output 

I0.7MHz above the signal frequency. It is 

capacitively coupled to the mixer grid. 

Both the mixer grid and local 

oscillator circuits are ganged and 

permeability tuned by special low loss 

cores driven from the spindle via a 

precision worm drive mechanism. 

The resultant I0.7MHz IF signal at 

the mixer anode is transformer coupled 

to the automatic gain controlled first IF 

stage (6BJ6). A combination of critical 

and over coupled circuits and a single 

tuned circuit in the second IF stage 

(6BH6) together with a close control of 

the Q of these circuits ensures a wide 

passband with a steep cut-off outside the 

band. 

The second IF anode tuned circuit is 

coupled via a short time constant CR 

circuit to the limiter valve (6BH6), the 

anode of which contains a transformer 

with a capacitively centre tapped 

secondary winding feeding two diodes 

(6AL5) in a phase discriminator circuit. 

Again, the coupling and Q are chosen to 

give low distortion in the audio output. 

The audio signal is fed via a two 

position switch either, in the unmarked 

mono position, to the appropriate de-

emphasis network and DC blocking 

condenser, or in the red spot position, 

to the output cable when an 

uncorrected signal is needed for feeding 

into a stereo decoder. 

The DC component at the 

discriminator output whose magnitude is 

proportional to the amount of mistune 

and of polarity dependent upon the 

direction of mistune, is fed to a cathode 

coupled phase invertor stage ( 12AX7) 

which contains a miniature neon in each 

anode. Slight mistuning extinguishes one 

neon, showing the direction of mistune, 

while even illumination of both indicates 

correct tuning. In addition, this stage 

provides Automatic Frequency Control, 

one section of the double triode acting 

as a reactance valve across the local 

oscillator tuning coil." 

CHECKING WITH A MULTIMETER 

Quad quote the H.T. as "between 

250V and 350V". However, the 

nominal is 330V, the exact value being 

determined by mains supply volts and 

component tolerances, etc. The tuner 

consumes 27mA. The heaters 

consume I.5A, and there's a 0.3A 

lamp, making for 1.8A total L.T. 

consumption, at 6.3V. These values 

must be checked with a multimeter. 

The valves VI (6BH6), V3 (6BJ6) 

have around 170V on the anodes, and 

V4 (6BH6) has I 57V. Around 0.75V-

I V should exist on the cathodes. The 

mixer/oscillator, V2 runs at lower 

voltages and the limiter, V5, works in 

saturation mode. It has no 

grid bias, so the cathode is 

connected to ground, and it 

has just 35V on the anode. 

All the main voltages are 

marked on our circuit. 

Ken Bunting, who has 

been with Quad servicing 

their products since 1970, 

told me that all the 

resistors in the high voltage 

lines tend to go high; one of 

ours had drifted from 821d1 

up to 1031d1 over the 

years, for example. They 

inspect and replace these 

first. The old capacitors, he 

Ken Bunting, who has been with Quad servicing their 

products since 1970, checked and re-aligned our FMI for 

optimum performance. 

told me, might look a little rough by 

modern standards, but they were 

more likely to be acceptable. In 'our' 

FMI, a tidy unit supplied by Graham 

Tricker I should point out, all the 

capacitors had been replaced, but not 

the resistors. In spite of the resistors 

being generally high, and the voltages a 

little low, it worked well. However, it 

was obvious to me from distortion 

figures, frequency response and the 

way it tuned into and out of stations 

that alignment of our FM I was out, 

and the de-emphasis needed tweaking. 

So, be aware that just checking all DC 

voltages with a meter is not enough. 

QUAD FM1 TEST RESULTS 

Distortion 

• 
860 I k 

Test Tone 

Frequency response 

Stereo separation 

Distortion (50% mod.) 

Hiss (CCIR) 

7k 

1414z-16kHz 

mono 

1.3% 

-8IdB 

Frequency Response 

+3 

0« 

50 

Signal for minimum hiss 

Selectivity (at 0.4MHz) 

Sensitivity 

mono 

20k 

2mV 

54dB 

4uV 
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Long known as specialists in rare tube brands, Billington 
Export provides a line of premium-grade valves to fill the 
increasing demand for hard-to-find tubes! BILLINGTON 
GOLD features specially tested valves selected for long life, 
low microphony and low noise. Versions with gold plated 
pins are available. BILLINGTON GOLD brand comes from a 
variety of countries around the world. We have carefully 
chosen the best manufacturer for each type, with an 

emphasis on the highest audio quality and product reliability. We stock one million valves including: BRIMAR, GE USA, GEC UK, 
MAZDA, MULLARD, RCA, RUSSIAN/SOVTEK/SVETLANA, SYLVANIA, TESLA, THERMIONIC, TUNGSRAM and other rare brands, as 
well as sockets and CRTs. 

BILLINGTON GOLD 

2A3 
6L6GC 
12AX7 
300B 
811A 
845 
6550B 
E81CC 
E81 CC-01 
E8200 
E82CC-01 
E83CC-01 
E88CC 
ECC81 
ECC82 
ECC83 
ECC88 
EL34 
EL84 
KT66 
KT88 

15.00 
9.50 
5.25 

60.00 
12.00 
33.00 
16.43 
5.25 
9.50 
4.50 
8.50 
8.50 
7.50 
5.25 
4.50 
5.25 
4.50 
9.95 
3.60 
9.50 

18.50 

RARE BRANDS 

5R4GY RCA 
5Y3GT RCA 
6BH6 RCA 
60137 Yugoslavian 
6V6GT STC UK 
6X4W Raytheon USA 
6336A 
12BH7 Yugoslavian 
12BH7A GE 
12E1 STC/ITT UK 
13E1 STC UK 
85A2 Mullard 
807 USA 
5687 Sylvania 

POA 
2.90 
2.48 
6.75 
5.93 
3.00 

66.00 
6.90 

15.00 
15.00 

120.00 
4.50 
8.20 
6.45 

6550A GE USA 
CV4004 Brimar UK 
DG7-32 Tungsram Hungary 
ECC81 Mullard UK (CV4024) 
ECC82 Mullard UK (CV4003) 
ECC83/ECC803S Tesla 
ECC83 Yugoslavian 
ECC85 Tungsram 
ECC86 Tungsram 
EF86 GEC UK (CV4085) 
GZ32 Mazda 
GZ37/CV378 Mullard UK 
KT90 Yugoslavian 
PL519 Tungsram 

SOVTEK 

5U4G 
6L6WGC 
6SL7GT 
5881/6L6WGC 

3.60 ECC83/12AX7WB 3.75 
6.30 EF86 POA 
2.50 EL34G 6.20 
6.30 EL84 1.99 

42.00 
POA 
21.00 
7.50 
POA 
13.13 
2.93 
3.45 
3.45 

19.50 
9.00 
5.93 

24.00 
8.40 

RUSSIAN/SVETLANA 

6550B-2 18.00 
6B4G 19.50 
6SN7GT 3.30 
SV811-3 22.75 
SV811-10 22.75 
Try us tor ALL Russlan/Svetlana valves 

SPECIAL OFFERS 

5Y3WGTA Sylvania 
6AS7G Russian 
6AU6WC Sylvania 
6AU8A RCA/SYLVANIA 
6BE6 Brimar/ECG PHILIPS 
6CM7 RCA 
6SN7GT Russian 
5814A ECG PHILIPS 
6350 
6550B3 Russian Zirconium 
7119/E18200 Mullard USA 
7868 fd,soo.of for 000mny) 
Russian ECC83 near equlvalent (6H2x centre tapped heaters) 
ECC86 Mullard 
ECF80/6BL8 ECG PHILIPS 
EF184 RFT 
EF184 Sylvania 
GZ34 Chinese 
KT88 Chinese tested 

2.93 
2.99 
1.20 
0.75 
1.20 
2.70 
3.30 
2.70 
1.35 

16.43 
9.45 

23.63 
1.80 
2.93 
0.60 
0.99 
1.50 
7.40 

12.50 

You may deduct 33,3% discount for 
one order totalling £600.00 GBP or more 

SOCKETS 

Jumbo 4- Pin for 211, 845. etc 
Jumbo 4- Pin, Gold Plated. for 211 
UX4 for 2A3, 300B. 811A, etc. 
UX4 Large Locking Type for 300B 
B5 UK 
UX5 McMurdo UK for 807 
B7A for 6C33CB 
B7G McMurdo UK, chassis, skirted 
813 ceramic 
Octal McMurdo UK 
Octal PCB, foreign 
B9A Ceramic, skirted, chassis, screening can; Russian 
B9A PCB, gold pins 
B9D Magnoval, chassis, for PL519 
TOPCAP for 2034, 807, etc 
TOPCAP for 12E1, 5B-254M, PL519 
MATCHED TESTING £2.00 per valve (£4.00 per pair) 

10.50 
13.50 
1.95 
4.80 
POA 
3.60 
3.23 
0.72 
7.50 
1.20 
1.20 
0.90 
1.88 
1.80 
1.20 
2.93 

We manufacture sockets in the UK for use with DA 100, 4212E, F2A, 

EL 156, ML4. PX25, etc. Please ask for our catalogue for full details. 

All items in stock at the time of going to press. Prices in GB Pounds and subject to fluctuation: please check before placing your order. 
Please ask for our free 60 page catalogue of valves and/or our CRT catalogue. Payment is accepted by: ACCESS, AMERICAN EXPRESS, 

DEBIT CARD, JCB. MASTERCARD. VISA, Bankers Draft, Bank Telex, Eurocheque and Cheque (UK only). 
MINIMUM ORDER: UK £50.00 + VAT & Carriage. Export £ 100.00 ( US$150.00) + Carriage. 

3,000 OTHER TYPES OF VALVES IN STOCK! PLEASE INQUIRE FOR ANY TYPE NOT LISTED. 

BILLINGTON 
EXPORT ele LIMITED 

1 E GILLMANS TRADING ESTATE 
BILLINGSHURST 

WEST SUSSEX RH14 9EZ UK 
TEL: (0)1403 784961 FAX: (0)1403 783519 

VISITORS STRICTLY BY APPOINTMENT PLEASE 



DE-EMPHASIS & DECODING 

Demodulation from a I 0.7MHz IF 

(Intermediate Frequency) signal to audio 

takes place in V6, which is a shunt-

loaded Foster Seeley discriminator. So 

the audio signal (mono) passes through 

few components on its way to the 

output socket, ignoring for a moment 

the need for a stereo decoder. 

Our circuit shows an early mono 

FM I with an internal de-emphasis 

network. Later stereo compatible units 

have a two-position switch that, moved 

to the Red position, switches out de-

emphasis to give a raw feed for a stereo 

decoder. This must be used to feed 

either Quad's own original decoder or 

the modern design such as the 1310 

based design Graham Tricker can supply. 

De-emphasis is then applied later, within 

the decoder. Quad told me that C32 

between the discriminator cathodes 

should be reduced to 15pF or so (from 

47pF) when feeding a decoder direct, in 

order to strengthen the I 9kHz pilot 

tone. 

I should explain here that in order to 

lessen the audibility of hiss an FM signal 

is pre-emphasised above 2kHz ( i.e. has 

treble lift) by the broadcaster to 

increase treble energy. The signal is then 

de-emphasised ( i.e. has reciprocal treble 

fall) after demodulation in the receiver 

to give a net flat response. This 

technique is used in mono and stereo 

FM transmissions alike. 

The Zenith GE stereo system, 

introduced in the late 1950s and used 

today, possesses a I 9kHz pilot tone and 

a 38kHz suppressed sub-carrier, 

modulated with the stereo information. 

De-emphasis would ruin this composite 

signal, so it is applied after stereo 

decoding. So a stereo decoder always 

takes a raw audio feed, lacking de-

emphasis. 

For mono listening the stereo 

decoder can be ignored, but then the 

capacitors C33 (DC blocking) and C34, 

and resistors R20 and R21 must all be 

correct value. De-emphasis is carried 

out by R20,21 and, believe it or not, the 

output load ( 100k) all in parallel, in 

conjunction with C34, to give nominally 

48pS de-emphasis time constant (the UK 

uses 50pS). Incorrect values here upset 

audio frequency response, as will any 

stereo pre-amp input impedance other 

than 100k12! So you must pay special 

attention to these component values and 

to the item an FMI feeds if it is to sound 

right when delivering mono audio direct 

out. 

