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vrv CONTROL GRID 

b y  Charlie IGtdeson, Editor 

\'(1dcome our third and biggest VTV 
yel! This issue also features a special 
review of the 1996 Winter Consumer 
Electronics Show in us Vegas, Nevada, a 
new book review and the latest develop
ments in the world of vacuum tubes. 

VTV has grown from 16 (0 40 pages 
so now we have higher pri!Hing and 
postage COSIS. Since we arc nOI complete. 
ly dependent on advertisers, the increased 
COSts have to be passed on 10 Ihe sub
scribers. vrv has informatiun and arti
cles that are not available in any Olher 
publications. OUT format will remain one 
of minimal advertising with information
dense editorial. OUt high-quali[), paper 
and high resolution photographs will 
continue. We do not want to sacrifice 
qualiry for price and wc know our readers 
will appreciate this. 

Starting with VTV Issue #5 (Summer 
1996), we will increase the annual sub
scription rate as follows: US $32., 
Canada and Mexico $40, Europe, Asia 
and the rest of the world $45_ 

RCA Buildings destroyed 

We have been informed that some of 
the original RCA/Victor Talking Machine 
buildings i n  Camden, New Jersey are 
scheduled to be demolished. This com
plex, built in the 1920s, was used by 
RCA u!Hil the 1960s. This is the site 
where RCA developed television, color 
relevision, stereophonic recording and 
many other important innovarions. The 
entire industrial complex except for the 
famous �NipperD tower will be destroyed. 

The rower will be rehabilitated and 
possibly convened to office space. There 
an.' currently no developers with plans for 
the remaining toWer building. Mr. 

Vacuum Tube Valley is published quarterly 
for electranic enthusiasts interested in the 
colorful past, present and future of vacuum 
tube electronics. 

Subscription is US$32.00/year (4 issues) 
$40/Canado and $45/Asia and Europe 
CHECKS ONLY NO CREDIT CARDS 
To subscribe, renew or change address call 
or FAX us at (4081733-6146. 

Richard Purvis is arrempring ro have the 
site placed on the Register of Historic 
places. He needs some assistance in this 
and you can contact him aT: 

ViCTOr Talking Machine Preservarion 
Company, 104 Elm Drive, Lansdale, 
Pennsylvania 19446-2636 

Triode Supply of Japan at vrv 
In November, vrv's offices and lab 

were visited by Junichi Yamazaki, owner 
ofTriode Supply Japan, Ltd. Junichi had 
samples of the new VAle VV52 power 
triode which were quite impressive. They 
retail for about US$1200/pr. We listened 
TO them on a single-ended amplifier using 
rhe Electra-Print vr2KB 2.7K Output 
transformer. The tube sounded excellent 
with full bass extension and sweet, bal
arlCed mids and highs. 
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Tubes on the Internet 

The first audio news group on th.: 
Internet was rec.audio, started several 
years ago. Then came rec.audio.high-end 
in 1991, started because of flame wars 
whenever people STarted posting messages 
about LPs, tubes and expensive equip
ment. To handle rhe technical questions, 
rec.audio_fech was started in 1994. In 
August 1995, a news group specifically 
for tubes was started on the Internet 
called rec.audio.tubes. Apparently hun
dreds of users demanded that this news 
group be created. Since then, it has been 
very popular. 

If you would like to communicate. 
with vrv on the Interner, our temporary 
e-mail addressisvrvCHK@aol.com. 

vrv i.n the News 
This summer, vrv was reviewed in a 

number of audio and electronic publica
tions. We were mentioned in the July 
1995 Stl!Teophile, the September 1995 
HiF; News and Record Review, the 
November 1995 Wired magazine and the 
J�nuary 1996 MJ Japanese audio maga
nne. 

As of September, vrv is being dis
tributed 10 the newsstands by Tower 
Books and Records worldwide. Audio 
Note UK is distributing vrv in Europe_ 
vrv is also available through Antique 
8ectronic Supply ofTempe, Arizona and 
Triode Supply of Japan, Tokyo, Japan. 

A CaU 10 Authors 

Here is your chance 10 gel published. 
vrv is seeking quality articles from our 
readership. In particular, histOrical per
spectives, broadcasTing history, early 
recording studio equipment, early theater 
sound systems, speaker and equipment 
manufacturer profiles and more. We will 
also consider technical articles on your 
audio, radio or electronics construction 
projects relating to I'acuum tubes. 

Capyrig,t 1996 Vacuum Tube Volley 
All rights reserved. 

No port of this publication may be 
reprin ted or otherwise reproduced without 
written permission of the publisher. 
Send circulation ond editorial correspondence to: 
Vacuum Tube Valley 
1095 E. Duane Ave., Suite 106 
Sunnyvofe. CA 94086 USA 
e-mail - vtvchk@oal.cam 
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TI-IE BEST MONEY CAN BUY 

by Norman Braithwaitc 

Yesteryears cross betrlleell a folljeilfllred home theater system (md the Ollgllku 
Imagine being the owner of a success

ful and growing foundry equipment busi· 
ness in the mid 19305. You and vour 
wife (yes - you are married for [his fea
lure) have just about everything you ha'-c 
wanted and pretty much do what you 
wam 10 do. You own a large home, fine 
cars, an airplane (both you and your wife 
are smal! plane pilots), a speed boal, 
ocean front property on the west coast 
with a modest waTerfall and many other 
fine things. You enjoy music and fre
quendy ancnd concerts and operas. You 
enjoy running your foundry ffi.achinery 
business and, for tha( matter, tinkering 
with anything mechanical or elcctrical. 

When not entertaining th� likes of 
Douglas Fairbanks Senior and Erle 
Stanley Gardner, you sit by your obsolete 
radio wishing you could r<.'Ceive the now 
popular European broadcasts on short 
wave. Your wife is a conCcrt pianist for 
the Chicago Symphony Orchestra. 
Obviously, you want the best in a radio 
r«eiver and sound system. You are will
ing to pay about as much for your music 
system as you did for your house and you 
want the bC5t. Furthermore. it has 10 
look good because it is going in the 
hOUSe. Not an easy order 10 fill. 

c R A 0 o E H 

Fortunately, you have an aC<juaintance 
in town who owns a company which has 
built and sold some receivers highly f<l.ted 
by the technical publications (to which, 
of course, you subscribe). You call your 
aC<juaintance to inquire how he may help. 
A couple of days later you receive a 
brochure describing the company's cur
rem popular high quality receiver of 
which you have read exceptional reviews 
along with a couple of company newslet
ters for customers. The brochure 
describes a 23-tube "Full Range High 
Fidelity" receiver wilh a chrome plated 
tuner chassis, a chrome-plated 35-watt 
"distortion free" power amplifier using 
the recently introduced 2A3 power tubes, 
a good quality 1 2-inch electro-dynamic 
pedestal speaker and tWO optional "tweet
ers" The tuner features continuously 
variable selectivity with an intermediate 
fre<juency bandwidth ranging from 2-
kilocycles to 32-kilocycles, twO stages of 
radio frequency amplification, vol!age 
regulated oscillator, sensitivity comrol 
and signal strength meter. In faCt, no 
other tuner offers such comprehensive 
features. The set is offered in a variety of 
fine cabinets and with a variety of options 
including several phonographs, a volume 
range expander and a couple of amenna 
kits. Certainly this is a nice receiver, but 
upon inspection of the newsletters, you 
find something of greater interest. 

DC5cribed in onc newsletter is a cus
tom buil! 40 tube receiver with a deluxe 
amplifier and spC1lker section. The tuner 
of this cus[Qm receiver is essentially iden
tical [Q the unparalleled tuner of the Full 
Range High Fidelity receiver described in 
the brochure. In the audio amplifiers of 
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chis custom receh·er, the audio signal is 
split into low and high frequency (";lnges 
and each range is amplified separately. 
Audio signals below I 25-cyc1es per sec
ond are amplified by a 50-watt all triode 
amplifier and fed to a giant IS-inch die 
cast e1ectro-dynamic low frequency speak
er. The audio signals above 125-cyc1es 
per second arc amplified by a separate 50-
watt all triooe :.Implifier :.Ind further 
divided before f<.'Wing the mid and high 
frequency spC1ikers. Audio signals 
betWeen 125-cycles per second and 3500-
cycles per second are reproduced by [\\.<0 
12-inch "concert" speakers and signals 
above 3500-cycles per second are repro
duced by tWO horn tweeters. 

This radio incorporated nothirlj less 
than che sound system from a smOlt 
movie the:.lter! Funhermore, the CUSWIll 
reCeiver is housed in a very elegant pair of 
console cabinets. The C:.lbinet cont:.lining 
all of Ihe chassis and the autom:.ltic record 
changer is of select ,valnul burl and 
striped walnut with hand can,ed trim 
induding leaves and a pheasant. The 
awesome speaker console, in addition to 
similar woods and uim carving, includes 
massive carvings of plants and flowers 
near its base and on the sides. This 
would go well in any luxurious home. 

As if this wasn't elaborate enough, the 
other newsletter describes a pair of 48-
tube custom receivers built for customers 
on the West COasl. Especially amacli,'e 
in this model is a 12-inch record lathe, 
dual ribbon STUdio microphone and asso
ciated electronics (hence the additional S 
tubes). Being able to record your DX 
reception, live broadcasts and your wife·s 
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piano ft-cilals would be juSt the thing to 
impress the guests. BeTter yCI would be a 
16-ioch re<:oro lathe and one of the 
Cape-har! record changers which automat
ically flip the records so you don't have to 
get up 10 change them! 

Could you ha\'C' such a set built? Yes, 
and that is JUSt what a Mr. Ikardslcy of 
rhe Beardslc:y and Piper Foundry in 
Chicago commissioned. The scning for 
this feature is (rue, and the receiver whil;h 
was purchased for $3500.00 in 1936 was 
the most elaborate the E.H. Scon Radio 
Laboratories had ever produced. 

Approximatdy 50 years after the �et 
was built, the Beardsley receiver was 
located in the attic of the west coast 
house formerly belonging to the 
Beardsley family. This Set, however, 
defied all desaiptions published or 
released by the E.H. Scon Radio 
Laboratories. Instead of tWO consoles, 
the Beardsley rel;eiver was housed in three 
consoles. Unlike the selS featured in pro
motional literature, the consoles of the 

C R A 0 o E H 

The phonograph console included a 
Carrard turntable as well as the Capchan 
aUTomatic record changer. In addition 10 
the tUner and �mid� amplifier (crossover 
and preampliflcalion), the receiver con
sole included a Presto 16-inch record 
lathe, an Amperite dual ribbon studio 
microphone, recording electronics and a 
logging desk with limited storage. In 
contraSt, the 48-mbe custom receiver fea
tured in Scon promotional literature 
included a Carrard autom:Hic record 
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changer (which does no! flip the records) 
:md a 12-inch PreslO record lathe. 
Excepting a dynami.:;: record scratch sup
pressor circuit most likely included in the 
Beardslcy reech'cr, the recciver, amplifiers 
and recording circuits of the Beardsley 
receiver were the: same as the other setS 
featured in the Scon prommional lilcra
rure. (later included in the 5co(( 
Philharmonics) 

To dale, the Beardsley receiver i� the 
only known surviving example of a SCOII 
Quaranta (40-tubc:-) or Scon 48-Tubc 
CUStom Receiver (50-lube for the version 
with the record scratch suppressor). In 
its day, prior 10 the advent of frequency 
modulation, magnetic recording media, 
and television, this receiver was the ulti
mate entertainment center. 

Normall Brairhwaiu is a Classic Radio 
Col/rctor alld Historiall. Hf has pllbfiIh�d 
UIJ�ml 'Irtic/�s 011 E. H. 5coll a/Id olhrr 
qllality mdios ;11 Alltjqll� Radio ClilSsified 
magazillt alld rtlaud publimtiolll. 
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CLASSIC LOUDSPEAKERS 

THE ALTEC-LANSING 604 
DUPLEX 
by Charlie KitdesOD 

Early Loudspeakers 

The need for a full-rans", speaker 
became apparem during rhe golden age of 
radio in the mid-m-late 1930s. Radio cir
cuits were becoming more sophisdcated, 
Output tubes and transformers were being 
refined as wdl. The term "high-fidelity" 
was showing up in more radio advertising. 
The speakers available then were 
mediocre, at best, at reproducing the full 
musical spectrum f:1ithfully. MoS[ speaker 
systems had mushy bass and the high fre
quency portion of the signal was typically 
CUT off above 8,000 cycles. Some early 
high-end radios, including the McMurdo 
Silver, E. H. Scon and Zenith 
Stratosphere. were available wiTh high-fn:
qucncy drivers su<:h as [he Jensen "Q" 
tweeter. This improved the sound, Out 
something better was obviously needed. 

lames Lansing began rnanufac!l1fing 
speakers in the late 1920s. By 1937, he 
had per fe<:ted a spe<:ial l"\VO-way enclosure 
featuring a 15 inch electra-dynamic low 
frequency driver and a special high-fre
quency driver anached to a mulri-cell 
horn. This new speaker (Model 812, 
$246.00), was called "The Iconic." It was 
sold as a recording studio monitor and 
was also available from the famous radio 
rnaker, E. H. Scon, by special order, with 
some of their radio sets. The cabinet was 
either utility finish gray or lhe available 
console system (Model 816, $296.00) 
was finished in lustrous silver or bronze 
opalescent. Borh Iconic unilS 

Since the introduction of  

the original 604 speaker in 1943 the 

Altec 604 "duplex" has been 
known to aH as the linest loudspeaker that 

money can buy. Now, oiler years of con

tinuing research, the new Altec 604C "duplex" is here 

to set even higher standards for audio reproduction ... for 

the 604C wil! faithfully reproduce tones from 3D 
to 22,000 cycles and handle 50 waits of peak power! Listen 

to the ama�ing AlIec 604C soon. Your ears will agree it's the linest 

loudspeaker in the world. 

60�C SHClflCAHOHS: 

Power ratine. . .. 35 watts ISO watts �ak) 

NetNllI'k impedance ... 16 ohms 

Mnirrwm diameter.. . ... ISK. ifll;l\es 

I!!�_imum depth. . ...... IIY. irochn 

Weight II'ith netwllI'k . . . . . . . . . . • . . .  .40 pounds 

Don'l /olqel 10 Ii.'e" ro rhc�e new mem· 

be,. c/lhe "d\lple�·· IInc. rhe 12" 60JA 

ond the J5" 602A. They Cle desiqncd 

e .... dc.lly /01 rhe horn ... 

93!.6 SI"to MonlCl Bo.revlld. 
Bev •• 1y H,li •. CarifOlnil 

16! S"lh A •• nue. 
N ..... YOlk 13. Now YOl� 
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Cross-set:t;q" of604E 

were available with the optional amplifier 
built in for an additional $50.00. In the 
early 1940s, the Iconic was offered with 
permanent magnet speakers for an addi
tional $34.00. This speaker system is 
nO.\\1 very rare and very few examples still 
eXIst. 

Other speaker manufacturers cried to 
come up widl a combination speaker, 
Including the HcoaxiaJ" design with a sep
afate high-frequency unit mounted in 
front of the woofer. The first widely avail
able coaxial speaker available from a US 
company was the Jensen J 5-inch JHP-51 
kCoaxial,� introduced in 1940. This 
design had its limitations in (heater and 
studio applic ations, however. 

The Beginnings of Alte, 
Western Elecuic had always been [he 

leader in audio tcchnology IhroughoUl 
the first half of  the twentieth century_ In 
the 1920s and 1930s, W_E.'s Electrical 
Research Products Incorporated division 
was always at the cuning edge of audio 
and related technology_ However, in 
1938, the VS government felt that WE 
was nut spending cnough of its resource� 
on the development of vital military com� 
munications technology. Consequently, 
that same year, the WE audio busincss 
was divested into a separate business 
called "All Technical Services." A year 
later, the name was abbreviated to 
MAltec_" 

In the early 1940s, Allec saw the mar
ket for a high-quality, full-range speaker 
system and, because of its c)(Ferience in 
[he theater business, was wd cquipped 
for rhe task. The 604 project was started 

in 1941 by a team of Altec engineers 
including John Hilliard and James 
Lansing. Their goal was to design a con
tinuous use, heavy-dury, full-range speak
er system that would be used by record
ing engineers and radio stations. They 
designed the 604 ro he very efficient (105 
dB/watt), to be reliable and able to 
endure continuous operation, to be con
sistent from one unit to another, and to 
have low distortion to reduce lislener 
fatigue.lnttoduced in October 1943 at 
the Society o f  Motion Picture and 
Television Englfleers trade show, the first 
604s were an immediate success and 
became very popular with recording engi
neers and radio stations. Both the 
woofer and the high frequency horn that 
wem through the middle of the unit were 

uf electro-dynamic design. The drivers 
crossed m-er at 1000 cycles. They 
required separate voltage from DC power 
supplies to provide rhe magnetic field for 
the speakers. The 604 Duplex speaker 
was finished in wrinkle-black paint and 
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had very low production figures, probably 
due to war-lime restrictions on materials. 

Post-War and the 604 
In late 1945, the 15-inch 604A 

unsing �Duple);" ($125.00) wirh ALNI
CO 5 permanent magnets was intro
duced. The maximum power rating of 
this speaker was 25 watrs RMS with a 
frequency response of 50 to 15,000 
cycles. The woofer (similar TO an All.:c 
515A) used a rolled paper surround, and 
the high-frequency unit (similar to an 
Ahec 802) featured a diaphragm-type dri
ver and a si)(-cell horn. This 604 featured 
a deeper speaker "basket" Ihan Ihe later 
models. The impedance of the 604 was 
20 ohms_ A separate, 1000-cycle 
crossover was available. The finish was 
wrinkle black and the ID label was red, 
white, and blue in calor. 

The 604 Duple); was commonly avail
�ble in the silvcr-gray type 612 AlB and 
type 614 AlB/C "Utility" cabiners pro
duced by Altec from the post-war period 
well imo the 1960s. PiCTUres of old 
recording studios often depict the AltcC 
Type 612 cabinets as monitor speakers. 

604s were commonly sold to churches, 
radio stations, television stations, recording 
studios and for sound reinforcement. A 
great majority of the recordings in your 
record collection, from postwar TO mid
si)(ties, were mastered using various ver
sions of the Altec 604 as moniTOr speak
ers. Most recordings and live broadcasts 
h�d plenty of mid�range, so engineers 
were concerned about the high- and low
"fringe" frequency quality_ Thus, the 604 
was popular in these environments as it 

V A C U U M  T U B  E V A L L E Y  
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did not aCCCIHU:HC mid-range frequencies. 
With many amplifiers. this can crcate a 
�hole in the middle» sound characteristic. 
To get accurate reproduction, recording 
engineers had to compensate for this 
using frequency compensation, and in 
some cases, by playing hack their record
ings on home hi·fi speakers to veri!)' the 
quality of the recording. 

The 604 Duplex was produced from 
1945 - 1948 and is hi!hly sought-after by 
collecrors world-wide or its natural 
sound characteristics. 

Altec introduced the 604B (5125.00) 
III 1948 as an improved version of thc 
original 604. It had 16 ohm impedance 
and used lhe N-1000 ($18.00) fixed 
IOOO-cycle crossover. This unit has the 
same black wrinkle finish, but uses the 
later black and gold ID decal. The powa 
rating is 25 watts and other specifications 
are very similar. Net weight of the unit 
widl crossover was 40 pounds. 

With the broadcaSt and recording Stu
dio market expanding, AJrec introduced 
the 604C (SI56.00) in 1952. The 
crossover point was changed to 1600 
cycles and it was supplied with the N-
1600A crossover. Power rating was 35 
wans. It was finished in rhe famous 

blue-green merallic hammenone painr 
wirh a gold colored ID decal. The 
woofer surround was upgraded with a 
rubberized material \0 improve perfor
mance. The woofer was similar to the 
improved 515B Altec unit and rhe high
frequency driver was similar 10 rhe 
improved 802D. 

The 604C was produced llfltil abour 
1958 and is the most common of the 604 
series. It is estimared that more rhan 
50,000 units were produced. 

In 1957, Allec introduced the 605 
Duplex, and in 1960, the 605A 
($177.00), a less-expensiw coaxial unit 
wirh smaller magnet structures. The 605 

fearured a rolled paper surround. The 
605A reatured a pleated and treated sur
round. The woofer was similar to the 
Altec 416 and the high-frequency unit 
was similar to the 806 horn driver. 
Power rating was 35 watts RMS with a 
frequency response of 30 to 22,000 
cycles. 

The AJtee 6040 (SI89.95) was intro
duced in late 1958 and made through 
1964. It is very similar to the 604C, 
with improvements including: an 
improved bass cone and suspension and a 
redesigned pole-piece for less low fre
quency distonion. The crossover featun:d 
smoother rwelve db/octave anenuation 
and an adjustable high-frequency shelving 
control. 

