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PRICE VALIDITY TO END MAY 1998 - ASK ABOUT ANY TYPES NOT ON THIS LIST 

cvc 
CHELMER 

VALVE 

COMPANY 

for High Quality Audio Tubes 
Everybody in the tube business knows that the justly famous Brand names of yesteryear like BRIMAR, 

GEC, MULLARD, RCA & TELEFUNFKEN Etc. Etc. are scarce and often very expensive. 

Although we supply all major brands when available (and have many in stock) our policy is to offer a 

range of tubes, mostly of current manufacture, the best we can find from factories around the world, 

which we process specially to suit audio applications. The result - CVC PREMIUM BRAND. 

Our special processing includes selection for LOW NOISE, HUM & MICROPHONY and controlled 

BURN-IN on all power tubes to improve STABILITY and select out tubes with weaknesses Etc. 

A selection of CVC PREMIUM Audio Tubes 
PRE-AMP TUBES 

ECC81 5.00 
ECC82 5.00 
ECC83 5.00 
ECC85 6.00 
ECC88 5.00 
ECF82 5.00 
ECL82 5.00 
ECL86 5.00 
EF86 5.50 
E8OF Gold Pin 10.00 
E81CC Gold Pin 6.80 
E82CC Gold Pin 8.00 
E83CC Gold Pin 7.50 
E88CC Gold Pin 8.00 
6EU7 6.00 
6SL7GT 4.50 
5SN7GT 4.50 
6922 5.20 
7025 6.50 

POWER TUBES 

EL34G 
EL34 (TESLA) 
EL34 (Large Dia.) 
EL84/61305 
EL509/519 
E841/7189A 
KT66 
KT77 
KT88 (Standard) 
KT88 (Gold Special) 
KT88 (Gold Lion Pair) 
PL509/519 
2A3 (4 or 8 Pin) 
211 
3008 
6C33C-B 
6L6GC 
6L6WGC3881 
6V6GT 
6080 
6146B 

7.50 
8.00 
8.50 
4.70 

13.00 
6.50 
9.50 

12.00 
12.50 
21.00 
60.00 
9.00 

14.50 
22.00 
50.00 
27.00 
6.50 
8.00 
5.00 

11.50 
10.50 

POWER TUBES 

(continued) 
6336A 
6550A 
6550 WA or WB 
7581A 
807 
811A 
812A 
845 

46.00 
11.00 
13.50 
11.00 
9.00 

11.00 
34.00 
30.00 

RECTIFIER TUBES 

EZ80 
EZ81 
GZ32 
GZ33 
GZ34 
GZ37 
5U4G 
5V4GT 
5Y3GT 
5Z4GT 

400 
4.50 

11.00 
9.50 
6.50 
7.50 
5.00 
4.50 
4.00 
4.50 

SOCKETS ETC. 

B9A (Chassis or PCB) 1.60 
B9A (Ch or PCB) G/Plated 3.00 
Octal (Ch. or PCB) 1.80 
Octal (Ch. or PCB) G/Plated 4.20 
4 Pin (For 2A3, 300B etc.) 3.30 
4 Pin (For 2A3, 300B etc) 
G/ Plated 5.00 
4 Pin Jumbo (For 211 etc.) 11.00 
4 Pin Jumbo (For 211 etc.) 
Gold Plated 15.00 
5 Pin (For 807) 3.00 
7 Pin (For 6C33C-B) 4.50 
9 Pin (For EL, PL509, 
Ch. or PCB) 5.00 

Screening Can 
(For ECC83 etc.) 2.00 

Anode Connecter 
(For 807 etc.) 

Anode Connecter 
(For EL509 etc.) 1.70 

Retainer (For 6L6WGC etc.) 2.00 

1.50 

and a few "Other Brands" (inc. Scarce types). 
5AR4/GZ34 MULLARD 
5R4GY RCA, STC 
5R4WGY CHATHAM USA 
5U4GB RCA or GE 
5Y3WGT SYLVANIA 
6AS7G RCA or SEIMENS 
6AU6WC SYLVANIA 

20.00 
7.00 

10.00 
12.00 
5.00 

12.00 
3.50 

6B4G RAYTHEON 
6BW6 BRIMAR 
6BX7 GT SYLVANIA 
6CG7/6FQ7SYLVANIA 
6CL6 RCA or GE 
6CW4 RCA 
6SL7GT STC 

27.0C 
5.00 
8.50 
7.50 
5.00 

11.00 
5.50 

6SN7GT BRIMAR 
12AT7WA MULLARD 
12AY7 GE-SYLVANIA 
12AZ7 GE 
12BH7A GE or RCA 
12BY7A GE 
12E1 STC 

5.50 
5.00 
7.75 
7.50 

13.00 
9.00 

12.50 

13E1 STC 
805 CETRON 
5842A GEC 
6080W TUNGSTOL 
6550A GE 
6146B GE 

110.00 
50.00 
15.00 
12.50 
22.00 
17.00 

ALL PRICES IN U.K. POUNDS £ 

Please note carriage charge extra + VAT (EEC Only) - When ordering state if matching required (add £1.00 per tube). 

Payment by CREDIT CARD (ACESS, ViSA, MASTERCARD) or BANKERS DRAFT, TRANSFER or CHEQUE (UK ONLY). 

FAX or POST your ORDER - We shall send PROFORMA INVOICE if necessary. 

Valve Amplifiers sound better still fitted with CVC PREMIUM Valves! 
Chelmer Valve Company, 130 New London Road, 

Chelmsford, Essex CM2 ORG. England. 

"C 44 (0)1245 355296 Fax: 44 (0)1245 490064 
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Check out the new arrivals on the component and kit scenes. 

24-BIT VALVE OUTPUT STAGE 

DAC 
Chris Found details the design of a 24-bit Digital-to-Analogue Convertor 

with a valve output stage. 

RIBBON ROUND-UP 
If standard dome tweeters don't sing sweetly to you, how about a ribbon 

instead? Noel Keywood puts three of the best to the test. 

STEP IT UP 
The volume potentiometer in your amp could be hiding much of its true 

quality. Andrew Harrison and Ketan Bharadia uncover more music with 

Danish Audio Connect's CT I stepped attenuator. 

BOOK REVIEWS 

AUDIO IC USERS' HANDBOOK 
The world of audio ICs can be quite bewildering. Haider Bahrani takes a 

look at this book by R.M. Marston to see if it offers enlightenment. 

VALVES FOR AUDIO 

FREQUENCY AMPLIFIERS 
Author E. Rodenhuis explains valve circuit design for the audiophile. Noel 

Keywood turns the pages. 

DIY Q&A 
Get your DIY project rolling again with some help from Hi-Fi World's 

hands-on experts. 
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SERVICE 

FOR 

ENTHUSIASTS 

High quality Push- Pull or single ended 
Output, Mains, Chokes, Interstage, Input and 

Cartridge Transformers 

1 S OWTER 
TRANSFORMERS: 

Choose from our catalogue or specify a custom 
design at no extra charge. Range of package options: 
full or half shrouded or open frame. Encapsulation, as 
illustrated for our popular size " P+" for output or 
mains. All transformers built to order by our 
craftsmen. Usually 6-8 weeks delivery. Free technical 
support for all our products ( Phone, Fax or internet). 
Free catalogue. Competitive prices. 

E A Sowter Ltd 
PO Box 36 IPSWICH 
IP1 2E1 England 
Tel: (+44) (0) 1473 252794 
Fax: (+44) (0) 1473 236188 

E- Mail: sales@ sowter.co.uk 
techsupport@sowter.co.uk 
Catalogue and overseas 
agents on our Website: 
http://www.sowter.co.uk 

Falcon Acoustics Ltd 
acsraraillit Falcon Electronics. Baaically Sound 

New:- Tapped Inductors.  

0-10mH in 1mH steps & 0-1mH in 0.1mH steps 

DRIVE UNITS: by FOCAL and seas, and a pick of the best from other manuhicturer, 

100 +CROSSOVER NETWORKS: - Active & Passive. Components, Accessories. 

COMPONENTS 

SOLEN Polypropylene capacitors. 0.1mFd. to 100mfd. 

Polyester and Polycarbonate Film capacitors. (1.1 mFd. to 10mFd. 

ALCAP Reversible Electrolytic Capaeitors ( Non-Polarr, 50v. 10)v & Low Loss2mtd. to 600mFd. 

FALCON custom-wound Inductors 

FERRITE:- Standard, High Power, SUM' Power, Super Super Power + AERCORED056-1.15mm mire 

AUDIO AMATEUR PUN/CA.110M 

NEW - Valves for Audio Frequency Amplifiers from Phillips Technical Library plu, toe. in P/L. 

Back year sets of Speaker Budder. Audio Amateur 84 Glass Audio, plus the Audio Anthology Set. 

.Altogether 50+ books and 50+ Audio Amateur's magazine year sets. 1997 sets available'. 

COMPUTER PROGRAMS 

Large selection of Progarns as allele from the very comprehensive Liberty AudioSuite test propum 

via AIRR, LoudSpeaker Ver.6, BassBox 5.1, to the basic Bullock/Whitc Boxresponse. 

Also the IMP FFT Test Kit, the Miley Mk Kit and Alic/Preamp kit for Audiosuite or AIRR 

FUCK 
8300 8.51itre 2 way Compact. 

B400 18Iitre 2 way Compact, 

C500 301itre 2 way Column, 

C600 52Iitre 2 way Column, 

C700 53Iitre 3 way Column, 

C800 83Iitre 3 way column, 

'State of the Art' Kit Designs 

88.5 dB/watt system; -3dB. point of 60Hz. 

90.5 dB/watt system; -3dB. point of 55Hz. 

89.5 dB/watt system; -3dB. point of 45Hz. 

91.0 dB/watt system; -3dB. point of 42Hz. 

89.5 dB/watt system; -3dB. point of 38Hz. 

90.2 dB/watt system; -3dB. point of 35Hz. 

A comprehensive range of Focal kits from an even wider range of 

High-Tech Loudspeaker units 

SUPPLIERS TO THE TRADE SINCE 1972 

Send tor our FREE price list PL26: lust send a large S.A.E. ( 38p stamp) or US$2 bill overseas. 
Europe USSI bill or 3 International Reply Coupons IRC( to:- ( Dept HEW) Tabor House, 

Norwich Road. MULBARTON. Norwich, Norfolk. NR 14 81T Tel. (01508) 578272 

Arcadia Valve Amplifiers 

New Line Level Pre-Amplifiers 

Two Models Available. 

6 line inputs, 10dB of gain, zero feedback 

finest quality components, musical results 

Model I £995, Model 2 £ 1995 

"There's none of the wispy airiness and soft, slow bass that 

one associates with the breed - just consistently fine tone, 

edge-of-your-seat dynamics and effortlessness." 

Jason Kennedy on the Model 1 in Hi-Fi Choice 

Sept '97 

OEM, TRADE AND RETAIL ENQUIRIES WELCOME 

PO.BoxiiBramhall, OieshireSKitlf 

Tel/Fax: + 44 (o)161 439o72.7 
EMAIL SJS@AUDIOPHILE.COM 

HTTPINVVVVV.NETFORWARD.COM/AUDIOPH I LEPSJS 
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Watford 
Valves 

3 Ryall Close 

Bricket Wood, 

St Albans 

Herts AL2 3TS 

Phone: 01923 893270 

Fax: 01923 679207 

SOVTEK EL34VVXT 
More detailed mid range response 
Deeper and more defined bass 

Far greater headroom than before 
A number of our customers have told us that this valve 
has transformed their amplifier, and we can therefore 
highly recommend it at only £6.00 including matching 

Manufacturers & Wholesale enquiries welcome. 

PRE-AMP VALVES £ OUTPUT VALVES £  

ECC81 Brimar 4.50 

ECC82 Philips 4.50 

ECC83 Philips 6.00 

ECL86 Tungstrm.4.00 

EF86 R.F.T. 7.00 

5687WB Philips 5.00 

5842 WA Raytheon 8.00 

6922 Philips 6.00 

6SL7WGT Philips 8.00 

6SN7WGT Philips 8.00 

GZ32 RTC 10.00 

GZ34 Harma 6.00 

EL34 Svetla 8.50 

E34L Tesla 8.50 

EL84M Sovtek 5.00 

EL84 Tesla 6.00 

KT61 GEC 22.50 

KT66 GEC 60.00 

KT66/75b1A USA 20.00 

300B Sovtek 65.00 

6L6/5881 Sovtek 5.00 

6V6GT Philips 10.00 

6550A GE 25.00 

6550C Svetla 16.00 
Free matching, full specialist testing, no quibble guarantee 

Open 7 days a week 9am - 9pm Professional ach ice 

Fast 8 Efficient mail order service. All valves are new, boned and guaranteed 
Numerous more valves stocked. Prices exclude VAT and carriage z 
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DIY News 

KIT NEWS 
EXCEL-LENT SEAS 
DlYers impressed with the sound of 

lamo's Concert 8 and Concert 11 

loudspeakers will be happy to discover 

that the respective SEAS Excel drive units 

are available to buy separately. 

The mid/bass unit, aka W14CY001, is 

a 5in. driver, its lightweight yet stiff 

magnesium cone supported by a natural 

-ubber surround. The driver has an 

injection-moulded zinc chassis with a 

substantial 0.42kg magnet system and 

boasts a power handling of 70watts (long-

term) and 200watts (short-term). 

In the centre of the cone lies a large, 

solid copper phase-plug which, along 

with the heavy copper rings mounted 

above the T-shaped pole piece, improves 

heat dissipation. Nominal impedance is 

812 and 

sensitivity 

is given 

as 87dB. 

The 

725001 

is the 

matching 

25mm 

fabric-

dome tweeter. Surrounding a diaphragm 

made from Sonotex (where the fabric is 

pre-coated four times with a 

damping/sealing material), the front plate 

is constructed from 6mm thick injection-

moulded zinc, gently shaped to give mild 

horn loading and a more linear frequency 

response. 

Inside is a silver-wire voice coil 

leading to gold-plated output terminals. A 

double magnet system improves 

sensitivity and provides better control of 

the voice coil. Overall sensitivity of the 

125001 is given as 90dB, with a nominal 

impedance of 6ohm and a steady-state 

power handling of 90watts (via the 

suggested second-order high-pass 

Butterworth filter at 2.5kHz). 

Prices for the Seas Excels are about 

£134 for the W14CY001 mid/bass unit 

and about £80 for the T25001 treble unit. 

Also available is a 6.5in. bass driver for 

about £ 153. 

Stockists: 

IPL Acoustics, tel: 01373 823333 

Falcon Acoustics, tel: 01508 578272 

Wilmslow Audio, tel: 01455 286603 

South Coast Speakers, tel: 01703 559312 

WILMSLOW GO STRAIGHT 
FOR THE HART 
Leicester-based Wilmslow Audio Limited 

are taking over distribution of Hart 

Electronic kits. This will add to their 

existing portfolio of drive-unit distribution 

and loudspeaker kits. 

Wilmslow Audio 

50 Main Street, 

Broughton Astley, 

Leicester 

LE9 6R0 

Tel: 01455 286603 

A SOUND CAPACITOR 
RENAISSANCE 
SCR is a French 

company better 

known in this country 

for capacitors bearing 

the Solen legend. 

With serious audio 

applications in mind, 

SCR have developed 

a range of aluminium 

metallised-

polypropylene 

capacitors, including a range with tin-foil 

electrodes. These are said to give a 

superior sound quality, in part helped by 

the flexibility of the tin foil which prevents 

vibration of the electrode. They can be 

used at high frequencies without incurring 

high losses from the Joule effect (where 

electrical energy is turned into unwanted 

heat), and their construction makes them 

development. 

non-inductive and insensitive to humidity. 

A typical value used in loudspeaker 

crossovers, the P-Series 4.7uF 400v, is 

priced at £ 1.75. 

Wilmslow Audio 

(as above) 

TRANSFORM A NAIM 
Avondale Audio are currently 

experimenting with C-core transformers as 

an alternative for the near-ubiquitous 

toroids found in solid-state amplifiers. 

Said to produce less harmonic distortion, 

particularly third order, compared to 

toroids, some promising results have 

already been found with Nairn amplifiers. 

The biggest problem is finding a C-core 

with a low enough profile to squeeze into 

existing boxwork. 

Also on the subject of Naim 

amplification, Les Wolstenholme at 

Avondale is soon to publish a book on 

Naim mods. Until then, there is a 

comprehensive listing of parts and 

components to modify and tune up your 

system, available on a 3.5in. PC disc for 

£5. This includes a £5 

voucher against any 

purchase. 

If powering your Linn 

or Rega turntable with a 

first-class power supply is 

a priority (as it should be!) 

then look out for an 

innovative digital word 

generator-based supply, 

currently under 

Avondale Audio 

The Hollies, 

Avondale Road, 

Chesterfield, 

Derbyshire 

S40 4TF 

Tel: 01246 200096 

HI-FI WORLD SUPPLEMENT APRIL 1998 
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SPECIALIST COMPONENTS 

CATALOGUE 

£2.00 PER COPY 

7 Fairmont Crescent, Scunthorpe 

North Lincolnshire DN16 1EL 

TEL/FAX (+44) 01724 - 870432 

289-00 
INC VAT 

AuchoCad Pro 
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 Recuced price p 9re o pnaCp 

DAAS3L+ DtgrtaI Audio Analyser System 
DAA.ea  + e amongst the best Audio Analysers on the market today It offers an 

excelent pnce performance rabo as t comes oomplete with cabbrated microphone. 
G U I software, full manual and includes a PC half Card DAAS3L+ e capable of 
rneasunng Theale-Snial parameters. Frequency response near and far field, Phase. 