Because I wanted to assess the basic 

tuner and not get too involved in the 

stereo decoder at this time - a whole 

subject in itself - 1 chose to set up, use 

and measure the FM I in mono (dual-

channel). Feeding an Audiolab 8000S 

preamplifier I found putting 47k12 in 

series with the output and increasing 

C34 to 1250pF gave a flat response to 

I 6kHz (there's no mpx filter to limit 

treble extension), shown in our 

spectrum analysis. 

A Leak Troughline suffers none of 

this interfacing trouble, having a buffered 

output. And it is self powered of course, 

so now you know why the FM I comes 

cheap nowadays. Audio output from 

our FM I, without decoder, 

measured 600mV at 100% 

modulation (i.e. full output). 

Most FM Is are fitted with a 

piggy- back Quad stereo decoder, 

which is solid-state, using old 

germanium type transistors like 

0C44s (which some people insist 

sound better than modern silicons). By 

and large, early decoders give 

somewhat mediocre results, and 

Quad's has a complex power supply 

arrangement, which is why I've not 

concentrated on it here. My apologies 

if this is a slur on Quad's first 

decoder. I suggest the use of a 

modern stand-alone decoder such as 

Graham Tricker's. 

I visited Quad to get our FMI 

aligned. Ken Bunting confirmed that it 

was in fair working order, but it could 

be improved by resistor replacement. 

He had some other interesting 

observations to make. 

The neon tune indicators have 

'popeye' lenses on them and, also, they 

produce RF interference that causes 

spurious whistling when tuning into and 

out of stations. Since the original popeye 

types are not now available Quad 

choose to fit a small circuit board 

carrying LEDs that do the same job, but 

better. 

Many chip-based stereo decoders 

have been brewed up over the years for 

the FM I. National Semiconductor 

publish a circuit in their Audio 

Handbook that uses a LM 1800 chip. 

Quad have most parts for the FM I, 

but not the front panel. The gold bands 

normally corrode, making the FMI look 

tatty after a time. Graham told us that 

"ours" (his in fact!) was the best sample 

he'd ever seen, and Quad agreed. Re-

alignment showed that the IFs were too 

peaked. Ken flattened the passband and 

ensured the demodulator was fine. 

This work optimises selectivity, 

minimises distortion and, very 

importantly, gives and optimum tune 

point. Where the tune indicators had 

appeared not to work properly, after 

alignment they did. Having built quite a 

few valve receivers myself in the past I 

knew not to bother assessing the FM I 

until it had been aligned properly. 

The Quad FMI is simple enough inside to make 

servicing and renovation fairly straight forward. 

Quad themselves and specialists like GT Audio 

can help here if you're unsure what to do. 

Tracking across Band 11 (88-108MHz) 

cannot be made perfect. Quad ensure 

the tuner is station accurate at the 

bottom end of the band (Radio 2/3/4) 

but admit it may be up to IMHz out at 

the top end, around Radio I, for 

example. Also, component position in 

the RF head (the metal box into which 

the tuning shaft goes) affects tracking so 

if any component is disturbed or 

replaced here - and it is likely that some 

resistors will need to be - then tracking 

needs to be reset. 

You might have gathered there's a 

bit too all this. Sadly, there seem to be 

few books available now on this subject, 

especially referring to valve tuners. Just 

bear in mind, if you are looking for a 

book on the subject, that a tuner like 

the FM1 is configured much like any 

superheterodyne receiver, AM or FM, 

right up to its demodulator. 
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AUDIOmLINKS 
o 

NEW PRODUCTS 

PANASONIC POTENTIOMETERS 

The world's best potentiometer 

"BLUE LIGHT" DIGITAL INTERCONNECT 

A true 75 ohm cable & connectors 

REGA CONVERSION KIT 

Transform the arm 

7 Fairmont Crescent, Scunthorpe 

North Lincolnshire DN16 1EL 

TEL/FAX (+44) 01724 - 870432 

HOVLAND MusICAp® 
new distribution for Europe 

IMPROVE YOUR IMAGE 
The Hovland "sound" is fast, tight, dynamic, dramatic 

and clean. Non of the over bright aggressive treble of 

most polypropylenes, and non of the soggy bass or 

lumpy sonic characteristics of most plastic film caps. 

And Dominic Baker in HEW Aug 96 agreed with us: 

"..the Hovland Musicaps took a clear 
step forward the extra ambience 
combined with a very clean treble 
delivery that seemed far less prone to 
ringing or sibilance than the other 
types does make them really quite 
special." 

Hand Wound Transformers 
Single Ended Output, Push Pull Output 

Line Preamp Output, lnterstage Drivers 

Mains & Chokes, Custom Design 

Arcadia Valve Amplifiers 
Finest Quality Components. Custom Design 

Single Ended Triodes, Copper Casework 

OEM , TRADE AND RETAIL ENQUIRIES WELCOME 

Ben-Dor, Lumb (arr Rd, Holcombe, Bury, lam, BL8 OH, England. 

Tel/Fax: + 44 (o)ijob 8402.5 
100437.1020@comPusERvE CON 

HTrP fiOURwORUD CO..USERVE CO./.0.E ,..GES/S.0._SH ,LTON 

o 

AAA 

289-00 
INC VAT 

AuchoCadPro 
A Computer Aided 

Loudpeaker Design Software 

As Featured In the Hi-Fi World DIY Supplement 

No,s 22 & 23 (June, August 1996). Still available to 

Hi-Fi World readers at the Reduced price :-Pi£.8s9i500001pnitcp 

DAAS3L+ Digital Audio Analyser System 
DAAS3L+ is amongst the best Audio Analysers on the market today. It offers an 
excellent price performance ratio as it comes complete with calibrated microphone, 
G U I software, full manual and includes a PC half Card. DAAS3L+ is capable of 
measuring Thiele-Small parameters, Frequency response near and far field, Phase, 

Distortion and much more. This versatile piece of test 
equipment will analyse most audio signals enabling the 

user to test Amplifiers, crossover Etc. Ideal For Schools, 
C,olledges, Universities, R&D, & Production Une testing. 

„.. 
Sytem Requirement 

AT386 or better, EGA VGA, 2MB RAM,4MB of hard disk space. Will run 
under Windows 3.1 OS/2 in DOS window 

Price £586-33 Inc 
Plus £5-00 P&P 

12" Hi-Fi Sub Woofer Driver 1112-11,0,0 
100 Watts RMS 8 Ohm 

As used in an AWARD WINNING 
Hi-Fi Sub Woofer system. 
Qms: 3.03 Vas: 260L 
Oes: 0.364 Pwr: 120W 
Qts:--0.32 Re:- 6.7 Ohm 
Mms. 38.4g Sens: 90dB 
Fs: 27Hz Fmax:-1319Hz 
Freq Response:  30 - 2500Hz 
Magnet Weight: 730g 
Coil Diameter:  50.5mm 
Price: £ 23-50 Inc 
Plus £5-00 P&P any Quantity 
The above items may be ordered by post, fax or telephone and payment is welcome 
by cheque, draft, postal orders, Mastercard or Visa. Additionally, Official Orders are 
welcome from schools, colleges, government departments etc. 

ankAccess 
B.K. ELECTRONICS 

Unit 1 Comet Way 
Southend-On-Sea Essex SS2 6TR 

Tel: 01702- 527572 Fax: 01702-420243 

VISA 

NOW AVAILABLE: 

Liberty Audiosuite v.© 

Versatile, sophisticated, and cost-effective FFT, 
MLS, Sinewave, RTA and distortion analyzer 

system for Engineering and Production Control. 

Now with  
*Automatic adjustments: input sensitivity, 
display gain and scale, anechoic windowing 
* Pass/Fail testing for production 
* RTA with A,B,C weighting and math 
* Frequency response math and editing 
* File save, retrieve and ASCII export for 
compatibility with CAE/CAD/simulation 
packages 
* Powerful programmable script interpreter 
" Comprehensive feature rich system, now adds 
built-in Easy Scripts for extremely simple 
operation 
* Plus all the powerful features of LAUD v1!! 

System with Software, Calibrated Mic, Preamp, 
Probes, and DSP ISA card £630.00 
Upgrades from version 1 £85.00 

call or fax for FREE DEMO DISK 

Tony Seaford 
MARTON MUSIC 

phone / fax 01282-773198 
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THE POWER SUPPLY 
Very conveniently, 330V happens to be 

the peak value of 240V rms. This means 

that a mains I:I transformer can be 

used, since with a bridge rectifier, 

electrolytic smoothing capacitor and low 

current drain of 27mA we can expect 

330V to be achieved almost exactly - 
and it was. Even more conveniently 

Maplin have just the right transformer. It 

delivers 240V AC at 100mA, plus 6.3V 
at I.5A. 

Whilst we need a little more than 

the rated LT current, it's an extra 2VA 

from a 34VA transformer, and since we 

are 8VA short from full drain on the HT 

I'd not expect core heating. In practice 

this was the case; the transformer ran 

cool and the LT didn't droop, giving 6.3V 
at I.8A, with 240V AC in. Maplin identify 

this part as Valve Transformer XP27E, 

priced at £ 12.99, on p991 of their Sept-
Aug 96 catalogue. I bought one from 

Maplin's Hammersmith branch in West 
London one Saturday morning. 

You need a bridge rectifier of I A-

I .5A capacity rated at a minimum of 260 

forward volts, and 400 Peak Inverse 

Volts (PIV) minimum. The electrolytic 

needs to be around 100pF, rated at 
385V or more. You'll have difficulty 

detecting hum (a buzz in fact) with this. 

However, to get rid of it completely a 

1162/1W resistor should be used with 
up to I 00pF either side, in 7i filter 

arrangement. Better still the resistor 

should be replaced by a choke. 

These parts must be mounted in an 

earthed metal box, or a plastic box, for 

safety. It should be fitted with a mains 
switch. 

Connecting up the power supply to 

the FMI is easy enough. I'd suggest the 

existing power leads and, especially, the 

horrid 4-pin plug, now unavailable, are 

cut off and replaced by modern cable. 

Trace the power lead back into the 

tuner and you will find it terminates at 

three feed-through insulators. A new 

cable can be soldered in here. Note that 

the heater feeds are not grounded, but 

the HT is, so there are two heater lines 

and one (red) HT line. HT negative runs 

via the chassis and there is a suitable 

solder tag close to the feed-throughs. 

MAINS 
HT. 330V DC TRANSFORMER 

II 

FM1 CHASSIS GROUND 

BROWN 

MAINS 
IN 

BLUE 

Building a separate power supply can be 

easily done with standard components 

from Maplin Electronics 

Under measurement, frequency 

response was flat, our de-emphasis 

values giving a little +0.5dB lift at 8kHz. 

Mono noise figures are always much 

better than stereo, but the FM I was still 

very good, giving -8 I dB hiss no less - 
better than most solid-state tuners. 

Mono -50dB sensitivity was a healthy 
4pV and quieting so good that the FMI 

will, in mono, should work well even 

with a poor aerial. Selectivity was a bit 

lop sided on ours, giving a mediocre 

48dB rejection to stations +0.4MHz 

away, but a healthy 60dB to stations - 
0.4MHz away. 

In listening tests I was not surprised 

to find the FMI lacked the hardness of 

tone, flatness of imaging and treble glare 

that can afflict solid-state designs. It 

wasn't as sweet and deeply atmospheric 

as our Troughline, that's for sure, and 1 

have to say that I did have to wrestle it 
into action with a lot fiddling to ensure 

the de-emphasis components matched 

the preamplifier load. Since this was 

done with the aid of a stereo generator 
and spectrum analyser, to ensure a flat 

frequency response, the investment here 

PERFORMANCE 

was not inconsiderable. There's a good 

case for letting Quad's excellent service 

department sort out this sort of thing. 

You will have to pay of course, but their 
charges are reasonable. 

Both Classic FM and Radio 3 

transmissions lacked hiss, hardly 

surprising considering the unit's fabulous 

-81 dB noise figure. To eliminate hum 

completely power supply smoothing 

must be very good. The FM I also has its 

own internal smoothing capacitor, C38, 
which needs to be checked. 

Lacking inter-station muting, and 

working from a large outdoor aerial, the 

FMI picked up many "ghost" stations. 

These were distant transmitters in fact, 
solid-state tuners experiencing the same 

effect with muting out (mono mode). 

The difficulty here was tuning into the 
proper station in the absence of a signal 

strength meter. I listened for hiss and 

crackles; local transmissions are always 

quieter (stronger signal). The FMI also 
produces images above and below a 

wanted signal, something modern tuners 

avoid, but the tune indicator indicates an 
off-tune condition to them. 