From 1965 through 1972, tho;: 604E 
($179.00 - 195.00) "Super Duplex" coax
ial speaker was produced by Altec. The 
power rating was 35 wans RM.S. 
Frequency response was from 20 IQ over 
22,000 cycles and crossover point was 
changed to 1500 cycles. Speaker efficio;:n
cy was 101 dB/watt at four feet. The 
speaker frame was finished in gloss white 
and the magnet Slfucrurc was finished in 

A/tee 605 
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gloss light gray. The ID tag was a stick
on type. The woofer featured a pleated 
and treated surround with a 3-inch copper
wound voice coil. The high-frequency 
response on rhe 604E was extcnded [0 
over 22,000 cycles due to an improved 
2.25- inch aluminum high-frequency 
diaphragm. The horn was a six cell 40 
degree hy 90 degree high-impaCT unit. 
A higher power version, the 604-E2, was 
offered in the Seventies. The 604E was 
available raw or in Ihe following Altec 
enclosures; 857A, 858A (Carmcl), or 
855A (Malibu). 

The 604-8G was produced from 
1973-79 and was finished in dark-gray 
hammenone. Crossover frequency was 
now 1500 cycles. Power rating was 50 
wattS RMS and frequency response was 
30 [0 22,000 cycles. The 604-8G also 
had an 8 ohm impedance and was mar
keted [0 the home audiophiJe market. It 
is commonly found in the Alrec Model 
17 cabinet. 

The last of the ALNICO 5 - 604 
types was rhe 8 ohm G04-H, made only 
in 1980 and 198\. The high-frequency 
driver (Type 902) now featured the 
unique "tangerine" phase plug fed [0 a 
single-cell, blue plastic Urei horn. The 
supplied 1500 cycle crossover was differ
ent as well, with twO adjus\"able controls 
for mid-and high-frequencies. The 604-
H is extremely rare and is ThoughT by 
some Alrec speaker enthusiasts [0 be their 
besr version of rhe 604. 

The last version of this speaker offered 
by AJtec was rhe 604 -8K in the early 
1980s. The magnets were ceramic in 
both rhe woofer and rweeter, and the 
coaxial horn was the Mantaray rype with 

(Colltillued 011 Page 32) 
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HISTORY OF THE 
WE300B AND ITS 

RELATIVES 

by Eric Barbour 

You'd think that a regulated power 
$upply somehow doesn't seem related (0 a 
high-end amplifier. Yel not only are both 
of them amplifiers, one for DC and the 
other for AC, but they frequently use rht" 
same power cubes for OurPUI. h'g possi
ble to drive some audiophiles buggy juSt 
by telling them that the low-mu niode 
they arc 50 fond of was JUSl a common 
industrial part to the V.S. government 30 
years ago. Ask a NASA eicc(Tonics engi
neer back then what a 300B was for, and 
he'd immt:diately say this: it's a pass 
amplifier for a high-vohagc power supply. 
This was a very common use for rhe 
much-worshiped 30GB back in the 19605. 
It was chosen for its unusually long life
time, nothing more. 65505 or 6080s were 
also used, but had to be changed more 
frequently. This article will try to explain 
how the 300B went from being an early 
hi-fi {Ube, to a voltage regulator, back to 
hi-fi, then to holy status. 

I. History 

In the bcginning, thero; werc only tWO 
ways of getting more than one watt of 
audio: either push-pull UX-171s (ifin a 
home r-adio), or Western Electric 205Ds 
(if in telerhone or professional equip
ment). I more power was desired, the 
next jump was a big one, to transm itting 
triodes like the 211. More plate voltage, 
more heat, more expense by far. So tri
odes of an intermediate size were being 
developed in the late 19205. The purpose 
was to get decent power (at least 2 wattS 
from one {Ube) into the not-very-efficient 
speakers of home r-adios, or to get good 
volume in a movie [heater using very effi
cient horn radiators. Since the need was 
for low distortion with the simple circuits 
of the day, triodes were preferred, until 
pentodes and beam tubes improved in the 
1930s. 

For the purposes of this article, we 
will pass over some important early tubes 
which were rarely used in home radios. 
These include transmining rriodes such 
as the 10 and 211, the Taylor triodes, and 
various triodes in RCA's 800 series. 
Direct·coupled triodes such as the Speed 
«Triple-Twin� types, the Triad 685 and 
6N6, and Arcturus 2B6, will be left OUI, 
since they are very specialized units 
intended for class-S amplifiers only. 
Thoriatcd-filament transmitting tubes 

come back into the picture for hi-fi 
equipmem in the 1990s, due mainly to 
[he popularity in high-end amps of the 
211 and 845 and the appearance of the 
Svedana SVSII. 

After World War I. there wae only 
simple triodes of low-power dissipaTion. 
FihmelHS were plain tUngSten wire and 
quite inefficient. Then, in 1921, Or. 
hving Langmuir discovered that adding 
thorium oxide to the tungsten during iIS 
manufacture would result in a much 
more effective eminer of electrons. The 
first tubes to use this filament were the 
UV-199 and the UV-20IA, both made by 
GE and reaching the market in 1923. 
But receivers were becoming more sophis
ticated, and there was also a need to 
make RF power for transmitting, so spe
cialized power tubes starred appearing in 
1925. 

the type 10 or its successor, the 801A, as 
hi-fi Output tubes. 

Initially, neither GE nor RCA w�re 
involved in the next step-filaments coated 
with banum and strontium oxides for 
extremely high efficiency. Westinghouse 
lOok Ihe honors. The UX-112 and UX-
171, the fim popular audio-power tri-

WE205s 

The first was the UX-120, putTing OUI 
unly liD milliwatts. At the same time, 
one capable of more than one watt 
appeared, the UX-21 O. It was popular a, 
a transmitter in amateur equipment for 
many years, but was not often used for 
audio output due to the high plate resis· 
tance of 5000 ohms at 450 volts, which 

250,245,45 

required a fairly complex OUtpUt trans
former to achieve decent fidelity. To this 
day, people are still experimenting with 

odes, were both originated in 1925 by 
Westinghouse. Then, in 1928, they 
brought out the UX-250, the first large 
power triode with an oxide-coated fila
ment. RCA was probably the biggest 
manufacturer of 250s. In 1929 came the 
UX-245, a small cous in 10 the 250. All 
of these were made in the "bubble� enve
lope under the numbers 112, 245, 250 
etc., and later in the ST envelope under 
rwo-digit numbers such as 45,71, 50. 
Most laymen think of these tubes as RCA 
types, though RCA didn't develop any of 
them. RCA did make a large percentage 
of the surviving old 171 s, 245s and 2505, 
often under the Cunningham brand. The 
only time RCA developed audio triodes 
was in 1933 with the W. 

Similar triodes wen: made in Europe, 
such as the PX4 and PX25, PP3, PPS, 
ADI, AC044, and 0024. Audio triode 
design came 10 an end in the latc 1930s, 
due to the arrival of efficient beam-power 
tubes such as the 6L6 and KT-66. 
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At Westt:rn Elt:ctric, similar d(:veiop
!l1(ntS were taking place. The 205 series 
was often used in small power amplifiers 
in telephone and pro-audio service. 

The 20SA appeared in 1917, and the: 
common 2050 in I92S. A single 2050 
could put out I wan and was roughly the 
cquiva lem of the later 245. If the WE 
engineers needed more power, they had 
to resort to the much larger 211 series, a� 
usca in the type \0 and 43A amplifiers. 
WE's tube division later produced transi
tional types. The 244A (1929) produced 
only SO mW, but was the death knell for 
the 205s. 

WE hit the: UX-2S0 levd in 1930 
with the 252A, a very similar unil to the 
UX250. The 252A is mea 450v, 60 mA, 
and is supposed to be capable of 8 waus 
single-end«l. It was made only in globe 
shape, and production supposedly 
SlOPped in the mid 19305, although 
Bernard Magers says the model wasn 't 
officially discontinued until 1978. The: 
252A's main use was in the type 59 
amplifier, often used in wired music sys
tems and dance halls. The 59 used push
pull 252As and produced 12 watts. The 
252A's production may be uncertain, bUl 
we do know that it is one of the most 
valuable old audio tubes. [n Japan, an 
NOS example can bring 300,000 yen. I 
wanted to get at least one for t� ting, but 
none of the local collectors were willing 
to admit they owned any! 

By 1932, things were swinging. The 
271A came OUl in 1932 and appeared in 
the type 78A, 78B and 82A amplifiers as 
well as some radio gear. It was good for 
2.8W at 400v and was indirecdy heated, 
It was not tOO r.0pular, and its value 
today is much ess than its directly heated 
cousins, possibly due to great'er distor
tion. WE's version of the 2A3 was the 
275A, also from 1932. It came in both 
globe and ST shapes, and appeared in 
(heater amps such as the 95A from 1932 
to 1934. Its similarity to the early single
plate 2A3 is striking, although the fila
ment is 5 \'olts, which was something of a WE standard at the time. \xr£ also made 
Vf25As (similar to the 10) and Vf52s 
(similar to Ihe 4S) for use in military 
equipment in the late 19305. 

The 300A was introduced in 1933 
and was intended as a replacement for the 
252A. Its most famous use was in the WE Mirrophonic film-sound system, type 
:;OOA. The s}'nem included the famous 
91A amplifier, with a single 300A pro
ducing 8 waWl, driving the 597 horn 
tweeter connected to 12A horn and TA-
2151 woofer. The 300A has a base pin 
which allowed its use in the bayonet 
socket now used for 81lA transmitting 
tubes. The base also fits the industry
standard 4-pin socket, as does the 2A3. 

The 30013 is a 300A with its base pin 
moved 45 degrees, so the tube would fit 

the 20SA-type socket. WE part lOOM. 
Thus, 3008s could be filled to old 205 
amplifiers such as the 42A. MO$[ other 
amps used the nandard 4-pin wafer sock
et. The 1086 and 92A were push-pull 
amps using 3008s, and both were often 
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found in (healers in ,he lacc 1 930s. 
The 300A is believed to come only 

�i[h in numbers engraved on che base. 
rhe 300B, introduced in 1938, was 
ffilJch morc long-lived, and came with 
numbers printed in yellow ink. Early 
ones had the "lighrning-bolt� or "flash" �E logo; in [he 19705 they were printed 
wuh plain gothic lettering. The final 
1988 run went back to {hI" old WE logo 

10 make Japanese customers happy. 
After WWII new uses for the 300B 

were, mainly as a power-supply tube, as 
prevIOusly noted. Before the w..u, some 
early audiophiles made custom amps with 
it, but v.:ere ��cntually deterred by the 
hIgh price. I he only use of the 300B in 
a postwar borne hi-fi amp was in the 
Brook IOC, an early hi-n unit. This was 
only a provisional use, as the amp's power 
transformer had filament windings {Q run 
either 2A3s (2.5 volts) or 300Bs (5.0 
vollS). A

r
,arendY very few users Opted 

for the hi er-priced spread, 2A3s were 
cheap an g� enough for nearly every
one. In addmon, a few construction arti
cles appeared using the 3006. 

Bm in the mid-1 960s, some French 
audiophiles discovercd the 300B. 
Apparently a small craze had started for 
single-ended amps and horn speakers. 
These guy� insisted on listening ro their 
Jazz and �Ig-band records through vinuge 
(read: prlmil!ve) equipment. And they 
had tried variOUS amps on their horn sys
tems, and found that only the SE tube 
amps drove the horns with pleasant 
results. This was cross-pollinated to 
Japan i� 1972, with some involvemenl by 
Jean Hlraga, an audiophile who was half 
French and half Japanese. The dam 
broke when MJ magazine wrote about 
the Umagic� 300B in 1973. 

Al the time, Western Electric was can
celing ilS lease agreements with movie 
theaters, and selling the equipment 10 
them very cheaply. Since Americans had 
bttn wld repeatedly Ihal tube equipment 
was worthless and archaic, many theater 
managers couldn't wait to junk the old 
equipmelll. It's quite amazing Ihat the 
�lUffhad remained in service for 40 years 
III some cases, but it was built to last. 
Still, it gOt replaced by solid-Slate PA 
gear, and the surplus market filled up 
with WE "junk." Much ofil gOl shipped 
10 Japan or Taiwan to be melted down for 
its iron content. Japanese dealers found 
OUI and boughl il up for a song; now 
nearly all of it resides wilh Japanese col
lCC{Qrs and dealers. The 1086 and 91A 
amplifiers were especially desired, for 
theIr pleasam tonal characteristics. And 
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WE 3008 ORIGINAL DATA SHEET 
Filament Rating 5.0 volts @ 1.2 amp 
Plate Current 60 ma @ 300 volts plate 
Amplification Factor 3.85 
Plate Resistance 700 ohms 
Grid to Pl,ne trall5COnductan,e 5500 mMho 
Mu Plale Voltage 450 volts 
Mu Plate Dissipation 40 W1Itts 
Mu Plate Currem (fIXed-bias) 70 ma 
Mu Plate Current (self-biasl lOO ma 

so, the power tube used in them (WE 
300B) bec�me a Slatus symbol in Tokyo. 
In facl, serious Japanese WE fanatics set 
up complete Mirrophonic theater systems 
in their linening rooms! 

These colleclOr status toys fit in with 
the wide-spread prosperity of Japan in the 
1970s and 1 980s. Japan is a small and 
crowded country, and to even have the 
space for a garage was a huge luxury, so 
the. new c1a�$ of salarymen didn'r develop 
an IntereSt In car CUslOmiling as 
Americans did after WWIl. But small 
apartments do have space for displays of 
audio equipment. Since the salarymen 
had good !ncomes �nd reme,?bered the 
good quality of WE elcclfonlcs, anything 
with the Western Electric brand was 
regarded as Ihe ultimate in American 
audio. The f.1CI Ihal iI was all industrial
grade and rare may have helped. WE did 
not make much pro-audio equipmenl; 
mostly it was used in thealCfs or radio 
stations, and was leased rather than being 
sold on the 0r�en market. It is believed 
that nOt more than 4000 91As were 
made, based on serial number surveys. 

The tube used in those amps, the 
300B, was made up to 1988 when they 
COSt $125.00 wholesale in minimum lots 
of 5000. The audiophile interesl in Japan 
drove up the price in Ihe 19805, and 
many ham-radio opcralOrs and Kjunk
�ol1ecrors sold their tubes cheaply. Then, 
In 1988, WE shut down tube production 
in Kansas City, and the price began to 
skyrocket. After Ihe lasl ofWE's stock 
was sold in 1990, dealers began asking 
$300 or more. And all this happened 
before American audiophiles developed 
an interest in 300B5. There are some 
people in America who have personal 
nocks,. and they do not let Ihem go at 
an)' pnce. None of the regular distribu
tors ha,'e any in stock, or so they claim. 
Any that do appear on the open mark" 
�or less than S500 arc snapped. up 
IIlStamly. 

Westrex Corporation (\Veslern 
ElccHic Export Corporation), founded in 
1 928 was set up as a division of Western 
Electric for the marketing of their audio 
products. In 1958, WeHrex was divested 
by \Vestern Electric. Now, Wemex 
Corporation, headed by Charles G. 
\'Q'hitener Jr. is rc-releasing the \Ve5tcfIl 
EiccHic 300B. The IUbc is said to be 
m.anufaclured at the original WE Kans:u 
Cll)' works using the original rooling and 
so�e of the original personnel. They arc 
usmg the same quality materials and con
ducling Ihe same stringent tening on the 
new generation of 300Bs. These tubes 
were introduced at the Winter 1996 CES 
in Las Vegas. 

The use of the 300B in new amplifiers 
b�gall in Japan. lo.ng ago. Many compa
llIes such as Nlshlmura and Audio 
Professor began to produce 91A-like 
monoblocks in the early 19805. The cir
cuit was a simplified 91A, wilh a single 
310A pentode driving Ihe 300B, RC cou
pled. They musl have been popular, as 
the number .of companies making single. 
�OOB amps In Japan has spiraled up ever 
smc�. And an American company, Cary 
AudIO, bucked the local trend and made 
300B amps in both single-cnd and push. 
pull form, strictly for the Asian market 
umil recently. 

Up until 1992, the number of 
Americans using such equipment could 
be coullled in tWO digits. Then, So.",d 
Pra�ljUJ (SP) magazine appeared. 
Publisher Joe Roberts had been a ules
man at ;I high-end audio salon, bUI lis
tened 10 old WE equipmelll al home. 
Joe PUt OUt SP in order to, in his words, 
"shake up" the high-cnd scene. SP has 
focused Oil single-ended tube amplifiers, 
tube preamps, and horn speakers ever 
smce. 

At first this was hcrcsy in American 
circlcs; tube amps were supposed 10 fea
tllre lots of push-pull 6550s and loads of 
power, according 10 lasremakers writing 
in Sunophiil! and TIll! AhJoluti! So.",d. 
And to this day, there arc still many 
American audiophiles who regard tube 
electronics as KtOO soft-sounding,� and 
horn speakers as heavily colored. But 
Roberrs was aggressive in his promotion 
of the single 300B, and the. WE or Allcc 
horn speakers that were usually used with 
it in theaters. 

Many esrablished audio reviewers 
started to change Iheir minds; Dick 
Olsher of Surl!ophiil! in 1993, Olhets 
i.uer. POI;�;VI! Fudh4�k started raving 
about AudiO Note amplifiers in 1993; 
these very expensive Japanese single-tri-
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SIJIlgllang 3008 

CetrQ" 3008 
ode amps are available with silver wire in 
their circuits and transformers. And 
recently, Harry Pcarson of TAS became: a 
convert of SOrtS [0 the 300B. 

This is a small cultural war, with 
many personalities on each side opinion· 
ated and, in many cases, also being busi
nessmen who profit direcrly from the sale 
of audio equipment or magazines. For 
now, (he war continues unabated. 
Snobbery has become a major part of 
high-cnd audio, and the experts are quite 
snobbish about the superiority of the 
original WeStern Electric 300A and 300B. 
This has only driven the prices for old 
300Bs out of sight; mOSt are either being 

hoarded or are in Japan now. 

The difficulty of gelling the WE tubes 
was alleviated in 1989, when Richardson 
Electronics starred producing its own 
300B under the Cc:non brand. This ruht: 
is usually original equipment in Car)' and 
many other current 300B amps. The 
Chinese Shuguang 300B appeared in 
1992, offering a lower-cost alternative:. 
It's a bit amusing to me that rhe same 
dealers who sell rhe Shuguang 300B for 
$50 are also selling Shuguang's 2A3 for 
$14;  the DNO types are not enormously 
different in rhe labor needed to manufac
ture them, nor are their materials terribly 
different. 

Recently, there have been further 
de,·elopments. In 1994 came (he Vaic 
VV308, a direct plug-in replacement for 
the 300B but with greater plate dissipa
tion and ,·olrage ratings. Then came the 
Sverlana SV8 1 1 ,  a low-mu triode for 
audio which is derived from the 8 1 1 A  
transmitting tube; i t  is not quite like any 
other tube available IOday, and might be 
thought of as a "super 10". 

MOSI n:cendv, the Sovt",k brand intro
duced a 300B of its own, made in Russia. 
But these new types are still being com
pared 10 the old WE 300B, which has 
only made it even more scarce. Similar 
things are happening 10 old tubes in the 
300B league, such as the 50, 275A and 
205D. The single-plate construction of 
the 300B seems 10 influence the price of 
the scarce, early RCA 2A3, which has a 
single plate structure. No doubt this will 
eventually drive up the prices of other old 
triodes, such as the 45, 71A and double
plate 2A3 types. 

2. Tests 

Before discussing the mbe tests, a few 
things need to be said and understood. 
The audiophile market is extremely fad
dish and easily swayed by hype, so keep 
that in mind if you're looking at these 
triodes. Far and away, the primary use of 
300Bs is in single·ended class AI opera
tion, with a plate load of 2500 to 3500 
ohms and no global feedback at all. 

In faCt, these amps are very primitive; 
most use sdf-bias of the output tube at 
60 mA, the figure recommended by the 
old W E  data sheet. And the Output 
transformers on the market seem to vary 
gready in electrical performance. So take 
reportS of  high-end sound Out of SE 
amps with a grain of salt. 

A good SE amp can sound very, very 
good indeed. Because of the lack of any 
mechanism for crossover distortion, ther", 
is no danger of low-level IM distortion; 
because of the lack of feedback, distortion 
rises smoothly with outpUt leveL But the 
OUtpUt transformer is critical, and diffi
cult to get right. And the no-feedback 
design demands a tube with low inherent 
distortion. 

The 300B, as made by WE, was vcry 
low in distortion indeed. For decades it 
was probably the king of triodes as far as 
linearity goes, at least in its class. But the 
world is a complicated place, and the 
insane prices being asked for vimage WE 
300B5 have induced manufacturers to 
offer their own triodes of this class. 

If is striking (hat so much hype has 
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built up around such a small (by modern 
standards) triOOe. And mOSt fascinating 
of all, there are no recem published tests 
or other data testing tubes for distorcion. 
50 I built a special single-ended amplifi
er, for the main purpose of testing all 
kinds of power rubes. This is the same 
amp used for the EL34 tests in issue 2 of 
VI "V; the driver is a GE.A7, grid bias is 
adjustable from 0 to -1 50v, plate current 
is metered, and the load is a One 
Electron U8T-! transformer with an 8-
ohm dummy load connected to the 4-
ohm tap, thus preseming a 3200-ohm 
load to the tube. 

