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ence to let you get everythºng out of your tuner. Perfectly. 
d in Our output stage, for example, features a new 
in parallel push-pull circuit that reduces total harmonic 
th distortion to less than 0.1%. Again, well below any- 

thing you can posy bly hear. 
To all but e_imsrate cross -talk, the SA9500I I 

nce comes with a separate power transformer for each 
channel, instead of the usual single transformer 

t for both. 
d. Anc where sorr_e amps g_ve you two, or three 

tone controls, the SA950011 gives you four. Two for 
regular treble and bass, and two for extended treble 

e and bass They're calibrated in 2 decibel click stops, 
0011 which means you have a virtually endless variety of 
pre- ways tc get the most out of your music. 
the But rha_s only the beginning. To get the most out 

of your :artridge, the 950011 has a switch that lets 
you "tu-ie" the amplifier to the cartridge manufac- 
turer's optimum capacitance. And to get the most 
our of your records, our three -stage phono equalizer 
features an incredibly high phono overload level of 
300 mi livolts. With no more than 0.2 dB variation 
from the R1AA carve. So even the most complicated 
passage on one of today's highly engineered records 
wil souid exact.y the way it was recorded in the 

studio. 

TX950011 
SA95001I 
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Obviously, both the SA950011 and the 
TX9500II are very sophisticated pieces of 
equipment. But all of the engineering skill that 
went into making them has also gone into every 
other tuner and amplifier in our new series 11. 

No matter what the price, no matter what the 
specifications. 

And that's something you don't have to be 
an expert to appreciate. 

SA950011 SA850011 SA750011 
TX950011 TX85001I 

SA650011 
1X650011 

SA550011 
TX550011 

POWER MIN. RMS, S0 60 45 
20 TO 20.000 HZ 

30 15 

TOTAL HARMONIC 0.1% 0.1% 0.1% 
DISTORTION 

0.1% 0.5% 

PHONO OVERLOAD 300nW 250rnV 200mV 
LEVEL 

200mV 130mV 

INPUD:PHONO/AUX/ 2/1/2 2/1/2 I/1/2 
TAPE 

1/1/2 1/1/1 

SIGNALTONOISE 95dB 95dB 95dB 
RATIO 

93dB 87dB 

not 
IÌIM-ffSENSITIVITY 

LSuV L SuV alkable 1.9uV 1.9uV 

SELECTIVITY 
(wide) 35dB (wide) 35dB not 

(narrow) 85dB (narrow) 80dB applicable 60dB 60dB 

CAPTURE_ RATIO m 
(wide) 0.8dB (wide) 0.8dB not 

2.0dB (narrow) 2.0dB applicable 1.0dß l.Odl'°413arrow) 

U.S. Pioneer Electronics Corp., 75 Oxford Drive, Moonachie, 
New Jersey 07074. 

* Minimum RMS continuous power out- 
put at 8 ohms, from 20 to 20,000Hz, with no 
more than 0.1% total harmonic distortion. 
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LAST YEARS REVIEWS 
PRESENTED US 

WITH ATOUGH ACT 
T0 FOLLOW 
"IT CANNOT BE FAULTED:' 

SA9500 -Stereo Review 

`AS NEAR TO PERFECT 
AS WE'VE ENCOUNTERED." 

TX9500 - Popular Electronics 

"CERTAINLY ONE OF THE BEST.. 
AT ANY PRICE:' 

TX9500 - Modern Hi Ei 
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PIONEER P 
WE STARTED WITH THE B 

Last year, the experts paid Pioneer's integrated 
amps and tuners some of the highest compliments 
ever. 

The challenge was obvious: to build even better 
amps and tuners. Amps and tuners that would not 
only surpass anything we'd ever built before, but 
anything anyone ever built before. 

Here's how we did it. 

THE NEW PION EERTX9500II TUNER: 
EVEN CLOSERTO PERFECT 

When Popular Electronics said our TX9500 
tuner was as "near to perfect" as they'd en- 
countered, they obviously hadn't encountered 
our TX950011. It features technology so ad- 
vanced, some of it wasn't even perfected until 
this year. 

Our front end, for example, features three 
newly developed MOS FEFs that work with 
our 5 -gang variable capacitor to give the 
TX950011 an incredible FM sensitivity of 
8.8dBf. In mono. In English, this means you 
can pull in beautiful FM reception no matter 
how far you live from the transmitter. 

Where most tuners give you one band 
width for all FM stations, the TX95001I 
gives you two. A wide band with a surface 
acoustic wave filter to take advantage of 
strong stations, and a narrow band 

T\85:":11 
53852c11 
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witi five ceramic filters to remove all the interfe 
and noisefrom weaker ones. (Distortion mea>Ur 
stereo at one kilohertz is an incredibly low 0.627' 
the wide band; and 0.25% in the narrow band 
wel below t. le threshold of human hearing.) 

'Nhere conventional multiplex circuits cut o 
some of the frequencies that add depth and p -e 
to music, the multiplex circuit in the TX950011 
doesn't. It features an exclusive integrated circu 
that's far mo-e accurate than anything else arou 
Plus a multipath switch that lets you align your 
antenna perfectly without an oscilloscope. 

And where you smply have to guess about t 
proper recording levels off most tuners, the TV 
pro\.ides you with a tone generator that lets you 
set the recording levels on your tape deck befo7. 
broadcast starts. 

So your tapes can sound just as clear and 
beautiful as your tuner. 

THE NEW SA95001I AMPLIFIER: 
HOW TO GET THE MOST OUT OF THE BEST. 

Ate- busking one of the world's best tuners, 
had ro choke but to create an amplifier that co 
matc-i ir. 

The -est.11l s the new SA9500I1. An 80* 
watt integrated amp that was designed 





DISCWASHERR 
presents 

RECORD 
CARE 
BASICS 

The finest record care system is 

Discwasher, and the research of the 

Discwasher labs shows four ways to 

dramatically extend the fidelity of your 

discs: 

1. Beware of the heat monster. Tak- 

ing records from very cold con- 

ditions to hot conditions, or play- 

ing records at temperatures in 

excess of 90° F, accelerates record 

wear and distortion. 

2. Beware of a "clean" stylus. A 

stylus may look clean, but can be 

glazed with contamination after 

playing two or three records. This 

glaze holds dust which abrasively 

destroys records. Discwasher's 

SC -1 Stylus Cleaner is the best 

way to keep your clean -but -dirty 
stylus really clean. 

3. Do not replay records quickly. 
Playing a record more than once 

every hour causes chemical and 

physical stress to the vinyl that 

will eventually destroy the album. 

4. Clean micro -dust before playing. 

Micro -dust is attracted to records 

and may not be noticeable. Play- 

ing a dust -contaminated record 

welds this micro -dust into the 

grooves. The Discwasher brush 

with a few drops of D3 fluid is the 

finest, most convenient way to 

remove this threat to your val- 

uable record collection. 

For technical information on the com- 

plete line of Discwasher products, see 

your hi-fi specialist or discriminating 

record store. 

discwasher inc. 

1407 N. Providence Rd. 
Columbia, Missouri 65201 

August 1977 "Successor to RAJA Est. 1917" Vol. 61, No. 8 

Feature 
Articles 

28 Tonearm Design and Other Things/Joseph F. Grado 
32 Power Amplifiers and the Loudspeaker Load/Jeffrey H. 

Johnson 
44 The Search for an Optimum Transmission -Line 

Speaker/W.J.J. Hoge 
58 Time AlignmenttM in Loudspeakers/Edward M. Long 

Equipment 
Profiles 

66 Sony STR-6800SD Stereo AM/FM Receiver/Leonard 
Feldman 

71 Tandberg TCD-330 Cassette Deck/Howard A. Rober- 
son 

74 AKG C451E Condenser Microphone System/Jon Sank 
77 Pioneer 510A Turntable/George W. Tillett 
78 Optonica RT -3535 Cassette Deck/George W. Tillett 

Record 
Reviews 

81 The Folk Bag/Tom Bingham 
82 The Column/Michael Tearson & Jon Tiven 
89 Jazz & Blues 
93 Classical/Edward Tatnall Canby 

Audio 
In General 

4 Tape Guide/Herman Burstein 
8 Audio ETC/Edward Tatnall Canby 

16 Behind The Scenes/Bert Whyte 
20 What's New in Audio 
22 Audioclinic/Joseph Giovanelli 
24 Dear Editor 
96 Classified Advertising 
98 Advertising Index 

Editor Eugene Pitts III 
Associate Editors: Edward Tatnall Canby, 

Bert Whyte 
Assistant Editor Eugene J. Garvin Jr. 
Marketing Director Sanford L. Cahn 
Design Frank Moore 
Design Assistant Debbie DePietro 
Circulation Manager Jean Davis 
Advertising Production Gloria Klaiman 

Senior Editors: Richard C. Heyser, 
B.V. Pisha 

Contributing Editors: Tom Bingham, 
Herman Burstein, Leonard Feldman, 
Joseph Giovanelli, C.G. McProud, 
Dan Morgenstern, George Pontis, 
Howard A. Roberson, Jon Sank, 
Donald M. Spoto, Michael Tearson, 
George W. Tillet, Jon Tiven. 

Publisher Jay L. Butler 

About the Cover: Loudspeakers, which 
reflect the music we love, all too often 
add some distortion as well. For a fresh 
look at the loads speakers really present 
to amps, read Jeffrey Johnson's article 
starting on page 32. 

EDITORIAL CONTRIBUTIONS are welcomed but 
should be accompanied by return postage. Submissions 
will be handled with reasonable care; but the publisher 
assumes no responsibility for return or safety of manu- 
scripts, photographs, or artwork. 

AUDIO (title registered U.S. Pat. Off.) is published 
monthly by North American Publishing Co., Irvin I. 

Borowsky, President; Frank Nemeyer and lay L. Butler, 
Vice Presidents; Harry Feld, Treasurer; Joseph Florentine, 
Chief Financial Officer; Mary Claffey, Secretary & Cir- 

culation Director; R. Kenneth Baxter, Vice Presidenil- 
Manufacturing; Sanford L. Cahn, Marketing Director; 
Mary Anderson, Production Director; lohn Nolan, Cor- 

porate Art Director; Vic Brody, Promotion Director. 

Subscription Rates: United States only, 1 year for $8.00; 
2 years for $14.00; 3 years for $20.00; outside the U.S., 1 

year for $10.00, 2 years for $18.00; 3 years for $26.00. 
Printed in U.S.A. at Columbus, Ohio. All rights reserved. 
Entire contents copyrighted 1977 by North American 
Publishing Co. Second class postage paid at Philadelphia, 
PA and additional mailing office. Back issues, $2.00 each. 

World Library Congress Number: ISSN 0004-752X 
Dewey Decimel Number: 621.381 or 778.5 
National Sales Office: lay L. Butler, Publisher, 
545 Madison Ave., New York, NY 10022. Telephone 
(212)371-4100. 
West Coast Sales Office: lay Martin, 2525 West 8th St., 

Los Angeles, CA 90057. Telephone (213) 385-2917. 
Continental European Representative: V.B. Sanders, 
International Publishers Advertising Service, 
Raadhuisstraat 24, P.O. Box 25, Graft -De Ryp, Holland: 
Telephone, 02997-1303; telegrams, Furadteam- 
Amsterdam. 

England: The Paul Singer -Lawrence Media Group, 54 

Burton Court, London SW3, SY4, England Phone, 01- 
730 3592 

AUDIO Publishing, Editorial, Subscription and Advertis- 
ing Production offices, North American Building, 401 

No. Broad St., Philadelphia, PA 19108. Telephone: (215) 

574-9600. Postmaster: Send Form 3579 to above address. 

e 



Two sources 
of perfection in 
stereo sound. 

Match one to your equipment 
"The right Pickering Cartridge for your equip- 

ment is the best Cartridge money can buy." 
We've been saying that for years; and tens of thou- 

sands of consumers have profited by applying this 
principle in assembling their playback systems. 

If you have a fine manual turntable, the XSV/3000 
is a perfect choice. 

If you have a high quality automatic turntable, 
then installing an XV -15/625E in its tone arm is a 
perfect choice. 

The summary advice of Stereo's Lab Test, in an 
unusual dual product review, we think brilliantly 
states our position: "The XV -15/625E offers per- 
formance per dollar; the XSV/3000, the higher ab- 
solute performance level." That makes both of these 
cartridges best buys! 

FREE! 

Pickering's new XSV/3000 is a remarkable de- 
velopment. It possesses our trademarked Stereo- 
hedron Stylus Tip, designed to assure the least 
record wear and the longest stylus life achievable 
in these times with a stereo cartridge. Its frequency 
response is extraordinarily smooth and flat; its 
channel separation is exceptional; its transient re- 
sponse affords superb definition. It represents a 
whole new concept of excellence in stereo 
cartridges. 

Read the whole evaluation report. Send for your 
free copy of the Stereo "Lab Test" reprint; write to 
Pickering & Co., Inc., 
101 Sunnyside Blvd., 
Plainview, N.Y. 11803 
Department A 

PICKERING 
for those who can ar the difference- 

Enter No. 25 on Reader Service Card 
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Empire's 
Blueprint For 

Better Listening 
No matter what system 

you own, a new Empire 
phono cartridge is certain 
to improve its performance. 

The advantages of 
Empire are threefold. 

One, your records will 
last longer. Unlike other 
magnetic cartridges, 
Empire's moving iron 
design allows our diamond 
stylus to float free of its 
magnets and coils.This 
imposes much less weight 
on the record surface and 
insures longer record life. 

Two, you get better 
separation.The small, 
hollow iron armature we 
use allows for a tighter fit 
in its positioning among 
the poles. So, even the 
most minute movement is 
accurately reproduced to 
give you the space and 
depth of the original 
recording. 

Three, Empire uses 
4 poles, 4 coils, and 3 
magnets (more than any 
other cartridge) for better 
balance and hum rejection. 

The end result is great 
listening. Audition one for 
yourself or write for our 
free brochure,"How To 
Get Tihe Most Out Of Your 
Records" After you com- 
pare our performance 
specifications we think 
you'll agree that, for the 
money, you can't do 
better than 
Empire. 

EIVPIFE 
Already your system sounds better. 

Empire Scientific Corp. o 

Garden City, New York 1 fí30 

Herman Burstein ide 
High End Fallout 

Q. I have a tape deck and am not 
satisfied with its recording perform- 
ance, specifically the high end. Ac- 
cording to the Sony Manual the fre- 
quency response at 3-3/4 ips should 
be 20Hz to 17 kHz. I have tested the 
playback frequency response at this 
speed and it seems to be about 20 Hz 
to 15 kHz ± 3 dB, using the standard 
test tape. However, when I record a 

test record on tape, l find that the fre- 
quency response above 10 kHz is ex- 
tremely poor. I have checked my 
phono system and receiver, and these 
are not at fault. If 1 return the deck to 
my local dealer, will he be able to 
change the bias to optimize the fre- 
quency response, without an increase 
in distortion?-Robert Simpson, Res- 
ton, Va. 

A. Your tape machine might be 
supplying excessive bias current to 
the record head. Reducing bias to ex- 
tend the treble response is a relatively 
simple matter for a technician: How- 
ever, you should be aware that as bias 
is decreased, there is a rise in the dis- 
tortion, or to keep distortion as be- 
fore will result in a decrease in the sig- 
nal-to-noise ratio, i.e. you have to re- 
duce the recording level. I feel that at 
3-3/4 ips you should not aim at a re- 
sponse beyond something like 12 to 
15 kHz, depending upon your hearing 
acuity. Anyway, few adults can hear 
much above 13 kHz. 