With good solid bass and clean, well 

differentiated treble free from solid-state 

grain and rasp (excellent tuners like 

NAD's 412 excepted) I felt the Quad 

FMI more than justified its £30 or so 

basic outlay. It pulled in myriads of 

stations, proving very sensitive, and it 

separated most satisfactorily. However, 

to be realistic, getting it running properly 

wasn't without its problems, making this 
a project for engineers with a bit of time 

on their hands. The FMI is an elegant 

looking tuner though, and it's lovely to 

use as well. I hope to be able to tackle 

the stereo decoder problem in future. 

Our thanks to: 

GT Audio, tel: 01895 833099 

Quad, Tel: 01480 52561 

Classique Sounds, 

Tel: 0116 283 5821 

HI-FI WORLD SUPPLEMENT 
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OPEN BAFFLE LOUDSPEAKER •*, 

 Ji 

Prompted by a reader's letter, Dominic Baker produces a theoretical 
design for a passive open baffle loudspeaker. 

Dolphin Square, 
London. 

DEgURI-li-Ti World, 
q am a regular purchaser and recuùr of 1-fi-Fr World (every 

issue so far) with aparticular interest in DIY articles and ideas. 
Your recent article describing an oyen baffle sub-woofer is of interest to me, as I 

wish to build something a bit similar. Some time ago now bought a pair of gtucfax 
1-ClvtuoZo aerogel bass midrange units from you, with which I have been 
experimenting. now plan to use four of these units per channelmountedin vertical 
array on an open baye, to cover the frequency range up to about 400lfz in an active 
loudspeaker design which q am working on. 

'This will use a Linkwitz type active filter (fourth order Butterworth). 'Ile actual 
crossover frequency is 4201-ii. T'he baffle width would be similar to your sub-woofer 
design, so q am assuming that the cancellation roll-off effect would set in from below 
20014-z, at -6dB per octave, again as in your design. 
I wonder "you could help me with three questions. With the units wiredin 

series/parallel (to maintain the same, 8 ohm nominal input impedance as for a síngle 
driver), what gain in efficiency could q expect from the quadrupling of total-radiating 
area? Would it be approximately +6dB, or more? (The more the better, as far as q am 
concerned) 

Related to that, and gíven sensible usage with predominantly classical and jazz 
programme, what is the maximum electronic boost (again in dB) that it would be 
yrucfent to apply at Cow frequencies to the four driver array? q had- in mind 
somewhere between 4-9d-B ancf +12dB, which woulcf extend-the fat' response down to 
about 701-1-z or soq-Cz, respectively, assuming roll-off at -6dB/octave from 20014-z. q 
would be happy to incorporate a 'bottom encf' filter to roll off the input snal- more 
sharply below the driver resonance frequency, in orbr to reduce displacement and 
distortion at very Cow frequencies. 

Lastly, can you s est a circuit- which would be compatible with the Linkwitz 
filter circuit, ancf woull: achieve the required bass boost? q ask because q have to hand 
a circuit and equatícms - Linkwitz a8aín - for step boost of +1.2dB per octave with 
variable turnoverfrequencies, but not for +6dB per octave boost. 

Perhaps q should just add that q plan to use the four Aud-ax units in conjunction 
with a Lowther Voigt rivt5a(f) wicùband micf/treb ¡river, loaded by a short, 
tractrixyrofile midrange horn, above 420g-fz. q-Cence the interest in highfficiency, 
ancf the attraction of this specific multi-driver configuration below 420'J-&, as the 
effective  moving mass would-6e comparable to that of the Lowther unit, with a better 
chance of achieving seamless integration. I am more concernedwíth optimising the 
marange ancf Cower treble performance than with extracting very bT 6ass. 

141' 
NA1 a SW° 

V eletn " 

You're about to open up a 
large can of worms here, 
one that'll require a lot of 
experimentation to get 

the best performance. 
Using four drivers, two in 
parallel then the pair in 
series gives the same 

impedance as a single 
unit, which as you say 
keeps things at a nominal 
8. Because you have 
four times the cone area 
though, you will see an 
increase of 6dB output. 

That's the easy bit. 

You're going to run into 
phase problems though, 
where the distance 

between the drivers is 
close to the half 
wavelength of sound you 
are using them at. This 
will more than likely 
cause a lumpy, phasey 
lower midrange response, 
something to be avoided 
if you want a coherent 
sound. Also, applying 
+6dB/octave bass lift to a 
6" driver, even though 
there are four of them, is 
going to push them close 

to their limits. Basically, 
I think you're going to 
struggle with this 
arrangement, and that's 
before we even consider 
the electronics. 

For this reason, I'd 
like to suggest a slightly 
different approach, one 
that'll be a lot simpler to 

build. The bass of an 
open baffle relies on 
serious cone area and 
high power units capable 
of really shifting air; I'd 
use a pair of the 13in. 
professional Audax 

NOVEMBER 1996 HI-FI WORLD SUPPLEMENT 



OPEN BAFFLE LOUDSPEAKER 

PR330M0 bass drivers for 

each channel as part of a 

three-way system on a 

450mm wide open baffle. 

These, in parallel, will 

draw more current from 

your amplifier (use a good 

solid state amplifier and 

it'll still be able to drive 

them easily enough 

though) increasing 

apparent sensitivity by 

3dB. It does this by 

halving impedance and 

doubling the amount of 

current drawn, but a 

dipole is inefficient 

anyway, so even if you 

went the active route 

you'd need a powerful 

amplifier. Doubling the 

cone area by using two 

per channel adds another 

3dB. 

This 6dB on top of its 

98dB sensitivity gives 

you a massive 104dB to 

play with. Why? With 

this much sensitivity you 

can afford to implement 

the 6dB/octave rise 

towards low frequencies 

with a passive circuit, 

making this system much 

simpler. Use a series 

inductor to apply 

6dB/octave cut above 

60Hz. The effect will be a 

response that rises at 

6dB/octave from 350Hz 

down to 60Hz, countered 

by the 6dB/octave roll off 

of an open baffle. 

This combined 

response should be flat 

from 350Hz down to 

60Hz, with a -6dB (bass 

cut-off)point of 30Hz. 

Above 350Hz the response 

will continue to fall at 

6dB/octave under the 

effect of the inductor. 

You could then use 

your HMI 70Z0 drivers for 

midrange, one per 

channel, with a simple 

series inductor to flatten 

the response and give a 

1st order roll-off 

characteristic. Around 
1mH should be about 

right, but if you want a 

slightly softer 
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The original frequency response of the HM I 70Z0 driver rises with frequency. This can be 

simply corrected with a series inductor. Mounted on the open baffle, the lower response 

will roll-off due to cancellation. 
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Hovering at around 97-98dB between 100-300Hz, the PR330M0 is a very sensitive bass 

driver. Using two connected in parallel increases sensitivity by 6dB; +3dB from the doubled 

cone area and +3dB because connected in parallel they will draw more current. As with the 

midrange driver, a series inductor will tilt the upper response downwards. This time we are 

looking to produce a 6dB/octave roll-off rather than a flat response though. • 
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With bass and midrange on an open baffle you can see that the 1st order roll-offs will 

combine well to give a smooth (predicted) response. The 6dB/octave rise through the bass is 

cancelled out by the 6dB/octave roll-off caused by cancellation around the baffle, resulting in a 

flat response. The TWO2SM I soft dome tweeter needs just a single capacitor forming a 1st 

order crossover to get a smooth response, so this could be a good choice for the top end. 

kHz 
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Excel 
by Seas 

EXCEL combines the best designs with SEAS 

experience in material technology. Only our most 
skilled employees make them... by hand and only 

after carefully inspecting each part to ensure high 

quality and consistency. 

The goal? A loudspeaker without compromise. 

One designed to be an essential component. 

Precision Cast Frames Surface Treated Magnesium Cones 
Rubber Edges Heavy Copper Rings Mounted Above Pole 

Solid Copper Phase Plugs 

Details from 

Radio Components Ltd 428 Whippendell Rd Watford Herts 01923 250665 

DAC Attack !!! 
PART DEUX 

Introducing the DAC-2.0 

Digital Processor Kit. 

Improve upon perfec-

tion? Tough to do, but 

we've done it. We've taken the 

acclaimed DAC-1 (Stereoph 

Budget Component of the Year - 

and managed to fit even more high qua 

parts, more performance, and more great 

sound into its handsome chassis. 

The DAC-2.0 is an audiophile's veritable DAC wish list come true. For 

$499 US, you receive leading edge digital design, HDCD, 3 digital inputs, a 

phase switch, 8 power supply regulation stages, super high quality parts, and 

the satisfaction of assembling it yourself - the greatest value in audio today! 

Only 15 solder joints and a few nuts and bolts stand between you and audio 

nirvana. We're so confident that you'll want to keep this unit, that we even 

offer a Satisfaction Guarantee ( return within 30 days for full refund). Moreover, 

for the assembly-challenged, we will guarantee to help get your unit running - 

if you can't. 

We challenge you to find a DAC anywhere near this price with better 

measured performance, component quality, and most importantly, sound 

quality. Can one improve upon "improved" perfection? Yes! The DAC-2.0 

has been designed to accommodate several future upgrades - stay tuned for 

upgrade kit details. 

Please Write, Fax, E- Mail or Call us to order (or for more specific information 

on) our ASSEMBLAGE DAC-2.0 Kit OR to order our new upcoming 1996 

Catalog and Resource Guide - Volume 3. 

Mlbt 

THE PARTS IMP 

r 1  CONNECTION 77' 
Ton Fr,. Ord, Lure 1-800.769-0747 ( U.S. 8 Canada only) 

= 

rvn 
BLACK BOX RANGE KITS 
A range of easy to assemble solid state kit 
amps, with fully tested and fitted printed circuit 
boards. If you are competent with a soldering 
iron these kits should be no problem. A full 
rebuild and sort out service available. 

AP10 
AP1OX 
AP30 
AP50 

A60 
A70 
A80 
P50 
P90 
DACon (senior) 
DACon (junior) 
Phono 1 
Phono 2 
P.S.U. 

Personal Amplifier 
Integrated Amplifier 
Integrated Amplifier 
Integrated Amplifier 
Phono Stage Fitted 
Stereo Power Amplifier 
Mono Power Amplifier 
Mono Power Amplifier 
4 Input Pre Amp 
6 Input Pre Amp 
D to A Converter 
D to A Converter 
MM or MC Phono Unit 
MM or MC Phono Unit 
Power Supply for Phono 2 
& DACon(senior) 

£130.00 
£150.00 
£230.00 
£320.00 
£70.00 

£300.00 
£570.00 Pair 
£880.00 Pair 

£180.00 
£240.00 
£320.00 
£180.00 
£170.00 
£240.00 

£180.00 

NVA, 6 Watermill Ind. Est., Aspenden Road, 
Buntingford, Hertfordshire SG9 9JS 

Tel: 01763 272707 Fax: 01763 271594 
nva@dircon.co.uk 

Riverside Audio 
18, Riverside, Cambridge CB5 8HL. Telephone/FAX: (01223) 512253 

Our aim at Riverside Audio is to enable the 
home constructor to build valve amplifiers which 
combine superb sound quality with the 
professional finish of the best high-end products 
- at a low pece. Our rigorous and conservative 
designs ensure that you get long and trouble 
free service from your amplifier. We offer our 
amplifiers in various forms, from circuit designs, 
through printed circuit boards, to full kits and 
even fully assembled amplifiers for those who 
cannot wait to listen to them. 

The Riverside 4.0.40 is our integrated 
amplifier. 11 features dual moo construction and 
has five line level inputs and both 40 and 80 
outputs. The output stage is configured in the 
classic McIntosh connection. which gives stable, 
wide- band operation even with difficult 
budspeaker bads. The stainless steel chassis 
and transformer cover are hand polished to a 
mirror finish, and come with a semi-matt black 
valve cover. 4xEL34, 4xECC,83. 2xECC82. A full 
description, including droit diagram, is given in 
the 4040 reference manual. £6.50. Kit £780. fully 
assembled £995. 

Technical specification: dual mono 
construction. 40W/channel, 12Hz to 25kHz 
power bandwidth, distortion <0.1%, five line level 
spits, tape output, 230/240V mains input. 

Stereo amplifier circuit board : board only 
£49.50; component pack ( including valve 
bases), add £63; populated board £ 125; full 
valve set, add £45. Power supply board : board 
only £20.50; component pack, add £44; 
(irritated board £66. Input board : board only 
£15.50; component pack. add £16; populated 
board £33. 