 - Distortion and much more mn versatile piece of test 
equipment wit analyse most audio signals enabling the 

uSOf to test Amplifiers, crossover Etc Ideal For Schools. 
Coiledioes. Unwersites, R&D. & Prrsadbon Line testing 

1-,bs 
• • Price £586-33 Inc 

Sytem Requirement 
AT 386 or better, EGA,VGA, 2MB RAM.41413 of hard disk space Will run 

under Windows 3 1 OS/2 in DOS window 

Plus £ 5-00 P&P 

12" Hi-Fi Sub Woofer Driver lEllite 12-1CC 
100 Watts RMS 8 Ohm 

IDEAL FOR BOTH PASSIVE AND ACTIVE 
SUB WOOFER SYSTEMS 

Omil:-•-• 3.03 W48:--- 2601-
0es:-0.364 PWC.--- 120W 
0 ts - 0.32 RS- 6.7 Ohm 
Mms:--38.49 Sens:- 90118 
Is -27Hz Fmax:-13191% 
F req Response - 30 2500Hz 
Magnet Weight  7309 
Coil Diameter 50 5mm 
Price: £24.99 Inc 
Plus £5-00 PIP any Quantity  

The above items may be ordered by post. fax or telephone and payment es welcome 
by cheque dral I. postal orders. Mastercard or Visa 1iddiiionally, Offictal Orders are 
welcome from schools, colleges. government departments etc 

B.K. ELECTRONICS VISA 
Unit 1 Comet Way 

Southend-On-Sea Essex SS2 6TR 
Tel: 01702- 527572 Fax: 01702-420243 

*NEW*  
Liberty Audiosuite y 2.2  

Now includes support for the Turtle Beach 20 bit  
Multisound Fiji professional audio DSP soundcard. 
(external mic/probe preamp not required with Turtle Beach card) 

*** Distortion levels to below 0.003% can now be measured *** 

Additional enhancements include :-
* Improved operation for Step Response display 
* Improved Time Domain plotting 

* New example script (under QC directory) for production testing of 
loudspeaker frequency response 
* New ASCII text output report for Thiele/Small parameter tests 
* New constant tone output option in SINE and DISTAN 
instruments added for convenience 
Power Stepping in Distortion Analyzer instrument 

plus all the other functions of version 2, making this even more the 
most feature rich system available. 

Obtain the complete systemwith Software and manual, Calibrated mic, 
Probes, Turtle Beach Fiji soundcard, and cables for only 

£696.00 excl VAT 

call or fax for FREE DEMO DISK 
Tony Seaford 

MARTON MUSIC 
phone/fax 01282-773198 

I o demonstrated at ¡PL Acoustics, Westbury, Wilts 01373-823333 
I forsham Hi-Fi, Horsham, West Sussex 01403-251587 

TECHNICAL & GENERAL 
SOME NECESSITIES - FROM THE ORIGINAL CLASSIC TURNTABLE SPECIALISTS 

CONNOISSEUR 
BD1/2 Drive Belt 
801/2 Motor Suspension kit 
SAU.2 Headshell 
SAU.2 Connecting Lead 

CARRARD Standard Models 
Wired arm tubes from 
Cartridge carriers (sliders) 
Idler wheels 
301/401 Transcription models 

Original Thrust pad assembly 
Original Idler tension spring 
Original Brake pad 

Xeroxcopy Owners Manual 301 incl. full size mounting template 
" £6.70 

Replacement 301 control knobs On-Otf/Speed select pair 
Replacement 301 suppressor unit 

Replacement 301 motor pulley (-2%), (- 1%), ( Sid), (+ 1%) each 
Replacement 301 Chrome plated mounting bolts set 

Recommended Lubrication set - early 301 or 301/401 (specify) 

GOLDRING/LENCO 

Idler wheel (lock-nut or clip fixing) 
Arm pivot bearings with instructions 
Spindle/Main bearing assembly complete 
Headshells 
Instruction books 

1 HOR E NS 

TD.124 series 
Idler wheel original £27.50 
Idler wheel our redesigned replacement £15.35 
Drive belt £15.25 
Chassis spring suspension (replaces mushrooms') £15.85 
M.11Q(0 
Drive Belt £10.55 
Suspension springs (- 1%), ( Std), (+ 1%) set £12.85 
Suspension bushes (set of 3) £12.50 
Armboards for most models from £16.90 

CECIL WATTS Dustbugs/Parastats/Spares - incl. Preener wicks 

from 
from 

£10.55 
£13.95 
£16.75 
£15.95 

£12.75 
£10.55 
£9.85 

£10.85 
£2.95 
£2.20 
£8.85 
£1.85 

£20.25 
£5.65 

£15.65 
£6.60 
£5.60 

£19.95 
£8.55 

£24.85 
£21.95 
£4.20 

Cartridges and styli for 78s and Mono LPs in addition to current Stereo LPs 

TECHNICAL & GENERAL 

PO BOX 53. CROWBOROUGH, EAST SUSSEX. TN6 2BY 

TELEPHONE: (01892) 654 534 

P&P 
£1 e 
£2.45 
£2.55 
£3.55 

£2.50 
£1.85 
£2.25 

£2.25 
£1.85 
£1.85 
£1.85 

£2.55 
£2.25 
£2.25 
£2.25 
£1.85 

£2.85 
£1.85 
£3.85 
£2.55 
£1.85 

£2.85 
£2.55 
£1.85 
£2.55 

£1.85 
£2.55 
£2.55 
£2.55 
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CRYSTAib 
LEAR 

"%epee 

Chris Found details the design of a 24-bit DAC with valve output stage. 

I
n a previous article (published in December 1997's 
Supplement), I looked at the AKM 4324 96kHz 24-bit 

DAC IC and the kind of performance it offered in a 

prototype convertor. Now it's the turn of Crystal's 
CS4390, which, although limited to the current 44.1kHz 

sampling rate, has in my view a better sound than the 

AKM. Both convertors offer truly high-end sound but they 

have two quite different and distinctive characters. 

To get the best out of the CS4390, I decided to partner 

it with a valve output stage. 

TO BEGIN AT THE BEGINNING 
To ensure that this DAC unit serves for all but the most 

ardent digital users, I have incorporated two digital 

inputs. Each of these inputs takes signals from the 

transport and processes them in a dual RS232 receiver 
package (uA9637). This removes the problem of signal 
overloading that can be caused by some transports which 

have a higher than specified digital output. The RS232 

receivers provide a controlled and pre-defined signal 
level irrespective of input signal level and allow the next 

digital section to do its job properly. 

Next is the input channel switching logic. This is 

handled by a 74HCOO 'quad nand' gate that adds the two 
signals together and finally re-corrects the phase error 

created by the logic gates. Other devices can be used in 

this location, but the 74HCOO has a very consistent gate 

structure and this can reduce problems in other areas. 
Then comes the Interface Receiver, the renowned 

Crystal CS8412 in its latest incarnation of Rev. G. This 
chip separates the SPDIF data stream of the transport into 
its constituent parts of Word Select, Bit, Master Clock and 

Data signals that feed the following stages. 

Although the Voltage-Controlled Oscillator built into 

the 8412 provides a good signal, if you want to extract 

the best performance from systems such as these, certain 
changes need to be implemented. 

After the data signals are separated by the CS8412, the 

Master Clock is regenerated and cleaned up to give a 
more respectable waveform by the 74HC153 IC. 

This re-generation serves two purposes. First, it isolates 

the Master Clock output signal of the 8412 from the 

effects of capacitance. The Master Clock waveform from 
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Feature 

the CS8412 will degrade substantially, if there is even the 

slightest capacitance presented to this pin. Buffering helps, 

but it is better to totally reconstruct a new clock signal. 

The improvement in rise times created by the re-

generation means a cleaner Master Clock signal, reducing 

jitter and boosting the overall performance. It also ensures 

that the timing for the rest of the circuit is pre-defined. 

As with any Bitstream DAC, the performance of not 

only the Master Clock waveform but also the timing 

relationships of other parts of the circuit to this clock 

determine how low the audio noise floor will be. In this 

design a full re-time of all the data signals from the 

CS8412 to the new Master Clock was necessary to correct 

any timing errors. This task was delegated to a 'quad D' 

flip-flop package, the 74HC173. 

An example of the performance differences which re-

timing and Master-Clock regeneration make come from a 

couple of measurements I made. Without the extra 

circuitry the DAC's noise floor barely bettered 100dB and 

consisted of a large number of narrow pulses which could 

be described as jitter artefacts. With the circuitry in place, 

there was a 10dB improvement in this figure. 

Re-timing has sonic advantages too. Without these 

chips, music sounds 'recessed', with poor representations 

of instruments at the back of the sound stage. Everything 

falls into place with re-timing, each instrument occupying 

its own position in space and a wealth of previously-

covered subtlety making its presence felt. 

CONVERTED 
Now we come to the all-important Digital-to-Analogue 

conversion section. Many years of research have found 

that poor performance in Bitstream devices can be blamed 

on three main sources: the timing relationship of the data 

(as already mentioned); grounding of the intersection 

between digital and analogue circuitry; the power supply 

and its noise characteristic. 

The CS4390 DAC chip is altogether different from 

other DACs in its grounding requirements. It must be 

treated as an analogue component. Much of the 

competition require separate ground planes for both the 

digital and analogue sections, with a termination of these 

grounds at, or very close to, the power supply. 

As for the last point, all DACs, whether Bitstream or 

Multi-bit, need a very clean power supply. Any noise or 

ripple here show up as changes in the audio noise floor of 

the convertor. In addition, poor PSU regulation degrades 

not only the noise performance but also increases the OdB 

distortion in certain applications. Two stages of regulation 

are employed in this design. A high-current regulator 

(78S05) in the supply line reduces noise and removes 

ripple from the input. A high-current regulator in a low-

current circuit has the benefit of reducing thermally-

generated distortion within the regulator chip. 

Suppressing noise even further are the two single-

transistor gyrator regulators, one for each of the two 

supply rails. These isolate the digital and analogue rails 

from each other and give superior power supply noise 

rejection. This kind of isolation yields minimal noise 

interaction between each stage, and any excessive current 

delivery from one section of the power supply won't affect 

the other. 

THE AUDIO STAGE 
The audio section of the Crystal CS4390 is different from 

most of the other DAC chips on the market in its use of 

differential audio output stages. Crystal opted for this 

arrangement because the CS4390 runs on a single 5V 

supply, which makes it impossible to get a OdB output 

signal of 2Vrms, as dictated by Philips' and Sony's Red 

Book standard. Increasing the output level to comply, the 

distortion performance would suffer greatly. 

The differentiat topology simplifies the internal filtering 

of the DAC chip too. It would be virtually impossible to 

control the signal-to-noise ratio with filtering without 

affecting the sound performance in a single-ended design. 

The valve output stage 

combines the benefits of a 

Long-Tailed Pair 

configuration with those of 

Shunt Regulated Push-Pull. 
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Hart Audio Kits and factory assembled units use the unique 
combination of circuit designs by the renowned John Linsley 
Hood, the very best audiophile components, and our own 
engineering expertise, 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 tagboardst. Many years of experience and innovation, 
going back to the early Dinsdale and Bailey classics gives us 
incomparable design background in the needs of the home 
constructor. This simply means that building a Hart kit is a real 
pleasure, resulting in a piece of equipment that not only saves 
you money but you will be proud to own. 
Why not buy the reprints and construction manual for the kit 
you are Interested in to see how easy it is to build your own 
equipment the HART way. The FULL cost can be credited 
against your subsequent kit purchase. 

'AUDIO DESIGN 80 WATT POWER AMPLIFIER. 

Our John Linsley Hood designed 80 watt Power Amplifier continues 
to amaze all who listen to it, and it is now finding new friends among 
speaker manufacturers who use it to show their own products to their 
best advantage. Its flawless performance is a result of the 
combination of inspired circuit design and the very best components, 
specified by the designer. Such innovations as the six rail fully 
stabilised power supply make great contributions to the overall 
reproduction quality yet are not found on even the most expensive 
run-of-the-mill designs in the High St shop window. 

We have long known that the delicacy and transparency of sound 
from this amplifier placed it in the world class and side-by-side 
comparisons with amplifiers costing five times as much still show 
small performance advantages, which suggests that even the most 
expensive amplifiers will only equal rather than exceed, its sound 
quality. All amplifiers in the range have the same basic quality and 
the decision about whether to use a preamplifier is governed by the 
facilities you need. The STANDARD amplifier has switching for up to 
three inputs, if you need more than this then a preamplifier feeding a 
SLAVE power amplifier will give you up to seven inputs. 
If you would like to hear this incredible amplifier in action then 
arrange a visit to Wilmslow Audio's new premises at Broughton 
Astley, near Leicester. Their phone number is 01455 286603, speak 
to Shaun or Terry. 

All amplifiers are available in kit or factory assembled form  

K1100 Complete STANDARD Amplifier Kit   
A1100 Factory Assembled version 

K1100S Complete stereo SLAVE Kit   
A1100S Factory Assembled 

K1100M MONOBLOC Amplifier Kit   
A1100M Factory Assembled   

£415.21 
  £515.21 

£353.62 
  £522.22 

£271.20 
£351.20 

Super Audiophile (SA) Versions of all the above come with selected 
audiophile components at an extra cost of only £39.30 per channel. 
All HART kits are designed for easy home construction to the very 
highest standards, and can be built by anyone of average manual 
ability. If you are still not convinced how easy it is to build it yourself 
with a HART kit you can order the Instruction Manual to read for 
yourself and we will refund the cost when you buy your kit!. 

JOHN LINSLEY HOOD 15W SINGLE ENDED CLASS 'A' POWER 
AMPLIFIER 

A design for the experimenter who wants to try and re-create the 
warmth and purity of sound given by valve amplifiers from the vintage 
years, without the problems of cost, deterioration and danger 
associated with trying to use valves today. 
It employs the newly re-discovered single-ended circuit configuration 
to give total freedom from crossover artifacts and to give a sound that 
is indistinguishable from the famous 'Williamson' design, the 
undisputed leader of the field, with its triode connected KT66s and 
all-triode drivers. See our list for full details. 

Reprint of Article   £2.50 
CM4000 Construction Manual  £5.00 

MAINS LEADS 8 POWER DISTRIBUTION. 

All our kits use standard IEC mains leads and these are available for 
a range of countries. We also stock distribution boxes with IEC 
sockets to minimise the space needed for power leads. See our lists 
for details. 

The Home of qie- ieeteeie. 

"CHIARA" HEADPHONE AMPLIFIER. 

Highest quality, purpose designed, ' single ended' class ' A' 
headphone amplifier for 'stand alone' use or to supplement those 
many power amplifiers that do not have a headphone facility. Easy 
installation with special signal link-through feature, the unit uses our 
'Andante' Ultra High Quality power supply. 
Housed in the neat, black finished, Hart minibox it features the wide 
frequency response, low-distortion and 'musicality' that one 
associates with designs from the renowned John Linsley Hood. 
Volume and balance controls are Alps "Blue Velvet" components. 
Very easy to build, or available factory assembled, the kit has very 
detailed instructions, and comes with Hart audiograde silver solder. A 
valuable personal listening option and an attractive and harmonious 
addition to any hifi system. 
K2100 Complete Standard Kit   £112.50 
K2100SA 'Series Audiophile' Kit with selected audiophile 
components   £115.46 
A2100SA 'Series Audiophile', Factory Assembled   £115.46 
CM2100 Construction Manual   £2.50 

SHUNT FEEDBACK PICKUP PREAMPLIFIER 

If you want the very best sound out of vinyl discs then you need our 
high quality preamplifier with Shunt Feedback equalisation. The 
K1450 also has an advanced front end, specialty optimised for low 
impedance moving coil cartridges as well as moving magnet types. 
Selected discrete components are used throughout for ultimate 
sound quality. The combination of John Linsley Hood design, high 
quality components and an advanced double sided printed circuit 
board layout make this a product at the leading edge of technology 
that you will be proud to own. A recent review in "Gramophone" 
magazine endorsing this view. Bought in kit form our step by step 
instructions it is very easy and satisfying to assemble, or you can buy 
a factory assembled version if you wish. 
This magnificent kit, comes complete with all parts ready to assemble 
inside the fully finished 228 x 134 x 63mm case. Comes with full, 
easy to follow, instructions as well as the Hart Guide to PCB 
Construction, we even throw in enough Hart Audiograde Silver 
Solder to construct your kit! 
K1450 Complete Kit   £116.58 
K1450SA Audiophile Kit  £138.94 
A1450SA Factory assembled Audiophile unit  £188.94 

"Andante" Linear Technology 
AUDIOPHILE POWER SUPPLIES 

The HART "Andante" series power supplies are specially designed 
for exacting audio use requiring absolute minimum noise, low hum 
field and total freedom from mechanical noise. 
Utilising linear technology throughout for smoothness and musicality 
makes it the perfect partner for the above units, or any equipment 
requiring fully stabilised ± 15v supplies. 
There are two versions. K3550 has 2 ±15v supplies and a single 15v 
for relays etc. K3565 is identical in appearance and has one ±15v. 
Both are in cases to match our 'Chiara' Headphone Amplifier and our 
K1450 "Shunt Feedback" Pickup preamp. 
K3550 Full Supply with all outputs  £94.75 
K3565 Power Supply for k1450 or K2100  £84.42 
A3550 Factory Assembled Full Supply  £147.25 

Send for Your FREE copy of our LISTS 

ALPS " Blue Velvet" PRECISION AUDIO CONTROLS 

Now you can throw out those noisy ill- matched carbon pots and 
replace with the famous Hart exclusive ALPS 'Blue Velvet' range 
components only used selectively in the very top flight of World class 
amplifiers. The improvement in track accuracy and matching really is 
incredible giving better tonal balance between channels and rock 
solid image stability. Motorised versions have 5v DC motor. 

MANUAL POTENTIOMETERS 
2-Gang WOK Lin   £15.67 
2-Gang 10K, 50K or 100K Log   £16.40 
2-Gang 10K Special Balance, zero crosstalk 8 zero centre 
loss   £17.48 

MOTORISED POTENTIOMETERS 
2-Gang 20K Log Volume Control   £26.20 
2-Gang 10K RD Special Balance, zero crosstalk and less 
than 10% loss in centre position   £26.98 

ALPS PRECISION SWITCHES. 

At long last, switches to match the quality of our Alps pots. These 
switches not only solve the quality gap but also have features 
facilitating their use in real audio applications. The "Flex" version 
having a panel mounting control coupled to a rear mountable switch 
unit by a 190mm Flex Link. Also available is a motor driven option 
which, like the pots, can also be operated with its control knob. 
HC5520. 4P 4W. Manual Control   £16.73 
HC519. 4P 6W Manual   £17.95 
HC5545. 8P 5W Flex Switch   £21.60 
HC5560. 4P 6W Motorised   £29.80 

SOLDERING 

The size of modern components makes the right soldering 
equipment essential for good results. Everything we offer we actually 
use in our own workshops!. See our Lists for the full range. 
845-820 X5240 ANTEX 240v 25w Soldering Iron. This is the ideal 
Multi-purpose iron as the bit is designed to totally surround the 
element giving the best heat transfer. This excellent design also 
means that although it is small and handy enough for modern 
components its heating capacity is better than larger irons of 
conventional construction. Excellent Value.   £12.43 
845-080 ST4 Lightweight Soldering Iron Stand. This has provision for 
the classic damp sponge for bit wiping £3  95 

HART SUPER AUDIOGRADE SILVER SOLDER. 