High Speed Dubbing 
Q. At one time you stated.. ."Little 

if anything is lost in the process of 
high speed dubbing of tapes." As- 
sume we record a 15 kHz signal on 
tape and then dub it onto another 
tape at high speed. If the playback 
heads have a -3 dB at 15 kHz, the re- 
sponse will be a lot lower at 30 
kHz-the corresponding frequency at 
twice the normal speed. Then the 
playback and record preamps would 
have trouble passing a 30 kHz signal. 
Also, on the decks used to copy, the 
record heads would have to record a 

30 kHz signal. In my opinion, quite a 

bit is lost in high speed dubbing. 
What do you think?-James Harvey, 
APO, San Francisco. 

A. You are correct in the fact that 
the heads and amplifiers have a larger 
task to perform in high speed dub- 
bing since they have to permit a more 
extended treble response. However, 
modern technology does provide 
heads and amplifiers capable of han- 
dling frequencies up to several times 
15 kHz, which means that good dub- 
bings can be made at several times the 
original speed. Keep in mind that 
treble loss of a high quality playback 
head is chiefly due to gap width rela- 
tive to recorded wavelength; so as 

frequency rises and wavelength grows 
shorter, the loss increases. But if a 

15 kHz frequency is played at twice 
the normal speed, the recorded 
wavelength on the tape stays the 
same, and the loss due to gap width is 

not increased. The loss is greater as a 

result of the head's winding and cable 
capacitance, but these can be kept 
minimal through use of high quality 
playback heads and short, low -capaci- 
tance cable. 

Speed = Frequency Response 
Q. When recording, why should 

the tape speed determine the fre- 
quency response? - Howard Wong, 
Jackson Hgts., N.Y. 

A. In recording on tape, losses are a 

function of the wavelength recorded 
on the tape; so the shorter the 
wavelength, the greater the loss ow- 
ing to what is sometimes called self - 
demagnetization or self -erasure, that 
is, a short recorded wavelength has its 
opposite poles close together, and the 
closer these poles are to each other, 
the more they tend to cancel each 
other out in terms of their external 
magnetic field. 

At a high tape speed, a given signal 
frequency produces a relatively long 
wavelength on the tape because 
much tape passes the head during a 

Enter Nc. 10 on Reader Service Card AUDIO August 1977 



ANNOUNCING 
THE SPEAKER NO ONE 

WAS WAITING FOR. 
When people 

think of us, they think of 
receivers, tuners, amps, 
cassette decks and \ ,e\, turntables. Uc one \\e\\, thinks of us for speakers. 

AppLAusè? But with the major 
advancements we've made in our compo- 
nents, we wanted to make sure they would 
sound the way they were supposed to sound. 

We tested and listened to the best three- 
way speaker systems and found that almost 
all of them had remarkably inefficient mid- 
range speakers. And because 90% of the 
sound that you hear is in the \ 1,, 
mid -range, those inefficient 
speakers were making sing- 
ers sound slightly nasal and 
applause sound like rainfall. 

So we developed our new 
LS -408A Our goal was to RAINFALL? 
eliminate the nasal sound, 
and make sure an ovation sounced like 
applause instead of rain on the deck of 
Noah's Ark. 

emu, of course, had no idea we were 
up to this. 

With the help of computers, holo- 
graphic analysis, and the sensitive ears of 
our engineers we built an efficient mid -range 
speaker that cou'id do those things. Then we 
put that technology to work building a woofer 
whose cone eliminates mumbling, along with 

K E 

a tweeter whose higher output would repro- 
duce the sound of the singer's lips and 
breath. 

I's everything a $325 speaker should 
be, except it costs less than $250*. 

And, as crazy as this may sound, it 
was worth the wait. 

For the Kenwood dealer nearest you, 
sea your Yellow Pages, cr write Kenwood, 
15777 S. Broadway, Gardena, CA 90248. 

"Nationally advertised value. For information purposes. 
Actual prices are established by Kenwood dealers. 
Cabinetry is walnut veneered with particle board rear panel. 

N WOOD 



6 

1. Cuarrtum offers low c is:ortion. You get a true record- 
irg Df a iy type of music at high output, frith virtually 
no disk rtion. 

2. Quantum ha; very h.gi sensitivity. Th maximizes 
outpu and allows you to effectively csptire all sigral3 
at a greater level. 

3. Quantum provides ar Bxcellent signal-to-noise ratio 
because its hiçl- sensitivity is obtained Ai_h no increase 
in noise level. -his mea is a pure, briiliart sound. 

4. Quantum giies you high saturation, resulting in a 
wide cyiarmic large and broad recording flexibility 

Quantum achieves improved recording performance 
while m 3irtain ng a high degree of mecl-nical 
excellence. Wi h ong li -e, durability, precision edge 
qua ity and excellent oxide adhesion. 

The best way to near the Quantum di"erence is to try it 
out -or yourself. Available in 7" x 1800', 7' x 2400' anc 
10'/ "x3600' reels. 

MEMOREX Reo)rding Tape. 
Is it live or is it Memorex? 

íD.977, Kernorax Corporation, Saris ;tara, California 95051, U S A. 

given amount of time, hence there is 

little loss due to self -erasure. But at a 

low tape speed, the same frequency 
results in a short wavelength because 
little tape passes the head during the 
same time span, so now there is con- 
siderable loss due to self -erasure. In 
summary, a reduction of the record- 
ing speed results in decreasing treble 
response, and all other things remain 
the same. 

Variable Transformer 
Q. 1 would like to vary the speed of 

my Sony tape recorder. Would it be 
possible to run the motor current 
through a variable a.c. transformer to 
alter the speed? If not, can you think 
of another method that won't damage 
the motor?-Terry Black, Springfield, 
III. 

A. The most feasible method I can 
think of is to build yourself a power 
supply with variable frequency. These 
have been described in electronic lit- 
erature. 

Meter Calibration 
Q. Is there any precise way to cali- 

brate a tape recorder's VU me- 
ters?-Frederick Kistler, APO, San 
Francisco. 

A. The VU meter should be adjust- 
ed to read 0 VU when a 400 Hz signal 
is recorded at a level that produces 1 

per cent harmonic distortion on the 
tape, as checked in the playback. 

Reel Warpage 
Q. 1 have Sony tape on seven-inch 

plastic reels, and when they are 
placed on a flat surface they don't lie 
flat. On my machine when it is playing 
left -to -right everything is fine, but 
when the deck is in automatic reverse 
and the tape is moving right -to -left 
the tape can be heard scraping against 
the side of the reel. Alignment of the 
machine has been checked. What can 
I do about this scraping noise? 
-Timothy Svec 

A. The first thing I suggest is that 
you buy new reels and transfer your 
tapes onto these. Of course, first 
check the new reels for trueness. 
Then you might contact Sony, and, 
perhaps, they will replace the reels if 
they are defective. What may have 
happened is that your reels came 
from one particular lot which suffered 
a manufacturing defect. This can hap- 
pen with any product. 

If you have a problem or question on tape recording, 
write to Mr. Herman Burstein at AUDIO, 401 North Broad 
Street, Philadelphia, Pa. 19108. All letters are answered. 
Please enclose a stamped, self-addressed envelope. 

Enter No. 19 on Reader Service Card 
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5 LED peat level indicators help 
e iminate distortion. 

SELECT DOM MR 

C/OLN _ ON 
LINE a Ors 

GO 
r.-Ce a 

a NR)RMïSS a 
Long lite Sen./9ey head Automatic recording Dolby reduces tape h sa. 
improves pedcrrrance. when you're not there. types of tape. 
reduces distorion 

Si,. .. . P wiYa ±.r -ti 

No cassette deck can give 
you better performance 

without all these recording 
ingredients_ 

=1,w <D-35 STEREC CASSETTE DECK 

INPUT SELECT DOLBY NR TAPE SELECT 

(NONES EQ BIAS 

MK/OW ... ON 
t N. t CN! i -Cr t t NORM/Sf t 

Most quality cassette decks lock 
pretty much alike on the outside. 
So at first glance you might take 
the new JVC KD -35 for granted. 

But take a second look. 
You'll see something no other 
make of cassette deck has-five 
peak -reading LED indicators. 
With a faster response than VU 
meters, or even peak -indicating 
meters, they help you avoid 
under -recording and they 
eliminate tape saturation and 
distortion. It's as close as you can 
corne to goof -proof recording. 

Then there's JVC's exclusive 
Sen -Alloy head for record and 
playback. Designed to give 
you the best of two worlds, it 

,p00 3.3 lo, 
. 

m w aw, 

INPUT LEVEL CUTPUT LEVEE 

w 
REWIND REC PLA'3REC 

combines the truly sensitive 
performance of permalloy witn 
the ultra long life of ferrite. 

Of course, the KD -35 has 
many other features like Dolby, 
bias and equalization switches, 
and automatic tape -end stop 
in all modes. It's also possible 
to go from one operating mode 
to another without going through 
Stop. What's more, you'll never 
have to miss taping a favorite 
broadcast because you're not 

'Approximate retail value. Dolby is a trademark of Dolby Labs. Inc 

We build in what the others 
leave out 

there; just connect the KD -35 to 
a timer and swtch to automatic 
record. 

And yet, with all this built-in 
capability, at $260,* the KD -35 
is priced just above the least 
expensive model in JVC's new 
cassette deck lineup. Just 
imagine what our top model 
is like. 

JVC America Company, 
Division of US JVC Corp., 58-75 
Queens Midtown Expressway, 
Maspeth, New York 11378 
(212) 476-8300. For nearest JVC 
dealer call toll -free (outside N.Y.) 
800-221-7502. Canada: JVC 
Electronics of Canada, Ltd., 
Scarborough, Ont. 
Enter No. 14 on Reader Service Card 



Edward Tatnall Canby 

Webcor. Remember the name? If 
you don't, you soon will. A new line 
of Webcor products is being 
launched into the great consumer 
market, after a Webcor-less hiatus of a 

good many years. The new firm, how- 
ever, is an extremely distant relative of 
the old, and so it is interesting to see 
this once familiar trade mark, beloved 
by so many of us oldsters, being re- 
vived for a quite different group of 
items that does not even include a 

separate record player-the staple of 
the old Webcor line of popular prod- 
ucts. 

The reasoning of the new manage- 
ment, Leisurecraft Products, is that re- 
search indicates to them that the 

8 name "still has a very high consumer 
recognition and is associated with 
high quality equipment by dealers, 
buyers, and consumers." True, at least 
above a certain age. In my own "hi fi 
book," first published in 1952, the 
very first recommendation for a home 
separate unit turntable was, I see, the 
Webcor. Excellent quality, if in a mod- 
estly priced area. And a good history 
of satisfaction in use by thousands of 
us back in those days. Those old Web - 
cor changers powered the front end 
of vast numbers of modest early 
home hi-fi systems, and I must say 1 

feel a lot of nostalgia at the mere 
thought. Who didn't own a Webcor? 
Their heyday came right along with 
the first blossoming of componentry, 
through the late '40s and into the '50s, 
and in those times you could buy a 

top -of -the -line Webcor for maybe 
$45 (or a V -M or Garrard), minus cart- 
ridge, while the low priced leaders 
went for $20 or even less. Optional 
mounting base, $5 extra. 

The new Webcor line is aimed 
squarely at a sales area which 
-allowing for two things, inflation 
over a quarter century and the im- 
mense increase in sophistication of 
all our equipment over the entire 
spectrum-is precisely where the old 
Webcor brand was immensely suc- 
cessful. What finer reason for reviv- 
ing a good name? 

Audio 
etc. 

Now, of course, that price region is 

not up in the hi-fi stratosphere, the 
price -no -object area that seems to be 
so inordinately expanding right now. 
Heavens no! For the cost of one state - 
of -the -price amp (no name need be 
cited) you could buy one each of the 
entire new Webcor line, if with a few 
duplications here and there. Webcor 
isn't even in the "affordable" 
area -which means less than you 

thought (but much, much more than 
you can afford). So how shall 1 phrase 
it? Let's say for the moment that nei- 
ther Nakamichi nor Yamaha, nor 
McIntosh, Lux, Phase Linear, Sansui, 
Technics, Scott, Fisher, Crown-I 
could go on & on-not one of these 
estimable hi-fi lines is going to be dis- 
counted downwards far enough to 
compete directly with the new Web - 
cor equipment. Webcor has 'em beat, 
pricewise. 

Low in cost, really down there. And 
yet there is no end to the miracles we 
can do now in our home -type equip- 
ment, at least as far as externally use- 
ful features are concerned. You 
should gander this Webcor stuff. 
Quite stunning and no other word for 
it, though perhaps a wee bit reminis- 
cent of other brands. Of course, 
there's only one way to get beneath 
the shiny surface of hi fi and that is not 
my job. Testing, testing! But I was in- 
deed impressed and astonished, at 
Webcor's premiere showing, by the 
visible outward impact of this new 
line with the old Webcor name. It 
would be hard to believe that such a 

handsome and well turned out ex- 
terior could hide, as they used to say, 
a mess of pottage. Price for price, it's 
got to sound good. 

Separates & Consoles 
Back in the old days, we used to feel 

that a big distinction between accept- 
able high fidelity and "ordinary" 
home stuff was between the then - 
new component separate units, as we 
called them, and the vast bulk of low- 
cost mass produced soundware of the 
radio -phonograph sort, mostly one- 
piece including the (mono) speaker. 
Ours was the old loving -care ar- 
gument. Separate components, we 
said, were basically hand made and 
produced in small quantities (!) with 
quality standards impossible for any 
mass factory operation. We pointed 
with scorn to the monster manu- 
facturers of radios and phonographs, 
the arch -producers of lo -fi, and gen- 
erally we were right. The American 
people were quite happy with the 
sound they got out of their millions of 
radios, phono attachments, consoles 
and portables, and we in the new hi-fi 
field had to find ourselves a small 
place somewhere alongside the pro- 
fessional and public address audio in- 
dustries-a bit below the pro but 
maybe a wee bit above public ad- 
dress. Class A, instead of AB. 

We didn't know how lucky we 
were. The mass -production equip - 
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Do-it-yourself JBL. 

Take the guts of 
what makes JBLJBL 
and adapt it to your 
own ideas of what a 
loudspeaker system 
should be. 

Mix and match with 
forty-seven individual 
JBL components- 
horns, lenses, dividing 
networks, transducers, 
everything. 

And when you've 
found your perfect 
sound, we'll help you 
find somewhere to put 
it: The JBL Enclosure 
Construction Kit, with 
complete plans for 
building your own loud- 
speaker enclosure 
from scratch. 

See your authorized 
JBL Loudspeaker 
Components dealer for 
the start of a great new 
team in sound: You 
and JBL. 

JBL 

James a Lansing Sound, nc. 8500 Balboa Blvd., Northridge. Ca. 91329 



ment makers obliged by ignoring us 
with total unconcern. Thus, their 
products and ours remained easy 
enough to tell apart. Our hi fi looked 
suspiciously like public address (re- 
member Bogen's pioneer models?), 
utilitarian and all too professional. 
Theirs was still Second Empire or Re- 
gency or Maple Moderne (and still is 

today in plenty of areas!). No conflict. 
Not that the prices didn't overlap-if 
you really tried, you could buy a 

roomful of Regency for thousands of 
bucks. But you could also, so to speak, 

buy for a song. A cube radio-re- 
member?-for $5 & up and a record 
player attachment, 78, for not much 
more. 