The output transfonnurs are configured for 
the McIntosh connection and have excellent low 
frequency response and a primary reflected 
impedance of 38000. Full connection 
instructions provided. Price £70. The mains 
transformer is wound for dual mono 
construction, as this gives superior isolation 
between channels which sharpens imaging and 
eliminates inter-channel ground loops in the 
amplifier. Primary 0-230-240V. Secondaries 
2x295V@0.25A (0.4A int.), 2x7OV@30mA. 
2x6.3V@5A. Price £60. Other primary voltages 
can be supplied to spwrial order. Data sheets 
giving connection diagrams, specifications, as 
well as circuits for using each transformer, £250 
each. 

The chassis, comprising main chassis and 
transformer cover, is hand polished, welded 
1/16" stainless steel - NC machine tooled for a 
perfect fit arid dean finish. Each kit also includes 
a mesh valve cover and baseplate, finished in 

semi may black. Price £310. Also available in 
mid steel finished in black, £ 195. For those who 
wish to use one of these high quality chassis for 
their own projects, details of the chassis are 
given in the 4040 reference manual, £6.50. 

Connector kit: twelve gold plated phono 
connectors, two sets of loudspeaker terminals, 
an IEC mains socket with integral fuse and 
switch, and an IEC mains lead with fitted 13A 
plug. £51.50. Cable kit:all cables required for the 
4040, £6. 

The Riverside P2  is 
designed to partner the e nQrsidePre4(1411011rerthose 
who enjoy the vinyl sound. Equalization is 
provided for moving magnet output to line level. 
The P2 features a high accuracy feedback RIM 
equalization circuit. ensuhng a natural tonality, a 
regulated high voltage supply per channel and 
cathode follower outputs. 3xECC83, 1xEC,C81, 
2xECF80. Full details arid circuit diagram in the 
P2 reference manual, £6.50. Kit £225, fully 
assembled £275. 

Technical specification: 47k0 input 
impedance, 11(11 impedance output for driving 
long interconnects. 
Stereo circuit board: board only £25; component 
pack, add £37.50; populated board £70; full 
valve set £20. 

The mains transformer is wound for dual 
usen construction and is toroidal for low leakage 
flux. Primary 0-230-240V, Secondaries 
2x295V@20mA, 2x6.3V@0.45A, 16V@1A. 
Price £30. Other primary voltages can be 
supplied to special order. These transformers 
are also suitable for power supplies in 
preamplifiers and other line level valve circuits - 
see data sheet for details, £ 2.50. 

The chassis (main chassis arid transformer 
cover) is made from mild steel. Each kit comes 
complete with a mesh valve cover and 
baseplate, finished in black. Price £110. For 
those who wish to use a high quality chassis for 
their own projects, details of the chassis are 
given in the P2 manual, £6.50. 

Connector kit: four gold plated phono 
connectors, IEC mains socket with integral fuse 
and switch, and IEC mains lead with fitted 13 A 
plug, £ 15. 

We normally ship within three worming days. 
If we do not have the item in stock we will advise 
you of expected delivery and confirm before 
despatch P&P (in IJK): £2 for each part of £40. 
maximum of £ 10; manuals free of charge. 
Assembled units despatched by courier free; 
courier service on other items £ 10. 

Write, phone or FAX for a catalogue sheet 
of the lull range of Riverside products. 
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OPEN BAFFLE LOUDSPEAKER 

7.5µF 2.2Q 
(iDI   

1mH 
 mn 

SUGGESTED CROSSOVER 

22S2 
1+ 

TWO25M1 

T-

HM170Z0 

10mH 
mn  

PR330M0 

e 
presentation, try upping 
this to 1.2mH or so. This 

should match nicely with 
the TWO25M/ lin. fabric 
dome tweeter, which 

flattens out very nicely 
with a single capacitor 
1st order filter, allowing 
it to match the midrange 
well in terms of phase. 

Such a simple crossover 
should give an excellent 
sound too. The tweeter 
will probably need about 

3dB of attenuation, but 
this can be easily 
implemented with a 2.211 
resistor in series and 22S2 
across the driver's 

terminals. 
Because the response 

of the HDA midrange 
driver will also be rolling 
off at 6dB/octave due to 

cancellation around the 
baffle, it should match 

well with the bass end. 
This is only a 

suggestion, and as I have 
not built one I can't 

guarantee it will work. 
But there's definitely 

potential, and it should 
produce an excellent 

sound being so simple; no 
cabinet and only simple 
1st order crossovers. DB 

PLEASE NOTE THAT THE DESIGN FOR A 
PASSIVE OPEN BAFFLE LOUDSPEAKER IS 
ONLY THEORETICAL AND WILL NEED 

CONSIDERABLE PRACTICAL DESIGN AND 
DEVELOPMENT FOR OPTIMUM 

PERFORMANCE. WE HAVE NOT BUILT AND 
TESTED THIS DESIGN, SO PERFORMANCE 

ETC CAN NOT BE VALIDATED. THE 
THEORETICAL DESIGN IS PROVIDED AS A 
FEATURE ARTICLE ONLY SHOWING WHAT 

MAY BE POSSIBLE. 
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SPEAKER KITS FROM ¡PL ACOUSTICS 
Over a 9 year period I.P.L. ACOUSTICS have developed a range of high quality speaker kits, using the best 
units from SEAS, MOREL, AUDAX, and I.P.L. and have produced a comprehensive range of speakers which 
will compete with the most expensive of commercial designs. 
All speakers have biwired crossover kits containing high quality components and terminals. 

S5TL 
TRANSMISSION LINE 

PLUS KIT £383.00 
TOTAL KIT  £506.00 

FIVE 
TRANSMISSION 

LINE KITS 

TRANSMISSION LINE 
PLUS KITS  £172.00 - 
 £383.00 

M3TL 
TRANSMISSION LINE 

PLUS KITS  £172.00 
TOTAL KIT  £236.00 

A2 H.D.A. S3TLM METAL 
AEROGEL KIT TRANSMISSION LINE 

PLUS KIT £187.50 PLUS KIT £224.00 
TOTAL KIT   £259.00 TOTAL KIT. .1302.50 

PRE-VENEERED CABINET KITS NOW AVAILABLE. Carriage charge ekea on all kits. 

If you would like further details please send large SAE with 36p stamp for PAGE SPEAKER BUILDING CATALOGUE, comprising 
VALUABLE ADVICE on DESIGNING, BUILDING, and TESTING speakers and full technical specifications including response cu.-yes of 
eight kits, drive units, and details of SPECIALIST CABLES and ACCESSORIES. KITS FOR A.V. USE NOW AVAILABLE. 

I.P.L. Acoustics, 2 Laverton Road, Westbury, Wiltshire, BA13 3RS. Tel: 01373 823333 

LANGREX SUPPLIES LTD 
DISTRIBUTORS OF ELECTRONIC VALVES, TUBES AND SEMI-CONDUCTORS AND I.C.S. 

PHONE 1 MAYO ROAD • CROYDON • SURREY CRO 2QP FAX 

0181 684 1166 24 HOURS EXPRESS MAIL ORDER SERVICE ON STOCK ITEMS 0181 684 3056 

A selection of our stocks of New Original Mallard - Brimar audio types made in UK. 
Many other brands available. 

ECC88 
ECH81 
ECL82 
EL36 
EZ80 
PL509 
GZ33/37 
GZ34 
3A/167M 
5Z4G 
6SL7GT 
6SN7GT 
6V6GT 
12E1 
13E1 

VISA 

STANDARD TYPES 
MULLARD  
MULLARD 
MULLARD 
MULLARD 
MULLARD 
MULLARD 
MULLARD 
MULLARD 
STC 
BRIMAR  
BRIMAR 
BRIMAR 
BRIMAR 
STC   
STC   

6.00 
 6.00 
 3.50 
 5.00 
 3.50 
 7.50 
 6.00 
 15.00 

 22.50 
5.00 
4.50 
4.50 
4.25 

10.00 
85.00 

SPECIAL QUALITY TYPES 
À2900/CV6091 GEC   
E88CC/CV2492 
E88CC/01/CV2493 
E88CC 
ECC81/CV4024 
ECC82/CV4003 
ECC83/CV4004 
ECC83/M8137 
EF86/CV4085 

12AX7A 
5R4GY 
6B4G 
6L6GC 
6146B 
7027A 

MULLARD   
MULLARD 
SIEMENS 
MULLARD   
MULLARD 
MULLARD 
MULLARD 
GEC 

17.50 
8.50 

 10.00 
 7.50 

6.00 
6.00 
8.50 
10.00 

 12.00 

AMERICAN TYPES 
GE ... .7.00 
RCA ...6.00 
WEST 22.00 
GE ...12.50 
GE ...15.00 
GE . . .25.00 

12BY7A GE ....7.00 
5Y3WGT SYL ...3.50 
6FQ7 SYL . . .7.50 
6L6WGB SYL ..10.00 
6550A JAN GE .25.00 
7581A SYL ..15.00 

THESE ARE A SELECTION FROM OUR STOCK OF OVER 6000 TYPES. PLEASE CALL OR FAX FOR AN IMMEDIATE 
QUOTATION ON ANY TYPES NOT USTED. WE ARE ONE OF THE LARGEST DISTRIBUTORS OF VALVES IN THE UK. 

SAME DAY DESPATCH VISA/ACCESS ACCEPTABLE. OBSOLETE TYPES A SPECIALITY. 
CREDR CARD MIN ORDER £10.00.  

Access 

OPEN TO CALLERS MON.-FRI. 9AM - 4PM. CLOSED SATURDAY 
U.K. P&P 1-3 VALVES £2.00, 4-6 VALVES £3.00 ADD 17.5% VAT TO TOTAL INC P+P. O'SEAS P & P RUSE ENQUIRE 
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K588I MKII 20W VALVE AMPLIFIER 

Our K5881 20watt valve 

amplifier now uses a new 

S.R.P.P. triode input stage, 

explains Noel Keywood. 

I
developed our K588 I kit valve 
amplifier from the Mullard 5.20 circuit 
many years ago and it has been a 

delight to us and hundreds of users ever 

since. Although pure Class A, which can 

run hot, K588I has proven wonderfully 

reliable. It's always been popular because 

of its reasonable price, coupled with fine 

performance and low maintenance costs. 

So why change it? 

Predominant comments about K588I 

are that it's 'difficult' to build because it 

does not use a circuit board, that it is of 

surprisingly high build and finish quality 

for a kit, and that it has a fast sound with 

plenty of treble and bass. I've always 

thought of it as a "bouncy sounding" 

amplifier, that is, fast, detailed and with 
lively bass. 

What were we going to change? I've 

opposed moving to circuit boards for 

simplicity of build. 1 am not at all certain 

that the sort of person who needs to 

build by numbers should be tampering 

with a valve amplifier like this. K588I isn't 

a toy; it has 450V on the H.T. line and we 

actively discourage people from buying if 
they have no experience. Furthermore, 

hard wiring is better in terms of sound 

quality and easy for a constructor to 

modify. When we do a real budget amp. 

then we will use a circuit board, but the 

chassis work will also be far less 

expensive than K588 l's welded I 6gauge 
steel affair. 

We decided instead to hone K588 I's 

sound quality by making it smoother, 

more neutral and more valve like. In my 

original re-working of the Mullard 5.20 I 

discarded ultra-linear operation in the 

output stage, finding that it wasn't 

especially linear at all. We have the 

benefit here of using a fast computing 

distortion analyser that shows harmonic 

structure and how it changes with level. 

My whole basic approach to amplifier 

design is to optimise open-loop (i.e. no 

•••••• 

feedback) linearity, then close the loop, 

using feedback only to tiddle up final 

results. Feedback skews an amplifier's 

transfer characteristic and ultra-linear 

working commits this sin. 

A well designed amplifier should offer 

at least reasonable results without 

feedback You might not be surprised to 

learn that transistor amplifiers are unable 

to meet this criterion, whilst a highly 

optimised design like our 300B needs no 

feedback at all. Like 300B, I ensured good 

linearity with K5881 by running it at a 

high 450V H.T. and using relatvely high 

impedance output transformers. Under 

these conditions ultra-linear gave worse 

results than simply running the screen 

grids a few volts below the H.T. line. 

Some advocate running the screens from 

half H.T. but this only reduces output 

power and increases distortion. 