Hart Super Audiograde Silver Solder has been specially formulated 
for the serious audiophile. Not only does it give beautiful easy-to-
make joints but it is designed to melt at normal soldering 
temperatures avoiding the possibility of thermal damage to 
components or the need for special high temperature irons. A very 
low residue flux makes perfect joints easy but eliminates the need for 
board cleaning after assembly. 
845-007 3mtrs 22SWG in Hart Mini Tube   £3.90 
845-008 100g. Reel Special Valve Grade, 20swg   £12.90 
845-009 100g. Precision PCB Grade, 22swg   £14.75 
845-110 100g Reel Superfine 24swg for ultra precise control and 
easy working   £21.45 

PRINTED CIRCUIT BOARD SOLDERING PRACTICE KIT. 

Unsure whether you can construct a HART kit?, this is your chance 
to trytYour HART Printed Circuit Board Soldering Practice Kit comes 
with a range of modem components, a typical Hart quality PCB, a roll 
of the correct grade of solder and full instructions. It enables the 
enthusiast who is uncertain of his, or indeed her, ability to put 
together and solder a printed circuit to try their hand at minimum 
cost. The instructions explain the right technique and guide even an 
absolute beginner through the seemingly daunting, but in fact very 
simple, art of making a good soldered joint. Excellent value for 
money at only   £4.99 
Super Version with Hart Silver Solder £6  95 

LINSLEY-HOOD 400 SERIES SUPER HIGH QUALITY FM TUNER. 

This ultra high quality analogue tuner system is the ideal companion 
to the 80W Audio Design Amplifier in any ultimate hi fi setup, with 
case size, front plate layout and even control pitches unified for 
stacking. Like the 80W Audio Design Amplifier this is your route to 
ultimate performance at incredibly modest cost!. Novel circuit 
features include ready built pre-aligned front end, phase locked loop 
demodulator with a response down to DC and advanced sample and 
hold stereo decoder together making a tuner which sounds better 
than the best of the high-priced exotica but, thanks to HART 
engineering, remains very easy to build and set up. Since all 
components are selected by the designer to give the very best sound 
this tuner is not cheap, but in terms of its sheer sound quality it is 
incredible value for money. 
K400 Complete Kit  £256.82 
RLH8 Reprints of 3 articles covering the FM tuner  £3.70 
CM400 Construction Manual   £4.95 

All Prices include UK/EC VAT. 



Its not what you do, its HOW you do it that counts!. 

ASM100 ACTIVE SUBWOOFER MODULE 

This attractive module consists of a low pass filter and power 
amplifier ready for you to mount in a suitable sub-woofer cabinet. The 
combined unit can then be combined with any new or existing hi fi or 
home cinema speaker system to add in the real bass punch missing 
from most setups. 
The ASM 100 module comes as a ready-to-mount unit on a solid 
diecast aluminium frame/heatsink. Input signal can be at line or 
speaker level for easy system integration There are three separate 
stereo inputs at line level and the unit will use any signal presented or 
mix all inputs to add bass to any signal. The speaker level inputs are 
used by simply wiring the unit in parallel with the existing speakers to 
provide them with strong bass support. Crossover frequency can be 
selected to 50, 100 or 200Hz and the bass level can be adjusted by a 
front panel control. The Green power supply switches the unit to 
standby if no signal is present. Drawings are included free for the 
compact 418 x 380 x 303mm cabinet. 
With its powerful 125 watt output and versatile filtering the ASM 100 
is the ideal universal active driver module for all subwoofer 
requirements. 
ASM 100 Module, complete with IEC mains lead, instructions and 
ASM - W20 cabinet drawings. Pt. No. V7000 ..... . . £185.29 
W 200 S 20cm Long Throw Drive unit for use in ASM • W20 cabinet 
  £36.68 

VISATON 
HI TOWER SPEAKER KIT 

A speaker kit from the VISATON 
range that really fits the modern 
idiom, giving a full uncoloured, and 
highly defined, sound stage 
combined with unobtrusive 
elegance that does not look out of 
place, even in a smaller room. A 
frequency response from 38-
20,000Hz and a power rating of 
100W make it easy to drive. The 
novel arrangement of five high/mid 
;weeters, angled at 45 degrees. 
,:reates a really dynamic sound 
qtage with sharply defined sound 
.:taging. With its compact 200mm 
,quare section it can also be used 
as ultra high quality main speakers 
for home cinema applications. The 
kit includes all drive units, 
c rossovers, terminal blocks and 
damping materials for you to make 
E stereo parr of speakers  
LK5961 Kit  £392.42 

EXPERIENCE V20 

A real heavyweight performer with a 
total of no less than five drive units in 
each cabinet Together these produce 
a satisfyingly smooth and wide 
frequency response The single 
tweeter is a special 25mm high-end 
unit with a double coated fabric dome 
and ferrofluid for cooling and damping 
There are two 13cm mid- range 
speakers and two 20cm long throw 
woofers for extended bass 

Nominal Power Rating 180W 
Max. Music Power 300W 
Impedance 4U 
Freq Response 29 - 30,000Hz 
Crossover Frequency 450Hz, 3KHz 
Mean Sound Pressure 88dB 
Box Volume 100Ltr. & 7Ltr. 
Size Height 1.300mm 
Width 300mm 
Depth 360mm 

LK5965 Per Pair   f538.70 

ASM - T20 SUBWOOFER 
An easy to build, but very effective, bass reflex cabinet design using 
the ASM 100 Active Sub-woofer Module and the W200S, high 
compliance, 8" driver, with its 20mm maximum cone displacement!. 
Easy to incorporate into a modern living environment the size of the 
cabinet has been kept as small as possible at 418 mm high, 303 mm 
wide, and 380 mm long. To aid its ease of positioning in the room 
both the drive unit and the vent are situated on the front of the 
cabinet. Despite these compact dimensions, and with a volume of 
only 31Ltrs, the ASM T20 gives up to 106dB with an acoustical cut-
off frequency of 25 Hz ! The cabinet is made from 19mm MDF, and 
needs about 8 se. 

W200S 20cm Long Throw Drive unit 
Part No. 9030   £36.68 

COUPLED CAVITY SUBWOOFER. 
An alternative design by David Purton, 
from his little " Coupled Cavity 
Handbook", using the same drive unit 
but requiring a bit more woodworking 
skill as the speaker is set on a baffle in 
the middle of the box. The total box 
size is even smaller than the ASM T20 
at only 418 mm high, 303 mm wide, 
and 344 mm long. 
Construction Drawing  £1.50 

SPEAKER DESIGN SOFTWARE 
All programs are for IBM or compatible computers. 

VISATON SPEAKER PRO 6. Software ( PC) for cabinet and 
crossover design and calculation with full extendable data bank of 
drive unit parameters with performance curves aquired in tests in 
VISATON's own anechoic chamber. This is the essential tool that 
turns you into a speaser designer!. 
Full Version (3-)   £45.51 

BASSBOX 5.0 for WINDOWS. Hams Technologies. 
This program aids the design of bass enclosures by allowing you to 
model how a speaker will sound in a variety of boxes and then 
modelling the maximum loudness of the speaker/box combination. It 
then helps to calculate the dimensions of the box and port. if vented. 
Needs Windows 3.1 v, DOS 5 0. 386 or better, 4MB RAM and 44MB 
hard disk space. With easy-to-use printed manual. Shipping Wt. 450g 
SOF-BAS   £87.50 

BASS HORN DESIGN. A.L.Senson. 
This program, patterned after Brian Smith's tractrix horn design 
program, calculates dimensions for a catenoid, exponential or 
hyperbolic bass horn and prints out in less than a minute. Provides 
mouth and throat areas, back chamber volume, and dimensions to 
design your enclosure. 
SOF-HOR   £17.95 

X*OVER 2.0 for WINDOWS. Harris Technologies 
This package helps in the design of two and three way passive 
dividing networks as well as load compensating circuits and 
calculates values for first, second, third and fourth order networks. 
Same computer requirements as above but only needs 1 5MB disk 
space 
SOF-XOV £27.90 

"QUICK & EASY TRANSMISSION LINE LOUDSPEAKER DESIGN" 
Larry aSharp. 
Explanetary booklet plus computer disk that requires Lotus 123, or 
equivalent spreadsheet software on your machine. 1993. 22pp. 215 x 
280. Spiralbound. 
SOF-OET     £8.95 

REPLACEMENT CASSETTE HEADS. 

The excellent performance of modern cassette recorders depends 
totally on the quality of the RP head. Even the slightest amount of 
wear can impair the frequency response and distortion levels. Our 
HC80 is a top quality head from one of the foremost manufacturers in 
Japan 
It is easily fitted to most standard stereo recorders (except Sony) and 
will transform the performance over a worn head. The fact that we 
buy these in vast quantities erables us to offer them at the amazing 
price. 
HC80 RP Head, Std Mtg   £11.70 
Special Offer 2 for   £17.60 

HRP373 Downstream monitor combi head. 
SPECIAL OFFER HALF PRICE   £29.50 
H0551A 4-Track RIP   £14.60 
H0551S Sony Mount 4-Tr. RIP   £14.90 

REEL TO REEL HEAD 999R 2/4 R/P 110mH   £16.84 

PRECISION DIGITAL Triple Purpose TEST CASSETTE TC1D. 
Are you sure your tape recorder is set up to give its best? Our latest 
triple purpose test cassette checks tape speed, head azimuth and VU 
level without test equipment. Ideal for machine testing or when fitting 
new heads. A professional quality, digitally mastered test tape at a 
price anyone can afford. 

TC I D Test Cassette. Our price only  £9.99. 

CD3 "Stereophile" TEST CD. 27 Tracks for testing loudspeakers and 
rooms. 
CDSTPH3     £8.75 

PROFESSIONAL PHONO AUDIO LEADS 

Super High Quality stereo phono to phono audio lead featuring gold 
plated screened phono plugs with split outer contact shell ensuring 
positive connection to phono sockets. Plugs have red and black 
polarity bands. Sky blue multistrand oxygen free copper cables with 
independent braided screens give minimum signal loss and crosstalk 
with maximum musicality at a sensible price. Directional arrows 
indicate preferred signal direction. 
An excellent high quality lead ideal for interconnection between 
professional audio equipment or for use in high end domestic hi-fi 
systems. 
4ft long   £14.98 

MAKE YOUR OWN AUDIO INTERCONNECTS. 
Using our High Quality Audiophile Grade double screened signa, 
cable. Linear crystal oxygen free copper with outside diameter to 
match our 7711G Teflon insulated plugs. 
780-911 Audiophile Signal Cable. Per metre £3.98 
T711G Plugs, Red or Black ring   £3.25 
T711G 10 or more, mixed OK   £2.75 

780-803 Speaker Cable. 322 x 0.1 OFC. Mtr.   £5.42 
780-804 Speaker Cable. 511 x 0.1 OFC. Mtr.   £8.90 

TECHNICAL BOOKSHELF 

Bigger Range of Books. Better Prices. No "28 Day" Wait, 

New Titles. 
"A BEGINNER'S GUIDE TO TUBE AUDIO DESIGN" Bruce 
Rozenblit. A practical book that does exactly what its title says and 
takes a modern look at valve amplifier construction. 132pp. ISBN t-
88280-13-3. . . . . . . £18.20 
"HIGH PERFORMANCE LOUDSPEAKERS"' E.dn.5. Martin 
Colloms. Latest edition, just out A really in-depth coverage of the 
whole World of speakers and high quality sound reproduction, but 
entirely readable in style. Just reviewed in "HiFi World". 478pp. ISBN 
0 4719 7089 1   £24.95* 

NORMAL STOCK RANGE 
"AUDIO ELECTRONICS" John Linsley Hood   £18.99 ' 
"THE ART OF LINEAR ELECTRONICS." 
John Linsley Hood ....... . . £16.95' 
"THE ART OF ELECTRONICS" Horowitz & Hill . . £35.00* 
"DIGITAL AUDIO AND COMPACT DISC TECHNOLOGY-
3rd.Edn. 0-240 51397 5 £19.95* 
"INTRODUCING DIGITAL AUDIO CD, DAT AND SAMPLING" 
ISBN 1870775 228   £7.95 
"ACTIVE FILTER COOKBOOK" Don Lancaster   £19.95 
"THE ART OF SOLDERING" 0-85935-324-3. 0 . . .   £3.95 
"HOW TO USE OSCILLOSCOPES & OTHER TEST EQUIPMENT" 
R A Penfold. BP267 . . . . . . . . .   £3.50 
"LOUDSPEAKERS; THE WHY AND HOW OF GOOD 
REPRODUCTION". G Briggs. 1949  £8.95 
"THE LS. DESIGN COOKBOOK" 
Vance Dickason. 15th Edn . . £22.95 
"ELECTROSTATIC LOUDSPEAKER DESIGN AND 
CONSTRUCTION" Ronald Wagner BKT6 . £15.95 
"THE ELECTROSTATIC LS. DESIGN COOKBOOK" 
F) P Sanders   £24.95* 
"BULLOCK ON BOXES" Bullock & White. . . . . . £8.99 
"AN INTRODUCTION TO LOUDSPEAKERS & ENCLOSURE 
DESIGN" V. Capel BP256 . . . . . .......... £3.95 
"LOUDSPEAKERS FOR MUSICIANS" BP297   £3.95 
"THEORY & DESIGN OF LS. ENCLOSURES" 
J.E.Benson. . . . . . ........... £21.95 
"THE COUPLED CAVITY. HANDBOOK" David Purl on . £4.90 
"VISATON. HOME HI Fl CATALOGUE." 
Specifications and Thiele Small Data on all Drive Units . . £4.50 
"VISATON. CAR HI Fl CATALOGUE." In car guide . £3.50 
"VISATON. CABINET PROPOSALS" Book 1. In GERMAN £6.50 
"VISATON. CABINET PROPOSALS" Book 2. In GERMAN £6.50 
"VALVE AMPLIFIERS" Morgan Jones. 1995/6   £24.50 
"THE VTL BOOK" David Manley 1994. BKVT1. . . . .   £17.95 
"MULLARD TUBE CIRCUITS FOR AUDIO AMPLIFIERS" 
BKAA27   £11.95 
"THE WILLIAMSON AMPLIFIER" 0-9624-1918-4 . . .   £6.95 
"AN APPROACH TO AUDIO FREQUENCY AMPLIFIER DESIGN" 
GEC 1957.   £13.95 
"AUDIO ANTHOLOGIES", articles from Audio Engineering. Six 
volumes covering the days when audio was young and valves were 
king, BKAA3/1 to 6. Price Each . . . . . . All £12.95 
"THE RADIOTRON DESIGNERS HANDBOOK" (CD) . . . £49.00 
"PRINCIPLES OF ELECTRON TUBES" H.D.Reich PH .D . £25.95 
"POWER AMP PROJECTS" Anthology. 1970-1989 . . £15.50 
"WORLD TUBE DIRECTORY" t996-7 Sourcebook.   £5.95 

Don't forget, No waiting at HART!. All listed books are normally 
in stock!. Postage, unless starred, only £2 per book. maximum 
£4.50 for any number, any size, Starred items are heavy books 
costing £3 50 to send 

Postage for kits and other items is £2 for orders up to £20, orders 
over £20. post £4 50, Courier £10 
We accept all major credit and debit cards, including Switch 
Diners and Amex. 

DEMONSTRATIONS 
The ASM 100 and our 80W Power Amplifier Range 
can be heard at Wilmslow Audio's new 
premises at Broughton Astley near 
Leicester 
Tel 01455 286603 

24 Hr. MERU« 01691 652894 Fax. 01691 662864 wit 
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The power supply design 

offers a combination of 

simplicity and performance 

suited to DIY construction. 
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As most audio engineers will agree, the benefits of 
working in balanced (or differential) mode are 

tremendous. Removing noise from a DAC is far easier to 

achieve due to the cancellation properties of this 
arrangement. Balanced working has been proven to be the 

best way to transmit audio signals over distances too, so 

all recording and broadcasting studios adopt this system. 

BOTTLES IN THE BOX 
As the DAC outputs are of a balanced configuration, a 
new valve output stage had to be developed, one which 

would perform as well as a solid-state version while 
offering the unique transparency of valves. 

When designing any valve audio stage, certain criteria 

have to be considered. These are related more to the 
simplicity of the audio circuitry and the high-voltage 

supply rails than the valves themselves. 

In most circuitry, valves are not generally capable of 

providing the same kind of signal-to-noise ratio as 

transistors but they do have a more amenable sonic 

character. My brief was to match the low noise levels of 

solid-state closely, and this required some radical ideas. 
I did not want any negative feedback or a mass of 

valves; one circuit configuration had no less than four 
valves per channel, which was just a little excessive! 

After exhausting all available avenues, I finally settled 
on a basic differential valve stage. However, at this point I 

was presented with a problem, the high output impedance 

of these stages coupled with low drive capacity. What I 

really wanted was a differential stage with low output 

impedance and high drive capability. 
Adding a cathode follower to the differential stage 

would solve the problem but insert another capacitor into 
the signal line. This was deemed unacceptable - direct 

coupling a stage in this manner requires matched valves, 

otherwise biasing changes with temperature and time. 

The answer turned out to be a Shunt Regulated Push-

Pull stage. This combines a low output impedance with a 

drive capability of some 40V before the onset of clipping. 
Then the little light bulb above my head lit up. What if I 

used the differential stage in the bottom of the audio 

output for its noise-cancellation properties and coupled it 
to the SRPP? Bingo! 

If you're a little confused, let me explain. The 

differential configuration (more commonly called a Long-
Tail Pair) has seen use in both solid-state and valve 
amplifiers for a very long time. It forms a two-input high-

impedance stage that can be used as the front end in an 
op-amp or a power amplifier, where one side is usually 

employed to couple the feedback return from the output 

stage and control the amplifier within certain parameters. 

This type of topology Can be found in circuits for 
converting balanced signals into unbalanced in 

professional mixers and broadcasting equipment. 
For most applications the outputs of the Long-Tailed 

Pair lead on to many further stages of amplification to 

provide the high open-loop gain necessary before 

negative feedback is wrapped around the circuit. 
If all of the additional gain stages and negative 

feedback are removed, what remains is a stage that boasts 

all of the properties previously sought, but with a lower 
gain. 