On the other side, our hi-fi side, 
you could put away your Webcor and 
acquire a non -changing, non -stop- 
ping manual -play Rek-O-Kut table for 
the fi of it. The name explains itself. 
The Rek-O-Kut, one of the first "hi-fi" 
tables, was a massive affair with a big 
hysteresis motor and enormous rub- 
ber rollers directly adapted from a 

line of professional studio tables often 

presents... 

with fantastic performance because its revolutionary new Patent Pending VARI-PORTIONAL' 

system uses Analog Logic Circuitry to anticipate, control and supply only the exact amount 
cf power required for most efficient performance ... Conventional Class AB amplifiers with 
250 watt power ratings, operating at y, power in accordance with FTC test requirements, 

WILL CONSUME OVER 40% MORE ENERGY than the Soundcraftsmen "NEW CLASS" amplifier 
... Here are just a few "NEW CLASS" benefits : 1. Greatly reduced average current drain 
rasulIing it SUBSTANTIAL ELECTRICAL ENERGY SAVINGS. 2. Reduced heat dissipation for 
cooler operation assuring trouble -free reliability and no need for noisy fans. 3. And perhaps 
tie greatest benefit of all, manufacturing cost savings meaning more power, and more 
features fcr fewer dollars ... SPECIFICATIONS: 250 watts per channel RMS 20Hz-20KHz 
both chancels driven into 8 ohms, less than 0.1% THD. Noise -105dB, Damping factor 
100, Slew rate 50: Frequency response ±'/a dB 20Hz-2CKHz. Size 7" x19" x 15" deep. 

Side panels ncluded. Suggested price $699.00 

'119,1t4i ! 

PREAMPLIFIERS 
the PE3217 offers more flexibility and control than 

preomps costing twice the price. The 20 -bond 

OCTAVE EQUALIZER uniquely coupled with a versa- 

tile combination PUSHBUTTON PATCH PANEL and 

advanced phono preamp section (84d8 S/N) 
allows you the capability of Graphic 'EQ" during the 

playback and recording process. Dual phono and 

triple tape control with 84 and 106dB S/N specs 

make the PE2217 an unsurp.ssed preamp value at 

5529.50. And now the PE2217, rated 'STATE-OF- 

THE-ART" and 'BEST -BUY' in magazine Test Reports, 

is also available as the PE2217-R (not shown) in 

rackmount silver -black form as a matching mate 

for our new amplifier, priced at only 5549.00. 
EQUALIZERS 

We INCLUDE all the accessories and features that 

are o MUST to mcke equalizing eesy, as well as an amaz- 

ingly rewarding new experience ... An Environmental 

Dc -It -Yourself TEST RECORD edited and announced by 

Soundcraftsmen especially for use with the Soundcrafts- 

men equalizer... COMPUTONE CHARTS for making 

a record of. and resetting in seconds, any'desired EQ 

curve ... o Full -Channel Frequency SPECTRUM LEVEL 

CONTROL on each channel for instant no distortion.. 

In; out balancing .... LIGHT -EMITTING DIODES 
for precise visual signal level balancing ... A Graphic 

Display of each EQ curve ... And o minimum 24dB 
range of adjustment for each octave ... Specifications. 

S/N: better than 106dB at full output . THD: less than 

.05% :, lv... Flit., type: Toroidal and Ferrite Core. 

Prices start at 5299.50. 

FREEBROCHURE 
, To wHY's md HOW d EOUALILLTION 

. 
1e,CHECKPyntIIROTAL-ei 

Lo/ tW 
eYs7EM 

EOUA EpUALI7ATÖrLrUATlrO ' 
tructional Test Record 

FoInsom E uali:ation Instructions 

used for disc cutting. It had one major 
advantage, aside from hi fi; when that 
table was turning you could put your 
whole weight on it via a hand and it 
would merely sprain your wrist with- 
out slowing down. Such muscle! Su- 
perb for cueing up. 

Look Alikes 
Later on, hi-fi componentry began 

its well -remembered expansion, 
though,to be sure, the basic principle 
of separate and carefully made units 
exists to this very day and with re- 
markably few compromises, consid- 
ering our volume of production. This, 
needless to say, at last began to catch 
the interest of the Regency -type out- 
fits. Not that they could do very much 
on their scale of operations, nor want- 
ed to. (Those who tried were doomed 
to failure, proving our point handily.) 
But a certain handwriting was to be 
seen on the wall, namely, that at least 
the outward and important con- 
veniences of good hi fi equipment 
were beginning to impress a great 
many people including manufacturers 
of Maple Moderne. 

We have now passed through the 
worst of the imitation that followed. 
For years, every department store had 
rows and rows of "hi fis," ranging 
from updated Regency with shiny 
knobs through an immense mass of 
sleazy look-alikes, with impressive 
speakers mounted in cardboard, to 
such reputable name -brand hi fi as 

Scott and Fisher. Imitation, in fact, has 
simply run its course and come out 
the other side. There is now a large 
scale blending, and no two ways 
about it. No longer is there a dividing 
line of any sort. Equipment for home 
sonics ranges seamlessly from top to 
bottom. 

Of course, there are still hi-fi hor- 
rors and sometimes they look pretty 
good, too. But there now exists a very 
legitimate new area, a large one, in 
which many of the virtues of mass- 
produced home audio have been 
neatly assimilated into legitimate 
points of hi-fi componentry, money 
for money, value for value, the good 
along with the bad. It is an increas- 
ingly important area, if not state-of- 
the-art hi fi; and decidedly it is not 
one where we can afford to stick our 
noses in the air. It is always possible, 
you realize, that we are ourselves be- 
coming somewhat over priced for the 
values we offer. A matter of opin- 
ion-and sales-but it won't do for us 

to be complacent just because we do 
have state-of-the-art equipment. In- 
genuity and price competition can 

d g. In USA by Soundcrattsmen, Cal. 92705. For NEAREST DEALER ph. 714 - 556-6192 
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V-15 Type Ill ... critics called the 
Type III the finest cartridge ever 
when it was introduced. The ulti- 
mate test, however, hos been 
time. The V -15's engineering inno - 
votions, the uniform quality, and 
superb performance remain unsur- 
passed by any other cartridge on 
the marker today. 3/4 to 1-1/4 
gram tracking force. 

M75ED Type 2 ... excellent track - 
ability at a lesser price. The M75ED 
Type 2 features a built-in snap - 
down stylus guard and a smooth 
20 to 20,000 Hz frequency re- 
sponse. 3/4 to 1-1/2 gram tracking 
force. 

M24H ... the cartridge that does 
not compromise stereo reproduc- 
tion ro add four -channel capability. 
Superb stereo trockability and 
quadriphonic carrier signal retrieval. 
New hyperbolic stylus tip, high 
energy magnet, and low -loss 
laminated electromagnetic struc- 
ture. 1 to 1-1/2 gram tracking force. 

M70E1 ... the easiest way ro up- 
grade your hi-fi stereo system with- 
out straining your budget. Basically 
flor response is comparable ro 
other brand cartridges costing twice 
as much. 1-1/2 to 3 gram tracking 
force. 

M95ED ... second only to the 
V-15 Type Ill in stereo reproduction. 
A thinner, uninterrupted pole piece 
minimizes magnetic losses. Its 20 ro 
20,000 Hz response remains essen- 
tially flat across the entire frequency 
range for excellent sound quality 
3/4 ro 1-1/2 gram tracking force. 

M3D ... the original famous Shure 
Stereo Dynetic® Cartridge. The M3D 
provides extremely musical and 
transparent sound at o rock bottom 
price. 3 to 6 gram tracking force. 

The People's Choice -World-wide. 
From Singapore to London ro New York, Shure hi-fi pickup cartridges outsell every other brand - according to independent 
surveys. And for good reason: Shure cartridges, no matter where they're purchased, are guaranteed ro meet the exacting 
published specifications that have mode them the Critics Choice in every price category. 

H 
Shure Brothers Inc., 222 Homey Ave., Evanston, IL 60204 
In Canada: A.C. Simmonds & Sons Limited 
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dbx 128 tape 
copies sound 
hatter than 
your recQPdS 

First, you ploy your favorite records, tapes or FM brbodcasts 
through the expander section of our Model 128 to restore missing dynamics 
and reduce noise that's been robbing you of live performance realism. 

Then, you preserve the dynamics of this vibrantly enhanced 
program by copying through the 128 noise reduction section to eliminate 
tape hiss normally added by copying. 

Finally, you play back your toped copy through the decoder of your 
dbx 128 and hear music with more dynamic range and detail than you've 
ever heard before off any tope. Sound unbelievable? Well, it was until the 

dbx 128 came along. But now you can make dynamically enhanced copies 
that sound better than the originals, with no hiss build-up, on any open -reel, 

cartridge or cassette recorder. 
To learn how, ask the dbxpert at your local dealer for o 

demonstration of the new dbx 128. For full product information and o list of 
demonstrating dbx 128 dealers, circle reader service number or contact: 

d 5x, Incorporated, 296 Newton Street 
Waltham, Massachusetts 02154 (617) 899-8090 x 

bring forth incredible ingenuity in the 
market place. Our low-priced com- 
petitors keep learning and, just 
maybe, might give us a run for our 
component money with their own 
products. 

Without so much as an audible 
sound from (new) Webcor, I think 
you can look at their new line and see 
what I mean. Everything is there that 
the sophisticated buyer (not particu- 
larly hi-fi oriented) could want, really 
covering the field. Cassette decks? Of 
course. And with two meters, choice 
of bias and equalization, built-in Dol- 
by B, and all the proper in/out con- 
nectors plus click -type volume con- 
trols, solid up -down switches like 
those on Phase Linear (and in other 
models, horizontal sliders), all the 
very latest in hardware and most 
pleasing to the touch. Stereo receiv- 
ers-one has a built-in 8 -track 
record/play and the other a devilish 
device that plays both cassettes and 
8 -track through the same front slot 
without adjustment. These models are 
finished off in handsome brushed sil- 
ver but there is also a matched pair á 

la Nakamichi in jet black with thin 
white lettering, an integrated stereo 
amp, 17/17, and an AM/FM tuner. 
And so it goes. A svelte and knowing 
line of goods if I ever saw one. 

To be sure, the two speakers that 
come with some of the units are uni- 
dentified and (as I noted) extremely 
compact in size. And the two receiv- 
ers in the line give forth with, respec- 
tively, 5 watts and 1 V2 watts per chan- 
nel, which can't quite match the latest 
power in price -no -object fi. You will 
doubtless find other economies ap- 
propriate to Webcor's low prices. But 
if this new Webcor line doesn't give a 

lot of other makes a run for their hi-fi 
money I will be surprised. It neatly 
bridges the gap that isn't there any 
longer. A 

"You got the order backwards! 
We wanted 16 resistors of 

160,000 ohms each!" 
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In 1969, the United States government is- 
sued a patent for a loudspea_er design that was 
as different from an ordir_a:-,r loudspeaker as a 
laser is from an ordinary lightbulb. 

It was a loudspeaker that could accurLtel<7 
reproduce the entire audic frequency range 
with a single dynamic driver opera-`_ng as a 
wave transmission line. Beca -ase of this unique 
configuration, the loudspeaker would be :ree of 
the phase, time, and tran aient distortion3 corn 
mon to all conventional multi -driver "-,iston 
type" speaker systems. _r_ other words the first 
loudspeaker that wouldn't sound 
like a loudspeaker. 

Today, U.S. patent 3,424,873 
is embodied in the Ohm F cc her- 
ent sound loudspeaker. (_ncicen- 
tally, a second U.S. patent, 
3,935,402, has recently beer: is- 
sued for the voice coil used in 
the Ohm F.) 

To appreciate the magnitude of the accom- 
pl!shment, you have to listen to _nuaic Tlr.yed 
through = pair of Chm F's. 
There's nothing glade like 1 
this side cf PLilhaxmonic 
Hal_. 

U.S. Patent 3,424,873. 
It means that no other con . 
min -5 can make lo ispea'_- 
ers like the Ohm F, even .1 

they know how. 
H you're interested i n 

find r -g out 
what ,nterna- 
tion,_.zifi ex- 
pert; Lave 
say ab out the Ohm F, please write 
to us at the address below. Or 
'risi: your Ohm dealer. A 24 - 
page full-_ine brochure is also 
ava.lable. 

7)n 
Ohr Canada Ltd Ontario Ohm Acoustics C crp. 241 Taaf', ax -Je B ock yr . `. 1-205 

Ente do. 72 on RN,:.der Service Car - 



Bert Whyte the ne 
The annual Los Angeles convention 

of the Audio Engineering Society is al- 
ways held early in May and has be- 
come one of the "rites of spring" for 
the audio engineering fraternity. This 
year, the 57th convention of the AES 
took on added significance, since it 
coincided with the 100th anniversary 
of Thomas Edison's invention of the 
phonograph and also the 100th an- 
niversary of Emile Berliner's invention 
of the microphone. 

Thus, it was most fitting that the un- 
derlying theme of the 57th AES con- 
vention was "100 years of sound 
recording and reproduction," and a 

number of special events were sched- 
uled in honor of the occasion. The in- 
defatigable Jack Mullin was on hand 
with his Audio Museum. First shown 
several years ago, this fascinating dis- 
play of historical artifacts and memo- 
rabilia of audio recording and repro- 
ducing equipment has been consid- 
erably augmented. In addition to the 
working model of the seminal Mag- 
netophon, there was the lathe used to 
cut the 16 -in. discs for the Vitaphone 
sound movies, plus one of the earliest 
optical sound on film projectors. 
From the consumer side of audio was 
an absolutely massive RCA Ortho- 
phonic phono console, circa 1927, 
which was in working order and fea- 
tured an automatic changer which 
played both sides of the record, inter- 
mixed 10- and 12 -in. records, and 
boasted a 12 -ft. folded horn! With 
magnificent cabinetry, this monster 
sold for $1000, and that was a lot of 
bread in 1927. In honor of the Edison 
centennial and through the good of- 
fices of Mr. Oliver Berliner, grandson 
of Emile Berliner, the Smithsonian In- 
stitute loaned the original models of a 

number of pieces of historical audio 
equipment. Perhaps the most fasci- 
nating was the Berliner Microphone 

according to the publicity release 
it was constructed on March 4, 1877, 
and used a toy drum to demonstrate 
the "loose contact" principle now 
employed by all telephones through- 
out the world. This was the first prac- 
tical demonstration showing that 
electrodes need not touch to pass 
current. (Electrodes in this "drum" 

microphone have a thin air -gap sepa- 
ration.) Another item was the original 
Alexander Graham Bell "liquid" tele- 
phone through which he uttered the 
immortal words ... "Mr. Watson, 
come here, I want you" ... on March 
10, 1876. Barney Pisha, Audio's resi- 
dent phono cartridge expert, and I 

were with Jack Mullin and Oliver Ber- 
liner before the official opening of 
the Audio Museum, and we actually 
spoke into the Berliner microphone 
and registered a response on a VTVM! 

Photo: Copyright Stanton Magnetics 

In addition to the historical equip- 
ment display, another feature of the 
Edison centennial was a series of talks 
entitled "Our Audio Heritage." Oli- 
ver Berliner, grandson of the inventor 
of the microphone and the disc 
record, talked about the early days of 
the record business. Rex Isom, Presi- 
dent of the Audio Engineering 
Society, spoke about milestones in the 
history of sound recording; audio 
pioneer John Hilliard reviewed elec- 
tro -acoustics in the years up to 1945, 
and Marvin Camras, one of the major 
contributors to the science of mag- 
netic recording, summarized the pio- 
neering work done in this field during 
the 1940 decade. Jack Mullin spoke 
about the professional acceptance of 
magnetic tape recording beginning 
with Bing Crosby using it for his radio 
show in 1947, and how he eagerly 
awaited the arrival of Ampex record- 
ers Serial Number 1 and 2, and how 78 

rpm records (!) were cut from tape 
masters. Finally, Harold Lindsey, who 
along with Alexander M. Poniateff put 
Ampex into the tape recorder busi- 
ness, summed up 30 years of progress 
since the pioneering Model 200. 