As with the EL34 tests in VTV #2, a 
Vu-Data 1 0 1 B  distOrtion analyzer was 
used for disronion readouts. RegreTtably, 
some refuse \0 admit that these tests have 
anything to do with sound quality. Sorry 
guys, the figures may not be the end-all 
of good sound, but they are preny good 
indicators of what people find most li5-
tenable. All the tube fllamems were run 
on well-filtered DC; 5.0v for the 300Bs 
and VV30s, 6.3v for the SV81 I s, and 
7.5v for the 50s. A single sample of {he 
new (\996) WE300B was sem to VTV 
and tested. Two of the original WE 
300Bs here were "flash" lct!Cr types with 
1950s date codes, and the other tWO were 
1970s units with gothic leuering; the twO 
styles did not differ much in distortion. 

o 

('ye chosen to tr)' the tubes at (WO dif
ferent plate currents; 50 mA and 75 mA. 
This bracket's the 60 mA rccommenda· 
tion from the WE data. It is not critical 
to measure 300Bs at that current. There 
is a transformer manufacturer who gets 
hysterical if you even suggest running a 
300B at anything other than rhe sacred, 
exalred 60 rnA. Unfortunately, anyone 
with a SE amp which has adjusrable bias 
finds that the triode becomes more linear 
as the plate current is increased. 75 rnA at 
500v is (barely) rolerable for a 3008. If a 
tube was rated ro take 500v, it was tried 
at that and at 300v, though this was nOl 
possible with the UX250s since the)' are 
rated for 450v maximum. 

I nOtC that only onc Vaic VV30B was 
tried at 50 mA, as the other broke its flla· 
menT during a lifetime test; and one of 
the Cerron 300Bs developed a grid-fila. 
ment shaH, so only 7 are shown. We also 
decided not 10 try all (he Cetrons a( 500v 
75 mA, as some of them began to protest 
by creaking alarmingly during teST. 
Furthermore, the owner of the original 
WE 3008s insisted that his precious 
mbes not be run at 500v 75 mA, cven 
briefly. Beware of gurus who recommend 
usetcing the tube on fire." not all types 
can handle it gracefully. Tubes arc 
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arranged in the cables b y  increasing 2nd 
harmonic disrortion. 

Table I Average distortion at 500V 50 
mA, 

% I of 
Type dj�(ortion �amples 

l .  5h"gu�ng JOOB 0.270 1 

2. Vaic VV30B 0.320 1 

2. 5vetlana 5V81 1-3 (tie) 0.320 12 

3. 1950s WE300B 0.323 4 

4. Svetlana SV81 1·1  0 0.372 " 
5. 1996 WE300B 0.470 1 

6. (Clron 300B 0.500 7 

Table 2 Average distonion at SOOV 75 
mA, 

% # of 
Type distortion sample. 

l .  .'"·,,ddna SV8 1 1·1 0 0.1 \0 26 
2. Shuguang 300B 0.125 1 

3 Vaic VV30B 0.158 2 

4. Swdan� SV8 1 1·3 0.186 1 2  

5 UtrOn 300B 0.224 4 

Table 3 Average distortion at 300V 75 
mA: 

% # of 
Type di>tortion lamp!cl 

l .  1996 WE300B 0.095 1 

2. 1950s WE 300B 0.104 4 

3 Shuguang 300B 0. 1 25 1 
4. Vaic VV30B 0. 138 2 

S. (etron 300B O. ISO 7 

G. RCA globe UXlSO 0.313 2 

3. COllc/lIsioIl5: 
At 300v, rhe WE, Shuguang and Vak 

were very close together, and sounded 
quite similar (except for greater bass "tub
binessH in the Shuguang). The Svetlanas 
were not tested at 300v, as this is very 
low \'oltage for them and they, being 
modified t�nsmilling wbes, prefer more 
voltage and current. Note that the old 
globe 50s were mediocre by comparison; 
their readings were about what a good 
2A3 would give. Also note that in this 
cest, 0.15% is very low distortion by 
comparison with othet types and families, 
so the venerable W E  300B is no slouch. 

Some of these tubes aren't re�lly wak
ing up until 500v 50 mA. This is a rea
sonable dissipation for 300Bs, and it is 
JUSt rickling the Vaic and 5yetlana wbes. 
Note that they were all quite close togeth
er, except for the Cetron which was 
acceptable. In such teSts, due to che 
small samples (only a single tube in the 

case of rhe Shuguang), a difference of 
0.05% is nOl really 5ignificant. Since [he 
Vaie and 5vcdana types can be run harder 
rhan 3008s (and rhey definitely sound 
bener when this is done), they should be 
run harder in order to rake ad\'antage of 
their greater dissipation capacity. Sorry 
guys, but distortion DOES matter. 

The 5001' 75 mA test was a( rhe ouu:r 
limirs for conventional 300Bs. The 
Shuguang and four Cetron 3008s were 
able to TOlerate: the power for a quick {CSI 
(this was at the verge of redness on the 
plates). The SV811s and VV30Bs cheer
fully absorbed it and begged for morc. In 
fact, [ ran J 20 mA inTO an SV81 1-1O and 
a VV30B at 5001'; no problem, no color 
was observed on the plates, and distortion 
was around 0.1 % for both. 

Note that the load impedance used for 
testing all of these tubes was 3200 ohms. 
This was conservative for the 300Bs, bur 
rarher low for the SV8 1 1  s. El'en so, the 
SV8 1 1  s gave distortion figures on a par 
with the best 300Bs, indicating that 
SV8 1 1s are more load-toleram than most 
receiving power triodes. These results 
lead to a few possible recommendations. 

l .  Our single sample of tho:' new 
(1 996) WI:,3008 had the lowest distOr· 
{ion (.095%) at 300 volts and 75mA. 
This indicates careful auemion {o metal· 
lurgy and higher quality control scan· 
dards. 

The n<.ew W£300B should be an excel
lem performer in both SE and pr amps 
that have plate voltages under 450 yolrs. 

2. The VV30B is an excellem tube, 
recommended for either 3008 retrofit 
or for higher-power operation. Because 
of its high price, it would be best used in 
an amp designed to run it with 100 mA 
illlo the plate for best possible sound. 
(We do NOT recommend runnin? regu
lar 300Bs that hard; they JUSt arenr made 
for it. Please don't try il.) 

3. The SV8 1 1  is also excellent, 
though it is not compatible with existing 
amplifiers. It should be a serious con
tender for OEM and hobbyist use. It, 
like the Vaic, is very conservative in plate 
dissipation ratings, and should be run 
harder than a 300B. The SV8 1 1  plate 
resiscance is 2000 to 2500 ohms, and will 
like to see a plate voltage of 500 IO 800 
volts which calls for a plato:' load of 5000 
ohms or mote; so it shouldn't be retrofit
ted to a typical 300B amp unless the OUt
put transformer is also changed. 

(COli till lied 011 Page 32) 
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Eleo - EARLY HIFI YEARS 
1955-62 

by Charlie Kitdeson 

In 1945.the las( year of World War 11, 
Electronic Instrument Company (El CO) 
of New York, NY, bCc:lrne the firn 
American company !O offer a wide range: 
of electronic (CSI equipment in kit form. 
Some of their first kits included audio 
generators, capacilOr checkers, tube 
testers, RF generators, vacuum tube vol!
meters and more. All of their kits were 
reasonably priced and were popular per
formers with electronic technicians and 
hobbyis!!. 

At that time:, most households 
obtained their radio and music enu:nain
men! from packaged �consolc:" units f(':I;
luring an AM and FM radio, packaged 
amplifier, record changer. and speaker 
system. These wefe: offered by Admiral, 
Phi!co, GE, RCA, Magnavox and many 
othcr companies who today no longer 
manufacture consumer decnonics in [h� 
US. 

That market was highly competitive 
in the late 1940s and 19505. In order to 
re;lch [he market price poim, COSt 
accountants of the tOP electronics compa· 
nil'S typically compromised on quality 10 
improve sates volume. In theory, this 
worked, but serious audiophiles feh that 
these �packaged" units lacked the very 
finest audio that technology had to offer 
at the time. 

Heathkit and others preceded [ICO 
in the kit hi-fi market in the post-war 
period. Ten years later, in 1955, EICO 
decided [0 get into the booming audio 
market. They were one of the few com
panies to provide the ben performance for the dollar. Typically, their circuit 
designs were some of the best. EICO 
engineers were able to combine both 
Mullard-type and Williamson front end� 
with Ultra-Linear OUtpUt stages. 

The power supplies were mainly 
capacitor input type with little or no use 
of smoothing chokes in the B+ voltage 
supply. Output transformers wefe an area 
where EICO did nOt compromise quality, 
using high quality Chicago or Acrosound 
units. It  is because of this that many vin
tage hi-fi enthusiasts prefer EICO ampli
fiers, either in stock condition or modi
fied. 

All of the EICOs described in this 
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article used point-to-point wiring and 
typi<.:ally used deep (rhi<.:k) chassis 10 leave 
workillp room for circuit "improve
ments.' EICO typically used high-quali
ty rectifier and output tubes including 
Bugle Boy (Amperex) or Mullard 
EL34/6CA7s and 5AR4/GZ34s. 

EICO smued advertising their first 
audio amplifier kit, the HF20 ($49.95), 
in early 1955. The HF20 was a 20-watt 
integrated ultra-linear amplifier featuring 
a very high-quality Chicago OUtput trans
former. The frequency response was 15-
30KHz +1- .5 DB. Other features were a 
dual-input phono section and a four 
inpur line srage. Conrrols included func
tion, variable loudness, volume level, bass 
and treble. The power supply featured a 
5U4GA full-wave rectifier and DC fila
menr voltage on the line and driver wb.:s 
to reduce hum. The phono and preamp 
stages consisted of twO 12AX7/ECC83 
and tWO 12AU7/ECC82 [Win trlodes. 
The output stage used push-pull 6L6G Bs 
or 588 Is. All of this was mounted on a 
hcavy gauge cadmium-plated chassis, fin· 
ished in the standard EICO baked metal
lusler Sta1U:lry dark bronze finish, with an 
embossed brushed brass control plate. 

The mid-Fifties were really rhe 
Golden Age of HiFi. Th':n, as today, 
component hi-fi companies were coming 
OUt of the woodwork Many companies 
offered several rypes of equipment, 
including amplifiers, preamps, tuners, 
receivers and speakers. EICO man:lge
ment felt that in order to capture a wider 
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cross-section of (he hi-fi m:lrker, they 
would offer preamps, tuners, speakers and 
amps in several power ranges. The new 
designs were developed in late 1955 
through early 1957, when EICO intro
duced a complete line of tube hi-fi com
ponentS available either as kits or factory 
assembled. The following are descrip
tions and pictures of rhe EleO mono 
line manufactured from 1957 through 
1961 (stereo units will be described in a 
furure issue) . 

Peopl.: on a limil.:d hi-fi budget were 
always in need of a small but good 
sounding amp package. The H F I  2 
($34.95) fit this bill very well, producing 
12 wam using a pair of push-pull 
EL84/6BQ5s driven by 12AX7s. The 
HFI2 was a compact flat unit meant for 
music lovers with a minimum of availabl.: 
space. 

Eico's smallest basic amplifier, the 
HFI4 ($23.50) was an excellem amplifier 
employing a push-pull EL84 output 
stage. The EL84 is a very sweet and liq
uid sounding tube and, coupled with the 
wide-range tr:lnsformer, produced an out
standing frequency response of 10Hz to 
100kHz + 1- .50B. The voltage amplifier 
and phase inverter WaS :l single 
12AX7/ECC83 and rhe rectifier was a 
single EZ81 16CA4. The HF14 is an 
excellent high frequency amplifier for bi
amp.:d or tri-amp.:d horn systems. 

The HF22 ($38.95) was a top quality 
amplifier in ItS day, essentially the same 
in design as the HF50, except that its 

outpm tubes were self-biased 6L6GBs 

HF30 

=_L, and the rectifier was a 5U4GB. The 
rated power was 22 wattS RMS and 
the frequency response was 5 to 100 
kHz at rared power + 1- .5 DB. 
Typical for its day, the HF22 had 20 
db of feedback. The front-end cir
cuit included an EF-86 pentode volt
age amplifier and a 6SN7GTB cath
ode-<.:oupled (long-tailed) phase 
inverter which, to rhis day, is an 
ex<.:ellenr <.:ir<.:uir design. 

V.:ry unique w rhe EICO high
�iddiry line was the HF30 (539.95) 
power amplifier. Employing a quad '--------------------' 
of EL-84 OutpUt pentodes in push-
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pull parallel configuration, it produced 
30 wattS RMS. The HF30 employed a 
very high-quality Chicago output trans
Former with extensively interleaved wind
illgs and grain-oriented steel laminations. 

The power supply featured twO EZ-
81/6CA4 rectifier tubes and ample filter
ing. The fronr-end rub.:s were a single 
6AVG and a single 6C4 {[jode. 

Thc HF32 ($57.95) mono inttgrau:d 
amp used PPP EL84 and produced 32 
watts. Controls included function, bass, 

treble, loudness and level. The HF32 
had the same OUtput stage design and 
power supply as the HF30. 

In rh.: sam.: design configuration as 
the HF22, the HF35 ($42.95) featured 
self-biased EL34s producing 35 watts 
RMS. The ourpUl transformer was a vay 
high quality Chicago Standard 
Transformer Company unit in ultra-linear 
configuration. The OUtpUt Stage was self
biased, push-pull EL34/6CA7s. The 
front-cnd was identical to the HF22, bur 
the power supply used a larger Ir:lnS
former and a slow-warm-up GZ34/5AR4 
rectifier tube. Many El CO fans feel 
thatthe HF35 was theiT best sounding 
amp. 
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To this day, the HF50 ($57.95 ) was 
a brilliant performing amplifier featured 
push-pull EL-34s in fixed bias mode. 
The from cnd was similar to the HF35, 
but the OutpUt tubes used fixed bias and 
had a higher B t voltage. The rectifier 
was a 5AR4/GZ34. The OUtpUt trans
former was a gray-colored higher power 
unit rated at 50 watts RMS. This tranS
former had an c)(ceprional frequency 
range and was one of the bencr vintage 
units available. 

The HF52 ($69.95) was a high-pow
ered integrated amplifier producing 50 
wattS Rt\1S. UpSr.ldcd features includ.:d 
push-pull, ulm.·linear EL34/6CA7 OUI
put �ntodes operated in fixed-bias 
mode. The front-end included twO 
phono inputs and four line-stage inputs. 
Front-end tubes included twO 12AX7s, 
one 6C4 and one GCG? (phase inverter). 
The rectifier was the slow-warm-up 
GZ34/5AR4. The power transformer 
was a beefier unit than the one on the 
HF20 and the output transformer (gray 
finish) was the same unit as the HF50, an 
extremely high-quality unit emp.loying 
grain-oriented sted, extensively Inter
leaved windings, fully potted in a seam
less sted case. 

Rounding OUt the EICa mOnO pOwer 
amplifier line was the HF60 (572.95), 
essentially the same as the HF50, except 
that it featured a potted Acrosound TO-
330 output transformer. Acro manufac
tured this tranSformer with the finest and 
costliest matcrials on special winding 
equipment, using unique and patentcd 
design methods. Even today, the TO-330 
is one of the mon sought-afrer vintage 
transformers. The HF60 was rated at 60 

HF61 
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watts RMS. Like the 
HF50, the HF60 fea
tured DC bias and 
balance adjustment 
potS on the top of the 
chassis. 

H 

the HF61. This unit was also available as 
self-powered or powered through the 
power amp from an umbilical cord and 
octal socket. Tubes used werc three 
12AX7/ECC83s. 

FM radio began to expand in the 
mid-Fifties and EICO wanted a piece: 
of the action. Their first FM mono 
tuner was the HFT90 (539.95). A very 
compact, self-powered unit, the HFT90 
featured a unique fluorescent "!" �uning 
indicator that doubled as the STatiOn 
indicator. These tuners are still very 
common and can srill be seen at many 
electronic swap meets, probably because 
�hey can be unSTable and prone to drift
lIlg. 
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The EleD Sound 
The EICa amps in this article can 

sound great if properly restored and 
equipped with high-qualiry vintage NOS 
tubes. Avoid adding huge amountS of fil
ter capacitance and cUHing extra holes in 
the sheet metal. Check all resiS[ors, espe
cially in the phase inverter circuits for 
drifting values, replace as needed. Install 
modern high-qua lity film and foil C3paci
tors in the coupling, by-pass and tone 
control circuits. Use with good, efficient 
speaker systems for best results. 

EICO tube mono equipment was list
ed in their C3talogs through 1961 and 
w" rrobably in inventories in Illany 
rerai outletS through the 19605. If you 
happen to find an unassembled Elca 
kit, DO NOT assemble it, as it is worth 
almost twiCe as much to collectors in 
unassembled form. 

The tube stereophonic equipment 
produced by EICO will be covered in a 
future issue of Vrv. 
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The Audio Test Bench 

by 
John Atwood 

This is the second article in the Audio 
Test Bench series. 

One of the first rm::asurem<!tHs w be 
made when testing or repairing electronic 
equipment is either resistance or DC volt
age. Therefore, onc of {he most common 
pieces of {est equipment is a DC multime
{cr. These can vary from tiny hand-held 
units to large bench-top models. While 
single-scale meters ("pand meters") can be 
used, their single range and low impedance 
make {hem impractical for general purpose 
use. The meters covered in this anicl.: arc 
general-purpose with multiple ranges. 
Virtually all of these meters also take AC 
voltage measurements, hut rhe issue of AC 
measurement will be covered in the next 
artide in this series. 

DC Measurements 

There are three ryp� of DC m.,a"urto
m.,ms commonly performed: voltage, cur
ren(, and resis(ance. The imponanr para
meters for each of chese measurements will 
be described helow. lr will become clear 
(hat not all mecers are created equal, and 
that a meter thaI is perfectly fine for one 
applica{iorl may be useless for another. 

DC Voltage 

A DC voltm�ta m.,otSur.,s th., potential 
difference berween (WO points wi(hoU( 
perturbing the circuic under test. In order 
to rake the measurement, rhe DC vo[t
meter must extracc some electrons from 
the circuit, though (i.e. draw some cur
rent). This means rhac the metcr has a 
finite inrernal load resistance (RL in Figure 
I) that shunts the circuit being tested. RI 

.md R2 are the resiscances in the circuit 
under tesT. RL shunts R2, resulting in a 
reduction of the mcasured voltage, Em. 
To avoid an incorrect measurement, RL 
should be at icas{ several orders of magni
tude higher than che impedance of the cir
cuit being measured. 

" , , , -
C"ou" • 
t><oing ", E .. : R, , m ...... ''''' 

Figure 1 Voltmeter eqllivnlellt circuiT 

A U D o T E S T  

DC Current 

A DC ammeter m.,asur.,s the flow of 
currem in a circuit, 3nd must be inserted 
1fl series with the currem flow. In order to 
take the current measuremem, the flow of 
electrons must be impeded JUSt a bit. This 
results in a non-zero series resistance (RS 

Figure 2 Ammeter equiva/e/ll circuit 

in Figure 2) that will cause a voltage drop 
in the circuit being tested. R I and R2 arc 
the re:;;istances in the circuit under test. 
The internal meter resistance RS causes 
some of the current to flow through R2, 
altering the desired current reading. To 
avoid measurement crrors, RS must be s�v
era[ orders of magnitude smaller than the 
impedance in rhe circuit being measured. 
Since breaking a circuit to insert an amme
ter is often difficult, a convenient tech
nique for measuring current is to insert a 
small, accurate tesistor permanently in a 
circuit, and measure the voltage drop 
across the resistor. Reminder: Ohm's law 
says E�I·R, i.e. voltage (in volts) equals 
current (in amperes) multiplied by resis
tance (in ohms). 

DC Resistance 

Resistance can be m�a�ured �ither by 
measuring the voltage drop in a circuit 

B E N C H 

(L to R) Gt:neral RnJio 1800-8 VTVM, 
Simpsoll 270 VOM, Fluke 87 DVM 

given a known current, or by measuring 
the current in a circuit with a known 
applied voltage. Whcn a circuit is in Ilse, 
resistance can b� inferred from voltage and 
current measurements. However, a stand
alone ohmmeter is nearly always used on a 
powered-down circui{ or a component in 
isolation, because the voltages and currents 
in a "live" circuit would disrupt the mea
surement, if not damagc the ohmmeter. 

Most ohmmeters work b)' applying a 
fixed voltage to the circuit (often through 
a series resistor), and measuring rhe result
ing DC current. An ideal ohmmettr 
would apply zero voltage, and be able to 
measure infinite resistance. Due ro practi
cal [imitations in meter sensitivity, a non
zero voltage is needed, often increasing 
when meotSuring high resistances. For per
fecdy linear circuits, the applied voltage is 
nor much of a problem (except for possible 
damage to very sensitive components), bllt 
if semiconduclOrs or other non-linear ele
ments are present, the applied voltage is 
important. If the applied voltage is less 
than a diode turn-on voltage (about 0.2 
vohs for germanium and 0.6 vohs for sili
con), then the semiconductor will not con
duct. [f above the diode turn-on voltage, 
then the semiconductor junction comes 
into play; the reading is no longer linear 
and the polarity of the ohmmeter makes a 
difference. For pure resistance checks in 
so[id-srate circuits, a low « 0.2V) applied 
voltage is desired, but a higher voltage 
(such as the I.5V common in moS{ 
VO�s) is helpful in testing diodes and 
tranststors. 
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Meters 

DC meu:rs fall into thrco., main class
es: passive analog, active analog. and digi
tal. Digital mullimercrs are becoming the 
most common coda)'. hut the older analog 
meters an: still quite usable. especially 
where the delicate needle movements are 
important, such as in n'ceiver alignment. 