Coupling the LTP and SRPP stages together, we get the 

best of both worlds, cancellation of noise from the 

differential pair and the drive capability of the cathode 
follower section of the SRPP. 

IN THE NEXT SUPPLEMENT... 
In the second part of the 24-bit DAC article, we'll be 

publishing the PCB layouts and details of how to build the 
DAC. 
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Ribbon Round Up 

By 
Noel Keywood 

R
ibbon tweeters can provide superb treble. The 
Tonigen unit I have tested here is one of my 

favourite drivers. I used it many moons ago in 
our first kit loudspeaker, KLS1, having first come 

across it in the Heybrook Sextet loudspeaker. The 

Tonigen can give incisive treble - steel guitar strings 

really cut like a knife. Yet it's so clean the sound never 

becomes offensive - violins are defined with crystal 
clarity and little sign of coloration. Stereo images in 

particular are pin sharp, although this holds only over a 

fairly restricted listening position. So why aren't ribbons 
more popular? Well, they have their have problems in 

addition to their plus points. 
To reproduce high frequencies cleanly a loudspeaker 

drive unit diaphragm must move fast. It has to oscillate 

at up to 20000 times per second, reversing direction 
twice every cycle, to reproduce a 20kHz signal. This 

means it's subject to large accelerations and 

decelerations. To follow the signal faithfully without 

employing excessive driving force, low mass is a prime 
requirement. 

The popular dome tweeter has a small coil-former 
attached to it, wound with fine wire which carries the 
signal current from the amplifier. The former and wire 

constitute most of the moving mass, typically 0.3gm or 

so. Dispensing with this coil reduces the moving mass 

enormously, but how then can the dome be driven? 
One way is to make the dome out of metal so it 

conducts an electrical current and then place it in a 

magnetic field. In essence, the moving element becomes 

the motor. This is how a ribbon tweeter works. The 
moving element is traditionally a metal ribbon rather 

than a dome, through which is passed the signal current. 

Close to it are the field magnets. 
In the HRL-1 ribbon tweeter tested here the makers 

c]aim ribbon weight is 0.01gm, thirty times lighter than a 

dome. So when it comes to weight reduction the ribbon 

tweeter is a great idea. So what are the problems? 

The low impedance of a ribbon would short out an 

amplifier if connected direct, so a transformer must be 
used to match it in, making for extra expense and 

complexity. The close proximity of the magnets to the 
transformer can badly affect frequency response, 
sensitivity can be poor and power handling low too, if 

attention isn't paid to these areas. 

Finally, as if all this wasn't enough, vertical 
dispersion is very limited, so the tweeter only sounds 

right when at ear height. Stand up and the sound will 

suffer, upper treble disappearing and stereo imagery 

going to pieces. Th's makes the ribbon tweeter an 

enthusiast's device, as does its generally high price: 
expect to pay from £100 to £300 or so per pair. Quality 

dome tweeters typically cost £30 per pair by way of 

comparison. 
Most of the problems listed have been tackled in the 

units tested here, aloeit with varying degrees of success. 
They are an interesting, if slightly frustrating bunch. 

TESTS 

To avoid the risk of over-driving trom low-frequency 

signals tested these ribbon tweeters with band-limited 
pseudo-random noise with a 500Hz-50kHz energy 

spectrum. Input level was around lvolt. The frequency 
response analysis similarly runs from 500Hz up to 

50kHz. However, our B&K measuring microphone starts 

to lose accuracy above 20kHz and the sharp suckout 

seen at 30KHz in all the analyses is likely a phase 

suckout in the mic. head, rather than an effect common 

to the tweeters themselves. 

The response shown is that achieved on-axis and 
slightly off-axis, the two being combined by averaging. 
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O nee 
Sunday MARCH 15th 1998 

11:00 TO 4:00 

, 

NEXT TO GRUI(DY PARK . 10,0MV 
.., 

*.• 

' LEISURE CENTRE 4, 
Wolsley Hall 
Cheshunt 

- (M25 Junction 25 A10) 
FREE PARKING 

(5 mins from Cheshunt Statio «1 
TABLES £20 4 

ADMISSION £2 '11; 

REFRESHMENTS AVAILABLe 

Always Wanted: 
Vintage And Modern Equipment 

Records And CD's 
Special Bring & Buy 

.. ' 

For further information contact Steve at: 
Silvernote • PO Box 158 • Cheshunt • Herts • EN7 

6UH • England 

Tel/Fax 01992 620 905 Inter: 00 44 1992 620 905 
; L. 

Audiophile Sound • Professional Finish • Affordable 

Our aim at Riverside Audio is to enable the home constructor to 
build valve amplifiers which combine true audiophile sound quality 

with the professional finish of high-end products at an affordable price. 

The Riverside 4040 is an integrated amplifier featuring dual mono 
construction, five line level inputs and both 4 and 8 0 outputs. The 

chassis is hand polished stainless steel and includes a matt black 
valve cover. The amplifier delivers 40 Wrms per channel at less than 
0.1% distortion. Kit £625, fully built £725. 

The Riverside P2 moving magnet phono amplifier is designed to 
partner the Riverside 4040 for those who enjoy the vinyl sound. High 

accuracy equalization is provided for a moving magnet input to a gen-
erous line- level output. Kit £225, fully built £275. 

Contact Riverside Audio for further information and pricing. Most 
parts are available separately - even down to individual components. 
Riverside Audio can also design special audio mains and output trans-
formers. 

Riverside Audio, 18 Riverside, Cambridge CB5 8HL 
Telephone (01223) 512253 Facsimile (01223) 572629 
Internet-http://www.riverside-audio.demon.co.uk/ 

CRICKLEWOOD ELECTRONICS 

ANSAR SUPERSOUND 
Audio Polygropylene 400VDC . 5% 

me secrets e re ',lorry,' film, 

Manufactured speificalh, for hie end andin, these 
vpropylene cadetors off er exception: value for 

^sexy as they use a specially imported igh punty 
metallised polydropylene fiinr. ensuring smooth, 
deUied and transparent sound quality and extremely 
.ow distortion, whether  they are placed erectly 516e 
sgmnal path such as in crossovers or for decoupling 
et. deal for replaeng old, stale and leaky capacnors. 

Pat no Value Pince 
CWIOON CAP ?ROM 1001-ii £1.25 
:»150N CAP PROPYL 150nF £ 1.25 
CW220N CAP PROPYL 220nF £1.25 
C11330N CAP PROPYL 330nF £1.25 
CIA.470N CAP PROPYL 470nF £1.25 
CW680N CAP ROPYL 680e 11.25 
ZWIUON CAP FROPY. lui 11.25 
CU.' I U5N CAP FROPYL 1.50 £1.50 
C1/202N CAP PROFIL 2,201 £1.50 
C143U3N CAP ROPY. 3.30 11.85 
CW4U7N CAP FROPYI 4.70 12.00 
W6U8N CAP PROPYL 6.80 £2.50 
CWI CLIN CAP FROPYLIM £3.50 
CW15N CAP PROPW.15pF £4.50 
CW22U CAP PROPYL 2201 16.50 
Cri5OU CAP PROPYL 50td 19.95 
CW100U CAP PROPYL 1000 120.00 

Low value capacitors are axtensrvely used e amps & 
preempt inspecs Uy r tone control. bass & treble 

By changing to polypropylene you can emoy an 
eituanced lighter • brghter sound especially in the 
treble aand nid bass range, and a transparent lower 
bdss improvement. Close toleance & high stability 
enture that bo .h channels can be ,i.e.ry closely 
matched. 

Pxrt No Valu, Voltace 
C,P47P CAP PROFIL 4rpF 250V 
CPPlOOP CAP PROPYL 100pr 250V 
CAP150P CAP 'merl 150pF 250V 
CPP220P CAP PROPY 220pF 250V 
CPP330P CAP PROFIL 330pi 250V 
CPP470P CAP PROPYL 470pF 250V 

Price 
10.35 
1035 
£0.35 
IO 35 
ir 

CPP1NO CAP PROPYL InF 250V 10.35 Part Ab Specification Pnce 
CPPIN5 CAP PROFIL 1.Si! 250V 10.35 P15 150010.15f1 8x19mm £2.00 

CPP2N2 CAP PROFIL 2.21 250V £0.35 P22 22001o.; sn 48x19min £2.50 
CPP4N7 CAP PROFIL 4.7uF 63V 10.50 P33 334.410.2013,19mm £3.00 
CPP1ON CAP PROFIL lOnF 63V 10.65 P47 47001 0.250 50x19mm £3.50 
CPP22N CAF PROPYL 22rf 63V 10.85 P68 680010.350 59x19mm 14.50 

CPP47N CAP PROPYL 47rf 63V £ 1.00 P100 Inill 0.40 59x19min £ 5.50 

Low Impedence High 
Temperature ( 105° C) Radial 

Electroytics ± 5% 

Superior electroytics at affordable onces. The low 
impedan, e end resistance maximises sgral poney. 
whilst the superior temperature charactenstics allow 
the capacitor to reman ver> stable under the most 
varyng COnet015. 

Part No. Val,, Voltage Price 
1 HSO L02l4TEMPipF 50V 10.25 
21.12H50 102 Hl TEMA 2201 50V 10.25 
4U7H63 10 2111 TEMP 4.70 63V 10.25 
10463 LOO 1113M' 100 63V 10.25 
22H63 LOO Hl TE., 2,0 63V £0.30 
471163 LO 2 Hl TEMA 4 'uf 63V 10.35 
1001163 1028 TEWP 1000 630 10.50 
2201130 LO 2 HI TEMP 2.:Ouf 50V £0.75 
470453 LOZII Ta* coe 63V £ 1.25 
1000H35 LOO Hl TEI/P 10000 35V 11.50 
2200450 LO Z HI TEMP 2200uF 50V 12.25 
4700425 10 2 HI TEMP 4700025V 12.50 

Trobo Solde; Lug Reservoir 
Capacitor 10,000pF 80V 

(licou,' the nght electrayic for power sLpply use is 
very 'menant in keepng .lown I.m whilst allorang 
maxmLrn current flow fe good transient & bass 
response. tina capacitors are respected the wood 
over for their excepteonal audit, attributes. 

Part No .0/Voltage Price 
cioccc.go CAL ELNA100C4i/80V Ell 00 

monacor Air Cored Inductors. 

A range of professonal Cr cored mductors for 80 or 
40 crossoversalters for use up to 300W. 1.2rnm 

A; m'und on a, spaced plastic 

P150 1.5mH 0.50 70.30ran £6.50 
P220 2.2mH 0.60 70x3One £8.00 
P330 3.3mH 0.750 70,30 £ 10.00 

Monacor Ferrite Inductors 

A range of professonal high efficiency ferrite cored 
inductors with very low °Ivre lasses for 80 or 40 
crossovers or Nters for use up to 400W. 
1.4nim enamelled copper wire ( 1.3mrn on F10001 
nard on plaSIK bobbin. 

Part No. 
F220 
6330 
F470 
F680 
i1000 

Part No. 
65520 
6L6GT 
6SN7GT 
6V6GT 
ECC81 
ECCS2 
ECCB3 
EF86 
EL34 
EL84 
0234 
enea 

Speaficaton Price 
2.2mH 0.150 4001V 55x3Imrn £6.50 
3.3011 0.20 330W 65x39mm 19.50 
4.7m# 0.250 140W 65x3Ornm £ 1100 
6.8mH 0.350 120W 65x39mm £ 12.00 
lOrriH 0450 100W 65x39ran £ 13.50 

High Quality Valves 

Description 
OUTPUT VALVE 
OUTPUT VALVE 
OUTPUT VALVE 
OUTPUT VALVE 
TRIODE 
TRIODE 
TRIODE 
LOW NOISE PENTODE 
OUTPUT VALVE 
OUTPUT VALVE 
RECTIFIER 
OUTPUT VALVE 

Price 
126.00 
£4.50 
£4.50 
£3.95 
14.50 
£4.50 
£4.50 
£9.90 
£8.50 
/3.50 
£6.50 

£20.00 

Valve Holders - High quality valve 
bases. Chassis mounting with 

screw fittings. 

Part No. Descnption Price 
B9AC 690 VALVE HOLDER CERAMIC / 1.50 
CC SCREENING CAN 12.25 

OCTC OCTAL VALVE 00 
OCTP OCTAL VAL . 

Fully Gold Plated Phono 
(RCA) Plugs with spring 

coil cable grip. 

Part No. 
PPG 502 

PPG8A2 

Description 
PAIR GOLO PLUGS for up to 
5rnm CABLE 
PAR GOLO PLUGS for up to 
8nwn CABLE 

Very High Quality 
Phono ( RCA) Plugs 

Price 
£1.50 

11.50 

%,ery high quality satin grey metal rots heavy gold 
plated connections. Top collet cable grip & PTFE 
insulators. Very low noise. 

Part No, Descnpten Price 
PPG6H2 GOLD PTFE P-UGS for up £3.50 

to 6mm CABLE pair 
PPG8H2 GOLD PTFE PLUGS for in, £ 3.50 

to 8rnrn (061F pan 

Extra High Quality Gold 
Plated Phono Oxygen Free 

(RCA) Leads ( pairs) 

Available in 2 colours 6 3 lengths. Highly flexible 

oxygen free table with extra moulded-in control / 
grounding wee. 

Part No Length/Colour !Aride 
LPP1QG 0.8 Metres/Green £ 5.50 
LLP1QV 0.8 Metres/Violet L5.50 
LPP2QG 1.5 Metres/Green £6.50 
LPP2QV 1.5 MetresNalet £6.50 
LPP5QG 5 Metres/Green £ 11.00 
LPPSQV 5 MetresNolet / 11.00 

Bass Reflex Tuning Ports 

A range of adjustable plaStiC ports for use in vanous 
sizes of loudspeaker cabinets. dwdiameter 
L.adjustable length ( min) 

Part No. 
635 
R50 
670 
R100 
685 

Dimensions 
dw351.110-210 
0.50L-150-280 
d.701.128-245 
d.1 10L.160-122 
6.85 angled 45' for nanan 
cabinete-210-310 

Perce 
12,50 
£3.00 
£3.50 
£5.50 

£6.50 

High Quality Components at 
the right price.Please add 
£2.00 carriage + VAT 
to all orders. Credit Card 
phone orders accepted. 

Cricklevvood Electronics Ltc, 40 & 42 Cricklewood Broadway, London NW2 3ET. Tel: 0181 452 0161 Fax: 0181 208 1441 

APRIL 1998 HI-FI WORLD SUPPLEMENT 



FeatP.Fe 

With ribbon tweeters the latter can be a little bit flatter 

than the former. However, the Optimus changes its 

response considerably over the forward listening angle, 
so we show a forward averaged value. 

Sensitivity was also measured with a nominal watt 

(2.8V) of band-limited noise, the mic. set up 1m from the 

drive unit. 

TONIGEN RIBBON TWEETER 

500 frequency (Hz) 51. 50 folf0UknOY 042) 

el 

(08) 

20k 

Made in Japan, the Tonigen ribbon tweeter was one of 

the best-known commercially available designs, until a 

year or so ago when Tonigen announced it would 

become unavailable unless ordered by the thousand. It 
has become difficult to obtain ever since, although 

manufacturer's surplus stock does sometimes appear. 

The unit has a black plastic face plate and a shallow 
sealed magnet assembly. The magnet is very powerful 

though. As a result the tweeter has a habit of doing 

destructive somersaults, if put anywhere near steel, and 
screws and metal parts will hurtle towards it, if they get 

too close. Other designs, with closed magnetic circuits, 

have weaker external fields. 
The ribbon vents through a narrow front aperture, 

with a shallow horn flare to improve efficiency and 

lateral dispersion. Above and below the unit's forward 
axis dispersion is poor; Tonigen have made no attempt to 

tackle this problem. Laterally it is quite good though; 

30degrees off-axis frequency response was much like 

that shown in our analysis. 
The most impressive feature of this conventional 

looking ribbon tweeter is its frequency response. 

Considerably flatter than a conventional dome tweeter, it 
runs smoothly from 6kHz up to 20kHz. Other tweeters 

just cannot match its flatness and, in my experience, the 

500 Ir.. 

Tonigen subjectively fulfils just about every expectation 

you might have of this resonance-less, phase-anomaly-
free behaviour. It does need to be partnered with a very 

able midrange unit though, since not so many reach 

smoothly up to 6kHz. 
Another weakness of ribbons Tonigen have overcome 

is that of low sensitivity. This one delivers no less than 

92.5dB sound pressure level from 2.8V input, higher 

than any other unit tested here and high enough to 

match most commercial drive units. To achieve this 

Tonigen have used a low impedance of four ohms to 
draw power, as our impedance plot shows. Of course, in 

use the unit must be fed from a capacitor at least, to 

remove bass signals. The high sensitivity of the unit 

means that in practice an attenuating resistor is often 
needed, bringing system impedance up to five to six 

ohms minimum above 6kHz. 
This is a great ribbon with a great sound. It measures 

superbly and sets a benchmark for others to emulate. 

Doubtless both cost and a lower limit of 6kHz militated 

against it, as well as its manufacturer's insistence on 
large order quantities. What a pity. 

Impedance 

level 

(dB) 

.2 

0 

50 frequency ( Hz) 

OPTIMUS DIPOLE RIBBON TWEETER 
The Optimus comes from Tandy and is priced 

competitively at around £80 for a pair, much less than 
the other units here. It is necessary to bear this in mind 

when judging value, for the Optimus is a trifle "unusual" 

in its behaviour. 
The Optimus is a clip-on tweeter that possesses its 

own simple internal crossover, comprising a series 

capacitor to block bass frequencies. This driver is meant 

to be mounted on top of a conventional loudspeaker 

cabinet. 

Tandy print a small diagram in the accompanying 
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manual ( if you can call a single piece of paper a manual) 

showing sound being radiated from either side of the 

driver, whereas this is in fact a dead area. The Optimus 

radiates forwards and rearwards, dipole fashion, through 

its open-mesh grille, as you might expect. The diagram is 

actually wrong. 

Measurement showed the Optimus imposes no load 

at low frequencies, but above 5kHz, where its 

impedance hits 15ohms, it will make itself known to the 

amplifier. Reaching a minimum of 8ohms above 10kHz 

it will bring overall impedance down to 4ohms or less at 

high frequencies. Although this doesn't sound too 

amenable, there isn't much power up at these 

frequencies so most amps will handle the small extra 
load. 