Exhibits 
Having duly acknowledged our 

"roots," let us move on to what was 
new and significant at the 57th AES 
convention. As usual, the major ex- 
hibit areas were crammed with the 
tools of the audio trade. It is now 
clearly obvious that the big mixing 
consoles have become so com- 
plicated that automated mixdown fa- 
cilities are becoming a necessity rath- 
er than a luxury option. There were so 
many portable mixing consoles dis- 
played, one wonders where all this re- 
mote location recording is going on. 
Digital delay systems are fast becom- 
ing a "must" for many studios, and 
their cost is coming down as evi- 
denced in new models from Lexicon 
and Eventide. At the risk of bringing 
imprecations on my head, I must note 
that many of the items at the show 
were updates and evolutionary re- 
finements of existing models. This was 
true of most tape machines and test 
equipment. Of course, there were 
new items, some from unexpected 
sources. For example, Crown Interna- 
tional, where they were lamenting the 
phasing out of their tape recorder 
manufacturing, had a prototype of a 

real-time analyzer, intended for use 
with their new EQ-2 equalizer, which 
is expected to sell for less than $3000. 
And speaking of real-time analyzers 
other than the CRT screen type, !vie is 

now in production of their clever 
hand-held unit which uses LEDs. An- 
other of this breed, somewhat larger, 
but still a portable unit, is that made 
by White Laboratories, while yet an- 
other was demonstrated by Bob Thur- 
mond during his paper. 

As is becoming more apparent ev- 
ery year, many of the new items of in- 
terest are on demonstration in the 
sound rooms on the main and the 4th 
and 5th floors. UREI President Bill 
Putnam, one of the greatest recording 
engineers in this country, along with 
inventor Ed Long, demonstrated their 
new studio monitor speaker which 
utilizes Mr. Long's "time align" tech- 
nique. As you no doubt know, a num- 
ber of speakers are on the market 
which have their drive units physically 
"staggered" or arrayed so that they all 
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It's time for everybody else 
to start playing catch-up. Again. 

From the very beginning, experts have acclaimed the 
performance and feature innovations of Yamaha receivers 
as nothing less than spectacular. 

But now, we've outdone ourselves. 
Yamaha is introducing a new line of receivers with such 

unprecedented performance, it's already changing the 
course of audio history. 
Real Life Rated?" While traditional laboratory measure- 
ments provide a good relative indication of receiver 
performance, they simply don't tell you how a receiver 
will sound in your living room in actual operation. So 
Yamaha developed a new standard for evaluating overall 
receiver performance under real life conditions. It's 
called Noise -Distortion Clearance Range (NDCR). 
No other manufacturer specifies anything like it, because 
no other manufacturer can measure up to it. 

We connect our test equipment to the phono input and 
speaker output terminals, so we can measure the per- 
formance of the entire receiver, not just individual com- 
ponent sections like others do. We set the volume control 
at -20dB, a level you're more likely to listen to than full 
volume. We measure noise and distortion together, the 
way you hear them. 

On each of our new receivers, Yamaha's Noise - 
Distortion Clearance Range assures no more than a mere 
0.1% combined noise and distortion from 20Hz to 20kHz 
at any power output from 1/10th watt to full -rated power. 
Four receivers, one standard. On each of our four new 
receivers, Yamaha reduces both THD and IM distortion 
to new lows-a mere 0.05% .from 20Hz to 20kHz into 
8 ohms. This is the kind of performance that's hard to 
come by in even .the finest separate components. Btit.it's 
a single standard of quality that you'll 
find in each and every new Yamaha re- 
ceiver. From our CR -620 and CR -820 
up to our CR -1020 and CR -2020. 

What's more, we challenge you 
to compare the performance and fea- 
tures of our least expensive model, the 
CR -620, with anybody else's most 

CR -620 

expensive receiver. You'll discover that nobody but 
Yamaha gives you our incredibly low 0.05% distortion 
and -92dB phono S/N ratio (from moving magnet 
phono input to speaker output). 

You'll also discover that nobody else starts out with 
such a variety of unique features. Independent Input and 
Output Selectors that let you record one source while 
listening to another. A Signal Quality Meter that indicates 
both signal strength and multipath. The extra conven- 
ience of Twin Headphone Jacks. Or the accurate tonal 
balance provided at all listening levels by Yamaha's special 
Variable Loudness Control. 
More flexibility. It's consistent with Yamaha's 
design philosophy that you'll find the same low distor- 
tion throughout our new receiver line. Of course, as 
you look at Yamaha's more expensive models, it's only 
logical that you'll find the additional flexibility of more 
power, more functions, and more exclusive Yamaha 
features. 

For example, there's a sophisticated tuner, with unique 
negative feedback and pilot signal cancellation circuits 
(patents pending), that makes FM reception up to 18kHz 
possible for the first time on a receiver. Plus other refine- 
ments like a Built -In Moving Coil Head Amp, Fast -Rise/ 
Slow -Decay Power Meters, and Yamaha's own Optimum 
Tuning System. 
Now's the time to give us a listen. Our new receiver 
line is another example of the technical innovation and 
product integrity that is uniquely Yamaha. And your 
Yamaha Audio Specialty Dealer is an example of uncom- 
mon dedication to faithful music reproduction and genu- 
ine customer service. It's time you heard them both. 

If your Yamaha Audio Specialty 
Dealer is not listed in the local Yellow 
Pages, just drop us a line. 

/NIL 

OTS 
CR -1020 

3{gunl, 

YAMAHA 
Audio Division. P.O. Box 660, Buena Park. CA 90622 

©1977 YAMAHA INTERNATIONAL CORP. 

MC HEAD AMP 
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CR -820 

CR -2020 



lie in a common acoustic plane, there- 
by avoiding distortion due to time de- 
lay. Mr. Long has managed to accom- 
plish this electronically in the crosso- 
ver network of the UREI speaker. 
Switching back and forth between the 
conventional network and the "time 
align" network revealed a dramatic 
difference in sound quality, especially 
noticeable with male speech. The 
"time align" sound was very smooth 
and articulate, whereas the other 
sounded quite colored, almost as if 
there were a boost in the mid -fre- 
quencies. 

As I reported on the 55th AES con- 
vention in New York, digital record- 
ing continues to advance. The first 
technical papers at this 57th con- 
vention were on digital recording, 
and they were very well attended. Up 
on the 4th floor Dr. Tom Stockham 
and Dick Warnock of Soundstream 
were demonstrating their digital 
recorder. This was a far better demon- 
stration of the capabilities of their 
recorder than we heard in New York. 
The sampling rate has been increased 
and the full 16 -bit system is in use. In a 

recording of some percussion music, 
the sound quality was really fantastic 
... super sharp transient response, ul- 

18 tra clean, with modulation noise bliss- 
fully absent, not a smidgen of dis- 
tortion, and on a cymbal roll that be- 
gan at bare audibility and increased to 
triple fortissimo, the 90 -dB dynamic 
range available with this system was 
very apparent. Needless to say, this 
also afforded a recording with a dead 
silent background. 

Mitsubishi was also showing a digi- 
tal recorder, in their case a stereo 
PCM unit, using quarter -inch tape at a 

speed of 15 ips. A stationary head is 

used, and necessary bandwidth and 
bit density are achieved by encoding 
the audio signal in PCM and allocat- 
ing the signal to nine tracks in parallel. 
The sound of this recorder was quite 
clean and quiet, but perhaps because 
of the music and/or the speakers that 
were being used, it just did not sound 
as impressive as the Soundstream 
recorder. On the other hand, at the 
projected price of $10,000, it is far less 
expensive than the Soundstream ma- 
chine. 

In the dbx suite, they were demon- 
strating their noise reduction units 
and the new 3BX dynamic range ex- 
pander. I mistakenly reported in a re- 
cent column that this was a single -pass 
noise reduction unit. It is a three - 
band dynamic range expander, and 
while of course there is some noise 
reduction with this type of device, 

that is not its main function. We will 
report on this unit before long. 

Stamper Stylus 
One of the real surprises at this con- 

vention was the introduction by Stan- 
ton of a new stylus system, Model 
681BPS which can perform the re- 
markable function of the playback of 
metal record stampers and matrices. 
The stamper is a negative, and as you 
can see from the accompanying pho- 
tograph, the stylus is a sort of "saddle- 
bag" affair which straddles the ridge 
made by the groove. To play back, 
there must be a special turntable 
which rotates counterclockwise to the 
normal direction. All this is in aid of 
being able to check the plating quality 
of a stamper before records are pro- 
duced, and if slight defects are noted, 
there are methods of physically cor- 
recting these defects. I should add 
that actual playback of the stamper 
was impressive, with a very clean top 
end, and really excellent transient re- 
sponse, probably due to non - 
deformation of the metal, as com- 
pared to the vinyl of the standard 
recording. Stanton also introduced a 

new professional calibration standard 
cartridge, the 881S that uses their new 
Stereohedron stylus, samarium cobalt 
magnets, and a new suspension sys- 
tem. 

In spite of the sad estate of quad- 
raphonic sound, development work 
continues, probably in anticipation of 
what will happen when the FCC final- 
ly makes a decision on the choice of 
system for broadcasting. Thus, it was 
that JVC introduced a new demo- 
dulator that has what they call 
PTL ... Phase Tracking Loop. This is 

said to give better S/N ratio, wider 
frequency range, and improved toler- 
ance to worn records in CD -4 record- 
ing. What I heard was impressive, and 
I was told that the system could be 
reasonably adapted to chip form if the 
need arose. In the CBS room, the 
long-awaited Tate SQ chips from Na- 
tional SemiConductor finally made 
their appearance. A claim of 35-40 dB 
of separation is made for this matrix 
system, and I must say it certainly did a 

good job, with none of the "speaker 
jumping" that characterizes most of 
the logic system decoders. One could 
stand well off to the side with this Tate 
system decoder and still get positional 
information from each of the speak- 
ers. Sansui has not made any changes 
recently in their Variomatrix QS de- 
coders, but say there are many more 
records now becoming available in 
QS. They were showing an integrated 
amplifier of a new type, with particu- 

lar emphasis on phase linearity. It 
should be on demonstration at the 
CES. 

Pioneer was driving their brute 
Spec 15L monitor speaker (200 watts) 
with their new M-22 Class -A ampli- 
fier. Although only 30 watts per chan- 
nel, such is the efficiency of the 
speaker, that it was achieving very 
clean high power outputs. 

Of all the technical papers present- 
ed, that by C.K. Hunyar of Phono - 
press, Inc., on various problems of 
record pressing, was perhaps the most 
controversial and was even shocking 
to some. He went into such areas as 

non -fill and warping, talked about the 
possibilities of such new record plas- 
tics as polystyrene and polyproplyene. 
Finally he talked about record storage 
and ... of all things ... condemned 
the time-honored practice of storing 
records vertically! He stated that due 
to "cold flow," records stored in this 
manner get "out of round" and even- 
tually cause problems. Well! 

Two other highly important papers 
were presented by John Hoge and 
Don Keele, who detailed the appli- 
cation of the Thiele/Small speaker 
system analysis to horn type sys- 

tems. Previously, this sort of analysis 
had only been applied to closed and 
vented boxes, and it was for his con- 
tribution in this area that Dick Small 
was awarded the Publication Award at 
this year's Banquet. 

"Slewing Induced Distortion and its 
Effect on Audio Amplifier Perform- 
ance" was the title of a paper given by 
Craig Todd, of Dolby Labs, for coau- 
thors Walter Jung and Mark Stevens. 
This has been a highly controversial 
subject over the past couple of years, 
to say the least, and this paper 
presents detailed listening and mea- 
surement studies of many different op 
amps. The authors end up by giving us 

a criterion for negligible slew rate dis- 
tortion in audio circuits - "the cir- 
cuit, including all possible loading 
conditions, should possess a slew rate 
of 0.5 VAS (minimum) to 1 V/µS (con- 
servative) per peak output volt ... if 
the slew rate is symmetrical and the 
input stage has a smooth transfer 
characteristic." One thing you must 
say for Mr. Jung and his colleagues, 
no matter where you stand on this 
question, they take a hard-nosed, 
"let's go into the lab and measure" 
approach. 

The banquet speaker, quite appro- 
priately, was Les Paul, that old master 
of multi -track recording and origina- 
tor of the overdubbing process. His 
reminiscing and telling of anecdotes 
had the capacity audience fascinated. 
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Why Micro-ecoustics 
2002-Q owners enjoy music 

more than you do. 
1f you're listening tc music with an,/ of the 

other high qualitystereo phono cartridges on the 
market today. there's a very good chance 
you're missing something. Something that's 
earned us unanimous praise from 2002-e 
owners: a significant improvement it sound 
quality which can only -come from major 
advances in cartridge design. 
Twin -pivot dual -bearings. Perhaps the rrtost 
anique feat..ire of the 2002-e is its direct -c 
-ransducing system. v h.ich was granted U.S. 
?atenl No. 3952171. Unlike ccnventional.sirgle- 
pivot cartricges. which can only be optimized 
for tracking or transient ability, our unique twin- 
pivot/dual-bearing design is optimized for 
both characteristics-which are eççuallyvital for* 
precise reproduction. 

Twin pivots insure superior transient ability. 
enabling the 2002-e to accurately fo'low eve-: 
t.ne most cui nplex waveforms. And due`- beatings 
maximize tracking ability. so that even difficu:t 
high-level passages car be accurately tracked at 
very low sty us forces. 
Beryllium cantilever. The 2002-e's precisel-- 
'pprrned cantilever is made of beryllium-an 
exotic space-age substance that is 35% "owe' in 
mass than conventoral stylus oars. As a result. 
-12 cartridge'boasts far lower moving mass. con- 
triáating further to ts superior transient ability 
ar.d unusually'transparent'sound. Bydrama-ically 
reducing moving mass. the 2002-e also reduces 
record wear to vanishingly low levels 
Low cartridge body weight. More and R copy. send $3.95 to the factory.) 
more tone arm designers are discovering Micro -Acoustics Corp., 8 Westchester 
the importance of cartridge weight, i i Plaza. Elmsford ICY 10523. In Canaca, 
especially in tracking warped Micro -acoustics H. Roy Gray Ltd.. Markham. Ont. 

"Becausegood tracking isn't enough." 

m 
200? 

e 

$119.00, 1.7.00, suggested list. 

1977, Micro -Acoustics Corporation 

records. Since over 95% of today's records are 
warped to score degree, a :ighter cartridge means 
more Effective tradking at lower stylus forces. 
At less than. half the weight of most high -end 
cartridges. the 2.002-e enables you o enjoy records 
Jhat couldn't be tracked by other cartridges. 
The mismatch problem: solved. Until now, an 
e.sCact match between photo cartridge and 
preamp (or receiver) input impedance was re- 
quired for flat frequency. response. The 
20102 -rats bui:t-'n passive microcircuit eliminates 
mismatch problems by automatical:y con- 
trolling output impedance. This microcircuit also 
makes the cartridge immune from the effects 
cf cable capacitance, so the 2002-e may be used 
.'ith a:: types cf tone arms-even those lacking 
low -capacitance cables. 
Critical acclaim/popular acceptance. Few 
-contemporary high-fidelity products have received 
such unanimous critica acclaim. And no other 
stereo phono cartridge has been so successful in 
satisfy -1g the critical demands of today's 
sophisticated. dedicated music lovers. 

But don't take our word about why 2002-e 
owners enjoy music more than you dc: the proof 

wat rig at your Micro -Acoustics dealer. Or 
contact us far more information. 
Hear the difference. To help you evaluate and 
compare cartridge tracking and transient 
abilities. we'y..e developed a unique demonstra- 
ráorrtest record which is itself enjoying wide- 
spread critica: use and acclaim. f For a postpaid 

o 



Royal Sound 
Car Stereo Amp. 

The Model RS -55 is a mo- 
bile stereo amplifier with a 15 

W output operating on a 12 V 

d.c. negative ground. The 
unit features separate bass 

and treble controls, an 
On/Off switch, an indicator 
light, and quick -connect ter- 
minals. Price: $90.00. 