Most valve amps run from low 350V 

HT. lines so cheap electrolytic capacitors 
can be used, these items being a major 

cost in any valve amplifier. K5881 was 

never meant to be a cheap amplifier 

though. We use a massive 5H choke n 

the power supply in conjunction with a 

special twin 50pF+50uF / 500V 

electrolytic in classic it filter arrangement. 

In my view this arrangement incorporates 

the best of choke-input and capacitor-

input power supply arrangements, being 

effectively a compromise between the 

two. It pulses the mains transformer less 

than a pure capacitor input type (which 

all transistor amps use and which the EC 

are threatening to ban), whilst offering 

excellent smoothing and regulation. It 

avoids the hum fields, mechancial buzz 

and voltage drop of a choke input filter 
too. 

In my original circuit the EF86 input 

stage was strapped to run in triode 

mode. We decided that, in light of 

experience, the Shunt Regulated Push-

Pull stage based around the 7025 double-

triode (high performance ECC83) valve 

would be a good upgrade for the front-

end. The Japanese swear by SRPP and, 

with this valve, I must say it gives superb 

results. This front-end change has 

eliminated the bright and treble we were 

getting with the EF86, bringing a smooth 

neutrality to K5881. 

After finding, from our 300B, that 

lowering feedback increases the sense of 

air and space around images on the 

sound stage, as well as lessening that dry, 
clinical presentation that is the bane of 

transistor amps., I decided also to reduce 
feedback, in so far as this might be 

possible within the limitations of using 

output tetrodes. That's why I again spent 

a lot of time ensuring K5881 was as linear 

as possible without feedback applied. 

Feedback was introduced only to 

maintain bandwidth, set to - 1dB at 

22kHz. For this I found just I 8dB was 

needed, a reduction of around 8dB from 

the previous design. Sensitivity has 

increased to 75mV for full output (20W) 

whilst distortion remains around 0.1% at 
full output. The sensitivity is so high, a 

preamp is not needed, just a volume 
control. 

As expected, lowering feedback 

opened out the sound and made it more 
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K5881 MKII 20W VALVE AMPLIFIER 

valve like in terms of spaciousness and 

ease of presentation. This last property 

is difficult to describe. Some people call 

it liquidity, a not inappropriate term. 

Music flows more easily and naturally; it 

sounds less clinical' or 'forced'. 

Overall, the amplifier has changed 

considerably in its sound. It has swung 

from being distinctive to neutral, which 

is what I wanted to achieve. There's a 

better sense of insight than before, plus 

greater openness and clarity. Curiously, 

the amplifier's actual sound has subsided 

so much it isn't really easy to describe, 

but I'm happy with that. At heart this is a 

very linear amplifier, with output 

transformers so good there is no 

slewing or ringing at high frequencies, a 

problem that affects too many of today's 

thermionic "me-too" copies. K5881 

remains a first rate valve amplifier design 

suitable for knowledgeable enthusiasts. 

1K 

INPUT 

3 

K5881 HMI TEST RESULTS 

(58111 MKII square wave performance 

Power 
Frequency 
response 30Hz-7.2kHz 
Separation 92dB 

20watts Noise 
Distort on 
Sensitivity 
dc offset 

-94dB 
0.012% 
75mV 
none 

I% 
Distortion 

o 
8001k 

470K 

7025 

.1...1= C3 22u/450V 

1_ 

22pF 
7 450V 
1= 1 

2 2K 

1 
100K 7 

2.2K 

V2A 
ECC83 

R9 
150k 

EEEI R 0 
15(Y; 

33CV 

6 V2B 

100V 

1M 

7 

mim C4 
i 0.228 

400V 

C7 I22u 
450V 

C6 
0.47p 
630V 

11- MA1---57  
R14 

Min 

Rit 
410k 

R12 
470k 

C5 
0.47p 
630V 

R 
1, 

R15 
560 
7W 

R16 
560 
7W 

K5881 Mk11 Sound Quality 

I souled out to start K588I off with 

Marvin Gaye's What's Going On? My 

tapping feet told me this inherently 

warm, rhythmic recording was having 

little trouble making it to our KLS 3 

loudspeaker intact. ' Right On' had 

nimble bass guitar joining with sweet 

percussion to move the music along. 

Imaging was stable and detailed, the 

zither that appears at stage right on this 

song placed clearly in the soundstage, 

the feeling of space around it adding to 

the realism of the performance. Vocals 

were smooth, flowing naturally with the 

melody and possessing realistic body 

and substance. Triangles, drums, bass 

2C,K, 

5881 

R17 4 7k/2W 

 1V\A.,  

V4 
5881 

6k 

448V 122mA H.T. 

440V 56mA 

3 

OUTPUT 
TnANSFORMER 

0 PT) 
A L1 & L2 

C8 
508/63V 

CT 

C9 
50 63V 

440V 

-I I--
020t,' 

guitar and vocals kn tted together in 

'Inner City Blues (Make Me Wanna 

Holler)', emphasising K5881's smooth, 

organic del very. 

Musicality and emotiona. 

communicativeness featured high on the 

sonic menL with Rinsky-Korsakov's 

Scherezade. Strings were smcoth, as 

was the flow of the music, clearly 

painting a picture of Sinbad sailing 

across the sea. A nicely proportioned 

soundstage gave the various sections of 

the orchestra plenty of elbow room. 

increasing the sense of involvement 

with its openess. Raising the tempo n 

the fourth movement proved K5881 no 

dynamic slouch, crescend bui ding 

INPUT 
GROUND 

impressively on crashing cymbals, 

powerful snare drums and thunderous 

tympani. 

More heavily processed music 

punched cleanly ou: of KLS 3. Upper 

bass caught leading edges of drum 

machine notes well and gave 

synthesisers their full measure of 

pungency. A valve warmth to the 

bottom end played a part in giving bass 

lines weight and an easy foot-tapping 

quality. K588 I's traisparency also 

helped make whatever was coming 

through it comprehensible, an ability 

appreciated on :hick Rock mixes, where 

insight stopped the music becoming 

confused. Jon Marks 

16t4 
 e 
8L2 
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TECHNICAL & GENERAL 
Some Necessities - From the Original Classic Turntable Specialists 
Connoisseur 

BD1/2 Drive Belt 10.25 
601/2 Motor Suspension kit 13.95 
SAU.2 Headshell 16.75 
SAU.2 Connecting lead 15.95 

Garrard Standard Models 
Wired arm tubes from 12.75 2.55 
Cartridge carriers (sliders) 10.25 1.85 
Idler Wheels 9.85 2.25 
»1/401 Transcriotion Models 
Original Thrust pad assembly 10.25 2.25 
Original Idler tension spring 2.95 1.85 
Original Speed control disc - 401 13.75 2.20 
Xeroxcopy Owners Manual 301 incl. full size 
mounting template 7.85 1.85 
Xeroxcopy Owners Manual 401 incl. full size 
mounting template 5.70 1.85 
Replacement Intermediate drive wheel 19.95 2.85 
Replacement 301 control knobs 
On-Off/Speed select pair 20.25 2.55 
Replacement 301 suppressor unit 5.65 2.25 
Replacement 301 motor pulley 
(-2%), (- 1%),(Std), (+ 1%) each 12.65 2.25 
Replacement 301 Chrome plated mounting 
bolts set 4.70 2.25 
Recommended Lubrication set - 
early 301/standard 301/401 - please specify 5.60 1.85 

GoldrInglLenco 
Idler wheel (lock-nut or clip fixing) 19.95 2.85 
Arm Pivot bearings with instructions 8.25 1.85 
Spindle/Main bearing assembly complete 24.85 3.85 
Headshells from 21.95 2.55 
Instruction books from 4.20 1.85 

Thorene 
10.124 series 
Idler wheel - original 27.50 2.85 
Idler wheel - our redesigned replacement 15.35 2.55 
Drive belt 15.25 1.85 
Chassis spring suspension 
(replaces mushrooms') 13.85 2.55 
150/180 series 
Drive belt 10.25 1.85 
Suspension springs (-1%), (Std),(+1°/0) set 11.85 2.55 
Suspension bushes set 12.50 2.25 
Armboards for most models from 16.90 2.55 

Cecil Watts Dustbugs/Parastats/ (spares incl. Preener wicks) 
Cartridges and styli for 78s & Mono LPs in addition to current Stereo LP 

TECHNICAL & GENERAL PO Box 53. Crowborough, 
E.Suseex. Th1132BY Tel:- 01892 854534 

P&P 
1.85 
2.45 
2.55 
3.55 

:QOWTER 
TRANSFORMERS 

Sowter Transformers have been used 

by the Professional Audio Market 

throughout the world for at least the 

last twenty - five years. 

Using modern technology and 

Computer Aided Design we are now 

able to offer a complete design and 

manufacture service. 

Our current lists show a range of 

over 50 output, 70 power 

transformers and nearly 30 chokes. 

E.A. SOWTER LTD 

P.O. BOX 36, Ipswich IP1 2EL 

SEND S.A.E. FOR DETAILS 

Tel: 0473 252794. Fax: 0473 236188 

Vacuum Tubes for Audio Are Back! 

Glass Audio brings together 
yesterday's tube with today's 
improved components,voltage control, 
and the exciting new Soviet tubes, 
to make smooth sound in your 

livingroom possible again! 

YES! 
Please send my first issue of glass Audio. I'll pay just $45.00 for six issues 
(1 year); $80.00 for 12 issues (2 years) of the best information on tubes to be found 
anywhere. I understand that my satisfaction is guaranteed! 

Name  

Street & Number  

City Postal Code 

Country  

Glass Audio 

REMIT IN US DRAWN ON A US BANK ONLY PRICE GOOD 'IliROUGH DECEMBER 3 I, 1995. 

We Accept MC/VISA. 

PO Box 176, Dept. HFWS, Peterborough, NH 03458-0176 USA 
Phone: (603) 924-9464 or FAX 24 hours a day (603) 924-9467 
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Loudspeaker 
and Headphone 

Handbook 
reviewed by Dominic Baker 

Finding a reference book that covers 
all areas of loudspeaker 

performance, from design and 

manufacture to the acoustic interaction 

within a room, ain't easy. It's even harder 

to find one that's up to date and 

thorough. That's the problem editor John 

Borwick has tried to address with the 

Loudspeaker and Headphone Handbook, 

enlisting the help of top industry experts 
along the way. 

Before I go any further, a word of 
warning. The Loudspeaker and 

Headphone Handbook is not a gentle 

read on loudspeakers. It is more of a 

technical manual, many of the sections 

launching into quite complex maths of at 

least 'A' level standard (integration and 

differentiation). Enthusiasts without the 

maths to understand the equations 

shouldn't be put off though, the chapters 

all provide plenty of easily digestible 

reading material. 

The Loudspeaker and Headphone 

Handbook starts with the ubiquitous 

'Principles of Sound Radiation', this 

chapter written by R. D. Ford, a lecturer 

from Salford University's Applied 

Acoustics department. It's a fairly 

standard introduction, describing the way 

sound waves are generated, their 

dispersion patterns and how they are 

specified in terms of level. 

Next up, Stanley Kelly provides one of 

the most comprehensive introductions to 

drive unit mechanisms I've seen. It's a little 

dated in places "for domestic loudspeaker 

systems... a frequency response of 

100Hz to around 7kHz with, possibly, a 

small tweeter unit added to accommodate 

the high frequencies". But he does go on 

to explore various cone materials, 

profiles, surrounds and diaphragms in 

useful detail. Most of the chapter, as 
expected, covers the moving coil driver, 

but there is also a section on ribbons. 

At the beginning of Kelly's 

chapter is a section on the 

lonophane driver, which 

works by causing an ionic 

discharge to occur in 

sympathy with the audio 

signal. This is done at the 

bottom of a horn, the gas 

discharge causing a wave :o 

travel down the horn, 

producing sound from no 

moving parts. Unfortunately 

the lonophane's discharge 

was Ozone (03) which is 

poisonous (try getting one of 

these past current safety 

standards). It is a small section, but the 

only one I've seen on the lonophane. 

Peter Baxandall takes over next to 

cover the electrostatic loudspeaker. It is 

mainly a theoretical look at the principles 

behind electrostatic operation, suitable 

materials and their constraints rather 

than a practical guide to building one like 

Wagner's Electrostatic Loudspeaker 

Design and Construction. It doesn't so 

much tell you what materials to look for 

and how to construct an electrostatic, as 

give you the maths and theory to research 

the thing for yourself. It was also good to 

see that the two practical descriptions of 

commercial electrostatics are of Quad's 

57 and 63 models - what else? 