Volt-Ohm-MilIiammetecs (VOMs) 

The mechanism used in virtually all 
analo&, DC meters is the "Wesron move
ment, which is based on rhe D'Arsonval 
galvanometer. A coil of very fim: wire is 
sWlpended in a Strong, ("Yen, magnetic 
field. As currclH flows through the: coil, 
the coil TOtales, moving a needle across a 
dial. The energy to push [he coil against 
a restraining spring and overcome friction 
is supplied by the circuit being tc:slcd. If 
used as a voltmeter, a resistance is added 
in series with the meter movement. The 
overall shunt resinance (RS) of such a 
meter is relatively low, however, for a 
movement with a given sensitivity, the 
shunt resistance will increase as the meter 
is switched to higher voltage ranges (more 
resistance is added in series with the 
meter). For this type of meter, the shunt 
resistance is measured in �ohms per \·olt.� 
Cheap meterS may have 5,000 ohms per 
volt or bs, while most standard YOMs 
have 20,000 ohms per volt. To calculate 
the shunt resistance of the meter, simply 
multiply the ohms per volt by the voltag<: 
scale. For example, a 20,000 ohms per 
volt VOM set to the 150 volt scale would 
have a resistance of 20,000 x 1 50 • 3 
megohms. At the 1.5 volt scale, though, 
the resistance would be only 30K ohms. 
Connected to a tube amplifier with a I 
megohm grid resistor, any coupling 
cap;lcitor leakage would be S\vamped by 
the meter loading. 

The amllleter section ofYOMs sim
ply pUts various low-value shunt resis
tances in parallc:l with the meter mo,'e
mem. However, the amp or milliamp 
scales are mOSt susceptible 10 damage -
typically when tbe VOM is used as a volt
meter while Still set to the milliamp scale. 
Good meters have fuses to prOteCt the 
meter against overvollage or over-current. 
Some even have rescuable overload relays. 
However, the dc:licate nature of the 
Weston mCler movement is most exposed 
in the VOM. 

The ohmmeter s..:nion of dle VOM is 
" backward_reading,H meaning zero ohms 
is located at the right-hand end of the 
scale. A �Zero Adjust" control is needed 
to compensate for the aging of the inter
nal battery. Some VOMs usc a high volt-
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age battery ( 1 5  or 22 volrs) on the high
eSl ohms scale, which can be dangerous 
for some solid-state circuits. 

The classic American VOMs were the 
Simpson 260 and Triplett 630. They are 
electrically quite rugged, but the bakdite 
cases tend 10 crack with abuse. \Veston 

made a good VOM in a rugged C)'c1olac 
plastic case, which was also sold as a kil 
by Heathkit. Small portable meters 
include the Simpson 160 and the Tripleu 
310. Many Asian melers, ranging in qual
ity from terrible 10 excellem, were made 
at much lower COStS than the American 
equivalents. However, even the beSt were 
generally less rugged than the bener 
American models. 

The low and varying load resistance of 
a VOM make it difficult 10 use in the 
high impedance circuits typical of tube 
amplifiers. That's why [he VfVM, 
described in the next section, was devd
oped. In the tube era, VOMs were typi
cally only uscd for non-critical tests, 
heavy-duty industrial use, or where pona
bili,)' was crucial. However. with the 
advent or bipolar transistors, VOMs 
enjoyed a resurgence, since the low 
impedances of transistor circuitS permit
ted YOMs to be uscd without excessin" 
circuit lo�ding. Nowadays, the VOM ha� 
been supplanted by the DVM. However, 
ruggedness and simplicity still make the 
VOM useful for basic measurements. 

The Vacuum Tube Volt Meter 
(VfVM) and Solid-state Equivalents 

The need for a \'oltmeter that doesn't 

B E N C H 

load the circuit being measured led to the 
development of tht' vacuum tube volt
meter (VTVM). Actually, the term vacu
um tube voltmeter refers to m�ny circuit 
topologies, but the circuits most com
monly used in commercial VTVMs art' a 
differential amplifier or differellli�l cath
ode follower. The input impedance of a 
VTYM is theoreticaily limited by Stray 
leabge and grid currents in the input 
tube. For extremely loll' current measure' 
ments, special electrometer tubes are 
used, but in conventional vrv�,1s using 
receiving tubes, the input impedance is 
typically SCt to 1 1  Megohms, and is con
stant for all voltage ranges. This is high 
enough to provide accurate measurementS 
for most normal audio circuits. Some 
VTVMs providt' additional DC amplifi
cation, which allows accurate measure
ments down 10 a few tenths of � volt or 
less. However, the difficulty of imple
menting stable vacuum tube DC ampli
fiers limitS this feature to more expensive 
lab instruments. Even in simple VfVMs, 
drift is a problem, and "Zero-adjust� con
trols are always provided. 

All general-purpose VI'VMs aIM) have 
AC meter ranges that use a vacuum-tube 
diode as an AC rectifier. Often this 
diode is moullled in a test probe to per
mit accurate readings of RF "ollages 
without exctssi\'e capaciri\'e loading. 
Many VfVMs also have ohmmeter 
ranges as well. The added sensitivity of 
the basic VTVM circuit typically allows a 
single 1.5V batter), 10 power all ohmme
ter ranges. Current ranges are rarely 
included in VTVMs. 

Because the meter movemem in a 
VTVM is isolated from the circuit under 
test by a tube amplifier, VTYMs are elec
trically quite hardy, and can withstand 
overloads better than most VOMs. 

Nearly all test equLpment manufaClur
er� produced VTVMs. Some of the most 
common scn'ice-grade vrYMs include 
the RCA �Yolt-Ohmyst," the Hickok 
470, the Simpson 303, and EICO 232. 
Lab-grade vrvMs include the Hewlett
Packard 410B and the General Radio 
1800-B. Probably the most famous 
vrvMs of all time were the series of 
Heathkit VfVMs. Heathkit's original 
VfVMs, dating from the late 19405, 
used conventional point-to-point wiring. 
However, in 1957 Heath brought OUt the 
IM-I I ,  which featured a simple, effective 
design and PC-board construction. This 
meter appeared under different part num
bers as Heath changed their exterior 
design styles, but Ihe �me basic design 
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The Quest for the Ultimate 

by David Wolze 

In the world of vintage audio ampli
fiers, arguably the ultimate is (he 
Mdnlosh MI-200 indumial-grnde power 
amplifier. The �Big Mac" is easily the 
biggest, baddest niode amplifier ever 
manufactured in quantity. !f cenainly 
warms the cockles of my hean with iLS 
two-hundred-plus wans of bun-kicking 
spine chilling tube-audio powed! 

Getting Mac'd 

Of course, gelting something like this 
is 1101 that easy. In fact, my quest to have 
a pair of these bad boys in my music 
room could be called the Raiders of the 
Lost Amps. The adventure starred with a 
visit 10 Eric's stomping grounds in 
Albuqucrque. Rumor had it Ihac CW, a 
friend of Eric's, had a pair available in Ihe 
highlands JUSt outside of \Own, Eric, 
Charlie K. and J drove miles through a 
rainstOrm in the dark of night to visit 
CW, who lives in a mostly abandoned 
housing project, 

According to CW, Ih�se amps had 
once belonged to the Grateful Dead. 
However, they had sc:c:n beller days. One 
of the Macs looked pretty good; it was 
missing only the cover plate for the power 
supply chassis. The other amplifier was a 
basket case, though. The Output tubes 
were burnt out, indicating major prob
lems. It had no from pand, and, worse. 
it had no meter control panel. 

[ was having a Mac attack, though, so 
I ponied up $1500 co Cw. Charlic, Eric, 
and I then hauled 300 pounds of Dead 
Mac inro the trunk of the remal car. I 
packed them up and gave Eric a couple 
hundred bucks to cover the COSt of ship
ping the amps to California. CW had 
told me that thc baskct case amp had a 
burnt-out output trannie, so I called 
around to locate a replacemem. 
Eventually, I cOlltacred 'Doe' Hoyer; sole: 
proprietor of Audio Transformers, near 
Milwaukee, Wisconsin, The Doe is ptob
ably {h� only man who can do rhe M[· 
200 transformer rewind. 'That will cost 
you a grand', he said, I packed Ihe bad 
Ifansformer up and shipped it to 
Wisconsin. 

Revival of the Fittest 

With the larger problems uf getting 
the amps and restoring the bad OUtpUt 
OUt of the way, I began [he detailed 
rCSlOration of the MI-200s. The first job 

I tackled was the comrol.pand wiring 
harness which was missing from the bad 
amplifier, Fortunately, I had O!l� meter; I 
disassembled it and Xeroxed its faceplate. 
Evemually, I loeated an old VU meter, 
which was a perfect match except for its 
faceplate. The Xerox image was carefully 
glued into placc, transforming the VU 
meter imo an MI-200 bias merer. 

With the meter squared away, the bal
ance of the control r.anc:l wiring was 
completed. A coup c of high quality 
Bourns 100 K linear potS were wired in 
to provide the bia.<l conrrol, and a 
Grayhill 3-posirion, 2-pole rotary switch 
was wired as shown in Figure I ,  to simu
lare the function of the original bias 
sdC:ClOr switch. Another Greyhill switch 
and a couple more Bourns potS were 
wired into the original control pane:! as 
welL 

MI-200 (front) 

Power Supply Rebuild Kinks 

Now it was lime to reSlore both of the 
power supply chassis. The filter caps 
were puUed and carefuUy disassembled so 
thar I could reuse the cans. 220 uF at 
450 volt caps were used, a.<l well as a 47 
uF at 450 volts. Each cap took o,'er TWO 
hours to do; there are eight in a pair of 
MI-200s. But it was worrh it; the fresh 
caps cannot be discerned from stock 
units,. and they boa.<lt nearly twice the 
capacItance. 

To reduce heating, ! decided to add 
solid-srale recrifiers to the power supply. 
I consulred my tube manual to determine 
resistance to add in series with the silicon 
diodes. The 150 ohm resislOrs for the 
5 U4 bridge rc:ctifier are placed on the 
cathodes of the output tubes to improve 
bias stability. This mod saves 160 wattS 
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of filament power on rhe pair of amps, 
and i, improves bias stability. If I wish IQ 
shuw the amps off, rhe 5U4s and 5Y3s 
can simply be plugged into their sockets 
and run. 

Chassis Restoration 

Audio Classics had a powa �upply 
fronl panel; I ordered it. Then [ lOok it 
and the sheet metal from the good chassis 
to Phoenix Industries, a sheet metal shop 
in Mountain View, CA. To duplicate the 
emire set and repaint and silk screen 
cvcrydling would be $500, Phil at 
Phoenix said, 

Restoring and Hot Rodding the 
Amplifier Chassis 

Since C\YI had performed (:X«:us;v(: rnod� 
(Q rhe good amplifier electronics, I felt no 
need (0 preserve its authenticity. So I 
decided to do a complete horrod on rhe 
electronics, exchanging every resistor for a 
1% metal film rype, and upgrading all 
caps as well. The output grid caps were 
upgraded to vimage mil spec oil-filled 
glass types, the inputs were Vitamin Q'd, 

and polyprop and tamalum caps were 
used in between, 

To preso;:tve that vintago;: look, I rum
maged some equivalent value vimage elec
trol),tics and prepared them as follows: A 
screwdriver is used to pr)' the bead on the 
end of the cardboard tube open, then the 
old cap is slid out. The ends of the old 
cap are CUt off aboUl 311 G" from the end, 
and the middle is discarded. Thcn the 
ends are cleaned, their leads cut off flush, 
and a 1132" hole is drilled in the middle 
to allow the new cap lead to come 
through. Then the 3 pieces are reassem
bled into the cardboard tube, observing 
polarity. 

Finally thc bead is ro::-crimped, and th� 
leads pulled to position the endpieces. 

Powering Up the Mac 

Power was applied slowl)' with a 
Variac. Ever),thing came up wdl, but 
there was some low levd noise and a pHlg
ing sound o::-ver)' few seconds. The ping
ing was traced to the front end power iso
lation circuil which did not like the new 

low leakage capacitors . A l20-volt Zener 
fixed that problem. Tho::- noise was traced 
to a bad l2AU7. 

The Mac in the Test Lab 

With the amp running, I was curiou� 
about its performance. Square wave test
ing at about 25 watts was conducted first. 
5 kH7., 10  kH7., even 20 kHI square 
waves were perfect: sharp corners and no 
ringing whatsoever. Power was a good 
200 wans, no problem. Truly this was a 
legend revived; I had never seen a tubed 
amplifier perform so well on the bench. 

A First Listen 

Still missing the: OUtpUt lUbe:� and 
tr<lnsformer for the second amplifier, I 
recruited my Ciration 2 ro back up rhe 
first Mac for a stereo listening session. Its 
sound was significandy beTter rhan (hat of 
the Citation. The lows and highs were 
effortless, and (he sound Stage was bigger 
and beHer. 

Bringing the Second Mac Up 

I rebuilt the second chassis in the 
same manner as (he first. This unit was 
lacking the output transformer and the 
output tubes. The rransformer [ had 
under control, but getting (he obscure 
8005 uansmi[[ing triodes that Mac ust:d 
on this amplifier was proving to be a 
problem. Perusing the transmitting tube 
manual, [ discovered that 8125 would on 
paper substitute very well. I tried them 
in the good amplifier; handling the fila
ments was simpl)' a matter of disconnect
ing the 10-volt tap and running a wire 
from pin 8 of each 6BX7 drive tube fila
ment. Power was good, bm [ Hill did not 
like {he bias instabiliry. 

Give Your Equipment a Solid Foundation 
with P.S.I Power Conditioners 

Power Science Industries now has 2 
models designed to give your equipment 

a Solid Foundation of Power. 

• Improves Power Factor and Reduces 
Digital Noise 

• Cancels Even and Odd Order Harmonics 

• Waveform Correcting 

P.D. Box 51226 
Palo Alto, Ca 94303 For more information contact Power Science Industries at: 
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BRIEF HISTORY OF THE MI200 
by C. Kiuleson 

The firsT version of Ihis amplifier was 
the K-107, introduced in 1953. It was a 
200 watt RMS power amplifier using a sep
arate chassis for the power supply. Output 
tubes used were a pair of the RCA Type 
8005, originally used in World War 2 in air
craft transmitters. Qlhcr tubes included a 
lZAX7, 12AU7, two-6BL? pre-drivcrs and 
[Wo- GAVS cathode-coupled drivers. The. 
K-IOJ power supply featured fOl.lr-5U4Gs 
and one 5Y3 rectifier tubes. Both chassis 
weighed in at 140 pounds! These amps 
were originally used as recording head cutlcr 
amplifiers, high quality sound reinforce
ment and for indumial applications includ
ing shaker tables for vibration analysis in 
aircraft and missile cOnstruction. 

As the need for higher �uality cutting 
head amplifiers increased With more high 
fidclilY LP releases, Mdntosh introduced an 
upgr:lded. version , the K-I 000. Mercury 
RffordS and many other labels used the 
K-1000 as the cutting head amplifier for 
their high quality releascs. Some of the 
K-IOOO amplifiers were available in either 
8 ohm, 150 ohm or 500 ohm output 
impedance5, depending on the needs of the 
cutting head setup. The K-l000 was made 
from 19S6 through 1958. 

The final version of this amplifier 
design was the MI-200AB, made from 1959 
through 1966 and probably the most com
mon available. MI stands for Mdntosh 
industrial and that is typically where many 
of the MI-200s are found. Aerospace, air
plane and other defcnse conrractors used 
the MI-200AB for shaker tables and other 
vibration analysis applications. Some ver
sions of Ihe MI-200 had a phte current 
panel meter and some did not. Some ver
sions featured a 4, 8 and 16 ohm OutpUt 
transformer and some had a higher (500 
ohm, etc) impedance. 

This bias insrabil ity was present even 
on the stock 8005s in the good unit. In 
fact, my opinion was that the bad amp 
had suffered thermal runaway as the 
Grateful Dead was jamming it at a COIl
cert. This burnt out the output trannie 
and overheated the tubes. 

The Right Tube is Found 

I tried subHituting 8 1  I s  for rh,", 8125. 
The bias circuit had to be modified 
slightly ro accommodate the 8 1  Is. See 
Figure I for the modifications that were 
done to accommodate using 8 1 11572s in 
the Mac. The bias drift was totally elimi
nated. I noted that the 572s were much 
more consistent as to their bias point as 
compared with the 8 1 1s.  Another slight 
problem with the 8 1 1  s is the lower plate 
dissipation rating as compared with the 
80055. If you want to be cheap, ),ou call 
use the 8 1  I s, but run them at 40 mA per 
tube idle, 

However, the RlGHT tube for the 
"Big Mac" is the Svetlana 572. Featuring 
a beefy graphite plate, this tube has 
TWICE the plate dissipation rating of 
the 8005, The 572 is beautifully made, 
and the bias is rock stead),. A further 
advantage is that you ma), run the idle 
current to 60 or 70 mA per tube to 
improve fidelity. George Badger of 
Svetlana says thar the 572s are going 10 
be priced at $70.00. Power OUtpUT is the 
same with the 8 l 1s or 572s as the 8005s, 
and the Unity Coupled OUtpur circuit 
e�imi.nates all)' need to change feedback 
cIrcuitry. 

The Second Mac Comes Alive!!! 

It had now been over a month since 
Ihe Mac output had been Sent to rhe 

Doc. He called to inform me that it was 
on its wav to California. Ir arrived about 
a week la�er, and it was installed on the 
second chassis. Now the 'bad' chassis was 
finally restored, with new output tubes 
and an output rransformer. 

With baited breath, [ brought the sec· 
ond Mac up on the test bench. 
Everything was OK, but high frequency 
instabiliry was seen on the ourput. To fix 
this, I connected a 300 pF cap from the 
plate (Pin I) of the 12AX7 to ground, 
The old compensation network was dis
connected. 

The Mac Blast 

The sheet metal was 1I0t read)' )'I:t; 
but the amps were ready to go! After [is
tening to them for awhile at my place. I 
brought them up to Charlie Kittleson's . 
Charlie had some Acoustat 2MH electro· 
static speakers and a modified Scon LC-
2 1  preamp. Ron from rhe Tube Club was 
there too. The amps were ugly, bur rhey 
powered up OK. 

The [ighrs dimmed as rhe Macs 
worked the e!ectrostats. Now, Charlie 
has had man)' high qualiry amplifiers go 
through his establishment, but wc al! 
agreed that the Macs were in a class by 
themselves! Their sound stage was almost 
galactic in its dimensions. 

Finishing Up 

The sheet metal came in, and so J 
started to design a pair of racks to mount 
the amplifiers. I decided to mount the 
amplifier section horizontally so that [ 
could sce the OutpUt !Ubes glowing. The 
racks, made of twO by fours, also mount a 
fan which blows on the output tubes to 
preserve them and keep the chassis 
cooled. The fans are 1 2  voir units which 
are operated al 8 volts to keep the nois� 
down. The mounting racks really provid
ed an excellenr finishing tOuch to the 
Macs. 

I have run the Macs for quite a while 
now in my listening room. With the new 
racks and sheet metal, they look good, 
considering ,har thcy are commercial 
amplifiers. They sound simply wonder
ful, and I like to brag that when the bias 
meter stans to mO\'e, a Mac 240 would 
be into dipping!! Although I was eventu
ally able to get enough 8005s, 1 kept run
ning rhe 572s due to their superior stabil
ity and availability. 

Since [ had to r,",build rhe second 
chassis so exrensively, I found that its pos
sible to build "Big Macs� from scratch, 

(COIlt. 011 Page 34) 

V A C U U M  T U B  E V A L L E Y  

.. 

l 



---_2 

I N D U S T R Y 

Tube Industry News 
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by 

Eric Barbour 

A New EL34 from Svetlana 
Svedana's new E134 was officially 

released as of August. The final version 
was sampled to vrv, and tested on my 
bench SCtup in the same way as the 
E134s in issue 2's survey. Thesc units, 
unlike the pre-production samples we saw 
in April, have both 2 pill getters mounted 
on the plate sides plus a flash getter cov
ering the top dome of the envelope. 
Otherwise, hard glass was used but the 
other details are very similar to the late 
tyJX' III Mullard. 

Test of Production 5vetlana EL345 
500V 75 mA PENTODE CONNEC

TION, 1000 HZ, PLATE LOAD 3200 
OHMS: 

Sample 
sample I 
sample 2 

Distortion Screen Hot spoe 
0.55% no 
0.58 no 

sample 3 0.52 
sample 4 0.54 

aver.!ge: 0.5475 
average peak pwr: 13.5 v rlllS 

Frolll a distortion slandpoinl, com
paring this tube to Olher EL34s would 
place it JUSt below [he later Tclefunken) 
and slightly above Ihe 1990s' Tesla EL34. 
[I JUSt noses out the Tesla to get the hon
ors as ,he world's current best. 