Enter No. 80 on Reader Service Card 

Micro -Acoustics 
20 Phono Cartridge 

The Model 282-e phono 
cartridge is designed with 
special attention to tracking 
warped records as it reduces 
sensitivity to the tonearm- 
cartridge interaction, and 
can therefore be used with 
any quality turntable's arm. 
The elliptical stylus has a 

stated frequency response 
from 5 Hz to 20 kHz, with a 

tracking force of 0.75 to 1.5 
grams, a cartridge weight of 
5.2 grams, a nominal channel 
separation of 25 dB @ 1 kHz 
and 15 dB 10 kHz, and an 
output voltage of 3.5 mV in 
each channel @ 5 cm/sec 
peak recorded velocity. 
Price: $89.00. 

Enter No. 81 on Reader Service Card 

Dynaco Integrated 
Amplifier 

The SCA-50 is an inte- 
grated stereo preamp/am- 
plifier rated at 25 watts per 
channel into 8 ohms from 
20-20,000 Hz at less than 
0.5 per cent THD and less 
than 0.1 per cent IM distor- 
tion at any power level. The 
bass control has a variable 
turnover characteristic so 
that small changes in boost 
or cut affect only the low- 
est frequencies first and 

not until the bass control is 

advanced considerably will it 
affect the lower midrange. 
The treble control has a fixed 
turnover, but its hinge fre- 
quency is higher than usual, 
allowing both controls to be 
altered to nearly their ex- 
treme positions without af- 
fecting the midrange re- 
sponse. Measuring 13 1 in. 
W x 12 in. D x 4 1 in. H, the 
unit weighs 15 lbs. Price: 
$249.00 factory assembled, 
$149.00 in kit form. 

Enter No. 83 on Reader Service Card 

B&K Catalog 
The free Short Form Cata- 

log is a 36 page listing of Bru - 
el & Kjaer's full line of trans- 
ducers and instrumentation 
for sensing, measuring, and 
analyzing all aspects of sound 
and vibration are listed and 
briefly described. 

Enter No. 82 on Reader Service Card 

ADS Car 
Speaker 

The ADS 200C is a min- 
iature loudspeaker system 
which conforms to the DIN 
45500 standards for "high fi- 
delity." Measuring 4.25 in. H 

x 6.85 in. W x 4.65 in. D, and 
weighing 4.6 lbs, the unit is 

equipped with one four -in. 
long excursion woofer and a 

one -in. soft -dome tweeter, 
with both drivers acoustically 
suspended. The frequency 
response is 85-20,000 Hz ±3 
dB with a power rating of 30 

W rms and an impedance of 
4 ohms. Price: $110.00 ea. 

Enter No. 84 on Reader Service Card 

Akai 
Cassette Deck 

The Model GXC-730D is a 

bi-directional record/play 
cassette deck with three 
heads, including a centrally 
positioned GX record/play 
head, an A.D.R. (automatic 
distortion reduction) system, 
and Dolby circuitry. Other 
features include a peak level 

indicator which illuminates 
at +7 dB to warn of excessive 
input, illuminated VU me- 
ters, an output level control, 
front panel microphone and 
headphone jacks, separate 
left and right channel 
recording level controls, and 
front panel switches for low 
noise, chrome or FeCr tapes 
in addition to rear panel 
recording level calibrators 
for other special tapes. Price: 
$500.00. 
Enter No. 85 on Reader Service Card 

Marantz Receiver 
The 2285 AM/FM stereo 

receiver features a three - 
zone tone control with se- 
lectable turnover, a Bessel - 
derived 18 -dB -per -octave 
high filter, a dual gate MOS- 
FET FM front end, phase -lock 
loop multiplex demodulator, 
a complimentary direct 
coupled amplifier section, 
and tape -to-tape copy facil- 
ities with the ability to dub 
from any tape deck to anoth- 
er while listening to a third 
source such as phono or FM. 
The unit produces 85 watts 
per channel rms into 8 ohms 
from 20-20,000 Hz with no 
more than 0.08 per cent 
THD. Price: $670.00. 

Enter No. 86 on Reader Service Card 
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WHY MOST CRITICS USE 
MAXELL TAPE TO EVALUATE 

TAPE RECORDERS. 
Any critic who wants to 

daa completely fair and 
impartial test of a tape re- 
corder is very fussy about 
the tape he uses. 

Because a flawed tape 
can lead to some very mis- 
leading results. 

A tape that can't cover 
the full audio spectrum 
can keep a recorder from 
ever reaching its full 
potential. 

A tape that's noisy 
makes it hard to measure 
how quiet the recorder is. 

A tape that doesn't 
have a wide enough bias 
latitude can make you 
question the bias settings. 

And a tape that doesn't 
sound consistently the 
same, from end to end, 
from tape to tape, can 
make you question the 
stability of the electronics. 

If a cassette or 8 -track 
jams, it can suggest some 
nasty, but erroneous com- 
ments about the drive 
mechanism. 

And if a cassette or 
8 -track introduces wow 
and flutter,. it's apt to pro- 
duce some test results that 
anyone can argue with. 

Fortunately, we test 
Maxell cassette,8-track and 
reel-to-reel tape to make 
sure it doesn't have the 

maxell w . 35-90 

Fnl8 

rlhlniiii1nl 

maxellw C90 

®111äÌ1Ì11i1111111 

problems that plague other 
tapes. 

So it's not surprising that 
most critics end up with our 
tape in their, tape recorders. 

It's one way to guaran- 
tee the equipment will get 
a fair hearing. 

MAXELL.THE TAPE THAT'S TOO GOOD FOR MOST EQUIPMENT. 
Maxell Col p e tlo of Ameri1 , 130 West Commercial Ave-, Mc.00 cichie, N.J. 0701.1 

Enter No. 17 on Reader Service Card 



The 
"Click 

and Pop" 
machine 

only by 

Ever since the invention of the re- 
corded disc annoying "clicks" and 
"pops" caused by scratches, static 
and imperfections have consistently 
disturbed the listening pleasure of 
music lovers. 

Now, SAE introduces the unique model 
5000, an Impulse Noise Reduction 
System which eliminates those un- 
wanted sounds with no adverse effect 
on the quality of the recorded material. 

This breakthrough in electronic cir- 
cuitry is so demonstrably effective 
that the SAE 5000 is destined to be- 
come an essential part of any sound 
system. 

The SAE 5000 is compact and sleek, 
built to SAE's exacting standards, and 
ready to enhance the performance of 
any system, from the standard receiv- 
er/turntable combination, to the most 
sophisticated audiophile components. 

SAE is proud to add the 5000 to their 
broad line of Components for the 
Connoisseur. 

Scientific Audio Electronics, Inc. 
P.O. Box 60271, Terminal Annex 
Los Angeles, Cal. 90060 

Please send more information on the 
5000. 

Name 

Address 

City 

State Zip 

Joseph Giovanelli 

Record Grooves 
Q. 1 assume that the record industry 

has standardized the specification for 
the pitch of a record cutting lathe, 
also the number of grooves per inch 
along the radius of the record. What 
is that number and what is it 
called?-Mark Hutchenreuther, Ox- 
nard, Cal. 

A. There is no standardized number 
of grooves per inch in a cutting sys- 
tem, and it is not possible to standard- 
ize this parameter. What is often done 
to make maximum use of the space 
available on the disc is that groove ge- 
ometry and the number of grooves 
per inch are made to vary in accor- 
dance with the amount of volume 
present on the disc at any given time. 
In a case where the dynamic range is 

wide and where there are long pas- 
sages of soft playing, the number of 
grooves might be compressed during 
those soft passages to better than 350 
per inch. During the loudest passages 
they would expand to 150 grooves per 
inch. This would enable a good match 
between the maximum permissable 
recording time, recording level, and 
the bass response. 

FM Drift 
Q. What would cause my receiver 

to go off frequency even when the 
AFC has been switched on? This does 
not happen on weekends, only during 
the week, and as late as 10 p.m. I live 
in a business -residential area in down- 
town New York City. What can the 
problem be?-Bernard Friedland, 
New York, N.Y. 

A. Are you sure your receiver drifts 
off frequency? Perhaps something 
else is wrong. If the equipment has a 

tuning meter, you can see this at a 

glance. Of course, even without a me- 
ter, if retuning the dial improves au- 
dio quality, then frequency drift is the 
problem. 

The chances are, though, that your 
equipment is functioning normally 
and the problem is really one of pow- 
er line voltage variations. If the volt- 
age drops below a certain critical 

point, the regulators in your equip- 
ment will become ineffective, and fre- 
quency drift and reduced power will 
be the likely results of this. I suggest 
that you check to see just how much 
voltage change takes place using an 
a.c. voltmeter which costs between 
$5- and $10.00. Your power supply 
company should be consulted in the 
event this condition does exist. 

Also, the probable reason that your 
equipment works best on weekends is 

because the industrial users are not 
consuming enough power to cause a 

serious voltage loss in your home. 
There are devices known as "con- 

stant voltage transformers" which can 
be used to steady line voltage, but 
these are quite expensive. But this 
condition should not go uncorrected 
because, as you have seen, low volt- 
age can adversely affect the perform- 
ance of a sound system. 

Speaker Phasing 
Q. 1 wish to wire two identical 

4 -ohm speakers in series. Please ex- 
plain how this is done so the speakers 
will be in phase?-Stanton Voliman, 
Bronx, N.Y. 

A. To wire two identical speakers in 
series and know they are in phase, 
connect the common of speaker A to 
the common amplifier output termi- 
nal, the hot terminal of speaker A is 

connected to the common terminal of 
speaker B, and the hot terminal of 
speaker B is connected to the hot am- 
plifier output terminal. 

If this hookup is to be made with 
two or more channels, each channel 
must be wired in the same manner. 
All the speakers will then be in -phase 
as long as all amplifiers are in the same 
phase relationship. This will be true if 
all speakers employed are of the same 
make and model, but if various speak- 
ers are used then the phase relation- 
ships will have to be checked. 

If you have a problem or question on audio, write to Mr. 
Joseph Giovanelli, at AUDIO, 401 North Broad Street, 
Philadelphia, Pa. 19108. All letters are answered. Please 

enclose a stamped, self-addressed envelope. 

Enter No. 31 on Reader Service Card 
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Two Bold 
Statements: 

Synergistics 2 
has engineered 
the very best 
loudspeakers 
for your 
stereo system 

...regardless 
of the price! 

Each Synergistic loudspeaker, from our smallest 
two-way model S-12 to our six -element, four- 
way model S-72 has been engineered to more 
perfectly complement the other components in 

a stereo system. This "synergistic coupling" 
results in greatly improved total system sound 
quality. The chart below shows you the 
Synergistics model we 
recommend in various 
total system price 
ranges. All seven 
Synergistics models are 
true "audiophile" 
loudspeakers capable 
of reproducing wide 
dynamic range and 
musical clarity previously 
associated only 

Total 
System Price 

Recommended 
Synergistics Loudspeaker 

Under '450 Model S -12A 
Under '500 Model S -22A 
Under '600 Model S -32A 
Under '700 Model S -42A 
Under '850 Model S -52A (Tower) 
Under '1,100 Model S -62A (Tower) 
Under H,500 Model S -72A (Array) 

with "monitor -type" speaker systems; yet, oll 
Synergistics models will realize optimum 
performance when operated with low -to- 

medium powered receivers and amplifiers. 
What does all this mean to you? Simply stated, 
it means that whether you're spending under 
$450 or as much as $1,500 for your system, 

there's a Synergistics 
loudspeaker specifically 
designed to enhance 
the overall sound 
quality. 
SYNERGISTICS: coopera- 
tive inter -action in a 
system where the total 
effect is greater than 
the sum of its 

component parts. 

CS For More Information Write To: Synergistics, P.O. Box 1245, Canoga Pork, California 91304. '=!:¡v1.i.;= c - - 
Enter No. 37 on Reader Service Card 



Dear.tor 
Lirpa I Retest 
Dear Doktor: 

After Mr. Dennoc was arrested and 
sent to the "house on the hill" with 
the psychiatrists, a group of us here in 
Texas tested your "thing." 

We found the 100 watt pilot light 
too bright and threw it away. The Lir- 
pa I looks much better in total dark- 
ness anyway. We are still looking for 
the "destruct" button. The muting 
switch still allows noise to come 
through. Local FM stations, even the 
rock things, disclaim any knowledge 
of either you or your Lirpa I. When 
asked, the hi-fi stores just moaned 
and hung up the phone. 

The report by Dr. I.M. Toidi is ob- 
viously edited by you just to make it 
sound good. Nonsense, it is worse 
than that. And you know about any- 
body from California. U.R. Dennoc 
needs new hearing aids, for both ears! 

24 However, we found it sounds better 
with either the speakers or head- 
phones not connected. 

The surprise was that you made the 
Lirpa with a single burstanic, deno- 
tramertecum, or zoptanuporumbac- 
tiocoryuist in the ptuidic assembly, yet 
still got nothing. 

We offer to purchase it...the price? 
Fifteen cents is way out of line. Our 
bid is one genuine U.S. nickel. Take it 
or leave it. 

With pity and hope... 
R.R. Cunningham 

Cunningham Assoc. 
Houston, Tex. 

Editor's Note: Unfortunately we al- 
ready have a much better offer...two 
brand new 1914 Chinese pennies 
which were recently found along the 
banks of the Olt River in the Transyl- 
vanian Alps of Dr. Lirpa's homeland, 
Ru mania. 

Audio Accolades 
Dear Sir: 

I am a new subscriber to Audio 
Magazine and I just read the April 
1977 issue. I am very delighted and 
impressed with your article on "The 
Compleat Microphone Evaluation." I 

should add that I have been a sub- 
scriber to Stereo Review Magazine for 
the last five or six years, and while I 

have learned a lot from that maga- 
zine, it is refreshing to be part of fresh 
and different audio topics and points 
of view. 

Your microphone article was partic- 
ularly timely for me since I now own a 

Dokorder 7140 tape deck and I am 
about to purchase a pair of mikes for 
general use in serious recording of 
both solo and small group vocals, as 

well as occasional orchestras and larg- 
er choral groups. I have read all the 
mike selection articles in old Stereo 
Reviews, and I have searched all the 
newsstands for all the information on 
mikes I can find. By doing this I have 
learned a lot about some aspects of 
choosing and using mikes, but I still 
face a bewildering choice of mikes. 

PARTS DEPARTAIEAIT 

b,\e" 
"SOMETHING TELLS ME I'M NOT 

PRONOUNCING 
THESE NAMES RIGHT" 

The refreshing thing about your 
mike reports project is, that at last, we 
buyers will have some access to Real 
Live Test Reports on mikes, and un- 
biased at that! That in itself is almost 
unbelievable and long overdue. No- 
body else seems to be interested in 
testing mikes, and if they are, the bot- 
tom line of the report always reads 
something like..."This mike is a fine 
value and would be a worthy addition 
to any system, etc., etc." 

Dr. Scott C. Suly DVM 
N. Hampton, N.H. 

Lirpa Ardor 
Dear Sir: 

Radio station WKIK, along with 
most AM broadcast stations, spends a 

lot of money to provide a clean, wide 
range signal which far exceeds the 
frequency response limitations of 

most AM receivers. Many broadcast 
engineers have written letters point- 
ing this out, and the review in the Jan- 
uary issue of Audio on the vintage 
E.H. Scott receivers also bears this fact 
out. 

There are many fine FM tuners 
available, but only one AM that I 

know of which can reproduce the full 
range of a contemporary AM signal. 
Perhaps, the folks who produce the 
Lirpa I receiver reviewed in the April 
issue will soon deliver an AM receiver 
for testing, a receiver that can match 
their FM set in quality. 