The world of the crossover is 

explored, mathematically, by Laurie 

Fincham, ex Chief Engineer at KEF, now 

hidden somewhere deep in the Harman 

empire over in L.A. This is one of the 

least accessible chapters for the amateur, 

launching into the maths almost straight 

away. The Loudspeaker Design 

Cookbook would be a better bet if this is 
your area of interest. 

Loudspeaker enclosures, as described 

by Celestion's Graham Bank and Julian 

Wright, seems almost lightweight by 

SECOND EDITION 

BOOK REVIEW 

Loudspeaker and 
Headphone 
Handbook 

compa ,-ison. Brief descriptions of all the 

various enclosure types are followed by 

some useful practical considerations, sucn 

as cabinet material, damping and bracing. 

The following chapters expand into 

public address, studio monitoring, 

measurement and subjective evaluation, 

to complete a very broad look at the 

loudspeaker. The chapter on headphones 

contains useful descr:pt ons of the human 

ear and the book concludes with 

standards and definitions, wh ch really are 

more a commercial corsideration than 

being any particular use to the enthusiast. 

In the Loudspeaker and Headphone 

Handbook, a valiant attempt has been 

made to cover all aspects of sound 

radiation. As such, there is little else 

available today that betters it. Individual 

areas cf loudspeakers a-e cove-ed in 

more depth in specialised texts, Robert 
Bullock's Bullock on Boxes springs to 

mind in the case of loudspeaker 

enclosures. But as a single reference 

work, no engineer or keen enthusiast 

shout(' be without a copy. 

Published by Focal Press. Ava•lable from 

all good book shops, price £40.00 
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KIT & COMPONENT SUPPLIERS 

LOUDSPEAKER KIT SUPPLIERS 
European Precision Mouldings Ltd 
Highwych, Sawbridgeworth, 
Herts, CA421 Op 
Tel 01279 600428 Fax 01279 723846 
Manufacturers of the Red Scorpion range of loudspeaker 
terminals and binding posts. 

DBS Audio, 
P.o. Box 91, 
Bury St Edmunds. Suffolk 1P30 ONE 
Tel 01184 828926 Fax 01284 828026 

upppers or genuee DBS •oudspeaker kits 
designed by Dave Bemman. The acclaimed DBS 6 includes 
Morel tweeters, custom-built woofest assembled bi-wrreable 
crossovers with ICVV polyprop caps and van den Hul «ring. 
Also available is a DBS4/111 upgrade kit (more designs are 
planned). DBS AUD1A is also sole UK distnbutor for NETCALC, 
BOXCALC and BOXDRAW loudspeaker CAD programmes 
plus the CLIO electro/acoustics measurement system and Sofia 
computensed valve tester (includes QC and match). Send SAE 
for more information. 

Falcon 13/Y Speakers 
Falcon Acoustics Ltd. Tabor House, Norwich Road, 
Mulbarton, Norfolk NR14 SIT. TeL 01508 578272 
UK distributors of FOCAL drive units. Kits, In Car and JMLab 
speaker systems plus SOLEN (SCR - Chateauroux) 
polypropylene capacitors and the largest audio inductor 
manufacturer in the UK Stocking Audio Amateur Publications 
and Computer software. Comprehensive range of D.I.Y Speaker 
kits, Parts. Accessones and Books. 
Please send large SAE (36p) for free pnce list 

"Everything but the wood' 

Foxell & lames 
57 Farringdon Road, London EC1M 3113 
Tel 0171 405 0152 or 0171 405 2487 Fax 0171 405 3631 
Selection of wood finishes including stains, lacquers, varnishes, 
iiench polishes and waxes. 

¡PL Acoustics 
2 Laverton Road, Westbury, 
Wilts BAI3 3RS. Tel. 0373 823333 
1PL supply a range of eight speaker kits using drive units from 
SEAS, Morel. Audax, \futon etc. including four transmission 
,ries to suit all room sizes. We also supply a full range of dnve 
unrts, capacitors, and cabinet accesones as well as silver plated 
T FE insulated cables 

UPLIFTING SOUNDS - TeE 0121 777 4196 
Offers assistance in the design and construction of 
loudspeakers and audio furniture. From innovative to stylistic 
talk through your ideas with an enthusiast and choose your 
nwn level of involvement. 

VALVE AND OUPUT TRANSFORMER 
SUPPLIERS 
P.V. Tubes 
104 Abbey Street, Accrington, 
Lancs. BB5 I EE 
Tel. 01254 390936 24 hrs Fax. 01254395361 
Electronic components, aenal equipment satelite products. 
security equipment, remote controls. caravan TVs. TV's + 
micros. 

Vintage Valves, 
PO Box 147, Station A, Vancouver B.C. 
Canada, U6C 2M3. Fax (604) 876 5876. 

• • rierwood, Scott. ''«'«ec McIntosh. Eico, Harmon 
Xamon. Heath. Alter, Stromberg- Carbon. Many vintage parts 
and equipment available on request. 

Watford Valves 
3 Ryall Close, Bricket Wood, 
St. Albans, Herts AL2 373 
Phone. 0/913 893270 Fax. 01923 679207 

-ew old stock and current production valves. Sole 
of the Harma Diamond range selected for their 

superior performance. Huge range held. stockists of Mullard. GE. 
National, Bnmar, Sylvania Telefunken, RCA. MOV and 

many more. AJI valves are new boxed and guaranteed. For free 
price list and specialist advice call or fax Derek Rocco. Watford 
Valves, 

Wilson Valves 
28 Banks Are., Golear, 
Huddersfield,West Yorks HD7 4LZ. 
Tel. 0484 654650/420774. Fax. 0484 655699. 
'-lai. order. Cat us to inc out more about out extensive range 
of valves. Over 1.000 different types stocked. SAE. for list 
'Please mark for Dept HFW). 

Langres Supplies Ltd 
1 Mayo Road, Croydon, 
Surrey CRO 2QP 
Tel. 0181 684 1166 or fox. 0181 684 3056 

One of the largest distnbutors of electronic valves. tubes and 
semi-conductors tri the UK by original UK and USA 
manufacturers. Obsolete types are a speciality. Telephone or 
fax for an immediate quotation 
Billington Export Ltd. 
IE Gillmons Trading Est, Billingshurst 
West Sussex RH14 9EZ 
Tel. 01403 784961 or Fax. 01403 783519 
Billington Export Ltd. holds large stocks of audio valves 
including many obsolete brands such as Mullard. GEC. Bnmar 
etc. as well as Sovtek. Thermionic Gold Brand and the recently 
introduced BillIngton Gold range. Also Cathode Ray Tubes 
(eg. used in Marantz tuner 10B). 50 page catalogue available, 
tel or fax for a quotation. Minimum order £.50.00 UK. £ 100 
exoort 

PM Components 
Springheod Enterprise Park Springhead Road, 
Gravesend, Kent DA II 3HD. Tel. 0474 560521 
P.M. Components Ltd are the specialist component company 
for High End Audio enthusiasts. We have a design and 
manufacturing base for audio valves and associated products 
and have a capability to produce custom tubes for major 
manufacturers. Our 70 page catalogue is available at £2.50 
including U.K. postage. P.M. Components are major stockists 
for Golden Dragon, Mullard. GEC and Teonex valves and 
have a vast archive of vintage tubes gathered from every 
martifacturer in the world. 

Chehner Valve Company 
130 New London Road, Chelmsford, 
Essex CA12 ORG. Tel 0245 265865 Fox. 0245 490064. 
Suppler of premium range of audio valves, other valves and 
components also available. (Please see our ad on outside back 
cover of this supplement). 

RESTORATION 
GT Audio 5 Upper Road, 
Higher Denham, Bucks 1.1139 5E). Tel. 0893 833099 
Professional repair/restoration of all hi-fi including classic and 
vintage equipment Supplier of very high quality electronic 
components, in particular types which are drfficutt to source. 
Original valves available. ce.. Mullard. Bnmar, GEC, GE, RCA 
Sylvania etc. 

COMPONENT SUPPLIERS 
Ansar audio Capacitors LTD 
Units F+G, Cambrian Buildings, Coney Green, Oswestry, 
Shropshire, SY11 2/L Tel/Fax 01691 679191 
Manufacturers of highest quality polypropylene capacitors for all 
high end applications - Crossover, CD PSUs, Power. Valve and 
Pre-amp. Unique matenals and constructions combine to give 
components of tremendous transparency providing a clean 
sweet uncoloured sound. Character is maintained troughout the 
audio frequency range. Custom built designs (cg silver 
terminations). Values 0.1uF to 120uF, voltages 160Vdc to 
1.25KVdc. tolerance 0.1 to 5%. Custom component design and 

rr-ir.m for other applications also urwie,taken• 
Audiocom, 
2 Swallowtree Gardens, Saunders foot, 
Pembrokeshire, SA69 90E. 
TEL: 01834 814036 
Audocom are suppliers of the highest quality specialist 
components including- BHC aerovox. Holco. Elna, Analogue 
Devices, Linear Technology. Burr Brown, Alps. SANOY OS-
CON SG(for Audio) Electrolytic's, Nichicon MUSE Premium 
Grade & Hige Grade Elecrolytic's, plus much more all very 
competitive prices For a FREE Spring/Summer 1996 catalogue. 
phone or write to the above address. 
CAR Dbtributlon Ltd. 
Park Lane, Broxbourne, Het% ENIO 7NQ 
Tel. 01992 448899 Fax. 01992 471314 
Griot have been in the electronics business since 1983 and have 
built a reputation as a quality distributor. with a wide selection of 
audio components in stock - as well as a range of Soldenng 
Equipment Project and Technical Books, Cable, Kits (including the 
Velleman Stereo Tube Amplifier), Test Equipment and now PC 

Components A 280 page catalogue is available from W H 
Smiths arid other leading newsagents for £ 1.95, or directly from 
One (please odd 30p p&p). or alternatively, visit the Cirkit sales 
counter at Broxbourne - easily accessed the M25 and A10. 

Hart Electronic Kits Ltd Penylon Mill, 
Oswestry, Shropshire SY10 9AF 
24 Hr sales/enquiries. Tel. 0691 652894 
A range of Audiophile kits for 80 watt Power Amplifiers, 
Tuners. Pre-Amps and Moving Coil/Moving Magnet RIAA 
Pickup Prearnps. All kits are fully engineered, with our thirty 
years design expenence. for easy constructions from circuits 
by John Lindsey Hood. the moo respected designer in the 
field Send for lists. 

V.R.R. 
30 Melbourne Ave, 
Worthing. BNI2 4RT. 01903 S01158 
Vintage Radio Restoration 

Bespoke output transformers for most valves, push-pull and 
single ended. Components and curcurts provided to construct 
high quality valve amplifiers. Mains transformers "C"core 'deal 
for ore-amps Call for spec. 

AP Electronics 
20 Derwent Centre, Clarke Street, 
Derby, DEI 2BUT 
Check out the AP ELECTRONICS 1994 catalogue, it's free 
with every order of over £40.00 or can be purchased for a 
£4.95 cheque payable to 'AUD1OKITS'. Over 80 pages include 
pre and power amplifier kits, high grade audiophile resistors, 
capacitors and semiconductors, audio and mains cables, gold 
and rhodium plated connectors and COMPONENT NOTES 
on using high grade parts. A quarterly newsletter 'AP 
PERFORMANCE AUDIO' has been recently launched and 
your first issue is free 

Cambridge Scientific Supplies 
12 Willow Walk 
Cambridge CBI I LA 
Tel: 01223 811 716 Fax: 01223 501 833 
Specialist wire products for the knowledgeable audiophile 
including:- Silver wire (>99.99% purity, stress free) unique 
quadruple PTFE insulated Silver wire, Silver loaded solder, 
PTFE sleeving and Nylon braid sleeving, premium Gold plated 
connectors and plugs. Custom assembly available. Call Peter 
Bullock for a catalogue and application note. 

RuthAudio 
126 Station Rd., rempsford, 
Sandy SG19 2AY. Tel. 01767 640779 Fox. 01767 640617 
RushAudio stock high quality British made polypropylene 
capacitors (630V dc) ideal for PSU applications. 30uF ( 100mm x 
50mm dia) 02; 40uF ( 100 x 63) £27; 50uF ( 100 x 63) £32; 
100uF ( 125 x 76) £55. Carnage: 1 capacitor a 2 - [4: 3 or 
more - £6. Unfortunately VAT is extra on total of goods plus 
carnage Cheque with order apperoated for prompt delivery. 