It was 2 close race, 2nd the Svedan2! 
R&G people are to be congratulated for 
pulling it off. It was a special pleasure to 
see [hat they have uscd gold-plated wire 
for their grids. This will help considerably 
in making Ihe tube more rugged in gui
tar-amp service. Still, we have to recom
IlH:nd Ihat guitarists seriously consider 
the modifications shown in the E1..34 
anic1e in Issue 2. Even a tuhe this good 
can be destroyed by some high plale volt
age guitar heads, including some 
Marshalls, the Music Man 130 and the 
Scymour Duncan Convertible. 

New 684m 
Some of you h;iVe heard about <I gov

crnmenl-surplus GB4G that is being sold 
in [atge quall1iries by certain dealers. 
vrv has obtained one of them, and as 
you can sce in the photo, it does not look 
like a GB4. In fact, its resemblance [0 a 
GAV5 is quite pronounced. This one was 
dated 19BI and was made by Sylvania. 

N E W S & S E X F M R T E S T  S 

I! seems that Uncle Sam wanted a 684G 
as a mooula[Or driver [0 keep some old 
radio gear running. but the major lube 
fac[Ories didn'l ha"e the looling [0 pro
duce 2A3-family niodes. Sylvania ,heal
ed a bit, rebasing a GAVS and connecting 
an internal sITap berween the plate and 
screen (photo), and strapping one side of 
(he filament (pin 2) to the cadlOde. John 
Atwood has run this thing on his cun"e 
tracer, and is certain Ihat it is a trjode
connccled GAVS or similar sweep tube. 
The curves of a real GB4G were similar to 
the Mnew� 684G , and a reill 6AVS in Iri
ode conneclion gave almost idemical 
curves. I f  you buy this thing, be warned. 
It  may work OK in a 684 amplifier with
out mods, but it will not sound like one, 
Its heater-cathode construction, with one 
end of the healer connccled (0 Ihe carh
ode, can be a major source of hum, un!es� 
the heaters are run off of DC. The GAVS 
is a fine rube and widely overlooked in 
audio; any serious experimenter would be 
well advised to try it, it is cheap and easy 
10 get. Trying to use Ihis surplus "triode� 
in a DHT amplifier may be disappoint
ing. If you would like to try triode-con
necu:d beam tubes in your rriode amp, 
there are less expensive ways of doing it. 

Rumor Dept: 

Supposedl)" Tesla is plaJIning to pro
duce a KT-BB very soon. Why they are 
doing it  is a mystery, they were doing 
well with their only products, E1..34s and 
E34Ls. Perhaps the competition was lOO 
much for them� There are also persistelll 
whispers about Genalex going back i1110 
KT-BS production; details are non-exis
tent, �s the dealers in the know are being 
secretive. 

Checking Out the Single-Ended 
300B Iron 

There are many companies now trying 
to compete in the market for tube Out
puts transformers. Afler years of decline, 
suddenly there are numerous brands 
available. MosI of rhe new companies arc 
addressing the growing market for single
ended transformers, a speciality which 
did not exist in the USA only five years 
ago. In 1 990, if you wanted 10 build an 

SE amplifier using a 3008 triode, basical
ly you bought Japanese (Tango, Tamura) 
or British (Partridge). Today there is a 
dizzying array of choices, all a linle differ
ent from one another. What 10 do? (Sec 
Charlie's accompanying anicle covering 
SE listening impressions for his thoughts 
on transformer sound qualities.) 

�member, sound quality is very sub
jective, especially when il comes [0 SE 
amps. However, in spite of the claims of 
some "experts," there are a few electrical 
tests we can perform which can give some: 
idea of which transformer is likdy IQ give 
good performance (or, at the vcry least. 
we can tdl what the designer had in 
mind). \Y!e obtained samples of most 
major br-.lIlds of SE 300B transformcrs, 
and tested them for rwo major parame
lers: 

a) Primary inductance · this is an 
indication of Ihe ultimate bass cxlension 
of Ihe iron core - a perfect nanny would 
have an infinite primary inductance, 
which does not change (due to core �tU
ration) as Ihe standing DC plate currenl 
increases. In the real world, the maker 
must choosc a SCt of compromises due 10 
conflicting lechnical problems. 

b) High-frequency response - With 
an acmal tube hooked up and biased, the 
llpper limit will eventually roll off. This 
would be at infinite frequency if we had a 
perfect transformer; but again, making a 
real-world product forces compromises. 

This report will cover only the mosl 
popular 300B models sold by each com
pany. The MagneQuesl FS030 is wdl
known and heavily advertised, but its 
data sheet indicates that it is imended 
only for one regular 3008, and only for 
operation at 60 mA maximum. The OIher 
transformers specify more primary cur
rem, and the non-potted ones obviously 
ha'·e luger air gaps than the FS030. Tht' 
E1ectra.-Print VT2KB is meant for the 
Vaic W30B (il works fine with the 
300B) and is rated at 160 mA (and, at 14 
pounds, is casil)' the biggest and beefieSt 
of the 101). 

The Audio Note 3K is ratt'd for 140 
mA, and their Model Two 2.5k is tated 90 
mA. Tango's XE-60-3.5S (their best 300B 
unil) is tated 170 mA. The Tamura is a 
top-line model. rated for 100 mA. The 
Italian-made Bartolucd units are new to 
the American market, are well-enade and 
pmred, and are rated for 90 mA. The 
Tango and Tamura arc also po[[ed: the 
MagneQuest and Electra-Prinl have end
bells and the Audio NOIC$ are o�n frame. 
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The5e transformers generally were 
supplied with minimal data. However, 
the Tango includes an extravagant test 
repon in Japanese. Connecting the 

Audiono,e UK2.5K Ilnd EIu ..... _Priut YT2KH 

Tango and Tamura was easy and obviolls, 
they had clearly labeled outpUt tapS for 4, 
8 and 16 ohms. The Audio Notes had 4 
and 8 ohms but made us decode rhe wire 
colors from the dara sheet. The others 
had complex OUtput winding arrange
ments. Electra-Print prewired theirs for 8 
ohms, but it could be changed to 4 or 1 6  
by changing winding hookups according 
to the included sheet (they had no lead 
wires, the actual enamel-coated magnet 
wire was brought straight Out, thus elimi
nating one solder joint). The 
MagneQuest and Banolucci units 
required us to study their data sheets 
carefully to get the output impedance 
right--MagneQuest used Tenon-col'ered 
wire of good quality for its leads, while 
Bartolucci provided brass (urret termi
nals. 

ELECTRICAL TESTS 

The inductance readings wen: taken 
using John Arwood's transformer test set
up. We took {\vo readings from each 
transformer: one with 60 mA of DC 
flowing in the primary, and the other 
with 100 mA of DC. The AC signal used 

N E W S & S E X F M R T E S T  S 

to lest the inductance was 50 vrms, 
kHz generated by a MclnlOsh MC-30 
amplifier, and the inductance bridge was 
a Freed model I I I  OA wilh a Kepco regu-
lated DC supply for rhe DC standing 
current. A General Radio 1232-A Null 
Meter was used 10 measure the bridge 
null. 

Table I: Primary Inductance. Arranged by 
decreasing induetance at 60 mA: 

L at La! % 
mE 60 mA 100 mA change 

MagneQueu FS030 70H 41 H 41 % 
Tamm"d F-2007 41H 28H 32% 
Elcclra-Prim Vf1KB 37H 35H 5% 

Banolucci-1 6/A1Y 3K 37H 33H 11% 
Banolucci-I61A1B 2.SK 32H 30H 6% 

Audio Note 3K 20W 2 1 H  20H 5% 

Audio Note 2.5k 25w 2 l H  20H 5% 

Tango XE-60-3.5S lZH lZH 0% 

If a single Wesl.:rn Electric 300B were 
to be used at 4S0v 60 mA, the 
MagneQuest and Tamura would work 
well. If you want 10 run more plate cur
rem, perhaps with twO 300B5 in parallel 
or a single Vaic W30B, then the Electra
Prim, Barrolucci, Audio Note and Tango 
units would perform better, since their 

inductance 
'Mngo X£-60 dud &moluu; 3.0K 

changed little as the currem was 
increased. As we will see next, the Tango 
unit has relatively low inductance but 
excellent frC<juency response, so Tango 
apparently traded off low-end response 

for high-end extension. 

Table 2, Freq uency Response, mea
sured with a Vaic VV30B connected ro 
each transformer. Level was set at I wan 
(the first watt in SE amps is most critical) 
inro 8-ohm load at 1 kHz, then the signal 
generaror was turned up IQ get the -3 db 
frequency, measured on an HP frequency 
coumer. Other instrumen,arion as used 
in the 300B rest article. 

Table 2: High-Frequency Roll-off: 

�3db �3db 
TYPE @' 60 mA @ 8 0 mA  

Tamur:l F-2007 43.3KHz 45.6KHl 

Tango XE-60-3';S 42.4 42.4 

Audio Note 1.5k 25w 39.4 38.7 

Barrolucci 2.5k 32.9 .32.9 

Audio Norc .3k 30w 32.4 32.4 

Barrolucci 3k 31.0 31.0 

MagncQucsl FS030 27.0 14.8 

Elccrra-Prim Vf2KB 14.6 24.6 

All of the transformers went above 20 
kHz at 1 W<ltt, so none will have severe 
loss of high frequencies in normal use. 
This has nor been the case with some SE 
transformers imended for 2 1 1  !llbes, 
which I've tested in the past. They usual
ly start to roll off below 20 kHz. The 
response should be consistent regardless 
of plate current, bur rhe Tamura and 
MagneQuest changed slightly, again indi
cating that they are intended only for 
lower-current operation. For comparison, 
a \Vestern Electric 171 A (from rhe fabled 
9lA amp) rolle<l offat 17.1 kHz. 

We tried 10 take distortion readings, 
but our attempt was complicated due to 
rhe faer: rhat the figures varied depending 
on the transformer. For example, the 
Audio Note 2.5k should have given the 
same distortion as the Barrolucci 2.5k 

since they would present ,he same load to 
the tube; but the Audio Note gave 
0.215% diSlOrtion at 1 wattl l kHz/60 
mA, while the Banolucci gave 0.257%. 
This is not a major difference, but other 
transformers with different load imped
ances will alrer the operating point, and 
hence distortion of the outpm tube. So 
the distortion might vary from one sam
ple transformer to another, and the fig
ures presented here cannOt be 100% 
relied on for buyer comparison. 

(S£ Trt/I/sjvrmt!r Test COIJti",u:d Qn 
Page 34) 
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vrv LISTENS TO 
SE TRANSFORMERS 

by Charlie Kiuleson 

Our policy .u VTV is to audition 
audio products using multiple listeners in 
several sessions. By doing this, we are able 
to gct a wide variety of opinions and 
reduce ,he: potcntial for audio hallucina
tions and product biases. A total of 10 
different listeners gathc:red for three: differ
�nt listening sessions of the single-ended 
Iron. 

In this series oflisu:ning impressions, 
we obtained most of the: popular, premi
um single-ended transformers being 
offered by VS, Japanese:, British and 
Italian transformer designers. 

The listening set-up consisted of an 
all-tube single-ended power amplifier 
using a 300B, driven by an ocral dual-tri
ode: GEM7 and rectified by a 5U4G. Thi� 
is {he same lest amplifier described in 
Eric's 300B article, We listened to differ
em OUtput tubes: the Shuguang 3008, the 
Cenon 300B, the WE300B (ord version) 
and the VAIC VV30B and VV52. 

The pre-amplifier was Dave Wolze's 
cusrom built all-octal line stage using 
6SN7s, a loctal 7F8 and all tube regula
tion and rcctification. The CD player was 
an Elite ElCClronics-modified Philips 960 
or a protOtype of the Oynaco COV-Pro 
(tube ompuc with HOCO). The speakers 
used were eirher the highly cfficient horn
type Klipsch Chorus lis or B & W 
DM I 10s. Program material used includ
ed some CRP rccordings (Fourplay, CCt.), 
a few classical piano CDs and the 
Stereophile test CD. The listening room 
was located in our offices in Sunny"ale. 

For all of our listening sessions, we arc 
using a SOLID line conditioner by Power 
Science Industries, Palo Alto, California. 
Our offices arc located in Silicon Valley 
where there are thousands of noisy digital 
computer power supplies lousing up the 
line vohage. The SOLID takes care of all 
the line hash and really cleans up the 
sound. 

The following is a summary of th.: 
transformers reviewed. 

AUDlONOTE UK 
We sampled twO AudioNotc U K tran)

formers, the 25K (US$140) and the 3.0K 
(US5160) unilS. Both of the transformers 
are of the Mopen frame" construction. The 
2.5K was tested with a single 300B set at 
60 ma. -nlis unit pr�nted a balanced 

sound wiTh a solid bass and low upper
mid range distortion. Midrange seemed 
"jUSt right" and the highs were not too 
bright, bUI actually sweet. A vcr)' nice 
transformer. 

The 3.0K AudioNote unit was actually 
a bit beller sounding with a single 300B, 
offering the balanced presentation with 
more solid ba�. Overall, the AudioNotes 
performed quite wdl and were easy to lis
ten to. Most reviewers felt the AudioNote� 
were the "b<'St sound for the money.-

BARTOLUCCI 
These attractive transformers are hand

wound in Italy by G. Banolucci and 
fearure double C-core COnstruction. The)' 
all have 4/8116 secondaries, solid brass 
hookup terminals, and are beautifully POI
ted in black, squared, all-stccl cans. They 
afe reminiscent of MC225 OUtpUt trans
formers. The tWO IhrlOlucci units 
reviewed were the 2.5K Model 161A1B 
(5215) rated at 90 ma for 2A3, 3OOB, 
6B4C, etc, and the 3.0K Madel 161A1Y 
($225) rated at 90 ma for a "91 � style 
300B amp design. 

With a 300B set at 60 ma, the 2.5K 
unit had dean, balanced mid-range and 
crisp highs on the bright side. We did 
nore a hump in the upper-bass range. 
With Ihe VAIC VV30B set at 80 ma, the 
2.SK unit displayed bright highs and what 
sounded like intermodulalion distortion 
in the upper-mids. The bass was strong 
and tight. but sounded a bit like solid 
$Tate. 

The 3.0K Banolucci sounded mor .. 
balanced in amp and the highs were less 
tiny compared 10 the 2.5K unit. With a 
single 300B, the 3.0K might be the way 10 
go. 

ELECTRA-PRlNT 
We listened to the VI'2-KB Elccu .... -

Print ($249) which is a 2.7K unit thal can 
handle up to J60 ma. It easily won the 
"biggest iron� COnlcst, weighing in at four
T(Cn pounds. First, we tried it with the 
300B and were impressed by the vcr)' bal
anced presentation throughout the listen
ing ran&e. The bass was beefy and well 
damped. The mids were 3D and very life
like. The highs were clear and extended. 
This transformer had an effortless sound 
quality . 

JUSt for kicks, wc tried the Vf2-KB 
with the new VAlC VV52 Super Power 
Triade set at 500 vohs and 100 ma. The 
sound was awesome with a MBig Tone� 
quality like no other combination in this 
comparison. The Electra-Print and the 
VV52 arc the ultimate set up for amp 
builders who can spend some bucks. 

MAGNEQUEST 

The FS-030 (S300) h,u b .. en available 
since 1992 and is used in a lot of CUSlOm 
SE amps made in the US and elsewhere. 
We also obtained a sample of the limited 
prodUCTion FS-030 that was wound with a 
special oxygen-free copper wire originally 
designed for cyclotron electro-magnets. 

First, wc Hied the standard FS-030 
with a single 300B. This transformer is 
limited to 60 ma plate current by design, 
so we set the current at that level using 
300 volts on the plate. This transformer 
has a relaxed sound with nice midrange 
and SW(Ct highs. However, the bass 
seemed under-damped and the overall 
sound was not as balanced as the 
AudioNote UK transformers. 

Then we hooked the FS-030 up to a 
VAIC VV30B power triode set al 60 ma 
and 300 volts on the plate. With this 
combination, the ba� was somewhat loose 
and the highs seemed slightly veiled. This 
is probably due to the circuit operating 
parameters not being optimized for the 
transformer. 

Wc hooked up the limited production 
FS-030 with {he oxygen-free copper wire 
and noticed a significant difference. The 
sound was more balanced and the bass 
was righter than on the standard FS-030. 
We also noted that the air gap on Ihis FS-
030 was wider than on the standard onc. 

This may ha"e something to do with 
th .. sound qualit), because all of the other 
open frame SE transformers we reviewed 
appeared to have a wider air gap. 

We have no doubt that when the Stan
dard FS-030 is Mtuned� to a specific amp 
design and speaker syStem, it can perform 
well. 

ONE ELECfRON 
The UBT-l (595) is a \.6K lran�

former Ihat can be made a 3.2K unit by 
hooking an eight ohm load to the four 
ohm tap. In this configuration, (he: pri
mary inductance is less than optimum, 
but this transformer has good bass 
response, so this is not a bad compromise. 
With a single 300B at 60 ma, this rrans
former had clear mids and highs and was 
very detailed, but nOI sibilant. 

There was somewhat less bass than 
either the AudioNotes or the Electra
Print. We also li51ene<1 10 this unit 
Through the B & W DM-J 10 speaker and 
liked what we heard. This transformer 
seemed to work better with a non-horn 
type loudspeaker system. At $95., the 

(COllti1l11�d 011 Pag� 34) 
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� 1 __ - Cathode Bias 
by 

John A'wOOG 

Old Components - Caveat 
Emptor 

As pan of the revival of imerest in the 
hean of an old technology - vacuum 
tubes-a new interest in old passive com
ponents is developing. [ won'r get into 
the debate on the sonic merits (or demer
its) of old componenrs, excepr to say that 
they generally do sound dilTerent when 
used in critical circuit locations. These 
differences should be applied ro audio 
design in the same way a chef adds herbs 
and spices to a dish. They are added to 
enhance the final taSle of rhe dish, nor 
JUSt as an end in themselves. Recent elec
Honic technology has made available 
high quality resistors and capacitors 
which are great for high-definition audio 
designs, bUl sometimes can leave the 
overall design sounding bland - like a 
meal with no salt or spices. Unlike food, 
however, slill wc can make use of old 
compOIlt:nrs from previous generations. 
These old components were built differ
ently for different design goals, and ha,'c 
also passed through rhe ups and downs 
of aging. Decades of military stockpiling 
and scrapping of old equipment make 
passive components from the 1940s, 
'50s, and '60s slill available. To rhe 
knowledgeable designer or builder, these 
pans can be used to tailor the sound of 
an audio system. 

B A S O L D C O M P O N E N T S  

The resourceful pans scrounger can 
often retrieve pans from old equipment, 
and may even find stashes of unused pam 
- at ham swap meets, estate sales, or even 
junkyards. Those who don'l wam 10 
scrounge for themselves can buy pans 
from a variery of places - ranging frum 
dusty surplus SlOres 10 slick audiophile 
mail-order catalogs. However, when buy
ing any old component, cav((/t (mptor 
(buyer beware). Mosr components 
degrade wilh use or over lime, and many 
components were simply nor made 10 the 
right specifications we are accustomed 10 
in modern components. ['vc rccendy been 
sorting through mounds of old parts, and 
have found that a lot have 10 be put into 
the «non-critical use" category, or thrown 
away because they were simply non-func
tional. The betrer slOres and mail-order 

catalogs will pre·screen their old pans, but 
the unwary buyer may get parts in their 
amplifier rhat will he unreliable or cause 
other pam 10 fail. I will outline here some 
of rhe basic things 10 check for in old 
pans. See my article, Screening Vacuum 
Tubes (VfV, Issue 1 )  for the important 
items 10 check in old vacuum tubes. 

Carbon composition resistors wen: 
br far the mosr widdr-used resistor t),pe 
in American elCClronics all rhe way 
through the 1970s. The military especial· 
Iy liked carbon composition, due 10 its 
high reliabiliry - early carbon film and 
metal film resistors had a much higher 
chance of going open. However, while 
carbon comps would rarely completely 
fail, their resistance tended to wander 
around wirh temperature, and change 
with aging - almost always rising in value 
with age. This tendency to rise in value 
seems to be related 10 the manufacturer 
and time of manufacture. For instance, I 
have found thar Ohmite resistOrs from 
the early 1950s seem to hold their value 
quite w�lI, while Ohmites from the late 
'50s could dramatically rise in value 
often 20% 10 30%. Niore recently manu· 
factured resistors seem to be more stable 
(although less aging has occurred). 

\Vhen buying carbon-composition 
n:sistors, always lesl them with a good 
ohmmeter. Don't be surprised if more 
than half fall outside their marked tOler
ance range. You may set aside the out-of
tolerance pans for use as 3 higher."alue 
resistor, bUI this is risky and confusing 
someone repainng your work years from 
now may replace the resistor with the 
wrong value. Sometimes heating a resis
tof (by dissipating, say, twice its power 
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r.lIing for a few minlHCS) wil! bring the 
value back, bUl this only works occasion
ally. Even if you son OUI Ihe resiSIOT val
ues 10 very dose tolerances, don't expecl 
them 10 olaimain their accuracy over time 
and tcmper:uure - they are very poor pre
cision resiSlOrs. Also � aware thal carbon 
composiTion resistors lend 10 have more 
noise (especially in the: 114 and 112 wan 
rypcs) than carbon or metal film, so they 
should be used with care in low-level 
(front-cnd) St3ges. 