The management has authorized 
me to order a Lirpa I FM receiver, and 
I am sure that as soon as a Lirpa 2 AM 
receiver comes on the market, many 
engineers at FM stations will order 
them. Just imagine the value of a re- 
ceiver that can show your com- 
petition at its worst! Of course, I un- 
derstand that certain control func- 
tions will have to be revised. For ex- 
ample it would be helpful to have ad- 
justments for hiss, co -channel beat, 
noise, adjacent channel (10 kc) 
whistle, a device to accentuate skip 
interference, and, of course, a "mud 
control" like the one on the Lirpa I 

FM receiver would be essential..."See 
how muddy they sound!" people buy 
advertising on that. 

Thanks for the best and most 
straightforward test report I've seen 
today. 

Frank S. Miner III 
Director of Engineering 

WKIK Radio 
Leonardtown, Md. 

Alternatives to Bad Records 
Dear Sir: 

I would like to urge Mr. Robert H. 
Lacher (letter to "Dear Editor," May 
1977 issue) not to sell his $5000 system 
because the inferior quality of most 
records makes listening less than 
pleasurable. With Stereotape of Cali- 
fornia (and soon Barclay -Crocker of 
New York) issuing absolutely stunn- 
ing Dolbyized reel-to-reel tapes, 
there is no reason to settle for sloppily 
made records. Stereotape is now is- 
suing RCA and London, and I under- 
stand that DGG will soon be added. 
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Sometimes it just 
doesn't add up 

What you want is better sound. But, the expense of 
replacing your whole system just isn't reasonable. 
MXR has a way to upgrade your sound signifi- 
cantly, without starting from scratch. MXR's 
Stereo Graphic Equalizer and Compander can 
give you the right sound at a cost that is much 
easier to take. 

The MXR Compander can double the dynamic 
range of most open reel and cassette tape decks 
to allow professional results in home recording. 
The Compander increases the overall fidelity of 
your system while reducing noise. The softest 
sounds can be heard. while musical peaks can be 
reproduced without distortion. 
The Compander compresses the dynamic range 
of the signal going onto the tape and expands 
it upon playback at a two to one ratio. The 
resulting increase in dynamic range allows your 
present system to produce the depth of sound 
that you want to have when you record. 
A natural companion, the MXR Stereo Graphic 
Equalizer is designed to provide precise 

compensation for aural discrepancy that may be 
caused by room acoustics, speaker inadequacies 
or program source. The Stereo Graphic Equalizer 
allows you to tailor your sound to your own 
tastes. At the touch of a slide control, you can 
customize your playback to suit any number of 
variables. It can provide you with enough control 
over your present system to give you the sound 
that you want to hear. 

The Compander, at $129.95, and the Stereo 
Graphic Equalizer at $199.95, with the equipment 
you already have, can add up to the sound that 
you want, at a reasonable price. 

For more information see your nearest MXR 
dealer or direct inquiries to MXR Innovations, Inc. 
277 N. Goodman St., Rochester, New York 14607 
(716) 442-5320. 

(MxR) Consumer 
Products Group 
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Barclay -Crocker will soon offer the 
Musical Heritage Society line, among 
others. There IS hope for those of us 

who demad quality. 
William T. Wingo, Jr. 

Sulphur Springs, Tex. 

Lirpa Lover 
Dear Kindly Editor: 

Thanks for the copy of the April is- 

sue of Audio. My good friend R.M.S. 
Watts has bought one of the Lirpa I 

receivers. I have enclosed his com- 
ments, as perhaps you would want to 
share them with your gentle readers. 

Robin 
W.J.J. Hoge 

Boy Wonder 
After reading Professor Lirpa's re- 

view of his receiver, I went out and 
bought one. It is a significant advance 
in the audio art, perhaps, even a ma- 
jor breakthrough. I have found the 
performance to be superior to my 
previous reference unit, a homemade 

About damping, 
bi-amping and the 
Crown DC -300A 

Because of inertia, speaker trans- 
ducers 6var-react to amplifier signals. 
This cal be minimized by speaker 
design, out it can't be eliminated en- 
tirely. In tie process, the transducers 
feed spurious signals Lack into the 
signal p-ocessing units. 

A goDd amplifier is designed to 
control eccessive transducer excur- 
sions by reducing - and absorbing - 
the unwaited signals generated by 
such excirsions. It's part of a process 
audio eìeineers call damping. The 
Crown DC -300A power amplifier, in 
addition tc its other well-known speci- 
fications, has a damping factor of 
700, which means it snould easily 
control speaker excursions. (A rating 
3f 400 is considered good.) 

But it a standard hi-fi stereo sys- 
:em, the DC -300A can t do all the 
damping it was designed for. The 
sound is a little muddier than it should 
oe. 

Why? Because the speaker cross - 
Dyers -- w th their own impedance - 
get in the way. The amp is not directly 

hooked up to the transducers. 
Solution? Move the crossovers 

back between amp and pre -amp. Add 
another DC -300A and bi -amp the 
speakers. 

The DC -300A now damps exces- 
sive transducer excursions efficiently. 
Which can mean crisper, cleaner 
sound. 

Each transducer now has 155 
watts of power available to drive it, 
and is limited only by its own charac- 
teristics. Which can mean more sound 
pressure. 

There can also be less distortion, 
since harmonics of low -frequency dis- 
tortion cannot feed to high -frequency 
transducers through the crossover. 

Are you interested in how to use 
all the power and performance of a 
Crown DC -300A amplifier? Write. 
We'll send you information about the 
Crown VFX-2A, a two -channel varia- 
ble -frequency crossover that makes 
bi-amping easy. Plus reprints of some 
articles that may help you decide if 
bi-amping is for you. 

Crown VFX-2A 

Box 1000, El Aart IN 46514 

.. 

500 W amplifier which uses 50 2A3 
thermionic vacuum valves in a paral- 
lel/push-pull, Class A circuit which is 

direct coupled to the loudspeaker. 
I did not experience the Doppler 

effect problems reported by Mr. 
Toidi. I suggest that a higher caliber 
cartridge, such as the Remington 
High -Velocity .357 Magnum, would 
match his pace. Also, I did not have 
Mr. Dennoc's loudness problem. This 
is because I am using the Hurtz & As- 
sociates Ultimate LSH (1) system (in 
mono, of course) with the Lirpa I. This 
system requires 1200 W input power 
to produce 88 dB SPL at one meter. 

(Editor's Note: We believe that 
there is a misplaced decimal point 
here. The system produces 0.88 dB SPL 

at one meter, or 88 x -10-2.) 
I have found a way of reducing the 

TIM distortion in the amplifier to a 

level which should be inaudible to 
Professor Lirpa. A non -alignment tool 
(available from Third -World Elektro- 
nik, Gmbh.) is used to adjust the non- 
user -adjustable control for an output 
of 16.67 furlongs/fortnight with a 4 kg 
load. Great care must be taken to 
avoid overtweaking, or the resulting 
grounded -base operation will cause 
excess acidity which will consume 47 
times its weight in dome tweeters. 

I have only one complaint with the 
Lirpa I...the sound type selector does 
not have a TN button. How can I play 
my country music records from that 
city named after my hometown? 

R.M.S. Watts B.S. 

Nashville Audible Group, Ltd. 
Nashville, IN 

(1) O. Gadfly Hurtz, "The Ultimate 
LSH Loudspeaker" Journal Audio En- 
gineering Society, March 1974. 

Lirpa Kudos 
Dear Sir: 

I have long awaited such a major 
audio breakthrough as the Lirpa I and 
to say that I am ecstatic is the under- 
statement of the year. May I con- 
gratulate your editorial staff for this 
recognition and for being the first to 
review it. 

There is, however, one facet of this 
receiver that really bothers me. A 
quite pedestrian lock is shown with a 

very ordinary -looking key, and sure as 

hell someone is going to turn that 
thing on. So, may I respectfully sug- 
gest that you notify the manufacturer 
that there are 12 -button combination 
locks available that not even my very 
talented cousin, who is presently in 
San Quentin, can pick. 

R.W. Armstrong 
Gold Beach, Ore. 

Enter No. 7 on Reader Service Card 
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THE NEW REVOLUTION 
FROM DISCWASHER. 

DiscTraker is a revolutionary pneumatic damping device that provides a critical 

protective cushion so badly needed with state-of-the-art tonearms and cartridges. 

effectively reduces tonearm/cartridge resonance at low frequencies. 

drastically and listenably reduces record -warp resonance (woofer flutter). 

allows badly warped records to be played with fidelity and without 

record wear or stylus damage. 

applicable to any tonearm. 

patented in all industrialized countries. 

DiscTraker greatly enhances the performance of fine record playback systems; 

another example of Discwasher's leadership and innovative technology. 

DiscTraker.. 

discwasher; inc. 
1407 N. Providence Rd. 
Columbia, Missouri 65201 



3ART 

TURNTABLES 
Tonearm Design and Other Things 

The last article discussed the effects 
that the turntable's mechanical drive 
system has on the tonearm. As we see 
in Fig. 1, vibrations travel from the 
drive mechanism through the turn- 
table chassis to the base of the 
tonearm, then from the tonearm base 
(A) through the tonearm (B) and final- 
ly reaching the phono pickup (C). We 
already know that these same turn- 
table drive vibrations can also reach 
the phono pickup via the turntable 
platter. However, we will concern our- 
selves only with those turntable drive 
vibrations that are picked up by the 
tonearm base and how they interact 
with the pickup. 

Since the connecting link between 
the tonearm base and the tonearm it- 
self is the tonearm's pivot system, this 
pivot system must be designed to de - 
couple the tonearm base from the 
tonearm proper. It would also be a 

good idea to make the base as massive 
as possible (if it is stationary, its mass 
will not contribute to the mass of the 
arm at the pickup) and to damp, as 

much as possible, the mechanical vi- 
brations coming from the turntable 
drive (Fig. 2). 

Tonearm pivot and bearing designs 
generally fall into one of several com- 
monly used categories. The simplest 
design is, of course, the unipivot sys- 
tem (Fig. 3A). Others are (Fig. 3B) the 
double gimbal, (Fig. 3C) lateral shaft 
and bearing with vertical knife edge 

*Grado Laboratories, Inc. 
4614 Seventh ,Ave. Brooklyn, N.Y. 11220 

Joseph F. Grado* 

pivots, or (Fig. 3D) the lateral shaft and 
bearing with a vertical, cylindrical pi- 
vot and bearing. The pivot and bear- 
ing designs generally are cone or cy- 
lindrical pivots working in con- 
junction with ball bearings, sleeve 
bearings, or cone bearings. 

Keeping in mind that we want to 
decouple the tonearm base vibrations 
from the arm proper, it becomes ob- 
vious that the contact area between 
the tonearm pivot and the base bear- 
ing should be as small as possible. 
Looking at the various types of pivot 
arrangements available, it is easy to 
see which of them will provide max- 
imum decoupling of the arm base 
from the tonearm itself-the unipivot. 
It is optimum for many reasons; it 
does an excellent decoupling job, it is 

the only pivot system which operates 
with a constant zero mechanical toler- 
ance, it has the lowest friction both 
laterally and vertically, and it allows 
the pickup to be easily adjusted for 
vertical azimuth (Fig. 4). 

To review, then, we have discussed 
keeping the mechanical vibrations 
away from the base of the tonearm by 
using a turntable which utilizes a ri- 
gid, massive main plate. We have seen 
the importance of isolating whatever 
mechanical vibrations do get through 
to the tonearm base. These vibrations 
must not enter the tonearm proper 
for there are other mechanical vibra- 
tions coming from the pickup end of 
the tonearm on a direct collision 
course with those vibrations coming 
from the tonearm base (Fig. 4). It 
sounds very complicated but it really 
isn't and neither are the solutions. 

Let us look at the tonearm itself (Fig. 
6). On the left in our drawing is the 
pickup mount (A) which is connected 
to the tonearm proper (let us call it a 

tube since this is easier to illustrate, 
though we should remember it could 
take any of several design con- 
figurations). The tubular arm ends on 
the right side (C) and is mounted into 
a massive block (D), whose action will 
be described shortly. What shape 
should the tube be? Straight or "S" 
shaped? Strangely enough, whether a 

tonearm is ; aight or "S" shaped, it 
will still M'ct as though it were a 

straight ar (Figs. 7A and B). The lever 
factor of the arm tube is governed, not 
by the "S" (Fig. 8), but rather by the 
straight pivot -stylus distance between 
points A and B (Fig. 9). If the "S" in the 
tube is rigid between points A and B, 

then the lever factor is exactly the 
same as if a straight tube were used 
between points A and B. As a matter 
of fact, it really doesn't matter what 
the shape of the arm is between 
points A and B; it could be "S", "V", 
"U", or any other shape but it would 
still react as a straight tube tonearm. 
However, if the "S" in the arm is in 
some way flexible, then the ratio of 
the distance between Points A and B 

and the curving length of the "S" 
would vary. But if the tonearm were 
flexible, one would not consider it a 

good tonearm for use in any quality 
system. To repeat, if the tonearm 
flexes in any direction, it cannot be 
considered for use in a high quality 
system. A tonearm must be absolutely 
rigid over its full length if it is to prop- 
erly transport the pickup. 
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IA 

DRIVE VIBRATIONS 

Fig. 1-Vibrations from the drive sys- 
tem can easily travel through the 
tonearm base (A), through the tone - 
arm tube (B), to the pickup (C). 

MASSIVE TONE 
BASE WILL DAMP 
VIBRATIONS FROM 
TURNTABLE DRIVE 

TURNTABLE BASE / 

VERY WEAK 

AND WEAKER 

VIBRATIONS 
WEAKER 

VIBRATIONS 
STRONG 

Fig. 2-A massive tonearm base will 
damp vibrations from the drive sys- 
tem. 

UNI - PIVOT 

Fig. 3-Tonearm suspension systems; 
A, a uni -pivot design; B, a double - 
gimbal design, C, a knife-edge design, 
and D, a cylindrical pivot and bearing 
design. 
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& BEARING 
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LATERAL 
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VERTICAL 
PIVOT AND 
BEARING 

TONE ARM 

VERTICAL 
-CYLINDRICAL 

PIVOT BEARING 
(MIGHT ALSO BE OF 
OTHER TYPES) 

LATERAL SHAFT 
AND BEARING 
(COULD ALSO BE 
BALL BEARING) 

MINIMUM ZERO Fig. 4-Advantages of 
CO 

MECHANICAL 

FOR MAXINTACTAREAMUU 
CLEARANCE LOWEST FRICTION a uni -pivot design. 
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TONE ARM r-- 

I 
I 

DOTTED LINE 
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VIBRATIONS FROM VIBRATIONS FROM 
TONE ARM LENGTH TONE ARM BASE 

! / 

UNIPIVOT 

MASSIVE TONE 
ARM BASE 

f f f 

NOTE HOW VIBRATIONS ARE REDUCED TO TONE ARM LENGTH 

Fig. 5-Movements and levels of vi- 
brations. 

TONE ARM 
BASE 

COUNTERWEIGHT 

Fig. 6-Sections of a tonearm include 
A, the cartridge mount; B, the 
tonearm tube; C, entry point of the 
tube into the pivot block, D, and E, 

the counterweight. 

Fig. 7-Comparison of 
"S" shaped arm (A) with 
straight arm (B) using 
offset pickup mounting. 

Fig. 8-Length of 
"S" shaped arm. 

A 

Fig. 9- 
True pivot -stylus 

distance of 
"S" shaped arm. 

COLLISION OF TWO 
DIFFERENT SETS OF 
VIBRATIONS 

fr 
VIBRATIONS FROM 
PICKUP END OF ARM 

1 
//7}\\ 

VIBRATIONS FROM 
TONE ARM BASE 

Fig. 10-Conditions which set up 
cycles of composite distortion prod- 
ucts. 