By radiating over a wide forward and rearward angle, 

the Optimus is meant to provide a sense of spaciousness, 

bouncing treble off surrounding walls. Various 

manufacturers have given us this effect in the past - and it 

is just an effect. 

The Optimus has a low sensitivity which measured a 

mere 82dB, which doesn't strengthen its hand. This sort 

of figure means the resulting loudspeaker would be 

seriously insensitive. 

Perhaps not unexpectedly, the Optimus does not have 

a flat forward response. Averaged over a small forward 

angle it works from around 3kHz up 6kHz, rolling down 

progressively above this frequency. However, greater 

than 45degrees off axis, high-frequency output becomes 

strong, so this unit fires a lot of high-frequency energy 

out sideways, at walls or whatever happens to be in the 

way. 

Obviously, the Optimus is no conventional ribbon 

tweeter. With a ragged and variable frequency response, 

as well as low sensitivity it doesn't look like one of the 

best of the breed. 

HOWARD DAWSON HRL-1 

.5 

0 

Impedance Frtquenry response 

500 frequency ( Hz) 

level 

(1113) 

.2 1 

Oz 

•2 1 

51k SO Iffluency (HO) 20k 

The HRL-1 is hand-made in Norwich and, at 2.7kgs, was 

easily the heaviest unit of the group. The face plate and 

rear magnet housing are cast alloy, making the whole 

assembly very sturdy. A small signal transformer is 

attached to the rear of the face plate. The instructions 

supplied give lots of advice on appropriate matching 

networks, which is useful for DlYers. 

The manufacturer suggests the drive unit be used with 

second or preferably third-order crossovers if it's to be 

run at its lowest practical crossover point of 3kHz. If you 

choose a first-order instead, the roll-off has to be moved 

up to 10kHz to prevent bass frequencies damaging the 

ribbon. In this case, the HRL-1 is working more as a 

super tweeter than a standard tweeter. 

The frequency response of the HRL-1 looks a little 

ragged overall, but if the sharp peak/trough of a phase 

suckout at 19kHz is ignored - and the ear will not readily 

detect this - the HRL-1 manages pretty well right down to 

6kHz. Output remains even within 2dB limits. Like the 
Tonigen this driver ideally needs to be partnered with a 

high-quality midrange unit that can reach 6kHz without 

excessive break-up. However, by maintaining output 

down to 3kHz (-6dB) the HRL-1 can be combined with a 

bass/midrange unit, albeit with a less even frequency 

response. The two-way 12dB/octave crossover shown in 

the literature for this purpose is a second-order 

Butterworth that rolls in at 3kHz. 

As with the Tonigen the HRL-1 displayed reasonably 

even response laterally off-axis, but treble output 

plummeted above or below the forward axis. So a 

listener's ear would have to be at or near tweeter height 

to hear fully what the unit can do. 

Impedance measured 12ohms-15ohms across the 
band of operation, a good figure for matching purposes. 

Output measured 87dB sound pressure level at lm for 

2.8V of band-limited noise input. This should yield a 

more sensitive system in practice, when energy from a 

bass/mid driver is added, assuming a constant voltage 

source ( i.e. conventional transistor amplifier). I'd hesitate 

to be too specific, because crossover network losses will 

have a negative effect, but an 88dB sensitive loudspeaker 

may well be possible. 

LEGEND ACOUSTICS HIGH-
FREQUENCY RIBBON 
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The Legend ribbon is neatly made, with a thick, solid 
face-plate and strong cylindrical rear body. At 2.3kgs it's 

heavy, if not quite as heavy as the HRL-1. The ribbon 

itself vents through the customary slot aperture. The 

manufacturers claim the unit is, "an effective upgrade for 

any dome tweeter operating from 3kHz". 

I measured 88dB from the 500Hz-50kHz band-limited 
pseudo-random noise signal produced by our spectrum 
analyser, without the intervening inductor 

recommended. This makes the Legend the second most 
sensitive design, with 4.5dB less output than the 

Tonigen. However, this is largely down to its much 
higher 12ohm impedance. 

In terms of real electrical efficiency the Legend is 

similar to the Tonigen, but this is somewhat academic. It 

makes more sense for a ribbon designer to aim for the 

lowest possible impedance, four ohms being about the 
lowest acceptable, to gain the highest possible voltage 

sensitivity to match the widest range of bass/midrange, or 

midrange only, drivers. If the design is too sensitive for a 
driver, it can then be matched in easily with an external 

resistor. All the same, the Legend will still match a good 
range of drive units in terms of sensitivity. 

The manufacturers recommend the unit is connected 

up through a 0.2mH inductor to flatten its response. 
Without this item its response is a little mountainous, as 
our analysis shows. However, full output is maintained 

until 20kHz. With the inductor treble output flattens out 

up to 12kHz and starts to fall off above this frequency, 

becoming -6dB down at 20kHz. This will not so much 

dull treble as remove sting or real incision. A 

compromise of 0.15mH-0.18mH may be best. 

With any inductor in place though, a 4dB peak at 

3kHz appears, especially on-axis. This peak is sfightly 

less of a problem laterally off-axis, so the Legend is best 

pointed forward such that it is listened to off-axis. The 

inductor lowers sensitivity by a dB or so, by the way. 
From experience I suspect a second-order high-pass 

filter peaked up at 5kHz might be a better solution to the 

humped response problem of the Legend than a simple 

series inductor. This would fill in the 5kHz dip and 

attenuate the 3kHz peak, giving a flatter overall result. 

Otherwise, the 4kHz peak is going to add some 
noticeable spitch to the sound of this unit. 

CONCLUSION 

There are so many variables that affect the sound quality 

of these drivers we felt it unfair to try and assess them 

subjectively. With enough effort, both the HRL-1 and the 
Legend can be engineered reasonably flat. In this 

condition they should sound similar to a Tonigen. 
However, the manufacturers of both designs could 

usefully do more to improve their innate characteristics. 
As they stand, sound quality will be less than perfect 

because of the undulating response shapes our analyser 
revealed. 

By contrast the difficult-to-obtain Tonigen neared 
perfection. It has a flatter, smoother frequency response 

than any other tweeter, bar the Audax HD-3P, which is a 

dome, not a ribbon, or we would have included it here. 

That the Tonigen was something special I never doubted. 

It is far and away one of the best treble units I have ever 
heard, although my ears tell me the Audax is a tad better 

- and domes lack the vertical dispersion problem of 
ribbons. Knowledgeable enthusiasts will be able to get 

fine results from the HRL-1 and the Legend, but neither 
is perfect. 

The Optimus doesn't measure as well as either of the 
other two drivers in terms of frequency and sensitivity, 

but considering its lower cost might still be an option 
worth considering. Connection via an active crossover 

such as those offered by Maplins would make its low 
efficiency less of a difficulty • 

Optimus Dipole Ribbon Tweeter £79.90/pair 

Tandy 

Leamore Lane, 

Walsall, 

West Midlands WS2 7PS 

Tel: 0500 300666 

Howard Dawson HRL-1 £300/pair 

Howard Dawson 

16 Copeman Road, 

Aylesham, 

Norwich NR11 611 

(Contact via post c,nly) 

Legend Acoustics High-Frequency Ribbon £200/pair 

IPL Acoustics 

2 Laverton Road, 

Westbury, 

Wilts. BA13 3RS 

Tel: 01373 823333 
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ANGREX SUPPLIES LTD 
DISTRIBUTORS OF ELECTRONIC VALVES, TUBES AND SEMI-CONDUCTORS AND I.C.S. 

1 MAYO ROAD • CROYDON • SURREY CRO 20P 
PHONE FAX 24 HOURS EXPRESS MAIL ORDER SERVICE ON STOCK ITEMS 

0181 684 1166 0181 684 3056 

A selection of our stocks of New Original Valves / Tubes. 
Many other brands avaiTable 

ECC88 
ECC88 
ECH8I 
ECL82 
ECL86 
ELM 
EL84 
EZ80 
GZ33/37 
GZ34 
5Z4G 
6V6GT 
12E1 
13E1 
807 
81 IA 
6080 

STANDARD TYPES 

BRIMAR 
MULLARD 
MULLARD 
SIEMENS 
SIEMENS 
MULLARD 
PHILIPS 
MULLARD 
MULLARD 
MULLARD 
BRIMAR 
BRIMAR 
STC 
STC 
HYTRON 
RCA 
MULLARD 

4.50 
6.00 

3.00 
5.00 
5.00 
5.00 
6.00 
3.50 
6.00 
15.00 
5.00 
4.25 
10.00 
85.00 
7.50 

25.00 
10.00 

5R4GY 
5U4GB 
5Y3 WGT 
6BQ5 
6B4G 
6FQ7 
6L6GC 

SPECIAL QUALITY TYPES 
A2900/CV6091 GEC 

E88CC/CV2492 BRIMAR 
E88CC/CV2492 MULLARD 
E88CC SIEMENS 
ECC81/CV4024 MULLARD 
ECC81/M8162 MULLARD 
ECC81/6201 MULLARD 

ECC82/CV4003 MULLARD 
ECC82/M8136 MULLARD 
ECC83/CV4004 BRIMAR 
ECC83/M8I37 MULLAD 

AMERICAN TYPES 
RCA 
SYLVANIA 
SYLVANIA 
RCA 
SYLVANIA 
SYLVANIA 
GE 

17.50 
4.50 
8.50 
7.50 
6.00 
7.50 
8.50 
6.00 
7.50 
6.50 
15.00 

7.50 
10.00 
3.50 
5.00 

22.00 
7.50 
15.00 

6L6WGB 
12AX7WA 
12BY7A 
5687WB 
6072A 
6146B 
6336A 
6550A 
7027A 
7581A 

ECC81 
ECC82 
ECC83 
ECC808 
EF86 
ELM 
EL34G 
E34L 
6SL7GT 
6SN7GT 

SYL 
SYLVANIA 
GE 
ECG 
GE 
GE 
RCA 

JAN GE 
GE 
SY1. 

OTHER TYPES 
RFT 
RFT 
RFT 
"IELEFUNKEIN 
USSR 
USSR 
SOVTEK 
TESLA 
USA 
USA 

THESE ARE A SELECTION FROM OUR STOCK OF OVER 6000 TYPES. PLEASE CALL OR FAX FOR AN IMMEDIATE 

QUOTATION ON ANY TYPES NOT LISTED. WE ARE ONE OF THE LARGEST DISTRIBUTORS OF VALVES IN THE UK. 

SAME DAY DESPATCH VISA/ACCESS ACCEPTABLE. OBSOLETE TYPES A SPECIALITY. 

CREDIT CARD MIN ORDER £10.00.  

OPEN TO CALLERS MON.-FRI. 9AM - 4PM. CLOSED SATURDAY 
U.K. P&P 1-3 VALVES £.00, 4-6 VALVES £3.00 ADD 17.5% VAT TO TOTAL INC P.P. O'SEAS P & P PLEASE ENQUIRE 

10.00 
6.00 
7.00 
6.00 
6.00 
15.00 
35.00 
25.00 
25.00 
15.00 

3.00 
3.50 
5.00 
15.00 
5.00 
2.25 
6.00 
8.00 
5.00 
5.00 

EUROCARD 

M IS1, 

YES! 

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! 

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  

Country  

Glass Audio 

City  Postal Code  

REMIT EN US $ DRAWN ON A US BANK ONLY PRICE GOOD THROUGH DECEMBER 31, 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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Review 

STEPSTo 
HEAVEN 

Andrew Harrison and Ketan 
Bharadia step out with Danish 
Audio Connect's Cil stepped 
attenuator. 

A
volume control is one 
necessity that even the 
most hair-shirt purist 
could not forgo. Balance 

control - expendable; tone controls 

- unnecessary; but control over 

music's volume - essential. Problem 

is that in most applications a 

potentiometer (variable resistor) will 

be used directly in the delicate 
signal path. This can have 

potentially disastrous effects on 

sound quality. 

Nowadays any £500+ amplifier 
worth its salt should have at least an 

Alps Blue pot fitted, its metallised, 
conductive plastic track offering 

audible advantages over the most 
basic carbon-track variant. But 

beyond the potentiometer lies the 

stepped attenuator. 

This uses a multi-way rotary 

switch with a ' ladder' of high-

quality discrete resistors making up 

its rungs. You move up and down 

the ladder to change volume by 
simply turning the knob. 

Danish Audio Connect make one 
such device, their £ 105 CT1 Audio 

Attenuator with its 24 steps. We 
tried their 250kohm version in our 

World Audio Design KLPP1 valve 

line and phono pre-amp as well as 
in front of some DPA amplification 

(although 10kohm would be a more 
normal value here). 

Hooking up the CT1 instead of a 

DPA 50S pre-amplifier was certainly 

chucking it in at the deep end as the 
DPA is already a seriously good pre. 

amp thanks to its extremely high-

grade Penny and Giles pot. Used as 
a passive volume control and 

connected directly to DPA's 50S 

power amp, there was just about 

enough volume but we hid to use 

most of the attenuator's travel. 

Our first impression was of a 
'stripped-down' sound that initially 

lead us to think that something was 

missing. Further listening showed 

that the DPA pre, in contrast, was 

actually laying a thin veil over the 
sound. 

Another bonus with the CT1 was 

an increase in the boogie factor - 
rhythms had greater conviction and 

transients were that bit more precise 

and snappy. Subtle details 

previously overlooked made 

themselves felt - tonal colours were 

more realistic and sound staging 

that much more focused, with 

images firmly located. After this 
promising start, next up was the 
KLPP1. 

A few wafts of multi-core flux 
later and the re-tweaked KLPP1 was 

mated up to a Chord SPM 400 

power amp for auditioning. One 
ability of this attenuator that's very 

obvious is its truly crystal clarity. 

The spaces in a sound stage 

between the various images were 

clearer and more open, as if a fine 

coating of mush had been peeled 
off them. The top end was more 

extended and a little sweeter, while 

lower down bass and midrange had 
lost some of their slightly tubby 

cuddliness in favour of a drier, more 

detailed character. 

The CT1's ' invisibility' was its 
finest asset. If you're accustomed to 

cheaper pots, you might think the 

CT1 a touch grey and lean when 

you first encounter it. Give its sound 
a chance to sink in though, and 

you'll wonder how you never 

noticed the blatant colorations of 
less elevated volume controls. 

There are other claims made for 

the CT1 by the manufacturer on top 

of the purely sonic: increased 
reliability, lower distortion and 

better tracking accuracy between 

channels. The reliability factor I am 
not inclined to question given the 

superb build quality and use of 
gold-plated contacts on precision 
wafers sourced in Switzerland. And 

precise channel matching comes 
from the high-tolerance surface-

mount Metal Film resistors. 
Danish Audio Connect CT1 

attenuators are available in 

10kohm, 20kohm, 50kohm, 

100kohm and 250kohm values, 
with a four-wafer version for 

balanced audio applications priced 

at £ 165 each • 

AudioCom 

Unit 6, 

Tindle Enterprise Centre, 

Warren Street, 

Tenby, 

Pembrokeshire 

SA70 7IY 

Tel: 01834 842803 
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PM Components Ltd 
SALE SALE SALE 

4111111. 

VALVE SECONDS le 
e 

These valves have been tested and are electrically to the same standard as 
Golden Dragon premium quality valves. However, during testing some 
discolouration of the glass envelope has occurred which means we 

y cannot offer them as first quality. ,.:;"3,7-jirr'''.'•» 

The following are available until stocks are sold (few of each only, matched pairs 
available (subject to stock): ,rigt sererd 

300B, KT9OLX, EL156LX, eKT6 6 , 4-.300B, KT90, 4.300B LeX, 2A3, KT88, 
300B Super, KT88M, EL34 

elde rtz even!, 
Valve seconds for sale at 64 % discount off normal retail. 

All guaranteed NEW, and unused. 
p9 Guaranteed for six months 

rporiej9 
Selectron House, Springhead Enterprise Park, Gravesend, Kent. England. DAll 8HD 

111111,AX: 01474 333762 TEL: 01474 560521 



Book Review 

AUDIO IC USERS' 
HANDBOOK 

By R.M. Marston 

Reviewed by Haider Bahrani. 

T
he advent of the analogue 
IC (integrated circuit), and 

in particular the operational 

amplifier, has made 

amateur electronics, and especially 

audio electronics, a great deal more 

accessible and a lot more fun. In 

professional terms, audio ICs, be 

they op-amps, power amps or other 
processing devices, have allowed 

designers more scope and, yes, they 

have made life easier. Audio IC 

s Users' Handbook covers all of the 

above. 

The book is split into 10 sections. 

The opener, titled 'Audio Basics', 

gets to grip with some of the 

commoner words used in audio 

electronics - fidelity, noise, dynamic 

range and harmonic distortion are 

explained in a clear and 

uncomplicated fashion. Coverage is 

also given to pre-emphasis, 

de-emphasis and signal compression 

25 in CD data encoding. One little 

area of interest for ageing hi-fi 

reviewers: Mr Marston seems to 

espouse the view that anyone over 

the age of 25 lacks the ability to hear 

full-range audio above 500Hz. For 

further elucidation on this somewhat 

contentious point, consult the author 

and the Handbook. 

The most widely used ICs in 

audio, op-amps are first off the mark 

with a comprehensive airing in 

Chapter Two. The section starts with 

an overview of basic voltage- in, 

voltage-out op-amp circuit 

configurations including inverting, 

non- inverting and differential 

amplifiers, with some of the 

favourite layouts compared and 

contrasted. The chapter progresses 

from the simpler forms of circuitry 

(with very clear, concise 

descriptions) to their more complex 

incarnations in active filters such as 

tone controls and RIAA networks. 

Chapter Two is itself split into 

two halves. The second of these 

deals with operational 

I AUDIO IC USERS' 
é HANDBOOK 

R M MARSTON 

transconductance amplifiers, or 

OTAs for short. In a nutshell, an 

OTA is a voltage- in, current-out 

(transconductance) device. The 

practical applications of such 

devices (like Voltage Controlled 
Amplifiers, which are useful in 

active volume-control applications, 

and amplitude and ring modulators) 

are listed in some detail. 

The following chapter focuses on 

ICs which are more specifically 

dedicated to signal processing. In 

other words, we have attenuator, 

compander, switcher, noise reducer, 

tone control and volume chips. 

Dedicated pre-amplifier op-amps 

are the mamstay of Chapter Four. 