EJectrolytic capacitors are one of Ihe 
most temperamental components in audio 
equipment. During manufacture, the 
insulating aluminum oxide layer is grown 
by applying :I. "forming" voltage acr05$ the 
capacitor. As the capacilOT ages without 
being used, this oxide layer degrades. 
Thus, ironically, an electrolytic that is frc:
quendy used will often la$[ longer than 

one sining on the shelf. However, if the 
electrolytic is run tOO hot (by being 
cooked by an adjacent power tube, for 
example), the electrolyte can dry out, 
degrading the capacitOr. I'm not aware of 
any sonic benefits to vintage electrolytics 
(usually quite the op\>ositc[), ro wherever 
possible, use recent e eCHolytics. Nearly all 
dectrolytics have a d:.l.(I: code, usually of 
the form XXYV, where XX is the year of 
manufacture, and YY is the week of man
ufacture (i.c, 7546 means the 46th week 
of 1975). Be wary of capacitors more than 
1 0  years old. Any older high-voltage 
capaciwr should be �re-formed� by slowly 
applying a DC voltage to it. This either 
can be done manually with an adjustable 
DC power supply (lening no more than 
about 10 ma flow at a time) or through a 
current-limited supply, such as [he ones 
found in CapacilOr checkers (like the 
Sprague Tel-Ohm-Mike). Some old capac
itOrs can take over an hour to rc-form, but 
once re-formed, they can often work wdl. 

raper capacilOrs often can have the 
single biggest impact on sanies of any pas
sive component, which e)[plains the 

S T E R E O  7 0 R E V s T E 0 

renewed interest in vintage oil and paper 
cap;!.citors. Paper capacitors can degtade in 
several w;!.ys. Paper is hygroscopic, sa 
unless the capacitOr is hermetically sealed, 
water vapor will le;!.k in and be absorbed, 
causing DC leakage and raising the capac
irance (warer has a high dielecTric con
stam). Waxed-cardboard capacitors arc the 
WONt-scaled, but even plastic molded 
capacitors can devdop microscopic cracks. 
The metal-cased, glass-sealed (�mil-spec") 
capacitors have the longest shdf life. 
Regardless of the capacitor package, rhe 
paper dielectric can alro degrade by iudf, 
due \0 acids and other residual chemicals 
in the paper. This type of degradation is 
greiltly aeederated by applied \'oltage, 
which explains why DC blocking capaci
toTS often fail well before tone-control 
capacitors. This degradation causcs DC 
leakagt! and im,:reased losses. Plastic film 
capacitors became popular because rhey 
do not have thcst! degradation modes. 

Before using old paper capacitors, or 
ro:storing old equipment with such capaci
tors, it is prudenr to check the capacitors 
with an LCR meter or an impedance 
bridge. This will not only show if tht! 
capacitance value is correct, but will indi
cate degradation by a higher-than-normal 
dissipation factor. You can get a feeling of 
rt!asonablt! dissipation factors by testing 
known-good caracitorS of tho: 5ame type. 
On my Genera �dio 1650A impedance 
bridge, good paper cap;!.citors have a dissi
pation factor ofberwcen .005 and .02, 
polyater (mylar) between .003 and .008, 
and mica, polystyrene, and polypropylt!ne 
essentially zero. Cheap hand-held digital 
capacitor checkers can sometimes give 
erroneous capacitance readings on capaci
tors with high dissipation factors or leak
age. 

Components that have an o:ssenriaJly 
infinite shdflife include: ceramic, mica, 
and plastic film capacitors, sealed poten
tiometers, hermetica!!y-scaled inductors 
and transformers, switches and sockets 
(assuming they have not been corroded), 
hermctically-sealed silicon transistors and 
rectifiers, vacuum tubes, and brass or 
stainless-steel hardware. Non-hermetically 
sealed versions of the above parts can also 
be �ne if they wefe not stored in a humid 
environment. 

These warnings aboul old eomponems 
are nOt meant to scare you away rrom 
using old parts, but to make you aware of 
the possible pitfalls with these parts, and 
10 insure that they won't ruin your careful
ly-built project. With a litrle knowledge, 
you can avoid problems and enjoy the 
sound you wallt from vintage compo
nems. 

STEELE 70 MK II 

by Daniel Stecle 

Ptople art fllways asking us about Suno 
70 mods. Htn is an txampk of a foiriy 
txttnsiw modification with a btautiJul 
mtrhaniral txerution, 

It should bt nottd that rht amplifitr dr
ruit in this amp is IItry similar to ont / 
dnigrud in 1986 {or alair ofDynaro 
Mark /Vr that bt"wngt to jtjJ Rininga of 
Cayucos, 01. - 7«h. Editor 

Aftcr servicing modern and tube de<:
Ironies for 25 years, the tubl': Hi-Fi bug 
finally bit me. Once struck, ! knew il was 
time to either build or modify a tube 
power amplifier. I had rwo Dyna Stereo 
70s in my shop at the lime. They proved 
cxedlent candidates due 10 their immense 
rUSt and cosmetic denia!. They weren't 
very pretty and even though they worked 
perfect, no body seemed intercsted in 
buying rhem. I knew that I could milke 
Ihl':sl': amps into soml':thing very speei;!.!. 

My first step was 10 decide 011 the 
parameters of my modification. The fol
lowing is a list of what I came up with: 

• Musl look aesthetically ple.asing 
without a cage and with tubes e)[posed. 

• Must be shock hazard free so there 
c�n be no exposed power CJ(cept at tube 
pins. 

• Must have �asy bias OUlpUt tubes �o 
that no roots are required. 

• No eXTensive changes to exi�ting 
chassis like drilling, cutting, I':tc. 

• No pc boards, strictly hand wired. 

My second step was 10 strip the chassis 
of 1111 the rusty iron, sockel$, etc. 

In the third step, I had all the trans
former covers powder coated in black with 
a dear-coat tOP finish, The chassis had a 
powder coated silver-bronze finish with a 
dear coat. 

The fourth Step was the hard pan, I 
had to design the driver module enclo
sure. In consulting with my machiniSt 
friend, he advised me 10 build a cardboard 
mode1. The first model took me rwo 
hours 10 create and I was displeased wirh 
rhe ourcoml':. I finally came up wi[h Ihe 
stepped tower design after several more 
attempts. The finished module is made 
from 1/8 inch fiar aluminum stock cut 
and wdded co shape. The welds were 
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polished out at a local polishing shop. 
One unit received a c1ear!owder coat 
and the other was finishe in a black 
powder coat. 

My fifth step involved deciding which 
"glass" to use. I'm partial 10 the looks of 
octal "ST' shaped tubes. $0, I naturally 
chose twO octal and four 9 pin miniature 
sockets. This way, the unit call be flexi
ble with many differem circuits. 

StCp six involve the crealion of the 
circuit. I've gained a lot of experience as 
a service technician over the years. I've 
seen many different amps and am a 
devoted reader of Glass Audio and 
Vacuum Tube Valley. I methodically 
combined my fuvorite circuits from the 
golden era of Hi-Fi to create the S[O�e1e 
70 Mark It I chose partS of the Dyna, 
Scan, and of COllrse, the Williamson 
designs. For the gain stage I used an 
EI:86 and a 6J5 for the phase invener. In 
a sense, these [Wo mbes act like a discre{e 
7199 mbe. GE/Mullard EL-34s were 
chosen for the outpms mbes. 

I decided not to regulate the bias 
supply. Regulation tends w be hard on 
the OUtplH mbes if the line voltage rises 
above the point where the bias was origi
nally sec. However this would not be so 
if the B+ supply was also regulated. A 
word of caution: a Zener diode on the 
bias supply line will work but if the diode 
shorts, you can kiss your output tubes 
good-bye. The bias circuit is similar to a 
Scot! 299 amp. Now you can use a DC 
balance arrangemem which allows for Ihe 
use of non matched tubes. I use a SOk-\ 0 
turn POt because that's what I have in my 
�Hell Box.� As luck would have ir, rhe 
POt allows for extremely accurate de 
balance adjustmem. A 20K to 50K would 
work fine-just dither the voltage divider 
to arrive at the right bias range; approxi
matdy -40v mid range is ideal. 

I added 200)Jf of filtering to the 13+ 
supply which brings a total of 290flf plus 
the stock choke and star grounding. The 
bias meter is for checking the bias level 
and dc balance. To adjust, set bias level 
for max. negative volTage. Then set the 
switch to the balance position and adjust 
the 10 turn POt for null reading. Then 
switch w VR so you can set the amplifier 
to the proper voltage. Warm up the amp 
and re-adjust as needed. 

One other addition tu the amp is the 
level indicator tubes. After reading Glass 
Audio's 1995 #2 arricle on level indica
tors, [ went to my runing eye collection 
and found a pair of 6GX8/EAM86s. 
These aren't mentioned in the article, but 
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These tubes have a horizontal display area 
and look great. I use these tubes for out
put level displays and they have a faSt 
response time which is great for looking 
at rumble from a turntable. On the topic 
of negative feedback, I uied the mt"lhod 
suggested in my Mullard manual: 
Circuits for Audio Amplifiers, copyright 
1959. However, it's trial and error so try 
differenr values. The ones I choose work 
well for me.(The schematic for �he Steele 
ST70 MKll is on page 28) 

The components used can be chostn 
from your junk box or you can use com
mon inexpensive type, polyester film 
capacitors, 2% flame proof resistors, or 
\ % film type. I used Teflon-coated silver 
wln:- that can be found in an electronics 
junk yard. (Don't pay retail for [he wire
it's highway robbery.) The resistors for 
the plate load and cathode on the phase 

inverter are matched within 200 ohms. 
The ESR and value of the coupling 
capacitors are matched within . 1  % (not 
bad for .09 cents each!). The sockets are 
surplus Cinch brand with a nice tight fit. 
After careful consideration, I decided to 
drill 4 holes in the chassis to mount the 
rwo fuse holders and bias! balance pOts. 
AnOlher option would be to mount the 
pans beneath the chassis to avoid drilling 
holes. 

Tht crew at vrv was treated to a lis
ttning session of this amp and all were 
very impressed with the sound quality. If 
anyone is interested in obtaining further 
information on this project, they can 
contaCt me at: 

Bob's Radio and TV Shop, 2300 
Broad St., San Luis Obispo, CA 93401 

(805}-543-2946 
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G) one electron Th. 

Single·Ended Output Transformers 
High Quality for a Reasonable Price 

Designed and Built in the USA 

Can be ustd with: 
JOO8, 50, SV81 1·3, ele. 

Also Available UBT·' DHivntd for piliiiOtl Of)'ratioo of: 
1.6k primary ! $ 95 I�' EU4,. 3OO6s 6AS7 •. , 5 watts etc:. 01 S-potubo in t 10 mA "enhInced tr\ode" modi 

Quantity Diseounts Avail.bl. 
To ConIKl U$ _w.on,·eledron.com 

On-line atwoodOone·electroo.com 
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WHAT IS POWER LINE 
CONDITIONING? 

by Marc Manion 

Many devices are advenised as �line con
ditioners." Some are little boxes thar 
plug into rhe wall receptacle; some have 
cords and mulriple OUtp\U receptacles; 
others are large, heavy, expensive equip
ment. For the same power fating, one 
device may sell for $75.00, while another 
sells for $5,750. Is the difference in per
formance? Reliability? Profits? 

Specificarions should be the staning 
point of any comparison. Here we 
encounter our first problem. With few 
exceptions, manufacturers provide few 
detailed specifications. Most make vague 
claims of "power protection," "noise pro
tection," unspecified �guarantees,� and 
similar unscientific claims. But you don't 
find complete specifications. Many of 
these devices are sold over the counter to 
users of hOIlle and personal computen, 
stereos, etc. Is such a customer knowl
edgeable about power disturbance rech
nology? There are few authoritative t·CXt
books on this subject. This article is a 
technical update on line conditioners. 
The first question is "what is a line con
dirioner?" 

The term "line conditioner" is applied 
to devices thar wil! protect against one or 
more of the following power problems: 

I. Surges and over-voltages 

2. Sags and brown-outs 

3. Drop-oUl 

4. Normal-modt: �pik<:s and noise 

5. Common-mode spikes and noise 

6. Transverse-mode interferences 

Any device that has no specification 
for any one of the above rypes of distur
bances is a "gadget" and probably serves 
no useful purpose. Any device which 
shows specifications for only some types 
of these disturbances probably will not 
perform well under other types, or for 
any conditions omitted from the specifi
cations. Any devi,e with inferior or 
incomplete specifications was either never 
tested under all types of disturbances, or 
introduces other problems under those 
conditions. 

Therc are somc power disrurban,cs 

that exist all the time but that do not 
cause any malfunction or component 
stress on delicare electronic equipment . 
For example, there is always a fair 
amount of distortion of the power line 
sin� wave, and rhere are occasional fre
quency o( phase shift transients. These 
distortions are troublesome for hi-fi but 
cause no harm and transitory phase shifts 
are troublesome only for ferfOresonan,e 
and tap-switching regulators. 

cvr or Ferroresonance 
CV]" (Constant Voltage 'lTansfoflllt:rs) 

that use ferroresonance are common, bm 
have some problems. The apparent 
advantage of being short-circuit proof can 
be,ome a severe limitation when involved 
with srart-up surge currents of elenronic 
equipment. Surge currents that oc<:ur 
when electronic equipment is being 
turned on can cause the oU[put of a fer
roresconsant regulator to collapse if the 
ferro is improperly spe<:ified (i.e., if the 
f-erro over-curreJl[ limit is not properly 
specified above the anticipated inrush 
load.) Thus if tWO or more pieces of 
equipment are operating on the same 
CVT, disturbances call result whenever � 
switch is turned on. Since the Output of 
rhe CVT is a resonant cir,uit, if the load 
includes any reanive (power fanor) com
ponents, it will ch<lnge the omput volt
age. If a CVT is tested with a realistic 
input termination drop-out (a short) its 
behavior becomes catastrophic. It draws 
horrendous input currents. The output 
voltage collapses and it takes 4 10 10 
cycles of severe overshoOts and under
shoots for the OUtpUt to stabiJiz�. CVT 
performance is surprisingly bad when it is 
rested under realistic conditions; for 
example, low input source impedan,e. 

Adding a CVT to the system without 
understanding how it works and what it 
do�s ,an cause wasted hours of resting 
and trouble-shooting with no results. 
This is because nobody suspects that tho: 
problems are ,aused by the cvr .. the 
label on the device says 3% regulation. 

The myth of the ferroresonance CVI' 
and its magic performan,e was born ar a 
time when the protected devices were not 
particularly sensitive to momentary, errat
ic line behavior and rhere was no tesr 
equipment available to evaluate true per
formance. However, good test equipment 
has been available since the 1970s. The 
problems inrrodu,ed by CVTs can now 
be demonstrated. 

Problems of CVTs : 
I. The OUtpUt phase ,an vary 30 to 50 

dt:grees depending on input voltage and 

load conditions. Equipment relying on 
zero.crossing techniques for operation 
would be affected. 

2. Switching loads on or off cause.;; 
output uansients, which can disturb 
other equipment operation off the same 
CVT. 

3. The devices are heavy, audibly 
noisy, get hot, and are inefficient. The 
inefficiency aggravates the problem of 
power losses o f inadequate ,onducror 
wire sizes be,ause with the CVT the total 
input demand to the system increases sig
nificantly. 

4. CV!'s generally add about 1.5 to 
3% distortion to the output wa,·eform. 

Tap switching 
Tap switching regulators use either an 

autotransformer or isolating transformer 
with multiple primary taps, which can be 
switched in electronically by SCRs. 
\Xlhen the line volrage sags, rhe next 
lower tap is selected, boosting the OutpUt 
voltage. Good tap swit,hers have circuits 
that sense the 7-cro-crossing of voltage 
and/or current, and switch on Iv at the 
zero crossings, so that inductiv� spikes arc 
avoided. 

Tap sw]t,hers are useful for protecting 
COmputer equipment from brown-outs, 
but their abrupt ,'oltage changes when 
taps are switched make them unsuitable 
for most audio equipment. 

Early line conditioners 

Around 1964 the first lin� conditioner 
was introduced using AC-to-AC mnverrer 
implemented by an amplifier. It had an 
impressive performan,e. h muld restore an 
almost perfect sine wave, and response time 
was in microseconds. Ir was big and heavy, 
and with active (vacuum tube) amplifiers 
the energy effi,iency was only about 50%. 
Of course it was expensive. However, 
many of these line conditioners were used 
in milirary applications, metrology labs. 
and similar installations. 

An illlcresring unit that appeared in tho: 
early 1 950's is the Ampex 375. De,·eloped 
to run tape recorder capstan motors at a 
conSlalll speed, rhis all-octal tube rack· 
mount unit had a 60 Hz tuning fork oscil
lator driving push-pull 807s, giving about 
100 waIlS at 120 volrs. 

Isolation Transformers 
Many test programs in nudo:ar. space, 

and military developments use signals in 
the nanovolt and picoamp levels. These 
low signal levels introduced grounding 
problems. Gtound loops caused error 
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Definition of Terms 

Constant Voltage Transformer (CVD-
Initially it was called a Constant Voltage 
Transformer. h is comprised of trans
former laminations. copper windings and 
a capacitor. This transformer became so 
popular [hat j[ was generally kllown as a 
"So[a� manufacturw by Sola Basic 
Industries and others. under patents held 
by Sola. This device has been used in 
such volume that now. years aher the 
patents have expired. most transformer 
houses produce CVTs. 

Current (I)--
Amount of denric charge that flows 
through a conductor. 
Harmonic Distortion--
The presence of harmonics that change 
the AC wave form from simple sinusoidal 
to a complex wave form. Harmonic dis· 
tortion can be generated by a load and 
reflected back in to the AC utility line 
causing power problems to other equip
ment on the same circuit. 

Isolation Transformer--
A multiple winding transformer with 
physically separate primary and secondary 
windings. Although the primary and sec
ondary windings are physically discon
nected. the magnetic field in the wind in!, 
of the primary cre:,ues (induces) electrica 
power in the secondary windings. [n this 
way the electrical power at the input can 
be transferred to the outpUt, without elec
trostatic coupling of noise to the OUlpU!, 
Mode. Common--
Disturbances. such as spikes, are vo[tages 
which exist betwc<:n input neutral and 
ground. caused by currents flowing 
through the neutral conductOrs and by 
leakage currentS through the input 
ground conductor. 
Mode. Normal--
Similar to Common Mode except the dis
turbance is on only one input line of the 
amplifier. 

Mode. Transverse-· 
This refers to signal or noise induced by 
radiation (RFI and EM]), which trans
verses the conductors; it is a poor but 
�idely used term for radiation-induced 
Interference. 

Power Factor (PF)--
The ratio of total waItS (the real power) 
to that total root-mean-square (RMS) 
voir-amperes apparent power (w/va). A 
power faclOr of 1 means that all the 
power is delivered to the load. A lower 
powet factors means that not all the 
power is delivered to the load, bur dissi
pates heat in the transformers and !tans
mission lines. 
Transient--
That part of a change in voltage or cur
rent that disappears during the [ransition 
from one steady-state operating condi
tion to another. 
Volt-Amp (VA).-
The yoltage multiplied by the current 
driving the load. If the power factor is 
less than 1 ,  then the VA is always higher 
than the !tue power (watTS) delivered to 
the load. 
Volt (V)--
Unit of measure for yoltage. Voltage is 
the elec!tical pressure which forces the 
current to Aow in a conductor such as a 
wire. 

Watt (W)--

Unit of measure for true power. Wam 
.. VAlPower Factor. 

,-oltages that often exeeed the ttue iignals 
by many orders of magnitude. 

The solution to ground-loop problems 
was found in ultra-isolation transformers. 
At first it involved small signal transform
ers used in chopper stabilized dc ampli
fiers, which made it possible to measure 
microvolt dc signals in the presence of 
common mode ,-o[tllges of 100 V Some 
high performance de amplifiers had corn· 
mon mode-rejection (cmr) specifications 
of 160 dB (ID to the 8th l)Ower: I).  

Other ground-loop problems in thos.: 
systems were ultimately solved by iso[at
ing each piece of equipment from the 
power line ground, and by using a totally 
separate, dedicated ground that was con
nected to the S)'5tem. This established 
one common reference point that solved 
many problems in instrumentation sys
tenu with ultra· low leyel signals. 

An isolation transformer was used to 
Mbreak the ground loop. � The isolation 
transformer with a shielded primary 
winding connected 10 the power line 
input; the shield is connected 10 the 
power line ground. An isolated, shield 
secondary-winding provides the output 

power to the system. The shield around 
the secondary winding conne<ts one of 
the tWO OutpUt wires, and a quality 
ground conne<tion is then made to the 
same point. The quality ground was usu
all)' taken from a solid rod, driven deeply 
into the ground. Note: this is now pro
hibited by mOSt electric codes. 