MASSIVE 
HUB 

TONE ARM 
LENGTH VIBRATIONS 

1,1 

MASSIVE 
TONEARM 
BASE 

TURNTABLE CHASSIS 

COUNTER 
WEIGHT 

NOTE HOW VIBRATIONS 
ARE DAMPED IN 
ARM HUB 

Fig. 11-Use of massive pivot hub and 
base greatly damp vibrations. 
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If the effective arm length is actually 
determined by the rigid length be- 
tween points A and B, then why are 
tonearms designed with "S" shapes? 
Generally the "S" design is used ei- 
ther for proper mass distribution 
around the vertical and lateral pivots, 
to make the vertical pivot angle and 
the arm offset angle coincide, or in an 
effort to standardize the headshell 
configuration. In addition, the "S" 
shape is used to determine the offset 
angle for the various arm designs. 
Standardization is to be admired, but 
at the same time we must be wary of 
the design limitations which restrict 
state of the art design. Please do not 
assume, however, that a straight 
tonearm is better; it may not be. 

There are many other factors in 
tonearm design that determine 
whether a tonearm is top notch. As a 

matter of fact, one of the best arms to- 
day is an "S" shaped arm. If the "S" 
shaped arm is rigid and of the proper 
mass (Note: proper, which is not nec- 
essarily light) and the straight arm 
flexes, then the "S" shape would be 
better. 

The tonearm itself, whether it be 
tubular or otherwise, must be rigid, 
and yet it must be non resonant. In ad- 
dition, the arm proper should not, if 
possible, act as a conductor of vibra- 
tions! Since the arm (Fig. 10) receives 
vibrations of the pickup's mechanical 
action and the residual vibrations of 
the tonearm base, it can be easily seen 
that the two vibrations coming from 
opposite directions will meet on a col- 
lision course somewhere along the 
arm's length. This results, of course, in 
the composite of the two signals re- 
versing direction after their collision 
and going back to the opposite ends 
of the arm tube. The vibration going 
to the pickup end intermodulates 
with the signals the pickup happens to 
be producing at that moment and a 

distortion product results. If the pick- 
up mounting shell is not as rigid as the 
Rock of Gibraltar, then this mechani- 
cal resonant condition is amplified. 
The other composite vibration travels 
to the rear or pivoted end of the 
tonearm tube, and if the arm is light 
weight at that end, rattling of the pi- 
vots takes place. New mechanical vi- 
brations from both ends start traveling 
the length of the tonearm tube to 
once again collide somewhere along 
the arm, and this situation cycles over 
and over again, creating distortion 
galore. Fortunately, there is a manner 
in which this problem may be min- 
imized. 

Let us again trace the mechanical vi- 
brations from the cartridge end; how - 
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ever this time we will visualize the 
tonearm tube of a material which 
does not flex or resonate. Certain 
woods are a perfect material for a 

tonearm, since wood is rigid, light, 
damps its own resonance, and is 

beautiful. Aluminum is also excellent 
if fabricated properly; it should be in 
a soft state, coated on one side, large 
diameter, and thin walled. With to- 
day's technology, it is a simple matter 
to taper an aluminum tube, making it 
super rigid. Coating such a tube inter- 
nally damps surface resonances, and 
using it in a soft state further reduces 
surface resonances. Anodizing the 
metal allows the aluminum to stay soft 
but makes the outer surface sapphire 
hard which further stiffens the arm. 

Reducing Vibrations 
Now we have a tonearm tube which 

reduces the intensity of the vibrations 
coming from the pickup end of the 
tonearm, and by the time the pickup 
vibrations reach the pivot area of the 
tonearm, they are reduced tremen- 
dously. 

But wait, didn't we say that the vi- 
brations from the base of the tonearm 
were still on a collision course?Yes, but 
we can easily take care of that. You 
will recall that the vibrations from the 
turntable drive system were almost to- 
tally absorbed by the massive turn- 
table chassis before they reached the 
tonearm base. You will also recall that 
a proper tonearm pivot arrangement 
would help decouple the residual 
tonearm base vibrations from the 
tonearm tube. Thirdly, we saw that if 
the mass of the tonearm at the pivot 
was light that the pivots would rattle. 

A single solution virutally eliminates 
all three problems. If we put a heavy 
mass at the hub of the arm (Fig. 11), 
the mass of the tonearm at the pickup 
end will remain virtually unchanged. 
However, this hub mass will absorb 
the residual mechanical vibrations 
from the arm tube, it will absorb the 
residual mechanical vibrations which 
come from the tonearm base, and it 
will act as a positive force to assist the 
tonearm pivot contact. With one de- 
sign addition, we have greatly re- 
duced or eliminated three large prob- 
lems. 

The next article will discuss tonearm 
mass, and we'll see that a light mass 
tonearm can create more problems 
than it solves. We'll discuss rear 
weight design, and try to get into anti - 
skating and why it really isn't neces- 
sary. This will also lead into a dis- 
cussion of straight line tracking arms 
and the inertial effects causing track- 
ing error. A 

The B&W 
DM 6 
linear phase 
dynamic 
loudspeaker 
is new, 
English, 
strange -looking 
(for a good reason), 
controllable, 
indestructible, 
powerful, 
outstandingly 

good," "clean," 
"natural," 
"smooth," "silky," 
has an excellent 
pedigree, 
and requires at 
least six pages 
to explain fully. 
We'd like to send 
you copies of those 
pages. Write, 
please. 

B&W 
Loudspeakers 
c/o Anglo-American Audio Co., Inc. 

P. 0. Box 653 
Buffalo, N.Y. 14240 U.S.A. 
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Power Amplifiers 

and the Loudspeaker Load: 

Jeffrey H. Johnson* 

Some Problems and a Few Suggestions 

The story is told of the English child during the war who, 
on learning of an impending bread shortage, remarked that 
this wouldn't bother him as he always ate toast. Something 
of the same outlook has all too often been evident in the at- 
titude toward the amplifier -loudspeaker interface. We mea- 
sure amplifiers with well-defined resistive loads, but we lis- 
ten with loudspeakers, and loudspeakers present anything 
but a constant, well-behaved load to the amplifier. This can 
lead to a number of problems, and it is becoming widely 
recognized that an amplifier which "works just fine" on the 
test bench may not perform so well in actual operation. To 
see what some of the effects of non -ideal loads on amplifiers 
are is the purpose of this article. 

The Loudspeaker 
Loudspeaker manufacturers specify a nominal or "rated" 

impedance for their products, usually 4 or 8 ohms. This 
specification is not without value, but we shouldn't forget 
that the impedance of a loudspeaker actually exhibits con- 
siderable variation with frequency. Partly this is determined 
by the designer's choice of crossover network parameters, 
etc., but it is also to some extent inherent in the physical 
principles of operation of the loudspeaker mechanism itself. 
Figure 1 shows the measured impedance of a typical three- 
way air suspension system rated at 4 ohms. 

Now, at first glance, it might seem that these impedance 
variations would be very undesirable from the standpoint of 
the power available from the amplifier. Since an amplifier is 
very nearly a constant -voltage source, the power output is 
inversely proportional to load impedance; the higher the 
impedance, the smaller the available power. For example, if 
the unit shown in Fig. 1 is driven at 6.32 V-or 10 W into the 
rated 4 ohm impedance-a power meter would show that 
the actual power would vary from about 11 W to about 1 W, 
depending on frequency. This might seem highly undesir- 
able, but in fact it is not. Loudspeakers are designed for flat 
frequency response with a constant drive voltage, not con- 
stant power. There is no problem here, except that amplifier 
meters labeled in watts are meaningless. (For a further dis- 
cussion, see refs. 1, 2, 3.) 

The problems caused by impedance variations come from 
a different direction, namely from the fact that an imped- 
ance which varies with frequency exhibits a reactive, as well 
as a resistive, component. A reactance is non -dissipative; it 
can only store energy, not put it to use. Such stored energy 

*Braun AG 
Frankfurt, W. Germany 
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is unavailable for conversion into acoustical energy. What's 
worse, this stored energy must go somewhere, and that 
somewhere is back into the amplifier, where it can cause 
trouble. 

Before we look at what some of these troubles are, we 
need to take a moment to clarify some terminology. Imped- 
ance is a complex quantity; that is, it has two dimensions, 
not just one. We can express this by saying that it has a real 
(or resistive) part and an imaginary (or reactive) part, and 
write this as Z = R ± jX where R is resistance and X is reac- 
tance. A very useful alternative expression is to ive the 
magnitude (or modulus) of the impedance: I Z = R + X . 

The other dimension is then expressed as a phase angle: L Z 
= tan-' 1. What we usually offhandedly call "impedance" is 

actually Only the magnitude of the impedance: to be com- 
pletely accurate we should also give the phase angle. The 
impedance in Fig. 1 is thus both curves taken together. Hab- 
itually speaking of the magnitude only makes it easy to over- 
look the reactive component. 

Small -Signal Effects 
Reactive loading can affect both the large -signal and the 

small -signal performance of an amplifier. The small -signal 
effects have to do chiefly with the feedback stability and the 
dynamic response of the amplifier. 

An amplifier can be modeled by a forward gain path Avon 
with an internal impedance Zo, enclosed in a feedback loop 
giving a closed -loop overall gain of Avon (Fig. 2) (Zo here 
should not be confused with the output impedance of the 
complete amplifier, which is Zo divided by the loop gain.) 
For stability the phase shift at unity loop gain must not ex- 
ceed 180°, and for satisfactory dynamic (transient) response, 
some phase margin is necessary, limiting the loop phase 
shift to 120° or perhaps 135°. In terms of the familiar Bode 
plot, Fig. 3a, this means that the curve of the forward gain 
must intersect the curve of the closed -loop gain with a slope 
not much greater than 6 dB/octave, and all higher break- 
points must lie some distance above this frequency. 

The feedback voltage is taken from the junction of Zo and 
the load, point X in Fig. 2. Zo, which may be comparable to 
the load impedance depending on the circuit configuration, 
forms a voltage divider for the feedback in conjunction with 
the load impedance. Suppose now that the load is inductive, 
so that its impedance increases with frequency. Unless Zo is 

quite small, this means that the feedback voltage will also in- 
crease. With luck, this can provide a degree of lead com- 
pensation, but more often the result is that the loop band- 
width is extended so that higher frequency poles begin to 
contribute to instability, as depicted in Fig. 3b. Alternately, a 

capacitive load will tend to roll off the feedback with in- 
creasing frequency, and so the slope of the forward gain 
curve is increased and instability results (Fig. 3c). 

As if this were not enough, in many circuits Zo is not con- 
stant but rather increases at higher frequencies due to hfe 
falloff in the output transistors, etc. Zo will thus have an in- 
ductive component, and should the load be capacitive, a 

second -order LC filter will be formed for the feedback sig- 
nal, contributing an additional 12 dB/octave rolloff. This 
leads to oscillation. Often a fairly small capacitance (10 nF to 
0.1 µF) will be more troublesome than a large capacitance, 
since the latter may spread the poles farther apart and give a 

less rapid rolloff. 
The cure for these woes is the addition of load isolation or 

stabilizing networks to the amplifier output. The simple RC 
network in Fig. 4a loads down the amplifier at high fre- 
quencies, avoiding the situation of Fig. 3b with inductive 
loads (which are typical of moving -coil loudspeakers), and 
with the rise in Avon which some configurations exhibit 

without load. A more thoroughgoing method is the use of 
the LCR network. A series inductor with rising impedance at 

higher frequencies is added to prevent capacitive loads 
from loading down the amplifier too much. The preferred 
form of this network, Fig. 4b, can be made to effect a 

smooth transfer of the amplifier from the external load to 
the resistor R at a suitable frequency above the audio range 
(Ref. 4). Load isolation networks are sometimes accused of 
ringing, but with proper design this is not so; most of the 
ringing is attributable to reduced feedback phase margin in 
the amplifier. 

The small -signal effects are manifested mostly at fre- 
quencies well above the audio range. The nature of the 
loudspeaker load is consequently quite important in this re- 
gion also. Loudspeaker impedance is usually measured only 
to 20 kHz, but for some time now one manufacturer has 

been measuring all new designs out to 1 MHz after it had 
been discovered that an unexpected impedance dip around 
200 kHz had been causing problems with a certain amplifier. 

Large -Signal Effects 
The major difficulties arising from reactive loading are as- 

sociated with the large -signal area. Unlike the small -signal 
case, where the amplifier as a whole is involved, the large - 
signal effects are confined almost entirely to the output 
stage. 

One of the most important effects of reactive loading is its 
influence on the power dissipation in the output devices of 
an amplifier. Probably the best way to see how this happens 
is to examine the load line, which is a plot of VcE and lc for a 

specified load. 
If the load is resistive, the load line will consist of straight 

line segments as in Fig. 5b (here, and in what follows, an 
ideal class -B circuit is assumed). The line 1-2 represents all 
values of VcE and lc during the "on" half -cycle, and the line 
1-3 shows that lc = 0 during the "off" half -cycle. The slope 
of the line 1-2 is determined by the load; if the solid line 
represents 4 ohms, for instance, the dashed line would show 
8 ohms. 

An important property of the load line graph is that it also 
implicitly shows the power dissipation of pr in the output 
device, since it relates VCE to lc and pT = VCEle. During the 
"off" half -cycle, pT is obviously zero. During the "on" half - 
cycle, pi- is small when the output voltage Vo is near zero 
(point 1 in Fig. 5b). As the output voltage begins to increase, 
current flows into the load and lc increases. At first pT in- 
creases, but since VcE decreases as Vo increases, pT begins to 
fall, and when the crest of Vo is reached (point 2 in Fig. 5b) 
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Fig. 4-Load isolation networks, (a) RC and (b) LCR. 

pT is again very small. The overall dissipation is thus com- 
paratively small, and the operating conditions of the output 
device are quite favorable. 

The situation is much different if the load is reactive. In a 
resistance, current and voltage are in phase; but in a reac- 
tance, the current and voltage are displaced from one an- 
other by the amount of the phase angle, and the minima 
and maxima of the current and voltage waveforms no longer 
coincide. If such a load line is plotted, the resulting curve is 
not a straight line but becomes elliptical. As the phase angle 
increases, the ellipse becomes broader (Fig. 6). 

A comparison of these elliptical load lines to the resistive 
case yields some unwelcome facts. Consider the point of 
zero V0, where VCE = V. For a resistive load, pT is zero 
(point 1 in Fig. 5b), but for a reactive load there is a signifi- 
cant flow of lc at this point, and hence considerable dis- 
sipation. Or take the "off" half -cycle; here again there is a 
substantial flow of lc in the reactive case compared to zero 
for a resistance. This is particularly undesirable, since the 
combination of high VcE and high lc can initiate secondary 
breakdown, resulting in a catastrophic destruction of the 
output transistors. 

Additional insight can be gained if the curve of the max- 
imum permissible dissipation-the "safe operating area" 
(SOA) curve-is added to the diagram. This is done in Fig. 7. 
The resistive load line (a) remains comfortably within the 
SOA. But a reactive load of the same impedance magnitude 
(b) fills and even somewhat exceeds the SOA. Reactive load 
lines in general use the available territory less efficiently; 
they bulge out just about where the SOA curve dips inward. 

It is a little difficult to get a quantitative picture from the 
load line diagram, so in Fig. 8 the dissipation pT has been 
plotted over one complete cycle, normalized to a peak out- 
put of 1 W (or 1 VA). The dissipation is seen to increase sub- 
stantially as the load phase angle increases. With a purely re- 
active load (90°) the maximum pT is over five times as great 
as for a resistive (0°) load. Integrating or averaging pT over 
time gives the average dissipation pT, which determines the 
heat sink requirements of the amplifier. This is shown in Fig. 
9, with a resistive load taken as unity. Here again there is a 

significant, if not quite so dramatic, increase in dissipation as 
the load becomes more and more reactive. 

It is now time to introduce a complicating factor. So far, 
operation at full output has been assumed, but in fact the 
dissipation is a function of output level. We can include this 
factor by introducing a "drive factor" k, which varies from 0 
to 1 (or 0 to 100 per cent). Note that k is in terms of voltage, 
not power. The dissipation as a function of k is shown in Fig. 
10. For a resistive load, the greatest dissipation occurs at k = 
63 per cent output (40 per cent of maximum power output). 
As the load becomes increasingly reactive, the dissipation 
increases, and the decline in dissipation near full output also 
disáppears. 