Much of the text here is taken up by 

the LM387 pre-amp and its 

implementation in audio mixing, 

tone control and RIAA filter circuits. 

Hints and tips on RF ( Radio 

Frequency) pick-up and instability 

are also passed on. The later parts of 
the chapter deal with the costlier, 

higher-quality LM833 and showcase 

it in a number of applications. 

The next two chapters are 

concerned with power 

amplification, as you might 

conclude from their respective titles 

of 'Audio Amplifier Circuits' and 

'High-Power Audio Amplifiers'. The 

first tackles the basics of power 

amplification and introduces the 

reader to some low-power amp ICs. 

The more powerful chips follow in 

similar fashion in Chapter Six, with a 

variety of the more commonly 

available models that pump out up 

to 60watts discussed. 

Bar-graph displays are more and 

more often seen these days on 

professional and some consumer 

audio gear. Their emergence has 

been at the expense of the moving-

coil meter, which has been retired to 

the ranks of the retro styling industry. 

Hence bar-graph driver chips have 

been allowed an entire chapter in 

this Handbook. The chapter visits 

two families of devices, the U237 

from AEG and the LM3914 from 

National Semiconductors. 

Surround sound, AC3, Prologic, 

etc are all names and acronyms 

you'll come across, if you have 

anything to do with home 

entertainment systems. The eighth 

chapter in this text doesn't deal with 

the above-mentioned technologies 

specifically, but covers the topic of 

audio delay lines which are 

implemented in many pseudo-

surround sound systems. Alongside 

echo and reverb effects amongst 

many others, delay lines have found 

and are finding themselves 

increasingly useful in audio 

reproduction. More than one class of 

suitable IC gets a look in in this 

section, hence it's more than 

substantial in relative terms. 

Chapter Nine is a brief trawl 

through power supply ICs including 

regulators and bridge rectifiers. This 

leads into the final chapter which 

consists mainly of hints and tips on 

power consumption and heatsink 

des;gn. All the basic calculations are 

included without any unnecessary 

complexities. 

It insomnia is a problem you try 

to combat with dry, tedious tomes, 

you should probably steer clear of 
:his lucid and helpful text • 

Audio IC Users' 

Handbook £19.99 

ISBN: 0 7506 3006X 

Customer services Dept. 

Heinemann Publishers 

Oxford, 

PO Box 382, 

Oxford OX2 8RU 

Tel: 01865 314301 

Fax: 01865 314029 
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Long known as specialists in rare tube brands, Billington Export 

ad provides a line of premium-grade valves to fill the increasing 

cially tested valves selected for long life, low microphony and low 
epoe  61,0A  demand for hard-to-find tubes! BILLINGTON GOLD features spe-

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 relia-
bility. We including: BRIMAR, GE USA, stock one million valves 

GEC UK,MAZDA, MULLARD, RCA, RUSSIAN/SCVTEK/SVETLANA, SYLVANIA, TESLA, THERMIONIC, TUNGSRAM and other rare 
brands, as well as stockets and CRTs. 

NEW IMPROVED QUALITY 300B RARE BRANDS 

3C24EEV 27.00 12BH7 Yugoslavian 6.90 E8OCC Mullard 45.00 

4CX250BM [EIMAC] 60.00 12BH7A RCA 13.50 E8OF Philips 18.00 
4250A/QB35750 Philips 90.00 12E1 STC ITT UK 15.00 E8OL Philips 31.50 
5R4GY RCA 9.00 12SG7 , 0.60 E88CC Tesla Gold pin 8.85 
5R4WGB USA 9.00 125N7GT 2.25 EI8OCC Mullard 5.40 

5U4G Rogers 24.00 13E1 STC UK 120.00 E182CC Mullard 9.45 
5Y3GT 7.50 85A2 Mullard 4.50 EB91 1.50 
6AH4GT USA 7.50 350B Chinese 14.25 ECC81/CV4024 Mullard UK 7.50 
6AS7G Russian 2.93 4UA 12.00 ECC82/CV4003 Mullard UK 10.20 
6AU5GT GE USA 3.75 807 USA 10.50 ECC86 Mullard 5.93 
6AU6WC ECG Philips 1.20 1625 USA 5.93 ECF80/6BL8 0.60 
6AU8A USA 0.75 2050W RCA 8.25 ECH81 Russian 1.48 
6BE6/5915 ECG Philips 0.90 5687WB Philips 5.93 ECL82 Tungsgram 2.93 
6BH6 RCA 2.48 5751GE 3.90 ECL85/805 1.49 
6BL3 USA 0.60 5755 Raytheon 2.63 ECL86 2.40 
6C33CB Russian 29.25 5814AECG/Philips 2.70 EF3TA Mullard UK Grey 5.25 
6CG7 USA 7.20 6028 0.99 EF39/CV1053 1.65 

6CG7 Yugoslavian 6.75 6111WA Philips 1.50 EF86/CV4085 GEC UK 19.50 
6CH6 Brimar 2.93 6336A Amperex 54.00 EF86 Russian/Svetlana 8.40 
6CW4 7.80 6350 USA 1.50 EF95/CV4010 Mullard 1.95 
6DL4/8255 Telefunken 4.50 6414 USA 2.99 EF184 RFT 0.99 
6J4/CV5311 1.20 6463 GE USA 2.25 EL38 13.32 
615 RCA 3.60 6550A GE USA 42.00 EL86 Russian 1.49 
6.15GT Pinnacle 1.46 7119 Mullard USA 9.45 EL90 Brimar 2.25 
6J7G USA 3.45 7308 ECG Philips 5.25 F2A Siemens 135.00 
6L5G USA 2.70 7581A ECG Philips 25.50 F2All Siemens 120.00 
6L6GA Sylvania 22.50 9002 [audio triode] RCA 1.50 GZ32 Philips POA 
6Q7G/CV587 2.99 A2293/CV4079 4.43 GZ37/CV378 Mullard UK 9.00 
6SJ7 RCA 3.30 C3m Siemens 15.30 KT90 Yugoslavian 25.50 
6SN7GT Ken Rad 5.55 CV4025 1.50 PCL82 lIngsram 1.35 
6SQ7 3.00 CV4062/E2134 5.25 PCL86 [ECL86] Russian 0.53 
6U8A RCA 1.43 CV4068 Brimar 4.50 PL504 5.48 
6V6 RCA Black Metal 15.00 DA42 GEC 28.50 PL519 Tungsram 8.40 
6V6GT MWT 5.85 DG7-32 Mullard 21.00 QQV03/20A GEC 5.25 
6X4W Raytheon USA 3.00 E34L Testa 12.00 S11E12/CV4060 43.50 
12AZ7A USA 2.70 ESSL/CV5808 Mullard 37.50 Z2b 27.00 

In July 1997 we were delighted to 
receive the first production of the lat- 
est design Chinese 300B with 
improved filament support, gold 
plated grid & graphite coated anode 
[our ref: VA/30013] Carefully tested, 
90 day guarantee, 

Billington OB...@ £54.00 each * 
• 10 pieces @ £36.00 each * 
• 20 pieces @ £35.00 each * 

BILLINGTON GOLD 

2A3 17.25 
6L6GC 9.50 
6L6GT 6.45 
6SL7GT 4.50 
12AX7 4.50 
50CA10 22.50 
274B 12.00 
300B/VA300B 
New improved version 54.00 

807 9.95 
811A 9.00 
813 24.00 
845 33.00 

4300B 66.00 

5881 8.00 
6550B/133 16.43 
E81CC 5.25 
E81CC-01 9.50 
E82CC 4.50 
E82CC-01 8.50 
E83CC-01 8.50 
E88CC 8.00 

ECC81 4.42 
ECC82 4.42 

ECC83 4." 
ECC85 6.00 
ECC88 4.50 

EF86 9.90 
EL34 7.50 
EL84 160 

GZ34 8.40 
KT66 9-50 
KT88 Special 
GEC replica 22.50 

KT88 18-50 
TT21 Chinese 27.00 

RUSSIAN/SVETLANA WHOLESALE SECTION 

6B4G 23.40 

6550B-2 18.00 
6550C 27.00 
EL34 Svetlana 8.92 
SV572-3 105.00 

SV572-10 120.00 
SV572-30 105.00 

6AL5/EB91 Mullard, government box 100 pieces @ £ 75.00 [£0.75 each]* 
6J5GT Russian 10 pieces @ £ 9.00 [0.90 each]* 
9002 RCA USA audio triode 100 pieces @ £ 60.00 [£0.60 each]* 
E1800C/7062 Mullard UK box anode GVT 100 pieces @ £360.00 [£3.60 eachl* 
EF37A Mullard UK Grey 50 pieces @ £ 125.00 [£2.50 each]* 
EF86 Russian, Identical to Svetlana EF86 but no logo 

50 pieces @ £210.00 [£4.20 each]* 
• LE 34 Chinese tested - guaranteed 50 pieces @ £200.00 [£4.00 each]* 

SV572-160 105.00 
SV811-3 27.30 RARE SOCKETS 
SV811-10 27.30 47E [for 4212E] ORDER CODE 47E 37.50 

4114/B5B [for PX4] ORDER CODE 4B4/5BB 3.98 

TOPCAPS ORDERS 45DA [for DA100] ORDER CODE 45DA 15.00 
B5 [for ML4] ORDER CODE 4B4/B5A 3.98 

For 2C34, 807, etc. £2.03 
For 12E1. 5B-254M. P1_519 £1.95 

For orders over £600.00 
please deduct 33%. 

[Does NOT apply to items marked *I 

PO5 [for Aa, Ba] ORDER CODE 5P0 • 11.70 
Octal and B9A sockets IN STOCK...POA 
Side contact for AZ! [CT8] ORDER CODE 8P/8SC 10.43 

All items in stock at the time of going to press. Prices in GB Pounds. Please ask for our free 50 page catalogue of valves. 
AMERICAN EXPRESS, MASTERCARD, VISA, accepted. 
MINIMUM ORDER: UK £50 + 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 I E GILLMANS TRADING ESTATE 

EXPORT LIMITED 
BILLINGSHURST 

WEST SUSSEX RH 1 4 9EZ UK 
TEL: ( 0)1403 784961 FAX: ( 0)1403 783519 

VISITORS STRICTLY BY APPOINTMENT PLEASE 



Book Review, 

VALVES FOR AUDIO 
FREQUENCY AMPLIFIERS 

By E. Rodenhuis 

Reviewed by Noel Keywood. 

T
here's always an air of 
confidence helped by the 

certainty of advice which 

accompanies books from 
Philips Technical Library. It's hardly 

surprising of course, since Philips 

have been Europe's premiere 

electronics company since the 
Thirties, enaintaining comprehensive 

research and development labs. in 
many countries, including Britain. 

The advice that comes with Philips 

(and Mullard) books is straight from 

the horse's mouth and as a good a 
place as any for beginners to start. 

Valves For Audio Frequency 

Amplifiers is built around short, 
technical descriptions and lists of 

properties of Philips' own audio 
valves. Alone, these descriptions 

don't amount to exciting reading, 

nor would they fill a book. As usual, 

it is what accompanies the data that 
is likely to be most attractive to 

enthusiasts - eight different audio 

amplifier circuits are included. 
Philips' authors avoided today's 

gobbledygook plague; there isn't an 

acronym to be seen either. Instead, 

the descriptions are kept simple and 
are easily understood. There's plenty 

of useful information on the practical 

side of building valve amps, as well 
as avoiding their common problems 

— hum in particular - in the basic 

design. The only real limitation of a 

book like this is thoroughness. Some 
explanations were cursory to say the 

least, but then it is not a design 

reference book, and at £ 12.95 nor is 

it priced like one. 

The first chapter alone may well 

be a god-send to those poor souls 
suffering hum. In just eight pages, 

with the help of a few succinct 
diagrams, the author explains the 

nature of a hum loop, how to 
arrange earth lines and what not to 

do. Then there are those practical 
hints and tips we see so little of 

nowadays - when drilling 
aluminium, use methylated spirits as 

a lubricant. It "secures freedom from 

PHILIPS TECHNICAL LIBRARY 

E. RODENHUIS 

VALVES FOR 
AUDIO FREQUENCY 
AMPLIF' -RS 
With Full Details for 
Building Eight Circuits 

REPRINTED AND DISTRIBUTED BY 

AUDIO AMATEUR PRESS 

burr, and the cutting action of the 

drill is also improved". 

Reasons for poor earth 

connections are noted too. 
Aluminium forms a surface oxide 

layer that, on a chassis, should be 

penetrated with burr washers. 

Protective coatings on steel must be 

scraped off. Our experience is that 
the poor earth connections which 

result from this introduce obscure 
problems that amateurs and 

professionals alike find hard to pin 
down. It's wise to prepare carefully 

when building a valve amplifier with 
the aid of a book like this. 

I liked the amount of detail 

Philips provide on their valves here. 

There are la/Vg curves and la/Va 
curves, plus oodles more 

performance curves for the 

EL84/EL34 output pentodes. Anyone 
wishing to use either of these valves 

need look no further. 

The EF40/EF86 small-signal/high-
gain pentodes are covered, the 

ECC40/83 twin triodes, and the EL84 

(12W anode dissipation) and EL34 

(25W anode dissipation) output 

pentodes. Both the EF40 and ECC40 
have rimlock bases and are neither 

common nor popular now. By 
contrast, the EF86, ECC83 and 

EL34/84 are very popular, 

inexpensive and easily available. 

Whilst Philips no longer manufacture 

any of these valves, others do; new 

EL34s pop up almost daily! There's 
also useful data on the excellent 

GZ34 double-diode full-wave 

rectifier - just remember that a 

Philips GZ34 takes a lot more stick 
than modern versions, and there are 

virtually none left in the world. 

I noticed one characteristic 
omission from the book, an 

important point in the fight against 

hum that Philips seem peculiarly 

blind about. The EF86 has two 
screen pins, marked ' s' on the base 

diagram. I found no mention of these 

in any of the text, the only vague 
allusion to them being in small base 

pin-out diagrams at the back. It's the 

same in Mullard's famous Circuits 
For Audio Amplifiers. 

I wonder whether they did not 

want to mention these screens 

because the EF40 didn't have them, 

connecting its surrounding screen to 

the cathode, a less satisfactory 

arrangement. In my experience it is 

important to connect both screen 

pins (2,7) to the valve holder's 
central metal spigot and take the lot 

to ground when fighting the last 
vestiges of hum. This is shown in a 

wiring diagram in Mullard's book, 

but not in Valves For Audio 

Frequency Amplifiers. Why Philips 
were so reluctant to mention the 

EF86 screens is an enduring mystery 
to me! 

The other minor mystery within 

this book is why it switches 

occasionally from 'valves' to the 

American term 'tubes'. First I 
suspected the book's American 

publishers had been making some 

illicit alterations! Then I noticed that 
the text in places uses the term 

'tubes'. Seems like the Dutch authors 

were happy to swap between both 
terms. 

Valves For Audio Frequency 

Amplifiers is a great little book. It's a 
must for anyone who wants to use 

any of these popular audio valves 
from Philips 

Valves For Audio 

Frequency Amplifiers 

£12.95 

(+E2 UK p+p) 

ISBN: 1-882580-16-8 

Available from 

World Library 

(Hi-Fi World) 

Tel: 0171 221 0691 
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DANISH AUDIO CONNECT 
Made in Denmark 

CT I Audio Attenuator / Volume Control 
Improve the sound quality of your amplifiers by 
changing to the CT I volume control. 

CT I offers you a more effortless sound, more details, better dynamics, 
lower distortion and improved bandwidth. CT I has the ability to 
"disappear" and not influence the enjoyment of the music.The tracking 

between stereo channels and the attenuation is within the range of 
professional equipment. Besides, CT I is very compact for easy build- in. 

_ 

How do we obtain this? 
• 24 step precision switch. 
• All contacts and 

conductors are gold plated. 
• Use of low noise, non 

inductive, non-magnetic 
SMD resistors. 
• Five times shorter signal path 

than conventional designs. 

Key (Ti specifications 
Bandwidth: 50 MHz 
Attenuation accuracy: 

± 0.05dB 
Tracking between channels: 

± 0.05dB 
THD: <0.0001% 
Dimensions: 
32mm diameter, 45mm length 

CT] versions 
Standard impedances: 

10. 20, 50, 100 
and 250 kOhm 

Available with: 
• 1 wafer (single ended mono) 
• 2 wafers (single ended 

stereo or balanced mono) 
• 4 wafers (balanced stereo) 

Danish Audio ConnecT (Thailand) Ltd., Rm. 1501/3 Ban Chang Glas Haus Bldg.„ I Sukhumvit Road Soi 25, 
Bangkok 10110,Thailand,Tel.: (+66 2) 260 6072, Fax: (+ 66 2) 260 6071, E-mail: vifadaceloxinfo.co.th 

UK distributor: AudioCom (UK), Unit 6 Tindle Enterprise Centre,Warren Street,Tenby, Pembrokeshire SA70 7JY 
Tel.: (+44) (0 I 834) 842803, Fax: (+44) (01834) 842804, E-mail: AudioCom©connect-wales.co.uk 



DIY Letters 

AUDIO ACTIVITY 

Until recently my system consisted of an 

Arcam Zeta One amp, Alpha One CD 
player, B&W 602 'speakers, an REL 
Q-Bass and a Rega Planar 3 with Audio 

Technica AT450. Ancillaries include 

Mission 761is and a Jamo Centre 200. I 
enjoy most types of music but prefer Rock 

or a good film. A Mission DAC 5 and a 

Rotel RQ-970BX equaliser found their 
way into the system as well and brought 

improvements to the sound, but only 
marginally. 

With two small children around the 
house, one day the inevitable happened - 

fingers in the 602 tweeter units. Much 
alarmed by this but not wanting to lose 

the 'speakers for repair, I decided, having 
read about it in your Supplement, to try 

the Optimus ribbon tweeter from Tandy. 

Disconnecting the damaged tweeters 
and soldering in the Tandies, the sound 

was obviously unbalanced due to the 
lower efficiency of the 

Optimus tweeter 

and lack of 
suitable 

crossover. It 
was, however, 

apparent that 
treble quality was 

clearer with more 

body. 

Alterations to the 
crossover then ensued 

and for a time things were 

fine. In your next 
Supplement there was 

mention of the Maplins DR66 

active crossover, though. I began 
to see the light at the end of the 

tunnel! 