The purpose of rhis scheme was to 
break the ground loop in eliminate com
mon-mode problems. Common-mode 
disturbances arc yo[tages that exist 
between input neutral and input ground. 
caused by currents Aowing through the 
neurral conductor (and by leakage cur
rents through the input ground conduc
tor caused by poor equipment design). 

The isolation transformer cannot 
remove any normal-mode signal or dis
turbances. In faCt, the isolation trans
former introduces problems of its own, 
which had to � anticipated in the design 
of so sophisticated a syStem. 

I .  One problem is the excessive power 
loss that causes clipping of the sine wave 
peaks due to the characteristic rectifier
current demand pulses of capa"itor-inpu! 
DC power supplies. This "auses harmon· 
ics and can drop the RMS voltage deliv. 
ered to the equipment. 

2. The second problem is that the 
tight shielding forms an Le circuit with 
the windings. which is resonant at some 
high frequency. At! normal-mode spikes 
represent energy dumped into that tank, 
causing it to "ring" so badly that the out· 
pUt spike became larger than the actual 
input spike. This was not understood for 
a long time and is the cause of many 
component failures and logic errors, par
ticularly in computers. Appropriate filter· 
illg or damping circuits can reduce this 
problem. 

3. The third problem of isolation 
transformers is that they can be saturated 
during voltage transients. The worst con
dition (llnd the best one to tCSt) is a half
cycle, terminated, roral dropout. Unless 
the transformer is designed to operate at 
extremely low flul< densities (24 Hz oper
ation spec.) it will saturate immediately 
following dropout, draw horrendous 
input currents, and not produce an)' 
usable secondary yoltage. The next few 
cycles thereafter will be severely dislOrted, 
until it becomes a sine wave again. 

The saturation currents may be so 
)evere that input fuses may blow and 
sometimes an input breaker will trip. An 
isolation transformer ahead of a switch
mode power supply can easily cause errat-
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ic power supply Ix':havior. When isola
tion transformers were first marketed, 
they had adequate specifications. The 
specification for leakage capacity gave a 
good indication of the quality and com
pleteness of the shield, and common
modc rejection :recificatiOns were prop
erly stated. Loa regulation was always 
specific for resistive load because that is 
common pracrice in the transformer 
industry. However, over a period of 
years, the specificarions gor distorled and 
new terms were added. 

One manufacturer realized that, in 
theory, an isolation transformer can reject 
transverse-mode (radiation-induced) 
noise. Theoretically, that is correct; if 
you moum a well-shielded, ultra-isolation 
transformer on the power pole, the trans
former can reject radiation-induced 
(transverse-mode) noise, but only if the 
power input to the transformer istotally 
floating or balanced. 

With other utililY users hanging on 
the same network, rhat is not the case. [n 
fact, this �transverse-mode rejection� is 
only a theoretical specification which has 
litt[e practical meaning. 

Once the ac input power has passed 
through the main transforml':r that feeds 
the buildings, all radiation-induced \TaIlS
verse-modI': inferl':nces are either canceled 
in the input power transformer or con
verted to normal-mode noise. All nor
nlal-mode noise passes right Ihrough any 
lransformer, shielded or not. 

Unfonunately, some dala sheers 
showed diagrams that led users to believl': 
that transverse-modI': is the saml': as nor
mal mode noise. This has led to a lot of 
confusion and misunderstandings. 

Then came another new term:Kinter· 
coupling noise suppression." This means 
absolutely nothing. After a few years, the 
specifications disappeared altogether. 
Instead, big words were used to advertise 
isolation transformers with "guaranteed 
noise protection� and similar nonsense. 
This is the present state of affairs. 

If an isolarion transformer removes 
any norlllal-mode noise from a system, it 
is not the result or either iso!alion or 
shielding; it is the series of attenuation 
(resistive and leakage inductance) which 
add impedance ahead of the input filter 
of the system. 

Spike SlIpp�sion 

This discussion thus far has rd;;l.tc:d to 
volrnge regulation. Let us now consider 
t�e subject of spike and transient suppres
SLon. 

There are two devices broadly adver
tised as "power protectors�: �surge or 
spike protecrors,� or sometimes called 
"line conditioners�. radio frequency intcor
ference filters (RFIs) and spike supprl':s
sors rhat perform transient suppression 
but no regulation. 

Spike suppressors are semiconductor 
devices that behave like zener diodes. Up 
ro some critical voltage le.-el they conduct 
virtually no current but as soon as the 
voltage across them rises above that criri
cal level, thl':)' start conducting heavily. 
These devices may be semiconducror 
Transzorbs or meral-oxide-varisror de"icco3 
(MOVs). They conneCt from line to nl':U
tral and must have an initial stand off 
voltage that exceeds the nominal expected 
peak voltage (250 V peak for 120 V 
power.) With a high line voltage of 127 
in the USA, and some nlargin for prod
ucr rolerances, these devices do not start 
conduction until the voltage across them 
reaches aboul 250 V peak. 

The amount of energy spike-sup
pressers can absorb depends on their 
physical size; lYpical numbers used for 
spike energy are 20 or 40 joull':s of a sin
gle spikl': that does nOt occur repetitively. 
If such a device is over-stressed, it will 
self-destruct (MOV) or develop a perma
nent short circuit (Transzorb). [n the 
case of the MOV, you can only reil by 
physical inspection that the dl':vice is 
damaged and no longer operates. 

Neither transzorbs nor MOVs are 
effective "noise protecrors- for computers 
because their initial standoff voltage must 
be large (250 V peak for 120 V power or 
400 peak for 240 V power) and because 
spikes or twice rhat level (5001') can easily 
pass without any clamping at all. Spikes 
occur at random- i.e., they may Ix': posi
tioned any place along the line voltage 
sine wave. The suppressor doesn't eVl':n 
know that the spike exists. 

It has h«n known since the middle 
1960s that many spikes on the power line 
have nanosecond rise time and duration. 
These spikes will pass into your elecHon
,�. 

RFI FHters 

The RH filter is designed 10 allenuate 
radio-frequency interference. It is speci
fied with 50 ohm signal source imped
ance and is effective only at frequencies 
far abo'-e I MHz. It was never intended 
for and never tested for behavior under 
high energy spike conditions. If an RFI 
filter is subjected to typical high energy 
line voltage spikes. it will exhibit ringing 
phenomena that can cause severe com-

puter problems; any resonant tank ¥rings" 
at iTS resonant frequl':nCYj a small ampli
tude spike at the filter input can cause 
ringing with an amplitude much larger 
than the input spike. Large spikes can 
cause such severe ringing rhat they pro
duce corona, arcing, and physical destruc
tion of (ceramic) capacitors. 

Summary 
So what is thco beSt line conditioner? It 

depends on what is being protected. Most 
comPUter systems can withstand a 
Illolllenrary drop-out, but can lose data 
or be damaged by spikes and transients. 
Analog equipment is less IOlerant of 
drop-outS_ and abrupt changes in line 
voltage. The best line conditioner may be 
a combination of techniques described 
here. 

Not mentioned in this article are 
other conditioning techniques, such as 
mOtOr-generatOrS (onl)' used in large 
insrallations such as mainframe COIllPUt
ers) or UPSs (Uninteruptable Power 
Supplies). BUI, for those e\'3luating a 
small line conditioner for their system, 
the information here can help clear away 
some of the overrated claims. 

Copyright 1995 by Power Science 
ltd_ 

Marc Mallioll ha. bUll illvo/vrd h, 
audio line( rh< lair 1960s. In 1990, Marc foundrd Powrr Scimcr Industrirl alld MS 
bun drVOlrd to improving AC ptJuxr for audio applicatiom rvrr sincr. 

(DC Meters, cOlltilllledfrolll Pltge 17) 
was produced up through the 1980s. 

When cheap field-effect trallsis!or� 
became availabll': in the late I 960s, solid
state �VIVMsM were brought out. These 
permitted the performance of a vrYM in 
a design that was as compact and porrable 
as a VOM. However, many of these early 
solid-state meters had drift problems that 
were even worse than real VIVMs, and 
were susceptible co RF fields and blow
outs. The result was that, except for 
portable testing, the solid-state meters did 
not completdy supplant VTYMs. 

The Digital Voltmeter (DVM) 

Digital "oltmeters first became widely 
available as lab lest a:juipment in the 
19605, using discrete transistor circuits 
and Nixie tubes. These were very expen
shoe; OUt of the price range for normal ser
vice work. With the advem of integrated 
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circuits, especially CM OS Lsl circuits 
such as [he Intersil 7106, cheap, hand
held digiral voltmeters became practical. 
Some manufacturers tried to PUt a DVM 
into a conventional VOM package (such 
as the early Simpson DVM), bur eventu
ally rwo styles dominated: a low-profile 
bench unit, and the hand-held DVM. 

The cheaper DVMs are typically 50-
called 3 !l2 digit meters (meaning [hat 
they can display a value as high as 1999). 
Some fancier units are 4 112 digits, and 
expensive lab-grade units can go to 5 112 
digilS or higher. One rhing ro look at 
carefully in selecting a DVM is the accu
racy spcc. W h ereas a 4 112 digit meter 
implies a maximum accuracy of .005%, 
few 4 or 4 112 digir meters have accura
cies beller than 0.25% on DC and 
0.75% on AC. The 3 112 digir meters 
are even worse, especially the cheaper 
imports. So, be careful nor to assume 
that the DVM reading is correct 10 the 
!aSl digit. Having a high number of dig
its is helpful in giving good resolutioll 
even if the absolute accuracy is not good. 
Resolurion is needed when making sensi
tive: circuit adjustments, such as aligning 
an RF circuit to maximum resonance. 
This is a type of measurement, though, 
where analog meters are srill rhe best. 

The input impedance of DVMs is 
generally high: rypically 1 0  Megohms, so 
circuit loading is similar ro a VIVM. 
Some DVMs, though, can inject a large 
amount of digital noise into rhe circuit 
being tested, which can disrupt AF or RF 
SySfems. DVMs share the same suscepti
bility to damage as solid-state VQMs. 
The better-quality units are usually well
protected by fuses and/or electronic pro
rection. The AC ranges of DVMs can 
have some significant limirations, but 
rhese will be discussed in the next article 
in this series. 

Summary 

Probably tht: mOSI conveniem DC 
meTer for dle average technician or 
builder is a decent DVM. The traditional 
VOM can be effectively used, especially 
on solid-state circuits (as long as the cir
cuit loading issue is recognized), but is 
not very useful in tube circuit measure
rnems. The VTVM is srill quite useful as 
a bench-top meter, and actually can be 
more convenient rhan DVMs for th ings 
such as receiver alignment. 

1"1]( Audio nu Btllch topic for luxr ism/": AC 
M(/(rJ. 

(A/tee 604, comitmed from Page 7) 
the Tangerinetype phase plug high-fre

quency assembly. Frequency response was 
20 to 20,000 cycles and power rating was 
65 watts ItJ\1S. A higher power model of 
the 604 - 8K was rhe 904 - 8A, with a 
raring of 120 WattS ItJVfS. In rhe 1980s, 
Urej apparently used the 604 speaker bas
kets in some of their speaker systems. 

Making a Good Thing Better 

With the erossover point at about 
1000 to 2000 cycles, the 604's 4-6 dB rise 
in the middle of rhe listening range 
berween 2000 to 4000 cycles became a 
concern to many recording engineers. In 
1971, Doug Sax, a recording engineer 
who owned The Maslering Lab in 
Hollywood developed a special crossover 
that was better than the original Altec 
unit. The Mastering Lab crossover boost
ed low frequency response to 40 cycles, 
boosted high frequency TO 15,000 cycles 
and flattened rhe annoying 2-4,000 cycle 
peak. 

The Mastering Lab Crossover was 
offered to Aitec, but they decided not to 
go for it. Sax then offered the crossover 
to Audiolechniques of Sramford, 
Connecticut , a studio design and consul
tation firm. Audiotechniques liked it and 
offered the M L Crossover as a studio 
retrofit iTem and as pan of rheir Red 
Series Studio Monitors. The Big Red 
Monitor used a 604-E2 in a sealed, six 
cubic feet enclosure designed by Capitol 
Records. Response of the speaker was 40 
to 17,000 cycles +1- 2dB with incrcased 
sound pressure levels. The Super Re:d 
used a twelve cubic feet sealed enclosure 
wiTh a 604-£2 plus a 15 inch low fre
quency woofer that crossed over at 1000 
cycles. About a thousand pairs of the Red 
Series Monitors were sold in rhe Se"emies 
and early Eighties. 

Getting the Best Sound From 604$ 
A 604 can be a very finicky speaker. 

It is best not to use ir with a solid srate 
amplifier or a high powered tube amp, 
which will yield a hard and honky sound. 
Also, using ir in a small listening room 
with the listener close to the speaker is 
inappropriate. The ultimate set-up for a 
late 604 would be the Mastering Lab 
Crossover, bur it is quite rare. An alterna
tive would be to design a crossover that 
flanens the 2,000-4,000 cycle peak. 

In stock form, some of the finest 
sounds come from using a 604 with a 
low-powered triode amp such as the 
Brook 12A3, Craftsmen 500, 

Leak TL-12s, etc. 6045 o.ll also be bi
amplified using a push-pull amp for the 
bass speaker and a low-powered triode or 
single-ended amp for the high-frequency 
horn. The enclosure should be at least 6 
cubic feet and include a bass reflex port. 
Altec published plans for various speaker 
enclosures thar used the 604. With a 
good rriode or bi-amp set-up, a proper 
cabinet and a good crossover, the Altec 
604 can be an excellent performer. 

(3008 Tests, (;olltilluedfrom Pg. 12) 
4. The Shuguang 300B is surprisingly 

good quality, but it obviously has limirs 
on dissipation. It seems 10 use materials 
similar to other Shuguang tubes, so lift
lime is expected to be less than ,hat of the 
other brands. 

5. N noted above:, the first Cetron 
}OOB we gOt developed a filament-to-grid 
short upon plugging into The amp. Even 
wilh 4.0VDC on the filament, il slill 
shoned out. THIS IS NOT GOOD ... 

More 1995 samples worked, but some 
had filaments that splayed out rather than 
staying in a fial plane; thus, performance 
was degraded. Cetron's materials appear 
good, but quality control is an issue. Two 
good used 1994 samples we borrowed were: 
excellent, so maybe a bad 1995 lot was 
involved. This tube works well at 300v 75 
mA, but new ones should be checked 
before use in an amp. 

A single sample of the long-awaited 
new Western Electric 300B arrived right 
before press time. This new tube had the: 
lowest distonion ar 300 ,·oltsl75ma. vrv 
lisrened to this cube in several amplifiers at 
the Winter 1996 CES including the new 
Iadis S�300 amplifier. The results were 
unpresSlve. 

Also, SovteklNcw Sensor has been 
advertising a 300B, and J've heard thaT 
samples were being passed Out in October, 
so wc will try 10 get some for test. This 
cube is believed to be made by Reflector 
Corporation in Russia and is unrelated ro 
other versions. 

3. Final Items 
The 300B is a fine: audio cube; but nOl 

godly, as some claim. When opening the 
box on an old WeStern Electric 300B, you 
won't hear a celestial chorus singing hal
lelujah. But if operated within its ratings, 
the WE 300B performs well in an amplifi
er using high qualiTY components connect
ed to a well-designed efficient speaker 

(COIlt on page 34) 
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e u e iant. 

Power Tubes for the World. 
• 

Everything is bigger than life at $vetlana. 

We're the world's largest manufacturer of 

vacuum tubes. With thousands of employees 

and millions of square feet under one roof, 

Svetlana leads the tube industry and sets 

the standards for excellence in engineering, 

design and manufacturing. When you buy 

Svetlana tubes, you are assured of getting 

the very beSt value for your dollar. Every 

tube is full-power tested at the factory and 

we guarantee each of our tubes with a 

warranty unprecedented in the industry. 

So think BIG, think Svetlana. 

lYe're big on customer satisfaction! 

Svetlana 
E L E C T R O N  D E V I C E S  

Htadquarten: 
8200 S. Memorial PlI1kwQY 
HUnl$villc. At 35802 
USA 
Phone: 205 239 6900 
Phone: 205 882 1344 
FlU; 205 880 8077 
Toll Free: 800 239 6900 

Marketing & Engineering: 
3000 Alpine Road 
Ponola Valley. CA 94028-1582 
USA 
Phone: 415 233 0429 
Fax: 4!5 233 0439 
Toll Free: 800·5·SVETLANA 

(800-578-3852) 



(SE L;sten;ng, continued from Page 24) 
UBT- I is a "best buy" in itSI:fC:rformance 
range. 

The 4.8K UBT-2 ($! 18) we [<��ted 
was a pre-production unit, but was 
checked for specification. Conllected to 
a single 300B at 60 ma, this unit had 
dear mids, but the highs were somewhat 
peaky. The bass Wa5 a little mushy and 
the� was not a lot of punch in the low 
frequency spectrum. This performance 
can be attributed to somewhat of a "mis_ 
match" in impedances with this trans
former. (4.8K vs approximately 3K in the 
others) 

TAMURA 

The Tamura 3.0 K r-2007 (5600) is 
easily the most aHractive transformer in 
the tcst. It is Oawlessly finished and 
beautifully pOlred and has a gold band on 
the bottom with a metal and ceramic ID 
badge on the tOP of the unit. This trans
former is used in many of the "high end" 
amps made in Japan. 

With a single 300B at 60 ma, the 
sound was smooth wirh balanced mids 
and highs. There Wa5 "extreme derail" in 
the upper mids, but the lower bass was 
somewhat distorted. This transformer 
would sound excellent through early 
Western Electric horn drivers or Ahec 
288 horn drivers. 

Again, JUSt for kicks, we tried the 
Tamura with the VAle VV52 set at 500 
volts/80 ma and were treated to "ultra 
detailed" sound with balanced mids and 
highs. The bass was not as full as the 
Electra-Print, however. 

TANGO 

In the typi" .. l Japanese tradition, the 
Tango transformers were beautifully made 
and wdl potted with a hammenone 
metallic finish. The XE-60 ($450) wc lis
tened to Wa5 a 3.5K unit rated at 140 ma. 

First wc tried it with a single VAle 
VV30B at 80 ma. The overall sound Wa5 
balanced and sweet. Very nice to listen 
10. There was a nice presence and lots of 
musical information. The bass, howe\'�r, 
was som�what soft, especially when com
pared 10 the Elecen-Print. 

Wc hooked up a single 300B at 60 ma 
,l.tId the sound was a bit more recessed 
and laid back compared to the W30B. 
The mids had good depth and presence 
and the highs remained sweet. 

Lastly, wc Hied a single VAIC VV52 
power [(iode at 80 Illa with the XE-60. 
We noticed more bass, more detail and a 
bigger sound. The mids were "flatter� 

V T V 

and had a bit less presence. 

THE BOTTOM LINE 

In a properly designed amplifier, any 
one of [he transformers we evaluated in 
this article can sound excellenT. 
However, our listening group came up 
with some "favoritesft, 

For those on a budget using a single 
300B, the AudioNote 2.5K or 3.0K were 
[h� clear winners with a well-balanced 
sound and a realistic quality with low lis
tener fatigue. 

Users of a single 300B wilh horn 
)�akers and a larger budget, should con
sider the Tango XE-60 for its sweet and 
balanced sound that would complement 
many finicky horn speakers. 

The audiophile who wants Ihe ulti
mate in �Big Toneft, regardless of price, 
should consider the ElecHa-Print Vf2-
KB with the VAIC W52. This combina
lion easily had the best balance, biggest 
bass and the best low and mid-bass clarity 
with our SE amp and speakers. 

(Ml-200, COlltilllten from p(lge 21) 
�ing the sources that I came 10 know. It 
is /lOt cheap; figure about 55000, and a 
couple motllhs of evenings and weekends 
to build [he amps. But it can be done, 
and the results would be well worth the 
time and expense!! Following is a list of 
sources. 

Custom Chassis, Schema ties, Meters 
(Author): 

David Wolze, 3076 Shadow Spri[lg� 
PI. San Jose, CA; 95121 

Transformers (Power, Choke, and 
Output); 

Audio Transformers,I85 N 85th SI. 
WauwalOS3, WI; 53226 (414) 774-6625 

Tubes, Sockets: 

Antique Radio Supply, 6221 S. Maple 
Av, Tempe. AZ; 85283 (602) 820-54 1 1  

Resistors, Capacitors, Etc 

Mouser Electronics (800) 346-6783 

Output Tubes (81ls, 5725): 
R & G Svellana (800) 456-;642 

Capacitors, fuse holden, rectifier 
diodes: 

Marlill l� Jones (407) 848-8236 

David Wqlu ir'ln (/ummlcs (ngill((' and 
audio comu/ralll baNd in Sail jose. Cn/ifornia .. 

(WE300B COllf from Page 32) �yslt:m. 
There are new tubes in a similar vein, 
some capable of nearly equal sound quali
ty, but in iTS power range, the original WE 
300B is excellent. Nevertheless, in a prop
erly-designed amp, any of this family can 
give outstanding sound. Ultimately, the 
end user must decide whether a given 
TUbe or amplifier sounds good or bad. 