Audio Synthesis 
PO Box 50, Nottingham NG9 IDZ 
Tel: 0115 922 0138 Fax, 0115 922 9701 
Audio Synthesis have in stock the la/owing audiophile 
components: 
A large selection of VIshay Bulk Foil Resistors. WBT audio 
connectors for pre and power amplifiers. Teflon insulated high 
purity SilverWire in various diameters, pure silver 
interconnects and speaker cables. Silver plated phono plugs 
and silver solder. 
Kits are available for the ongnal PASSION and ProPASS1ON 
passive controllers and attenuators. 
For 1996 brochures and full details please contact 

Audio-Links 
7 Fairmont Crescent, Scunthorpe, 
North Lincolnshire ()Nib EL 
Tel./Fax: 01724 870432 
Large range of specialist electronic components arid 
accessories for solid state and valve enthusiasts. Marl order and 
a fnendly service. Monday to Saturday. 10am - 7pm 
Catalogue - £2.00 

Russ Andrews Audiophile Components 
Edge Bank House, Skelsmergh, 
Kendal, Westmorland. LA8 9AS 
Tel. 01539 813247 Fax. 01539 823317 
Freephone. 0800 373467 (UK only) 
World leading er of the highest quaky premium grade 
components. If you want the very best sounding resistors. 
capacitors, inductors, volume controls, wire etc. send for our 
1995/96 catalogue. We also have a range of equipment 
upgrade kits and guides covering most popular makes of 
amplifiers, CD players, speakers etc To receive your copy of 
our 1995/96 catalogue and kits brouchure just mail, phone or 
fax the address above. 

VINTAGE DIY 
Loricroft Audio 
4 Big Lane, Goose Green, 
Lomboum, Beria RG16 ISQ. TeL 0488 72267 
Specialist restoration of 30I's and 40I's using genuine spares 
and re-manufactured parts to original pristine standards in our 
newly built workshops designed pnmanly for these purposes 

CLASSIC TURNTABLES 
Technical & General 
P.O. Box 53, Crowborough, 
East Sussex TN6 281'. Tel. 01892 65 45 34. 

,,• specialist source of , .. replacements and 
expertise or the classic turntables. Years of actual expenence 
and comprehensive range of parts (originals and re-
manufactures), manuals, ancillaries, No dubious 
'improvements' - no harmful 'modifications'. Our specialities: 
Connoisseur, Garrard; Goldnng; Lenco; S.M.E.; Thorns; 
Watts; Ortofon; Shure: Cartridges and styli for 78s, Mono LPs, 
Stereo LPs. 
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D.I.Y. 
Letters 

TWEAKING THE 

UPGRADE BUG 

I have the following system: 

Micromega Drive I and DAC 

on sorbothane CD feet, 

Mission Cyrus II and PSX, 

Mission 751 speakers and 

Partington Dreadnought 

stands. Cables are 0.5m 

Siltech HF6 between CD and 

DAC, 0.5m Insert Audio 

Status 3.4 interconnect and 

Audioquest Indigo speaker 

cable. 

I am thinking of upgrading 

the speaker crossovers (I am 

experiencing some sibilance) 

and would be grateful for 

your opinion. Would it be 

worth making up external 

crossovers? What are the 

benefits? I would like to 

upgrade the internal wiring as 

well. 

I want to upgrade the 

PSX and amplifier either by 

Russ Andrews' mods, or 

what about going for a valve 

kit bearing in mind the 

speakers? What kit would 

you suggest, i.e. World 

Audio, Audio Innovations, 

Audio No:e, and how do you 

feel about upgrading the parts 

to Black Gates, etc, or would 

I be better off going for a 

transistor pre and power like 

Audiolab or Nairn. I do 

intend to upgrade the Drive I 

to Drive 3 status at some 

point. 

Lee Duckett 

Wimbledon, 

London. 

Upgrading the components 

in your Missions should 

bring about a worthwhile 

improvement, if a little 

care and consideration are 

taken in doing so. First of 

all, I'd start by removing 

the original crossover in 

its entirety. Build your 

new upgraded crossover 

completely separately - 

that way, if anything 

doesn't quite work, you 

have a chance to revert 

back to the original. 

You will need to 

measure the DC resistance 

as well the inductance of 

the coils used in your 751s. 

I've heard very good things 

about the CFAC Copper 

Foil Air Core inductors 

advertised in the American 

magazine Speaker Builder, 

so these may well be worth 
investigating. They're 

available through The 

Parts Connection, Tel: 001 
800 769 0747. 

For the capacitors I'd 

use Solen polypropylenes 

(available from Falcon 

Acoustics, Tel: 01508 

578272), which strike a fine 
balance between 

performance and price. If 

you really want the 

ultimate, try Hovland's 

Musicaps, available from 

SIS Electroacoustics, Tel: 

01706 823025. These are 

smoother, more detailed 

and open, but you pay for 
it. 

Internal wiring should 

be at least Ortofon 

SPK100, perhaps Chord 
Co. Rumour, if you're 

using the CFACs and 
Hovlands so that you 

capitalise on the 

improvements. Use a good 
quality silver loaded 

solder which not only 

makes a better electrical 
join, but is stronger 

mechanically too. Keeping 

the whole caboodle out of 

the boxes and close to the 

amplifier does have its 
advantages sonically, as 

long as you don't mind 

putting up with two sets of 

cables lying on the floor. 

Upgrading the 

components in your 

amplifier is a different 

matter. You will need to 

have considerable 

electronic experience before 

taking on this task. The 

Cyrus II with PSX is a fine 

sounding amplifier, very 
clean and detailed along 

with plenty of power. I'd 

leave it as is, trading it in 
against a new Cyrus III. 

To this you could add a 
Cyrus power amplifier, bi-

amping your system which 

I feel will bring a far 

greater improvement than 

tweaking your existing 

Cyrus II. DB 

BRIDGING IT 

Here is an idea that might be 

of interest to anybody 

experiment,ng with Motional 

Feedback. 

To avoid the complication 

of a second voice coil and 

make it possible to use any 

loudspeaker, why not make 

the loudspeaker part of a 

balanced Wheatstone Bridge. 

The voltage across C-D will 

be proportional to the signal 

generated by the motor 

effect of the speaker. If 

R I = R2 the system will be 

only 50% efficient. A 95% 

efficiency will be achieved by 

making a 20:1 bridge as 

shown. 

To balance the bridge: 

replace the power signal with 

a few volts D.C. across A-B 

and adjust R I until there is 

zero volts across C-D. 

Theoretically, a small 

inductance should be put in 

series with R3 to compensate 

the loudspeaker inductance. 

However, the inductance 

would be so small that it 

could probably be ignored. 

I must point out that I 

have not tried out this idea, 

not having any test 

equipment. 

R. Turner 

Chalfont St Giles, 

Bucks. 

Power 
signal in 

C Motional feedback out 

Mr Turners suggestion for a 

motional feedback system uses 

a Wheatstone bridge to 

providing a sensing signal 

without the need for a second 

voice coil. 

Looks OK to us. But bear 

in mind that a transformer 
introduces serious phase 

shift at the edges of its 
passband, which reduces 

the available feedback 

HI- Fl WORLD SUPPLEMENT 
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Equivalent circuit of L.S. 

stability margin. In theory 

a least, the 90 degree swing 
from the transformer plus 
the 90 degree swing from 
the voice coil adds to give 
a 180 degree total shift, at 
which point negative 
feedback is going positive, 
or positive would be going 
negative. This will set the 
stability limits and 
determine the amount of 
feedback that can be 
applied. 

In practice the amount 

of shift will depend upon 

such an item, one could have 

purchased a dozen valves and 

still had some change left 

over! The fact remains that 

the output transformer is 

still, and always will be, the 

weakest link in any amplifier 

in which it is used. 

While I do not profess to 

be an electronics expert or a 

'Golden-Eared' hi-fi buff, I 

derive great pleasure from 

building various valve 

amplifiers (this being one of 

them) and exploring ways in 

which they can be improved. 

Most of the tests which I was 

able to conduct on this 

amplifier do confirm the 

findings of the designer - flat 

from near DC to over 

I 58kHz, and still some more. 

.— 
Input 

• POWER 
AMPLIFIER 

Output 
transformer 

I I 

I I 

II 

II 

II 

II 

those who cannot afford 

radio-metal iron cores 

oxygen-free silver wire or 

toroidal winding machines. 1 

have successfully hand-wound 

three output transformers on 

high quality Siemens power 

transformer cores using the 

bifilar winding technique of 

the primary. The secondary 

was interleaved at three 

intervals, precise and exact 

turn ratios were adhered to 

before all three secondary 

windings were paralleled. 

The diameter of the 

primary wire was 0.3mm, 

which was relatively easy to 

handle. The one output 

transformer is in service in a 

home-brew Williamson amp 

and the remaining two in a 

Mullard 5-20 type 

  amplifier. 

A 

R1 
200S2 

R2 
10S2 

Phase corrector / 
amplifier Motional Feedback 

Conventional Feedback 

Mr Turner's full circuit for a motional feedback system. 

frequency, motional 
impedance and other 
factors, especially if 
acceleration feedback is 
used, which introduces a - 
90 degree shift. NK 

CUTTING OUT THE 
TRANSFORMER 

I would be very grateful if you 

could spare a few moments 

to comment on the enclosed 

circuit diagram of the 25watt 

output transformerless 

amplifier. Today one does 

not see many of these kinds 

of circuits around and I 

wonder if they will ever find a 

place in the current upsurge 

in interest in valve amplifiers. 

With all the work that goes 

into constructing a quality 

valve output transformer, not 

to mention the final costs of 

The photo of the square 

wave test is as it shows. I had 

to use 6080 tubes as there 

were no 6082s to hand. 

I understand that this 

push-pull output stage is not 

the most symmetrical 

around, but then neither is a 

npn-pnp transistor output 

stage. Worse still is the 

power MOSFET. An obvious 

safety improvement would be 

the use of a suitable isolation 

transformer and 

reconfiguration of the power 

supply section. Admittedly, 

the output impedance is not 

the norm by today's 

standards (i.e. 16 ohms) but 

this should present little 

problem to anyone interested 

enough to build the amplifier. 

Now onto item no. 2 

which is really for the 

dedicated DIY slave, and 

Impedance and 

frequency tests 

which I conducted 

on these 

transformers 
R3 

0.1612 indicated good 
results, if not 

better than a 

conventionally 

wound component 

of good standing. 

However, one 

sees little mention 

of this winding 

technique in 

constructional 

articles or reviews. 

The only valve amplifier 

that 1 have read of using this 

winding technique in its 

transformers was the 

Macintosh, where feedback 

was also fed to the cathodes 

of the output tubes. Apart 

from the possibility of a flash-

over between the two halves 

of the primary at high power, 

and the impossibility of 

getting a machine to do bi-

filar winding. What does this 

method have against it. 

1 look forward to many 

more informative issues of 

Hi-Fi World's DIY Sections, 

as well as any circuits (valve 

of course) that you come up 

with for home constructors 

here in darkest Africa. 

Garth Moore 

East London, 

South Africa. 

The output transformer 
can be seen to be the 
weakest link in an 
amplifier's signal path. It 
is the interface between the 
output stage and the 
loudspeaker load, made 

necessary because there are 
very few valves which can 
operate into a low 
impedance load like a 

loudspeaker voice coil. The 
6080 with its 100 ohm 

anode impedance barely 
works into a simple 8 ohm 
load, even if paralleled 
valves are used. Because of 
the thermionic nature of 
valves, relatively high 
voltages and impedances 
are needed for successful 
operation and good 

linearity, and this is where 
the output transformer 
comes in. 

It's like a gearbox 
between the output valves 
and the speaker. In the 
same way, a car engine 
works at low torque and 
high rpm, so the gearbox 
steps the torque up and 
lowers the rpm to 
effectively transfer power 
and propel the vehicle. 
Running the valves into a 
low impedance without a 
transformer is like trying 
to pull away in 5th gear. If 
the impedance problem can 
be overcome by using 
either a large number of 
valves in parallel and/or 
using very high current 
valves (which is like 
increasing the capacity of 
the engine), there is still a 
problem in that the two 
halves of the output stage 
operate in totally different 

modes, one as an anode 
follower, the other as a 

cathode follower. 
This results in a totally 

different gain for the two 
halves, and the generation 
of large quantities of 
distortion. This imbalance 
is far worse than the 
differences between NPN 
and PNP devices or FETs. 
They are nearly always 

operated as unity gain 
followers, and as their 
transconductance is so 
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A 2Swatt transformerless valve amplifier design using the 6082 double triode. Mr Moore intends to build his with the more 

much greater than that of 

any valve, the differences 

are mostly swamped by 

local feedback. In the OTL 

amplifier, however, these 
differences are laid bare. 