An Arcam Alpha 9 power amp was 
purchased along with the active uossover 
(a snip at £30). Speaker drive units were 

wired directly to the amps (the small 
crossover capacitor having been removed 

from the tweeters) and, hey presto, my 
first active system! 

• Chalk and Cheese is, I think, what they 

say. All the things which you read about 
that make the sound life-like and 

believable were now there - sound 
staging, timing, clarity of individual 

instruments and most importantly 

dynamics; I hadn't realised instruments 
could stop and start so quickly. 

But now to my problem. How do I set 

the 'speaker crossover point and levels 
correctly? I am sure I am not a million 
miles away but I want 

to get the most 

out 411) 

A quick and easy way to 

experiment with home-brew 

loudspeakers is to use one of Maplin's active 

crossovers to knit the drive units together. 

DIY 
Letters 

of the system. Is there some sort of test 

CD that I can use or is it all done by ear? 

K. Foster 

Wolverhampton. 

If you take your time and listen to a 
wide range of music, you should be 
able to get quite close to a fairly flat ' 
response by ear. Voice recordings 
can also prove very useful for 
gauging a loudspeaker's response. 

By the way, if you've fixed the 
Optimus to the top of the 602's 
cabinet you might be getting 
problems around the crossover 
frequency because of the large 
distance between tweeter and 
mid/bass unit. Ideally they should 
be as close together as possible or 
you can get a lumpy response. Try 
laying the cabinet on its side and 
fitting the Optimus on what is now 
thetop directly above the mid/bass 
unit. Because the tweeter will then 

be sitting on a large baffle 
which will tend to reflect a 

lot of sound, lay some felt 
over the upward-facing 

side of the 'speaker under 
the tweeter. 
If you still think 

measurement is necessary, you 
can buy a test disc from Sony 

(tel: 01932 816000). Unless you're 
then prepared to spend rather a lot 
of money on a PC and some 
software, the next best thing is one 
of Tandy's little £25 Sound Pressure 
Level meters on a camera tripod 
(Tandy, tel: 0500 300666). 
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KIT & COMPONENT SUPPLIERS 

LOUDSPEAKER KIT SUPPLIERS 
Wilmslow Audio, SO Main Street, 
Broughton Astley, Leicester LE9 6R0 

Tel: (01455) 286603 
Fax: (01455) 286605 
UK distributors of Drive Units from ATC, 
COLES, DYNAUDIO, KEF. MOREL, 
PEERLESS, RCL, SEAS, SCANSPEAK AND 
VOLT. Comprehensive range of high quality 

crossover components, acoustic damping 
products, connectors and veneers. Over 20 

different D.I.Y. loudspeaker kits on 
demonstration, including ATC 50 & 100. 

Audio Note (UK Ltd) 
Unit C, Peacock Ind. Est. 
125-127 Davigdor Road 
Hove, East Sussex BN13 ISG 

Tel. 01273 220511 
Fax. 01273 731298 
Suppliers of a large amount of components for 

the Audiophile Kit builder. Valve amplification 
data and vintage circuits also available. See the 
double page spread in the back section of the 

main issue for extra & more detailed 

information. 

Avondale Audio, 
The Hollius, Avondale Road 
Chesterfield 540 4TF 

Tel. 01246 200096 
Fax. 01246 207240 
Audio Engineers; upgrades. Improvements & 

servicing to both static and moving parts of the 
hi-fi chain. (amps as well as turntables). Also 
bespoke range of own equipment and an 

extensive range of parts 8i components 

available. 

European Precision Mouldings Ltd 

Highwych, Sawbridgeworth, 

Herts, CM2I 015 
Tel: 01279 600428 
Fax: 01279 723846 
Manufacturers of the Red Scorpion range of 
loudspeaker terminals and binding posts. 

Billington Export Ltd. 
I E Gillmans Trading Estate, 

Billingshurst, 
West Sussex RH14 9EZ 
Tel: 01403 784961 

Fox: 01403 783519 
Billington Export Ltd holds large stocks of 
audio valves including many obsolete brands 
such as Mullard. GEC, Brimar 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 

export 

Langrex Supplies Ltd 
I Mayo Road, Croydon, 

Surrey CRO 2QP 
Tel: 0181 684 1166 
Fax: 0181 684 3056 
One of the largest distributors of electronic 
valves, tubes and semi-conductors in the UK 

by original UK and USA manufacturers. 
Obsolete types are a speciality. Telephone or 

fax for an immediate quotation. 

Falcon DIY Speakers 
Falcon Acoustics Ltd., Tabor House, 

Norwich Road, Mulbarton, 

Norfolk NR14 8)T. 
Tel: 01508 578272 
UK. distributors of FOCAL drive units, Kits. In 

Car and JMLab speaker systems plus SOLEN 
(SCR - Chateauroux) poly-propylene 
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. Accessories and Books. Please send large 
SAE ( 36p) for free price list. " Everything but 

the wood" 

Watford Valves 
3 Rya11 Close, Bricket Wood, 

St. Albans, Herts AL2 3TS 
Tel: 01923 893270 

Fax: 01923 679207 
Specialist in new old stock and current 
production valves. Sole UK distributor of the 
Harma Diamond range selected for their 
superior performance. Huge range held, 

stockists of Mullard, GE, Phillips. National, 
Brimar, Sylvania, Telefunken, RCA. MOV and 
many more. All valves are new boxed and 
guaranteed. For free price list and specialist 
advice call or fax Derek Rocco, Watford 

Valves. 

¡PL Acoustics, 2 Laverton Road, 
Westbury, Wiltshire 8413 3RS. 

Tel: 0373 823333 
IPL supply a range of eight speaker kits using 
drive units from SEAS. Morel, Audax, Visaton 
etc. including four transmission lines to suit all 
room sizes. We also supply a full range of drive 
units, capacitors, and cabinet accessories as 

well as silver plated P.T.F.E. insulated cables. 

PM Components 
Springhead 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 manufacturer in the world. 

South Coast Speakers Ltd 

326 Portwood Road, 
Southampton, Hampshire. 
Tel: 01703 559312 
UK suppliers for High-Quality Driver Units 
from: SEAS VOLT VISATION SCAN-SPEAK 

also MOREL RCL & many more. 
Accessories/Components all of the Highest 
Quality inc. ProAudio MKT Capacitors, 
Inductors wound to order for any values. Many 

DIY Kits always on demonstration in our 
comfortable listening area. Custom design 
services & friendly advice! 

Chelmer Valve Company 
130 New London Road, 
Chelmsford, Essex CM2 ORG. 
Tel: 01245 265865 Fax. 01245 490064. 
Supplier of premium range of audio valves, 
other valves and components also available. 
(Please see our main advertisement in this 

supplement). 

VALVE ANDO±JFIJI 
TRANSFORMER SUPPLIERS 

Wilson Valves, 18 Banks Avenue, 

Golcar, Huddersfield, 
West Yorks HD7 4LZ. 

Tel: 01484 654650 
Fax: 01484 655699 
E-mail: wilsonvalves@surflink.co.uk 
We stock over 2,500 different types of valves. 
N.O.S. and New. Please send a S.A.E. for full 
list. No charge for matching. Most major credit 

cards accepted. 

Woodside Sound Engineering, 

Arfryn, Llanboidy, Whitland. 5434 OEY 
Tel: 01994 448271 Fax: 01994 448665 
E-Mail: woodside@arfryn.demon.co.uk 

COMPONENT SUPPLIERS 

Audio-Links 
7 Fairmont Crescent, Scunthorpe, 

North Lincolnshire DN16 IEL. 
Tel/Fax: 01724 870432 
Large range of specialist electronic 
components and accessories for solid state and 
valve enthusiasts. Mail order and a friendly 
service. Monday to Saturday, 10am - 7pm. 

Catalogue - £2.00 

AudioCom (UK), 

Unit 6, Tindle Enterprise Centre 
Warren Street, Tenby 
Pembrokeshire, SA70 7IY 

Tel: 01834 842803 
Fax: 01834 842804 
E-Mail: audiocom@connect-Wales.co.uk 
Audic4om are suppliers of Premium Grade 
components, including: ALPS. BHC, 
AEROVOX. Burr Brown. Caddock. Danish 

Audio ConnectT, DNM Design. 
T-Network & Slit Foil electrolytics, Elna. Elma, 
IT. Electronics Air Core and Corobar 
99.99%0FC Inductors, Linear Technology, MIT 
Multicaps. Nichicon. MUSE premium grade 
electrolytics, 99.99% Pure Silver Wire, Sanyo 
OS-CON, Sfernice. Suflex. Vishay... plus many 
more products at very competitive prices. 
Also now distributing the highly acclaimed 

"Marston Audio Research" Silhouette series 

DAC & External PSU. Our 1997 Audiophile 
Parts Catalogue available on request. 

1.T.Electronics (Germany) 
AudioCom (UK), 
Unit 6, Tindle Enterprise Centre 

Warren Street, Tenby 
Pembrokeshire, SAIO 7JY 
Tel: 01834 842803 
Fax: 01834 842804 
E-Mail: audiocom@connect-Wales.co.uk 
1.T. Electronics ar manufacurers of audiograde 

components and accessories. Product range 
includes polypropylene capacitors, high power 

resistors, air core, RCA split- pin lockable 
phonos. interconnects, drive units, over 40 

loudspeaker kits. A selection of components 
are now held in stock. and available by mail 
orer from AudioCom (see our ad for 
brochure). Alternatively send for I.T. 

Electronics 245 page handbook, priced £2.50. 

(German language only) 

Russ Andrews Accessories Ltd 

Edge Bank House, Skelsmergh, 
Kendal, Cumbria, LA8 9AS 

Tel: 01539 823247 
Fax: 01539 823317 
Orderline: 0800 373467 (UK) 
World leading supplier of the highest quality 

premium grade components. Loudspeaker 
Upgrade Handbook available. Sole UK 
distributor of Kimber Kable. NEW Audio 
Lifestyle Brochure available containing new 

ranges of accessories. 
To receive your copy just mail, phone or fax 

the address above. 

V.R.R. 
30 Melbourne Avenue, 
Worthing. 8N12 4RT. 
Tel: 01903 501158 
Vintage Radio Restoration 
Bespoke output transformers for most valves. 
push-pull and single ended. Components and 
curcuits provided to construct high quality 
valve amplifiers. Mains transformers "C"core 
ideal for pre-amps. Call for spec. 

Hart Electronic Kits Ltd 
Penylan Mill, Oswestry, 

Shropshire SY10 9AF 
14 Hr soleslenquiries Tek 01691 652894 
A range of Audiophile kits for 80 watt Power 
Amplifiers, Tuners, Pre-Amps and Moving 

Coil/Moving Magnet RIAA Pickup Preamps. All 
kits are fully engineered, with our thirty years 
design experience, for easy constructions from 

circuits by John Lindsey Hood, the most 
respected designer in the field. Send for lists. 

Kopperae 
PO Box 6884, Dundee, DDS I YB 
Tel: 07970 ii 654356 
Email: wkopp@taynet.co.uk 
Kopperae supply sheet copper for anti-radio 

frequency interference use. Build chip, 
transformer and DAC shields, clad casings, or 
even construct new chassis and get the 

significant benefits that RF shielding brings. 
Weill cut to any size and supply any quantity. 
including mass production requirements. Best 
prices. We also supply the highly effective and 
unique CD ROOF: an anti-RF. anti-vibration 

slab for the TOP of your CD player. Available 
in various kit formats from only £ 19.95. 
Contact us now for a free brochure 

RESTORATION 
Audio Laboratories (Leeds) 

3, Kildare Terrace, Whitehall Road, 
Leeds, L512 I DB 
Tel: 0113 244 0378 
Have your pet hi-fi project professionally done 
With over 20 years experience in factory-
grade kitbuilds and overhauls, to both valve 
and solidstate equipment. our good reputation 
stems from meticulous engineering coupled 

with superb measurement facilities. 

VINTAGE DIY 
Loricraft Audio 
4 Big Lane, Goose Green, 
Lambourn, Berks RGI6 759. 

Tel: 01488 72267 
Specialist restoration of 301*s and 401's using 
genuine spares and re-manufactured parts to 

original pristine standards in our newly built 
workshops designed primarily for these 

purposes. 

Classique Sounds 

Classique House 

AP Electronics 61 Aylestone Drive 
20 Derwent Centre, Clarke Street, Aylestone, Leicester, LE2 8QE 
Derby, DEI 2BUT Tel/Fax. 0116 2835821 

Check out the AP ELECTRONICS catalogue. Mobile. 0802 213740 
It's free with every order of over £40.00 or Suppliers of quality vintage/valve hifi equipment 

As well as producing transformers for our own can be purchased for a £4.95 cheque payable including Leak, Quad. Rad or , ogers. 

products, we can now offer an expanding range to 'AUDIOKITS'. Over 80 pages include pre Lowther, Tannoy, Garrard, Thorens etc. 
of audio transformers for new ventures and and power amplifier kits, high grade audiophile Rebuild service available with 12 months 
Renovations. We can wind transformers for resistors, capacitors and semiconductors, guarantee. Also suppliers of heavy plinths for 

audio and mains cables, gold and rhodium Garrard 301/401/124, from £ 175.00, As well as 

plated connectors and COMPONENT NOTES power supplies. Repairs to Quad Electrostatic 

on using high grade parts. A quarterly ESL57 Treble/Base panels. EHT units and dust 
newsletter 'AP PERFORMANCE AUDIO' has covers also available. Translucent 99.99% pure 
been recently launched and your first issue is silver interconnect cable. Terminated from 

£59 99 5m Guaranteed better than existing 

most RADFORD amplifiers to original 

specification. Contact us with your 
requirements or a list of standard items is 

available on request. 

ÇLASSIC _TIJ_RNTABLES 
Technical & General 

P.O. Box 53, Crowborough, 
East Sussex TN6 2BY. 
Tel: 01892 65 45 34. 
The original specialist source of spares. 
replacements and expertise for the classic 
turntables. Years of actual experience and 
comprehensive range of parts ( originals and re-
manufactures), manuals, ancillaries, No dubious 
'improvements' - no harmful 'modifications'. 
Our specialities: Connoisseur; Garrard; 
Goldring: Lenco; S.M.E.; Thorens; Watts; 
Ortofon; Shure: Cartridges and styli for 78s. 

Mono LPs. Stereo LPs. 

free 

Cambridge Scientific Supplies 

12 Willow Walk, 
Cambridge CBI ILA. 
Tel: 01223 811 716 
Fesx: 01223 501 833 

. . . 
cable, regardless of price. Quality modern Hifi 
also availabe. Wanted all your vintage hifi 

equipment 

WELDING 
N.Clark Welding ig Fabrications 

Specialist wire products for the knowledgeable 14 Redhills Road 
audiophile including:- Silver wire (>99.99% Easton Industrial Estate 
purity, stress free) unique quadruple PTFE Southwoodham Ferrers 

insulated Silver wire, Silver loaded solder, PTFE Essex CM3 SUP 
sleeving and Nylon braid sleeving, premium Tel: 01245 323336 
Gold plated connectors and plugs. Custom Precision welding and sheet metal work 
assembly available. Call Peter Bullock for a TIG/M1G welding. CNE Punch and Press Milling 

catalogue and application note. and Turning Fine Limit and General 
En ineerin Prototype work and batch work gg 
undertaken 

HI-FI WORLD SUPPLEMENT 



DIY Letters 

You'll need to test the 'speakers 
individually. Put one of the modded 
B&Ws on its stand in the middle of 
a (preferably large) room with the 
Tandy SPL meter about lm away. It 
should be aligned with the 
horizontal and vertical centres of 
the two drive units. The crossover 
frequency of the 602s is normally 
3kHz, so set both the crossover dials 
on the active crossover to this 
frequency, if you haven't already 
done so. Set the levels as well. 

As the active crossover can't 
correct rising or falling driver 
response since it lacks the 'tilt' tone 
control that Quad's 34, 44 and 66 
pre-amplifiers used to have, all you 
really need worry about is the 
response around the crossover point 
and the level-matching between 
drivers. 

Sony sell a range of test discs 
which contain frequency sweeps 
from 20Hz to 20kHz and single-
frequency tracks too. Information 

on these can be obtained through 
Sony service centres, who can order 
the discs too. You could use the 
single-frequency tests to get a series 
of measurements through the SPL 
meter and plot a graph. 

Tweaking the active crossover 
and then re-measuring each time 
like this isn't the fastest or 
most accurate way of doing things 
but it's certainly a lot cheaper than 
a Bruel and Kjaer mic and an FFT! 
111,1 

CATAPULTING CONES! 
H gives me great pleasure to write to you 
as the magazine that your team creates is 
an inspiration to a music/hi-fi lover 
especially if s/he is like myself and 
interested in DIY. 

I'm a student very interested in good 
sound. My thinking runs along the lines 
of, If it's at a good price, where can you 
go wrong? So I decided to get your DIY 
kit for the KLS9 'speaker. It has given me 
great pleasure building the kit and since I 
do physics in college (I'm especially 
interested in acoustics) I have learnt a lot. 

Anyway this brings me to the point of 
the letter. I have two questions. The first 
is what to do about the damping of the 
loudspeaker. Should I put the gauze over 
the long-haired wool, and should it go 
over all the panels of the cabinet? I know 
that there is a large amount of 'try it and 
see', but if you could give me a couple of 
basic guidelines I would really appreciate 
it. 

The second question is this. I do like 
to play music loud every once in a while 
and this causes problems. The main one 
is having to get the cones replaced after 
they go flying across the room. I was 
wondering why manufacturers don't put 
fuses in loudspeakers to stop people 
getting hurt by these projectiles. It would 
seem a much cheaper solution. If viable, 
could you tell me what would be the best 
way to install them. 
I would greatly appreciate any advice 

you can give me. 

Dara Scott 
dara.scott@ucg.ie 

Using gauze to keep long-haired 
wool in place would be a good 
move. The wool has a tendency to 

o 

settle with time, which can produce 
changes in sound quality - the 
gauze would stop this. In a reflex-
loaded design like KLS9, don't go 

An internal view of our KLS9 kit loudspeaker. Using 

gauze glued between side walls to hold long-haired 

damping wool in place is a sound idea. 

overboard with the wool; only 
about 30% of the cabinets' volume 
should be filled, and that lightly. 
Obviously a bit of experimentation 
will be needed before you home in 
on the most appropriate amount of 
stuffing. 

Instead of lining the enclosures' 

inner walls with wool, try lin. 
carpet felt instead - this is cheaper 
and will provide clearer midrange 
and bass. As above, you might well 
find you don't need felt on all six 
surfaces. 