Many fha"ks 10 Amiqut' Ekcrrollic 
Supply, Rich/frdson Eit'crrollia, Svt'riana 
f..1t'ctron Dtvius, £lutra-Prim Audio alld 
Vaic Va/Vt ACtr fhtir invaluable hdp 
with this artic . Thanks to Charles 
\f/hittner of\f/tstrtx Corporation i" 
Atlanfa, Crqrgia for Itl/ding liS tlltir rtiUllr 
of tbt WE300B fO Wt. Also thm/NS fO 
btrnard Magm for hi! exctlkm hook 75 
¥tars ofWtsttm EkClric Tubt 
Mallufoallring, and 10 john Srokts for hir 
invaluable hook 70 ¥tars of Radio lilhrs 
alld Valvt'S. 

(S£ Trmufor"."r Ttu Contillllenfrom 
Page 13) 

Recommendations: 

For one 300B at the rC(;ommended 60 
mA plate current, any of these tnnsform
ers will give good audio fidelity . For 
amp designs using more current, choose a 
Tango, Electra-Print, Bartolucci or Audio 
Note. The Tango seems especially good 
for the high-frequency driver in a bi
ampcd system. If fit and finish are 
important, the Tango, Tamura and 
Banolucci units are very attractive. while 
the Elenra-Prim is a hulking iron beast 
and the Audio Notes look unfinished. 
The Electra-Print is available with gold or 
chrome plated end-bells or in potted 
form at extra cost. 

A Slteill/ f/}(IIlk! 10 SUVt Mt.f/mhesiall. 
AlIgtla l/lSfrl/lllt/lfS, 10830 Guilford Rd.. 
Stt 309, Anllapolis jUllctiol/, Marylal/d 
20701 for ltllding V7V the AudioNoft and 
Bar/off/cd fmllrformm. Abo jack £lIiano 
of Eltf!ra-Prim for lending tilt VT2-KB, 
bOil Pmtt' ofSunnyvaie, CniijOmia for 
lmding tht Tal/go, johll Pttmoll ofStattk, 
Washington for lending flu Magllequtsrs 
(lfId john AtWQod for [tl/dillg tht mmum 
trallsformtr. 

john d. eckland 
"-" "'''-c-__ _ 

---- .....,.....:.._-
--
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vrv Feature Book Review 

Audio! Audio! 
Jonathan BiJl - Author 

Sunrise Press 

by Charlie Kittlcson 

In the world of audio history from the 
so-called «Golden Era", very few books 
exist. When I obtained a copy of "Audio! 
Audio!" by Jonathan Hill, I was pleased 
to see a compilation of data and pho
tographs covering Golden Age valve HiFi 
equipment. What makes this book even 
more appealing is that it covers early 
British audio! 

The author, Jonathan Hill, has a con
siderable background in vintage electr.on
ics. In 1976, he co-founded the Bnrlsh 

Vintage Wireless Society which is dedi
cared to the preservation of obsolete wire
less equipment and broadcasting histOry. 
He is dle audlor nf other related books 
including URadio! Radio!" 

"Audio! Audio!" covers over 850 dif
fef<:nt valve amplifiers, control units and 
early public address equipment from 
nearly 150 British manufacturers. The 
well-known ones like Quad, Leak, 
Lowrher, Radford, Tannoy, etc are fea
tured as well as ones I have never heard 
of. Models arc listed with basic specifica
tions, vah'e complement, power ratings 
and years of manufaCtUre. SOl11e compa
nies appeared to have lasttd only two to 
three years, then faded intO obscurity. 

There are 7 1  high-quality black and 
white photographs of your favoriles 
including the Leak mono and stereo 

units, early Quad amplifiers, US export 
models of Heath, Fisher, H. H. Scot! and 
many more. The book has a glossy color 
cover with 96 pages. 

A few added featUftS in the book are a 
time-line of audio developmeJUs from the 
invenrion of rhe vake to lhe early transis
tor era. Hill also has tWO charts showing 
Ihe steady rise in valve and valve equip
ment production from the Forties until 
the early Sixties, when lfansisrors came 
,n 

For vintage hi-fi collectors, British 
valve audio enthusiasts and other inter.:.\'[
ed tube heads, "Audio! Audio!" is an 
excellent book to have in your reference 
library. It contains information and pho
tographs which heretofore were not avail
able anywhere. 

''Audio! Audio!» is available difl:cr 
from the publisher for 533.00 US dollars, 
postage paid to the USA. The address is: 

Sunrise Press, 2-4 Brook Street, 
Brampton, Devon, England EXl6 9LY 

New Maranu Products 
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vrv AT THE WINTER 
1996 CES IN LAS VEGAS 

b y  Charlie Kittleson 

Every January, in Las Vegas, Ne>rJ.da, 
80 to 100,000 people gather to see the 
lares! and greatest electronics products at 
the Consumer Electroniq; Show. The 
show takes o\'cr The emire Las Vegas 
Convemion CelHcr and several hotels. 
Everything from calculators and warch.:s 
to home theater and high-end audio is on 
display for the buyers, diHribuWfS, deal
ers and press. Traditionally the high-cnd 
audio cxhibilOrs set up camp in the 
Sahara Hotel, a Vegas landmark. 

This year, vrv staff including John 
Arwood, Scc"e Parr and I attended the 
show to check OUt [he IateSl in tube audio 
products at the Sahara. Wc were all 
pleasantly surprised to see that almost 
70% of the rooms had some son of rube 
amplification or preamplificarion. 

What's New 
Every year, there are some new prod

UCtS that are show Stoppers. This year 
was no different. Marantz America 
unveiled the re-introduction of their clas
sic vacuum tube hi fi produces: the 
Modcl 7 Stereo Preamplifier (53800), the 
Model 8B 70 watt Stereo Power 
Amplifier (53800) and rhe Model 9 70 
wan Mono Powcr Amplifier ($4200) 
The equipment was made to look JUSt 
like the original, right down to the 
machined aluminum knobs and the 
medium bronze hammertone finish. 
Even the circuitry inside was like th;: 
originals including point-to-point wiring 
throughout, multi-section can capacitors, 
carbon composition resistors and more. 

Th.: original vendor for the transform
ers was located and they still had the 
original specifications for thc Maranrz 
iron. In mOSt cases, their chief engineer 
had worked wilh Sid Smith, the Marann 
engineer, in designing the superior quali
ty transformers including the Model 9's 
legendary TO-3 outpUt transformer. 
Tuhe complement and specifications are 
the same as the originals. 

Once again, spare parts will be av�i1-
able for the repair and restoration of orig
inal Marant"l. gear. These are not to be 
limited editions and will be manufactured 
on an ongoing basis. 

V A C U U M  T U B E V A L L E Y 
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Marann also displayed the spectacular 
Project T-1 Class A uiodc, push-pull 50 
watt amplifier. The amplifier features 
four-30QBs in the front-end driving a 
pair of 845 rransmitting rriodes. Two 
additional 845s are used as rectifiers for 
the high voltage plate supply to the Out
PUt tubes. Each 50 wall RMS amplifier 
has seven transformers (including rhree 
chokes) and is priced al $25,000. 

Jack Elliano of Electra-Prim Audio in 
Lis Vegas showed off his beautiful 
chrome and gold plated Vershina 
($4475/pr) 50 wat! class A Single Ended 
Amplifiers using the Svedana SV811-3 
Output triodes. The amps were hooked 
up to the new E.dgar Horn speakers. 

The new 
Quadric line of 
equipment included 
the Quadric MT-35 
($4990/pr) SE 845 
power amp, the 
MT .. lO  ($3595/pr) 
SE 300B pown 
amp and the F 1 ($2990) 
tube stereo preamplifier. 

We spoke with Dennis Had, Preside[J[ 
of Cary Audio about the new SE-SI 1 
($2000/pr) amplifiers using the Swtlana 
SVSII-3 power [riodes. These amps 

c...,. 5£-811 

so�nded great and are a bargalll III their 
pflce range. 

One of the more interesting .:xhibits 
was the Chinese Shenlen Electronic 
Industria] Co, Ltd. Their line featured 
beautifully Sl"yled SE and pp 845 power 
amplifiers, lOO Watt EL34 monoblocks, 
and ocher budget priced amps using PP 
KTS8s, KT66s, EL34s, and 6L6s. They 
also had SE amps using rhe VAIC VV30B 
and the 2 1 1 .  In addition, they featured 

an impressive line of tube preamplifiers 
and llltegrated amplifiers . '\('e expect 10 
see more Chinese tube audio C<juipment 
in the markerpla(e this year. 

Dr. Ricardo Kron ofVAIC Valve Ltd 
demonstrated his new line of amplifiers 
induding the SE VV30B, SE VV52B . 
amplifiers designed around his line of high 

quality vacuum tubes. These amplifiers 
were beautiful and sounded excellent. 

It's companies like JoLida, Ine 
AnnapoIis Junnion, Maryland thal con-. 
tinue 10 bring the COSt of quality tube hilt 
down to affordable levels, They displayed 
their entire line of nicely finished and 
great sounding equipment. Most were 
pp 6550s and EL34s with different 
styling and power ratings. The Model SJ 
202A (shown) had a unique vintage look
ing transformer set. JoLida amplifier 
prices ranged from SS50 to S 1650 and 
they should be very competitive ill that 
range. They even had a PP EL84 stereo 
amp in the $550 range and spo�e of a. new tube (ar audio amplifier usltlg [hiS 
design. 

Steve Parr and I met with Charles 
Whitener, Presidellt of\Xlestrex 
CorpCIration who proceeded [0 walk us [0 

I 9 9 6  C E S 

various rooms where his new WE300B 
(S350) reissue was being played in ampli
fiers. We listened to the new Jadis 
SE300B amplifiers with their new Jadis 
Eudthmie horn speakers(S37,SOO/pr). 
The results were very impressive. 
According [Q \X1hitener, 
expOfl demand for rhe 
tube has been great and 
he indicated that the tube 
would be available in lim
ited qualllities in America 
afm April 1996. (See 
our 300B article in this 
issue for testing results on 
this tube.) 

Some of the most beautiful looking 
and best sounding equipment was the 
line ofWAVAC equipment from Japan. 
We met with theif designer, Mr. Nobu K. 
Shishido who has been designing ampli
fiers since thc early 1 950s. He is the 
invemor of the Invened lmerstage 
Transformer Coupling used in these 
amplifiers. Their cquipment was �xquis
irdv detailed and used the latest hIgh cnd 
Jap�nese cir(uitry including original 
Western Electric small signal rubes in the 
from end. Three Hereo SE amps were 
available induding th" 300B ( S I 2,000), 
4304 (S22,;00) and the S05 ($45,000). 

All of their amps featured a unique 
ventilated plexiglass <:over for safety and 
[Q keep the dust off the chassis. They 
also displayed rheir beautiful A"IT-S 
(55,000) a'nd ATT-Q (53,SOO) passive 
artenua!Or$. 

Although a lot of the source material 
I"as from compact discs, records are still 
in vogue by the looks of the exquisite 
Thorens Prestige turntable. 

V A C U U M  T U B  E V A L L E Y  
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Mr. Junichi Yamazaki ofTriode Supply 
Japan, Lld exhibited and demonstrated his 
new Plcntious SE triade amplifiers. 
Apparently the Plemious amps can use the 
300B, VV30B, the VT52 and many other 
types of filamentary {riades. These amps 
were beautifully finished in metallic 
torquoise blue and sounded great. 

Dynaco is back in the rube business. 
Over in the main Las Vegas Convention 
Center, we met with Raymond Sassoon, 
Exc,. Vice President of Dynaco/Panor 
Corporation. We listened to their new 
PAS-S remote control tuhe stereo pream
plifier and their new HOeD tube com
pact disc player. Both of these afC rea
sonably priced and excellent performers. 
Dynaco has also re-issued the famed A-25 
bookshelf loudspeaker using the original 
SEAS tweeters. 

One of our suggestions to the tube 
amplifier manufacturers: do a better job 
of matching your amplifiers to the loud
speakers. Steve and I went into several 
rooms where the amplifiers were three 
times larger than rhe mini-monitOrs they 
were being played through. The amps 
that should have sounded good suunded 
restricted and tinny. 

Some of the best sounds came (rom 
rooms using large speaker systems. These 
included the new Sunlight Engineering 
Sunhans Mk 11 ($36,000/pr), an excel
lent reproduction of the famed lSl 
Harrsfield speaker. This four way system 
featured all lSL drivers including an 18� 
woofer, 375 mid-horn, 175 T\veeter and 
and 075 super-rweeter. The system dri
ving them was a vintage Mclntosh 

MC275 amplifier and a C-ll preamplifi
cr. The sound was big, airy and very sat
is(ying. 

The WAVAC room was driving huge 
lBL T\VO way systems with T\ ... 0-15� JBl 
woofers and a horn driver in the middle. 
Using SE 805 transmitting triodes in the 
amplifier to drive these speakers produced 
OUTstanding realism and to our ears onc 
of the best at the show. 

A lor of the new speakers have the 
··ta!! pyramidn look and some wen:" qui le 
impressive sounding including the 
Gershman Acoustics Avant Garde 
(S4,600/pr). These units arc a three-way 
design using a CUStom made 8 inch 
Cambridge driver, a three inch dome 

mid-range by Vifa and a fubric dome 
{weeter also by Vifa. There are m'o 
speaker ca,·ities for the high and low fre
quencies and the bottom cavit), is loaded 
with 22 kilograms of lead shot to reduce 
cabinet resonance. The speakers have the 
air and delicacy of Quad elecrrostats, but 
more solid bass. 
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New Tubes [n Your Fumre? 
vrv also met with Charles Gray, Vice 

Chairman, George Badger, President and 
other officials from Svedana Electron 
Devices, distributors of Russian vacuum 
tube products. We discussed tube types 
they are going to be manufacturing later 
this year. 

Owners of i\klntosh MC225s, Fisher 
and Scon integrated amps and receivers 
can breath a sign of relief. Svetlana is 
planning to reintroduce [he 7591A beam 
tetTode! The (Uhe should be in produc
tion by late 1996 or early 1997 if not 
sooner. Other tubes they are working on 
include the type 5881 �Tung-So!� type, 
the type 50 power filamentary triode and 
a few others that it's 100 early ro 
announce. 

Al! in all, the Winter 1996 CES was a 
great show for the growing vacuum tube 
audio business! 

Se the first in your neighborhood 
to hove on officiol VTV 
"BIG TONE" T-shirt. 

2 color heart print on a blue spruce 
100% cotton shirt. Only extra large available. 

Only $20. plus $3.00 postage US 

CA residents add $1.55 Sales Tax 

Canada and Mexico add $8.50 postage 
Europe and Asia add $ 1 5.00 postage 

Cash, Check or Money Order 
No Credit Cards 

VacuumTube Valley 
1095 E. Duane Ave .. Suite 106 

Sunnyvale. CA 94086 USA 
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TUBES • LITERATURE • PARTS • SUPPLIES 
YOUR COMPLETE SOURCE FOR . . .  

TUBES: 
Over 3500 audio, receiving, transmitting and indus
trial lypes in stock, including many foreign and early 
types. We offer the complete line of SveUana audio, 
amateur radio and industrial power tubes. 

TRANSFORMERS: 
Hard to find power, filament and output transformers 
as well as filter chokes for tube equipment. We fea
ture HAMMOND performance transformers, 
MagneTek and Thordarson as well as many new 
old stock transformers. 

CAPACITORS: 
High voltage electrolytic and mylar capacitors, 
multi-section capacitors and more for tube 
circuits. 

PARTS: 
Resistors, tube sockets, potentiometers, 
chassis boxes and aluminum enclosures, 
knobs, dial belt, lamps, diodes, speakers, 
wire, phonograph needles and cartridges 
and much more. 

AUTHORIZED DISTRIBUTORS FOR 

111 
W 

HAMMOND 
MANUEIlCTURING," 

TRANSFORMERS 
SMALL CASES 

Svetlana 
E l E C T R O N  D E V I C E S  

LITERATURE: 
Extensive selection of literature and books on tubes, 
hi-fi equipment. circuits diagrams, communication 
gear and antique radios. Some items nol available 
elsewhere! 

SUPPLIES: 
Grill cloth, cabinet restoration supplies, batteries. 
chemicals, tools, test meters, gifts and kits. 

�=� � ......... CALL OR FAX FOR OUR FREE 40 PAGE CATALOG 

ANTIQUE ELECTRONIC SUPPL Y™_----I 
LIMITED PARTNERSHIP 

6221 S. MAPLE AVE . •  TEMPE, AZ 85283 USA· (602) 820-5411 • FAX (602) 820-4643 
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NEW SENSOR CORPORATION 
20 COOPER SQUARE . NEW YORK, NY 1 0003 

(212) 529·0466 . (800) 633·5477 . FAX (212) 529·0486 

--- -= 

USA MILITARY JAN TUBES .JY£!!'.. ORlGINALLY BOXED, AVAILABLE IMMEDIATELY 

TUBE NUMBER I pc. 10 PCS. 25 PCS. 5O PCS. 100 PCS. 500PCS. 1000PCS. 

OA3 JAN 1 . 1 5  .90 .75 .65 .55 .45 .40 

OC3W JAN RAYTHEON 3.65 2.90 2.30 1.90 1.60 1.30 1 .20 

5Y3WGTA JAN PHIUPS 4.90 3.90 3.40 2.90 2.60 

6AN8. JAN PHI UPS 5.90 4.70 4.20 3.80 3.15 2.60 2.30 

6AS7GA JAN GE 6.15 4.90 3.50 2.90 2.55 2.20 1.90 

6BJ7 JAN GE 2.00 1.60 1.40 1.20 1 .00 .90 .80 

6Bl8 JAN SYlVANIA 1.65 1.30 1 . 10  .80 .65 .50 .45 

6B07. JAN GE 2.00 1.60 1.35 1 . 15  .95 .80 .70 

6C4WA JAN PHIUPS 4.70 3.75 2.90 2.30 1.80 1.65 1.55 

60J8 JAN PHIUPS 3.65 2.90 2.30 1.60 1.40 1 . 15  .95 

6EA8 JAN PHIUPS 2.00 1.60 1.35 1 . 15  .95 .80 .70 

6J5WGT JAN PHIUPS 4.40 3.50 2.60 2.10 1 .80 1.65 1.55 

6l6GC JAN PHIUPS 21.50 16.90 16.20 15.40 14.90 14.40 1 3.90 

6l6WGB JAN PHIUPS 19.90 1 5.90 14.90 1 3.90 12.90 1 2.20 1 1 .80 

6SJ7 JAN GE METAL 1 . 1 5  .90 .80 .70 .60 .55 .50 

6Sl7WGT JAN PHI UPS 7.40 5.90 4.90 4.40 3.90 3.60 3.30 

6SN7WGTA JAN PHIUPS 7.40 5.90 4.90 4.40 3.90 3.60 3.30 

6S07 JAN GE 3.15 2.50 2.00 1.50 1 .20 1 . 1 5  1 . 1 0  

6U8. JAN PHIUPS 2.00 1.60 1.35 1 . 1 5  .95 .80 .70 

6V6GT JAN GE IGLASSI 12.40 9.90 9.50 8.80 8.40 7.60 6.90 

6X5WGT JAN PHIUPS 1 .90 1.50 1.35 1.20 1.05 1.00 .95 

12AT7WC JAN GE 6.15 4.90 4.40 3.90 3.25 2.90 2.70 

12AU6 JAN PHIUPS 1 .90 1.50 1.25 1.00 .90 .80 .70 

12AX7WA JAN GE 9.65 7.70 6.50 5.90 5.40 4.90 4.50 

12AX7WA JAN PHIUPS 9.65 7.70 6.50 5.90 5.40 4.90 4.50 

12SG7 JAN RCA 1 .00 .80 .70 .60 .50 .40 .35 

12SH7 JAN GE 1 .00 .80 .70 .60 .50 .40 .35 

12Sl7JAN GE 1 .25 1.00 .90 .80 .70 .60 .55 

83 JAN GTE 875 7.00 6.40 5.80 5.50 4.90 4.65 

829B JAN CETRON 8.55 6.85 6.25 5.65 5.35 4.75 4.50 

5656 JAN RAYTHEON 7.50 6.00 5.00 4.20 3.30 2.50 2.20 

5750 JAN GE 1 .00 .80 .70 .60 .50 .40 .35 

5751 JAN GE 6.15 4.90 4.30 3.90 3.20 2.70 2.30 

5814. JAN PHIUPS 3.75 3.00 2.75 2.50 2.20 2.00 1.90 

B072a JanGE - MIL 12AY7 9.65 7.70 6.50 5.90 5.40 4.90 4.50 

6080WC JAN GE 6.15 4.90 4.40 3.90 3.40 2.90 2.60 

6188 JAN PHll-MIlSS17 1 1 .15 8.90 7.90 6.40 5.90 5.60 5.30 

6189W JAN PHIUPS 3.75 3.00 2.75 2.50 2.20 2.00 1.90 

6922 JAN PHIUPS 4.25 3.40 2.80 2.10 1.90 1.65 1 .45 

7581. JAN PHIUPS 1 9.50 18.00 1 7.25 16.50 15.75 

MASTER CARDI VISA ACCEPTED . MINIMUM ORDER $100.00 . ALL ORDERS SHIPPED F.O.B. N.Y.C. 



J4t:nounCing the availability of (he original WE 3008 electron tube. 
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