The article mentions that 

40dB of feedback has been 

applied; that is, the gain 

has been reduced by 100 
times. But the distortion of 

the amplifier at 25W, its 

rated output, is still 0.4%. 

Multiply this figure by the 

100 times feedback factor 

to see what the distortion 
was before feedback and of 

course you get 40%! 

The most ingenious 
solutions to this problem 

are generally attributed to 

Julius Futterman. He used 
local negative feedback 

around the phase splitter 

stage to decrease the gain 

to the anode follower half 

of the output stage, and 
later changed to local 
positive feedback to 

increase the gain to the 

cathode follower half 

Check out the Futterman 

easily available 6080 double triode. 

circuits, you could modify 

your amplifier to work as 
such and the performance 

would be much better. 

Another improvement 

would be either to parallel 
up a lot more 6080s (say 10 

pairs per channel) or go to 
6C33CBs, or triode or 

pentode connected PL519s, 

which would be the 

cheapest option. The later 

versions of the Futterman 

amplifiers used 6LF6s 

which are big TV valves 

like the PL519, only a lot 

rarer. You could end up 

with an excellent amplifier 

if you went over to the 
Futterman topology and 
threw money at the output 

stage, but you may also 

wind up spending more 

and getting worse 

performance than, say, a 

pair of push-pull 845s and 

wideband output 

transformer. Additionally, 

the 845s would be Class A 

and wouldn't vapourize 

your speakers if something 

went wrong with one of 

them. There have been a 

few commercial OTL 
amplifiers such as the 

Futterman, and there are 

the Croft OTLs, but the 

cons seem to outweigh the 

pros and they are still 
quite rare beasts. 

In bi-filar windings the 

two wires are wound 
together and so have 

excellent inductive 

coupling due to their 

proximity, the only 

downside being a large 

capacitance between the 

windings. This can be used 

to positive effect if the 
phase of the signal on the 

two is the same, but if the 

two halves of a push-pull 
primary (with 180 deg 

phase difference between 
the two valves' anodes) 

were wound in a bi-filar 

manner, the capacitance 

between them would be 

detrimental, causing the 

load impedance to decrease 

at high frequencies. 

The Macintosh 
amplifiers use a very 

elegant output stage with 
a bi-filar wound 

transformer. The cathode 

of one valve is coupled to 
the anode of its partner by 

bi-filar winding. This 
works because on each of 

the valves there is a 180 

degree phase shift between 
its anode and its cathode, 

so when one's cathode is 

coupled to the other's 
anode, they are back in 

phase again. There is, 

however, a large DC 

potential between them. 

The output transformers 
for the solid state SE 

amplifier are bi-filar 
wound, and in a lot of my 

driver and output 

transformers I use bi-filar 

and even tri-filar up to 
penta-filar windings 

depending on the 

application. 

The transformers in 

switch mode PSUs often 
use bi- and tri-filar 

windings, or even Litz 

wire, which has many 

strands all insulated from 
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each other to reduce the 
skin effect. When I first 
started building valve 
amps, I used to wind my 

own output transformers 
with a hand drill and 

stripped down mains 
transformers! Grain 
oriented silicon steel (the 
most common hype is 

called M6) laminations are 
quite easy to get hold of if 
you ask around, and you 

can make bobbins from 
thick card. The wire is 

available from catalogues 
like Maplin and 
Electromail, and these 
companies even offer 

mains transformer kits 
which could be adapted to 
make an output 
transformer, although the 
iron is of quite poor 
quality. 

Nickel iron such as 
Radiometal or Pertnalloy, 
which is used in the best 
transformers, is very 
expensive and comes in 
various grades of 

permeability and 
hysteresis loss. The core 
for a small 15W push-pull 

output transformer, for 
example, would cost in the 
region of £70, but offer 
superior sound and 
performance if the winding 
technique is up to the 
mark. Even higher 
performance can be 
obtained with custom-
dimensioned C cores, then 

you could use exotic 
materials inside like 

teflon... The sky's the 

limit. AG 

NO MOTION AT THE 
BBC 
Your item on motional 
feedback in speakers 
(Supplement No. 23 ) was 

very interesting. An article 
worth reading was written by 
H. D. Harwood, then at the 

BBC, in "Wireless World", 
March, 1974 (p5I). His thesis 
was that a well designed non-

feedback system could 

perform as well as a feedback 
one, and that feedback 

"possesses no magical 

properties". The article 

certainly ruffled some 
feathers in the Philips camp. 

Motional feedback to 

control an electro-mechanical 
transducer was patented in 

1938 by Western Electric in 
respect of a moving coil disc 
cutting head. The principle 
has been applied to modern 
stereo heads and offers some 
points of interest. 

The Ortofon head shown 
uses two feedback coils, 
wound in phase opposition 

and placed within opposite 
polarity magnetic gaps, hence 
the motionally derived output 
is summed whilst any 
coupling from the drive coil's 
field is cancelled. 

The resonance frequency 
(which would normally be 
placed at the top of the 
working range to ensure 
stiffness control) is placed at 
the logarithmic centre, e.g. 2 
kHz. No mechanical damping 

is used. The effect of varying 
degrees of feedback is shown, 
yielding an optimally flat 
response after which phase 
shifts in the upper region 

begin to cause a peak, which 
if increased would lead to 
instability. The difference in 
the 1.f. response between the 
two graphs is due to an 
integrating circuit in the 
feedback amplifier which 
allows greater control at low 
frequencies. 

Whilst not directly 
transferable to a loudspeaker 
system the above may suggest 

avenues of research. 
S. Davies 
Aylesbury. 

Motional Feedback offers 

an avenue of escape from 
the straight-jacket that 

embraces current 
loudspeaker design. Most 
of today's domestically 
acceptable models are 
modelled, to a useful 
degree of accuracy, as 

networks of masses and 
compliances (i.e. reactive 
mechanical elements), with 

of course the odd resistor 
thrown in. Thiele-Small 
equations, which 

computers gobble up, 

manipulate these 
parameters with such 
speed and accuracy that 

industry has become 
completely wired into the 

idea of designing a 
loudspeaker's bass section 
by this method. We use it - 

and boy does it work. 
Trouble is, you become 

locked into certain 
immovable trade-offs and 
ways of thought. That's 

why 'speakers are so alike 
these days. Innovation has 

gone out of the window, to 
be replaced by convenience 
and design efficiency. Plus 
a catalogue of standard 

trade-offs: for example, 
increase cone mass to 
decrease LF resonance to 
get deeper bass, and you 
lose sensitivity. It's 
impossible to use small 
boxes for deep bass unless 
the system is made very 
insensitive. And small 
drivers in small boxes 
distort badly. 

Motional feedback 

overcomes these 
limitations. Most 
importantly, it can be 
made to suppress or 
eliminate the basic box 
resonance problem that 
currently sets the low 
frequency limit and 
behaviour around that 
point (i.e. bass quality). So 
we could hardly agree with 
Dudley Harwood's 
observations. Not only can 
motional feedback reduce 

the considerable 
distortions generated by 

small bass drivers in 
particular (20% second 
harmonic, 5% third), it can 

also provide optimal and 
adjustable damping. It is 
quite fundamentally 

different from what faces 
us today and also quite 
radical in what it can 
achieve. It just cannot be 
compared with a passive 

box system, since it 
overcomes its constraining 
parameters. 

All this is not academic 
either. Those who have 
heard Motional Feedback 
working are struck by the 

tightness and impact of the 
bass it can produce. And if 

the industry is ever to get 
more or better bass from a 

small, domestically 
acceptable box this is one 
of the only routes 

available. 
Why is motional 

feedback so rare? We are 
not entirely sure. We do 
suspect however that it 
raises all sorts of 
marketing and R&D 
problems for companies 
that, although thoroughly 
prosaic, still conspire to 
keep M.F. off the market. 
Philips, for example, built 

their power amps. into 
their speakers. It seems 
perfectly sensible, but the 
sort of buyer 
knowledgeable enough to 
choose such a system is 
likely to want a choice. 

We are interested in 
seeing Motional Feedback 
brought to market in 
sensible form. This is likely 

to be provoked by open 
discussion, so a wider 
understanding of its 

problems and benefits 
takes place. NK 

Dove 
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Feed back 
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Fig. 1. Fundamental 
principles of Ortofon Stereo Cutterheads. 

Ortofon's motional feedback moving coil 

disc cutting head 
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4Net CHELMER VALVE COMPANY 
for 

High Quality Audio Valves 

We offer below a selection of our CVC PREMIUM range of audio valves. These CVC BRAND valves are 

from selected world wide sources, processed in our special facility to provide low noise/hum/microphony 
PRE-AMP valves and POWER VALVES burnt-in for improved stability and reliability. Use this sheet as 

your order form. If you require matched pairs, quads or octets etc. Please allow £ 1.00 extra per valve for this 

service and mark alongside the valve type number `M2,M4, M8' etc as required. 

Price list and Order Form for CVC PREMIUM Audio Valves 

PRE-AMP VALVES RECTIFIERS Unit Price. Qty Total Price 

Unit Price Qty Total Price EZ80 4.00 

ECC81/12AT7WA 5.00 EZ81 4.25 

ECC82/12AU7WA 4.50 GZ32 7.00 

ECC83/12AX7WA 5.00 GZ33 7.00 

ECC85 5.00 GZ34 6.00 

ECC88 4.50 GZ37 6.00 

ECF82 5.00 5U4G 5.00 

ECL82 5.00 5V4GT 4.00 

ECL86 5.00 5Y3GT 3.50 

EF86 4.50 5Z4GT 3.50 

E8OF Gold Pin 9.00 
E81CC Gold Pin 6.20 SOCKETS ETC Unit Price Qty Total Price 

E82CC Gold Pin 6.20 B9A (Chassis or PCB) 1.60 

E83CC Gold Pin 6.20 B9A (Ch or PCB) Gold 3.00 
E88CC Gold Pin 7.20 Octal (Ch or PCB) 1.80 

6EU7 6.00 Octal (Ch or PCB) Gold 4.20 

6SL7GT 4.00 4 Pin (For 2A3, 300B) 3.30 

6SN7GT 4.50 4 Pin Jumbo (For 211 Etc.) 11.00 
6922 5.00 4 Pin Jumbo Gold (For 211 Etc.) 15.00 

7025 6.20 5 Pin (For 807) 3.00 
7 Pin (For6C33C-B) 4.50 

POWER VALVES Unit Price Qty Total Price Screening Can (For ECC83 Etc.) 2.00 
EL34/6CA7 7.50 Anode Connecter (For 807 Etc.) 1.50 
EL34 (Large Din) 8.50 Anode Connecter (For PL519 Etc ) 1.60 
EL84/6BQ5 4.00 Retainer (For 6L6WGC Etc.) 2.00 
E841/7189A 5.50 

KT66 9.20 
KT77 12.00 

KT88 12.50 MATCHING CHARGES £ 
KT88 (Gold Special) 19.80 POST & PACKING (UK) £3.00 
2A3 (4 or 8 Pin) 14.50 TOTAL EXC VAT £ 
211 22.00 

VAT @ 17.5% (UK/EEC ONLY) £ 
300B 50.50 
6C33C-B 27.00 

TOTAL TO PAY £ 

6L6GC 6.50 
6L6WGC/5881 8.00 
6V6GT 5.00 

Please make cheques payable to: 

6080 

6146B 
00 

10..20 12 

`CHELMER VALVE COMPANY' or pay by 

ACCESS/MASTERCARD/VISA Please give details: 

6336A 46.00 
6550A 11.00 
6550WA 13.50 
6550WB 13.50 SIGNATURE: EXP. DATE:   

7581A 11.00 NAME:  

807 8.00 ADDRESS:  

811A 10.50 
812A 34.00 
845 30.00   Post Code:   
Total carried forward ... 

VALVE AMPLIFIERS SOUND BETTER STILL WITH CVC PREMIUM VALVES!  

130 New London Road, Chelmsford, Essex. CM2 ORG. Tel: 01245 355296/265865 Fax: 01245 49006 
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