Another tip is to buy some self-
adhesive felt and stick it to the 
upper half of the front baffle, 
having first cut out some holes for 
the drive units. This sharpens 
imaging and boosts detail. 

If you're turning up your music 
so loud the cones are flying across 
the room then you're very likely to 
be causing permanent damage to 
your hearing. If you were turning 
up the bass via injudicious use of 
tone controls and then cranking the 
volume towards maximum when 
running loudspeakers with small 
mid/bass units, then it's no surprise 
you were blowing out the drivers - 
big bass takes big cones. You 
shouldn't experience flying cones 
with KLS9's 8in. Aerogel cones. 

If a fuse does, however, turn out 
to be necessary, you could speak to 
Falcon Acoustics (tel: 01508 578272) 
about their Polyswitch protection 
devices. These come in 50(hnA, 
900mA and 1.6A varieties for use on 
tweeter, midrange and bass 
respectively. They cost £1.30 each 
plus £3 P+P. The other option is 
simply a quick-blow fuse inside the 
'speaker cabinet wired into the 
positive cable of whichever driver 
is failing. The downside with this 
approach is that it will most 
probably have a slight negative 
affect on sound quality - keeping 
volume levels down is a more 
sensible idea. 111/1 
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ENGINE TUNING 

I was very interested in your article on 

upgrading Assemblage's DAC-2 and 

wanted to do the same for my DAC, an 

Audio Alchemy Decoding Engine V1.1. 

I have already replaced the standard 

unregulated, stand-alone supply with 

one I made myself. This uses fast 

diodes, better caps (including bypass 

caps) and a superior transformer. This 

has resulted in a much cleaner 

midrange and a bigger sound stage. The 

bass extension could be better though - 

any suggestions? 

I am also interested in making further 

mods to the DAC itself, as per your 

article on the DAC-2. Since the 

company is no longer in business I am 

having great difficulty in getting any 

schematic information on the unit and 

do not know where to start as far as the 

mods go. Should I just try the standard 

mods (eg, decoupling caps, op amps 

and regulators) or are there any others I 

should consider first (like battery power) 

short of replacing the unit? 

Finally, I am using a Rotel transport 

which I would also like to modify, if you 

think there are gains to be made. 

Salim Jiwa 

Surbiton. 

Unfortunately Path Premier, who 
used to import Audio Alchemy's 
components, no longer do so, nor do 
they have any schematics. Most of 

the mods we made to the DAC-2 are 
applicable to many DACs out there. 
Local decoupling caps (often 16V 

Audio Alchemy's Digital Decoding Engine DAC can be 

tweaked in ways similar to those we relied on when 

modifying The Parts Connection's DAC-2. 

10uF-22uF electrolytics) can be 
swapped for Sanyo Os-Cons from 
Audio-Links (tel: 01724 870432). 

As long as you've got a basic 
understanding of what the various 
parts of the circuit do and you can 
measure the DC voltages around the 
PCB, you could also trace the tracks 

on the board and find those that 
supply power to the analogue 
section. These can then be cut where 
they join the main regulators 
(which feed both analogue and 
digital sections) and hooked up to 
a completely separate, regulated 
out-board PSU. 
Batteries would work very 

nicely here. The supply rails will 
probably be +/- 15V - check this 
with a multimeter. With a 
regulator on each rail to maintain 
the voltage under load you 71 need 
around 18V (three 6V batteries in 
series) - the inputs on most regs 
need to be about 2.5V higher than 
the outputs for the devices to 
operate correctly. 
Putting in more regulators helps 

too - you could go as far as giving 
each chip its own regulator. 
You've got to be careful when 
doing this, though, as it's easy to 
make the kind of mistake that'll 

have your DAC going up in smoke. 
Solder in a reg, go away and have a 
cup of tea and come back a while 
later to check your wiring, 
otherwise it can be all too easy to 
miss mistakes. 

If you can get the schematics for 
your transport it's worth 
performing the same mods on its 
innards. Better regulation and 
decoupling will be audible here too. 
JM 

QUESTIONING CABLES 
I am puzzled by the fact that quality 
loudspeaker cables make a large 
difference to the sound emanating 
from loudspeakers. Recently I had a 
friend blind-test me with a budget 
brand and Nordost Flatline Gold and 
consistently I was able to spot the 
superior cable. How can this be so, 
given that the average inductor found 
in a crossover may contain 10m-30m 
of fairly standard copper wire? 

I have purchased air-cored 
inductors from Monacor and, whilst 
they claim very high purity levels for 
their inductors, it would seem that this 
is still a fairly standard design. I had 
assumed that, no matter how good a 
specialised 'speaker cable is, its 

benefits would not be apparent when 
combined in series with four times its 
length of ' inferior' cable, yet listening 
tests seem to negate this. 1 can only 
presume that the detrimental effects of 
the wire are not the same when the 

wire is wound within its own magnetic 
field as for an inductor. Otherwise we 
would find that inductor-grade copper 
wire (eg, I.2mm thick single strand) is 
in fact a very good choice for 'speaker 
cable and only associated problems 
with installation prohibits it being a 
good alternative to the likes of Flatline 
Gold. Please help me resolve this 
dilemma, the differences between 
common sense and observation are 
driving me nuts! 

Jon Lightbourne 
jon12@sdLug.eds.com 

I think that what you have to 
remember is that literally every 
component an electrical music 
signal passes through has some 
kind of effect on the final sound 
quality. An inductor of bog-
standard quality will not negate 
the benefits of a better cable 

between amp and 'speaker, as 
you've noticed. There are also 
inductors out there that sound 
superior to the ones found in many 
inexpensive crossovers. And 1.2mm 
thick single strand can make pretty 
good loudspeaker cable, as a glance 
at cables like DNM's Reson will 
prove. IM 

Loudspeaker crossover inductors are lust one of many 

components in the signal path. 
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SWISS PRECISION 

As an impoverished student I have had to 

collect together my hi-fi equipment from 

the local newspaper and second-hand 

shops. My most recent acquisition is a 

Goldring-Lenco GL75 turntable, bought 

for the princely sum of LI 5. The elderly 

gentleman who sold it to me apologised 

for the clunking noise it made as the 

platter turned, explaining that he had 

played it that way for years and it had not 

reduced his listening pleasure. 

After a swift look under the plinth I 

realised that he had put the springs on 

wrongly and the motor was rattling 

against it. I laughed to myself at the time, 

but even when I got the turntable home I 

could still not work out a sane method of 

arranging these springs. At present I have 

them set beneath the platter as in the 

normal arrangement, but 

nothing is holding them there 

apart from the force of gravity 

and the weight of the platter 

itself. 

However, I feel I have 

more than got my £ 15 worth. 

Hi-fi reviewers often talk 

about the quietness that 

exists when a top-quality 

turntable plays a decent hunk 

of vinyl but I've never truly 

understood what that meant 

until now. When I set the 

GL75's platter moving and 

placed the arm on the record, 

I thought at first I had wired it 

up wrongly, so I pumped up 

the volume on my 

Cambridge A&R A60. 

I frightened myself, and 

probably half the 

neighbourhood, when Sly 

Dunbar's drums kicked into life, closely 

followed by Robbie Shakespeare's 

throbbing from ' Private Life' as Grace 

Jones's Nightclubbing album began. I was 

amazed - where was all the noise that my 

old Dual 505 turntable made? The 

rumble? The slight hum? Where were the 

clicks and pops? Gone. Overly-favoured 

albums which had been loved into wear 

were made listenable again. It wasn't that 

the GL75 didn't register the scratches and 

marks, it's just that the aural picture it 

offered up was so large and full that it 

pushed the vinyl's flaws to one side, 

present but not important. Instruments 

were full-bodied, voices clear and almost 

alive. 

And yet, despite the wonder of my 

new bargain, the hi-fi enthusiasts' desire 

for tweaking and improvement has 

already begun to kick in - hence my 

letter. For instance, how exactly are the 

springs meant to be arranged, and is there 

any way of improving the arrangement? 

Also, though the arm supplied with the 

turntable is adequate, it doesn't track very 

well, my Shure M75ED failing the most 

basic tracks on a test record. Is it possible 

to put another arm on the GL75? A Rega 

RB300 or a Linn Ittok perhaps, though I 

note that the hole that the arm goes 

through on the sub-chassis is rather small. 

Other possible improvements that 

come to mind are improving the phono 

plugs and leads, changing the mat, adding 

an off-board power supply and replacing 

the ancient Shure with something more 

modern. Would a Goldring 1042 be 

aiming too high for a machine of the 

Goldring -Lenco's GL75 idler-drive turntable has launched many an aspiring 

audiophile on their way. For the best performance, make sure the sub-chassis springs 

are properly set up. 

GL75's vintage? 

I would be grateful if you could advise 

me whether any or all of these options 

would be worthwhile. 

Paul Fitzgerald 

Birmingham. 

The Goldring -Lenco GL75 is one of 
those old chestnuts that has started 
many a hi-fi nut down the rocky 
road to sonic bliss. Its sound, as you 
have discovered, can leave many 
budget decks standing. But as far as 
tweaking goes, there is a ceiling on 
what can usefully be done to this 
turntable before it starts to become 
uneconomical and ineffective. 

The GL75 started life around 

1967 when the Swiss company 
Lenco, in conjunction with Goldring 
in the UK, put together this 
'transcription turntable'. Like the 
Garrard 301s and 401s of past and 
current vogue, it used a large AC 
motor to drive the massive platter, 
although unusually this was 
implemented via an adjustable 
conical spindle. This allowed a wide 
range of speed adjustment to be 
made, from 3Orpm to 86rpm, and 
even 15rpm to 18rpm for the old 
16 2/3rpm spoken-word records. 

The idler wheel drove against the 
underside of the platter - a possible 
cause of concern, as this can 
minutely affect the ride-height of 
the platter, and therefore influence 
groove-to-record interaction. 

As far as spring 
set-up is concerned, there 
were several variations 
during the production run 
in the late '60s and early 
70s. Best bet here is to 
check with an exploded 
diagram (try Technical 
and General on tel: 01892 
654534), which will 
highlight the correct 
placement. 

The weakest part 
of the turntable is the arm. 
The knife-edge pivot 
bearings are based on 
rubber which often 
deteriorates with use and 
time. The good news is 
that these bearings are 
also readily available • 
from Technical and 
General, as are most other 

parts for this turntable. 
The other option you mentioned, 

slotting in a new, modern arm, is 
not an easy task. The battleship-like 
top-plate will require drilling out to 
enlarge the arm hole for Linn and 
Rega tone-arms - not an easy job on 
16-gauge steel without access 
to machine tools! So I'd recommend 
you restore the existing L75 arm, but 
by all means try a better cartridge 
such as the Goldring 1042. I have 
heard this combination and can 
vouch that the 1042 is not 
hampered by that brass 
armtube. Just make sure, as 
always, of accurate cartridge 
geometry to get the best 
results. AH 
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DOWN WITH THE BLUES 
Hi-fi blues? Me? Once, but not now! I 

have been interested in hi-fi for four years 

and have slowly built up a system when 

funds allowed. I'm sure there are other 

readers who, like me, have walked into a 

showroom after standing outside drooling 

over the latest piece of hi-fi equipment. 

You go in and the dealers are very helpful 

and more than happy to demonstrate the 

kit to you. "How 

much?!" is your 

response when they 

tell you the price. 

This happened to 

me in York about 

two years ago. The 

sad tale involved a 

Michell GyroDec - 

fabulous, but I 

couldn't afford it, no 

way. 

So, having 

already made my 

present pair of 

'speakers, I decided 

to make my own 

turntable. 

I gave Doug 

Hewett at Manticore 

a ring. He supplied 

a Mantra 

Megabearing with 

matching spindle, a 

Revolver drive belt 

(300mm dia), an old 

Impex AC 

synchronous motor 

(ghostly quiet in 

operation) with 

circuit board 

attached, a bottle of 

oil for the bearing 

and a piece of 

Fibrelam fibre-glass 

honeycomb for the 

sub-chassis. I had 

already bought a 

second-hand tone-

arm, a Linn Basik LVX, from my local 

dealer for £20. Doug was more than 

happy to give me the distance from the 

spindle to the centre of the pillar on the 

tone-arm to achieve the right alignment 

geometry. 

The finished result is a non-suspended 

design. The fibrelam sub-chassis is 

isolated from the 50mm MDF plinth by 

Target spikes, as is the plinth from the 

shelf. The platter is three pieces of 8mm 

perspex glued together to give a platter 

which is approximately 24mm thick. The 

motor was isolated on a board made of 

MDF by four wooden dowels set into PVC 

brewing tube and placed in holes drilled 

into the plinth, to stop noise from the 

motor getting to the tone-arm. 

Having finished the turntable, I took it 

to my dealers to audition it and get their 

thoughts and 

advice. We set it up 

and it sounded great 

considering it was 

carrying an ageing 

Shure M75 ED 

cartridge (about 20 

years old). 

So my 

message to your 

other readers is to 

have a go - it's great 

fun and you end up 

with a piece of hi-fi 

equipment that is 

totally original and 

sounds great, if you 

listen to good 

advice from 

experienced 

turntable people. 

The rest of my 

system consists of 

an Arcam Alpha 8 

integrated amplifier 

and an Alpha 9 

power bi-amping 

home-brew 

'speakers which use 

Audax 8in. Paper-

cone mid/bass 

drivers and a 25mm 

soft-dome tweeter 

which manage to go 

down to 40Hz in my 

room. 

Nigel Purdy's system is fronted by his own turntable (bottom picture). At the other end of the line (top picture) Nigel Purdy 

sit a pair of home-made floor standing loudspeakers. Suffolk. 

Audiocom 

Audio Links 

Billington Export 

BK Electronics 

Chelmer Valves 

Cricklewood 

Falcon Acoustics 

Supplement Advertiser's Index 

24 Glass Audio 

6 Hart Electronics 

22 Langrex Supplies 

6 Marton Music 

IFC PM Components 

14 Russ Andrews 

4 Russ Andrews 

18 

10, 11 

18 

6 

20 

OBC 

26 

Riverside Audio 

Silver Note 

SJS Electroacoustics 

Southcoast Speakers 

Sowter Transformers 

Technical & General 

Watford Valves 

14 

14 

4 

IBC 

4 

6 

4 

30 APRIL 1998 HI-FI WORLD SUPPLEMENT 



SP KER 
VISATON, a sustaining 

member of the AES (Audio Engineering 
Society) offer a vast range of speaker kits 
that give unrivalled quality & performance 
are suitable for enthusiasts of any 
experience. Home building is a great 
way to cut the cost of a new speaker 
system, without losing quality or 
performance. From the traditional all 
round speaker, to the top class high-
eng systems, home building will allow 
you to choose your desired finish, so 
tailoring your new speakers to suit 
your individual requirements. 

All kits are supplied with 
simple instructions & cabinet 
dimensions. No soldering is required 
for the "Alto" series as the crossovers 
come ready wired & fixed to gold 
plated connection terminals. The 
more advanced kits do require some 
soldering & more advanced 
woodworking skills. 

Cabinets are available either 
as flat packs or pre-built needing only 
finishing. 

Catalogue I Price lists 

now including some detailed 

cabinet diagrams 

Me HE 
Suppling....DRIVER UNITS 

LT 
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DEVICES 
ACCESSORIES 

In stock 

ACCESSORIES 
In stock 

Port-tubes, grills, spikes, terminals, 
wadding, crossover boards, binding 
posts, banana plugs, MKT capacitors, 
air-cored inductors, resistors, 
DEFLEX acoustic sheets & cables. 

4ewly available: 

Visaton Ribbon Tweeter 
This high-end transducer is capable of 
very high power handling with 

maximum efficiency and a linear 
frequency response and offers excelent 

t value for money. 

Help with your own Ideas 

At South Coast Speakers we want to 
help you realise your own ideas. We 
offer a full after-sales service to help 

with any construction problems & 
general queries. We can also cater for 
spacific needs with custom projects. 

Design Services 

1)Crossover Design: 
Given the parameters of the units that 
you wish to use we can then supply a 
Theoretical or Computerised 
Crossover design, optimising the 
performance of the desired units 

2) Cabinet Design: 
In order to achieve optimum 
performance from the bass driver the 

cabinet must be the correct volume for 
that driver. Given the parameters of 
the unit we will supply cabinet 
dimensions together with port tube 
length & diameter ( if required ). 
3) Full Test Service: 
We can fully test your loudspeaker 
with regard to frequency response, 
phase and impedance. We can also test 
driver units & supply you with the 

Thiele/Small parameters. 

Listening Room 
At South Coast Speakers we have 
a comfortable listening area modled on 
the average family living room, giving 
you, the customer, a realistic idea of 
how your kit speaker will sound when 
you have completed construction & 
plug them in at home. There are 10 
kits on demonstration (±2 from time to 
time). 

Above all we are here to help you. We 
offer informed & friendly advice so 
please ask! 

Otrill COAST SPEAKERS LTD. 
326, Portswood Rd. Southampton Hampshire S017 2DT 

Tel / Fax: 01703 - 559312 



11% KIM3ER '<ABLE 
Jon Marks plugs into Kimber PowerKords 

"When we auditioned mains cable from Moth and DNM back in June, we found really 

quite slight improvements to our systems's sound, but not so with the 4TCM. Even as I 

was walking over to our customary listening spot on the sofa, I could hear better bass 
definition and extension. 

"Treble was also sweeter and there was a clarity that allowed the full acoustic through 

Jamo's Concert 8 stand mounters to provide a large, holographic sound stage. 
"So far, so good, and £73 very well spent. 
"...if you wanted to shake a stick at the rhythm, it 

would now be the size of a telegraph pole. 
"Last was a six-foot 8TCM - Kimber say the 
longer the better with these cables, as RF 

attenuation increases with length. Now the 
music coming from the Concert 8s had an 

addictively natural, organic feel to it. Switching 
back to normal leads, the sound was still 
enjoyable but had a hard mid and treble and 

soggy bass. 
"I only hope Russ doesn't want these back, 
as they're now taken up permanent 
residence in our system!" 

Jon Marks, Mains Maintance review, Hi-Fi World, 

Dec 1997 

"For the sheer pleasure of music..." 
Available from HiFi Dealers or by Direct Mail Order from: 

Russ Andrews Accessories Ltd, Edge Bank House, Skelsmergh, Kendal, Cumbria LA8 9AS 
Orderline: 0800 373467 