It should by now be abundantly clear that operating an 
amplifier into a pure resistive load is far kinder, far less de- 
manding, than is operation into a reactive load like a loud- 
speaker. And these relationships apply, let it be added, re- 
gardless of whether the output devices used are tubes, tran- 
sistors, or FETs. To put it another way, an amplifier which is 
to operate without difficulty into highly reactive loads must 
be more conservatively designed than would be expected 
on the basis of purely resistive loading. It must also be borne 
in mind that the efficiency of real -world amplifiers is less 
than the ideal case assumed in this discussion. 

And speaking of real -world situations, it ought to be 
noted that this discussion has tacitly assumed sinusoidal sig- 
nals. For a variety of reasons, such signals have great use- 
fulness in analysis, but they don't correspond very closely to 
either speech or music. Since the energy content of pro - 
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The new AuditorTM Series by Koss. 
Don't buy one unless your system 

is ready for it. 
The pleasure of listening to 
unadulterated music is reserved for 
those who have carefully put together a 

system that delivers totally accurate 
reproduction. Now, for people who wish 
to explore and expand this realm of 
pure sound, Koss has designed their 
Auditor Stereo Headphones. Full, state 
of the art knowledge of perfect 
mechanical reproduction of music, and 
the psychoacoustics of the way the ear 
and mind respond to sound went into 
making these phones true to the most 
intense level of performance possible 
today. 

The sound. 
The Auditor Dynamic/10 features an 
expansive frequency response range of 
10-20,000 Hz, while dazzling any ear 
attuned to the delicate musical balance 
of psychoacoustically pleasing sound, 
in a way no other dynamic phone can 

Dynamic/10 

duplicate. They are designed to deliver 
the full impact of letter perfect sound 
reproduction characteristic of the finest 
equipment. 

And the fury. 

On the other hand, for the most 
carefully designed and engineered 
excursion into sound ever, the Koss 
ESPTM/10 Electrostatic Stereo 
Headphone is an unparalleled 
instrument of beauty. It is a perfectly 
articulated statement of technological 
and electronic genius so thoroughly 
sensitive it belongs in a recording studio 
serving as the last word in monitoring 
production. The ESP/10's almost 
boundless frequency response lays out 
the entire spectrum of sound for your 
scrutiny, bringing you every spark of 
timing, a deep, rich flood of bass, and a 

smooth, clear lake of treble, with every 
note balanced and defined. 

So if you're content to live with the 
impurities in second best stereo, the 

Koss Auditors aren't for you. Only the 
high -end connoisseur who has taken all 
the necessary steps toward putting 
together a system that is true to 
perfection will acknowledge and 
appreciate these precise products as 
breakthroughs in scientific musical 
development. The personal signature 
of John C. Koss says that these 
headphones are for the audiophile. So if 
you're ready for the best, and you think 
your system can measure up to the 
Sound of Koss, hear the headphones 
that are designed to put it to the test at a 

specialist in audio products near you. 
Or write to Fred Forbes, Audiophile 
Products Division, for more information 
on the new Auditor Series by Koss. 

auditor series 
by Koss 
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gram material is generally less than a sine wave of equal 
peak amplitude, the dissipation will in many cases be less 
than the curves we have seen would suggest. Unfortunately, 
it is simply not possible to say how much. There are random 
signals which can model program material quite well, it is 

true; but strictly speaking impedance is defined only in the 
frequency domain, and the only signals which would not in- 
volve treating a band of frequencies are the exponential and 
the sinusoid. And once we have to look at a band of fre- 
quencies, the precise nature of the load (its impedance ver- 
sus frequency) would have to be specified, making a general 
solution impossible. 

A Special Case 
Before we leave the subject of output stage dissipation, 

there is an interesting special case that ought to be consid- 
ered. So far we have allowed the phase angle to vary while 
holding the magnitude of the impedance constant. A differ- 
ent picture emerges if, instead, we require only that the real 
part of the impedance remain constant. This is equivalent to 
saying that the magnitude of Z is allowed to increase as we 
increase the phase angle, and is shown by the dash -dot line 
in Fig. 11. The dissipation in this case is shown also in Fig. 11. 
The solid curve represents the worst -case dissipation, ob- 
tained by letting k be whatever value gives the greatest dis- 
sipation. The result is interesting; the dissipation with any 
arbitrary reactive load under these conditions never ex- 
ceeds the value of dissipation observed for a resistive load. 
In fact, for highly reactive loads (over about 51°), it actually 
is less. We saw earlier that for reactive loads, the dissipation 
was greatest for k = 1, and this condition is shown by the 
dotted line. Here again the worst -case resistive load dis- 
sipation under these conditions would never be greater 
than it would be for a resistive load equal in value to the 
minimum real part of any complex load. The significance of 
this will be discussed later, for it forms the basis for a ration- 
alized loudspeaker impedance rating. 

The Protection Problem 
Another important set of large -signal problems springs, 

somewhat ironically, from what ought to be a good idea, 
output transistor protection circuits. The kind of circuit 
which causes problems seeks to clamp 1 to some value 
which is a function of the VCE at that instant. Such a circuit, 
whose threshold characteristics are shown in Fig. 12a, per- 
mits the SOA to be nearly fully utilized. A short on the out- 
put is clamped as in Fig. 12b, and a purely capacitive load is 
prevented from exceeding safe limits as in Fig. 12c. 

Things are altogether different if the load happens to be 
inductive. Should the protection circuit be activated in this 
case, an annoying and potentially dangerous very loud pop- 
ping sound results. These are the notorious "flyback im- 
pulses" illustrated in Fig. 13. The impulses are usually short 
(tens of microseconds) but of considerable amplitude. Since 
they contain large amounts of high -frequency energy, dam- 
age to tweeters is not unknown. These impulses can occur 
under seemingly unobjectionable conditions, for example 
when the magnitude of the load impedance is fairly high 
and hence the amplifier is only lightly loaded.All that is re- 
quired is that the load be inductive (i.e., the impedance is 

increasing with frequency) and that it activate the protec- 
tion circuit at some point. 

Such flyback impulses come neither from the load nor 
from the amplifier alone, but rather from the combination 
of the two. The ultimate culprit is the negative slope of the 
protection circuit threshold. When the current flow into the 
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These cassette deck 

manufacturers ore highly biased for SA: 

AIWA AKAI DOKORDER JVC 
KENWOOD MERITON NAKAMICHI 

OPTONICA PIONEER SANSUI 
SHARP 'TANDBERG TEAC 
TOSHIBA UHER YAMAHA 

And are joined by these 
in iecomuending SA for use in their decks: 

BANG & OLUFSEN DUAL FISHER 
HARMAN/KARDON LAFAYETTE 

ROYAL SOUND SANKYO 
AND MANY OTHERS. 

There's been a quiet revolution going on in the cassette world. D Leading makers of quality 
cassette decks have adopted TDK SA as their reference standard tape for high (Cr02) bias and 
equalization settings.Why TDK SA? Because TDK SA's advanced tape formulation and super 
precision cassette mechanism let them (and you) take full advantage of today's advanced 
cassette deck technology. D In addition, a growing number of other companies are recommend- 
ing SA for use with their machines. D So for the ultimate in cassette sound and performance, 
load your deck with SA and switch to the "High" or "Cr02" bias/EQ settings. You'll consistently 
get less noise, highest saturation and output levels, lowest distortion and the widest dynamic 
range to let you get the best performance from any quality 
machine. D But you needn't believe all this just because we 
say so. All you have to do is check our references. 
TDK Electronics Corp" 755 Eastgate Blvd., Garden City, N.Y. 11530. 

In Canada: Superior Electronics Industries, Ltd. 
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load is stopped by the clamping action of the protection cir- 
cuit, the tendency of the inductive load to produce a re- 
verse -polarity voltage forces the protection circuit into even 
greater limiting. Suppose the output were positive -going at 
some point, and so VcE were decreasing. If now the current 
into the load is clamped, the sense of the resulting load volt- 
age will be negative -going. This implies an increase in V 
that in turn reduces the current clamping level to a smaller 
current. A regenerative situation exists, and the end result is 
that the output voltage of the amplifier tends to slam into 
the clipping region with the opposite polarity. If one such 
event does not dissipate the energy stored in the load, sev- 
eral pulses may follow one another in rapid succession. 

A number of solutions to this problem have been ad- 
vanced. The basic idea is to avoid having a negative -slope 
threshold at signal frequencies. One approach places large 
capacitors in the protection circuit to slow it down ("de- 
layed limiting"), avoiding a regenerative situation. Another 
method is to use pure current limiting. A glance at the SOA 
curves shows that this places heavy demands on the output 
transistors, even when the current limit is made a slowly 
varying function of signal level. For this reason, paralleled 
heavy-duty output transistors must be used. The ultimate 
expression of this line of attack is to use a great many, very 
rugged transistors in the output stage so that protection cir- 
cuits can be eliminated entirely. (Tube amplifiers, of course, 
fall naturally into this category, since tubes can withstand 
very large short-term overloads.) And finally there is the 
"solution" of simply making the protection threshold larger, 
but leaving the output stage as is, on the assumption (or 
hope) that the overloads encountered in "normal use" will 
be small enough not to destroy the poorly -protected tran- 
sistors. 

The Practical Conclusion 
We have seen some of the effects that reactive loads can 

have on amplifiers, and we have noted some of the prob- 
lems that can occur. The question remains, what can be 
done about them? 

The small -signal problems can be avoided by sound de- 
sign and thorough verification of an amplifier's stability be- 
fore the design is released for production. Amplifiers from 
reputable manufacturers are usually free of problems. 

Large -signal behavior is another matter. It would be easy 
to say that any amplifier should be able to cope with highly 
reactive loads. But here we come up against economic limi- 
tations. Power sells, and to remain competitive, the tempta- 
tion is very great to design the amplifier for very high power 
into a resistive load at the expense of adequate and costly 
"elbow room" for operation into reactive loads. 

One possible solution would be for prospective pur- 
chasers to become more aware that the usual power rating 
per se is only a part of the story. The test reports in the sev- 
eral hi-fi magazines could be of real service here by in- 
cluding reactive load measurements. Heavy capacitive load- 
ing has often been used, but inductive loading seems con- 
spicuously absent. A reasonable approach would seem to be 
to use a set of loads at each rated impedance and at several 
frequencies. These could be 1) a real load R equal to the 
magnitude of the rated impedance Zr ; 2) an inductive load 
ZILI = 2Zr Z +60°, and 3) a capacitive load Z(c) = 2Zr L, - 
60°. (In other words, R + j0 and R ± j 3X where R and X 
equal Zr at the frequency of measurement. Proposals of 
this kind have appeared in the literature (Refs. 2, 5). 

Another very worthwhile endeavor would be a clari- 
fication of the rather nebulously defined "rated imped- 
ance" applied to loudspeakers. The most logical approach 
would be to specify the minimum value of the real part of 
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pair of 66's may sound 
unspectacular, even disappointing.:: 

This is not the sort of quote that manufactu-ers 
usually select from equipment reviews. However, we 
did it for one reason: to get your attention. That's not an 
easy task, considering the hundreds of other speaker 
manufacturers clamoring for your ear and your dollar. 

The complete excerpt (from Canadian Stereo Guide) 
reads: "To the untrained ear, a pair of 66's may sound 
unspectacular, even disappointing. There's no thump 
and sizzle which many equate with good frequency 
response. No spectacular effects, just the neutral 
sound of musical instruments playing with nothing 
added by the speakers. Purity of tone and cleanness of 
reproduction is particularly noticeable." 

The Ditton 66 was in fact developed by Celestion to 
serve as an authentic monitor speaker, which means 

The 
Ditton 

66 
by Celestion. 

$499.50 

that it was designed to neither add nor subtract 
anything from the original program material. Recording 
engineers aren't interested in "hi-fi effects"-they 
want to hear exactly what's on the master disc or tape 
with minimum sonic contribution by the speaker. 

When the British publication, Hi-FiAnswers needed a 
concert monitor they found the Ditton 66's "... sufficient 
to cope with the loudest orchestral climaxes available 
(or even required)... when we wanted to provide 
concert levels in a large hall, 110 feet x 55 feet with a 
25 -foot ceiling. A most impressive performance..." 

Since most listening rooms are somewhat smaller, 
the shape of the Ditton 66 should be of special interest. 
Though its internal volume is three cubic feet, it needs 
only 1.2 square feet of floor space. It is 15" wide, 11" 
deep and 39Y2" high. 

Another thoughtful aspect of the enclosure: the 
drivers are mounted on a finished baffle board. So those 
who like to operate their speakers with the grille off, for 
whatever reason, can do so happily. 

Now, if you'll drop us a card, we'll send you a list of 
our carefully selected dealers by return mail. We 
believe you'll be impressed by the exceptionally 
"unspectacular" sound of the Ditton Monitor 66. 

Celestion 
Loudspeakers for the perfectionist 

Celestion Industries, Inc., Kuniholm Drive, Holliston, Mass. 01746 
In Canada: ROCELCO INC., Montreal 

The HF -2000 soft -dome tweeter operates 
from 5,000 to 20,000 Hz. Its exceptionally 
smooth extended response and wide 
dispersion achieve an open, airy quality and 
accurate stereo imaging. 

The MD -500 2%2 "soft -dome mid -range 
operates from 500 to 5,000 Hz with very low 
distortion, wide dispersion and correct phase 
relationships. An extremely powerful magnetic 
assembly ensures critical damping and high 
power handling capability. 

The FC -12 woofer has a heavy plasticized 
diaphragm that effectively suppresses 
reasonances. The neoprene roll suspension 
permits considerable cone excursions without 
non-linear effects. A massive Feroba II magnet 
provides critical damping. 

The Auxiliary Bass Radiator (ABR) is a highly 
effective proprietary Celestion device that 
operates in conjunction with the 
woofer/enclosure acoustic circuitry. The 
critically -damped moving system of the ABR 
has a carefully chosen mass and compliance, 
acoustically coupled to the woofer and 
enclosure to control the lower range of the 
woofer excursion. It takes over completely at 
the very lowest frequencies. Result: 
exceptionally smooth reproduction to well 
under 40 Hz. 
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Fig. 13-Flyback impulses with inductive load. 

the loudspeaker impedance, as suggested by Pramanik (Ref. 

6). We have seen that the amplifier dissipation with reactive 
loading will not exceed the dissipation observed with the 
minimum real part of the impedance. Accordingly, such a 

specification represents a useful and meaningful measure of 
the loading produced by the loudspeaker on the amplifier. 
Since this specification would not in itself alert a prospective 
user to possible protection circuit problems in the case of a 

highly reactive loudspeaker, there would continue to be a 

need for impedance data, in reviews if not in spec sheets. 

Such data should include the angle as well as the magnitude 
of the impedance, or, as in Audio, the real and imaginary 
parts. 

These proposals are suggested as possible ways to avoid or 
at least minimize some of the problems we have seen in 

connection with the amplifier -loudspeaker interface. It is 

hoped that in the discussion, some light was shed on the ori- 
gin and nature of the problems as well as on some of the 
possible solutions. The ultimate resolution of these prob - 

B139. 
The world-famous KEF bass unit, 
approaching perfect -piston performance 
right down to 20Hz. 

Flat, light -weight expanded polystyrene 
diaphragm, aluminum -laminated, 
suspended on a special neoprene roll - 
surround. 
Acoustically dead, non -resonant, no 
chance of `cone -edge break-up'. 
Hear it to perfection in the Cantata. 

lems depends, however, on the user. Those who use ampli- 
fiers must become aware that presently used specifications 
do not tell the whole story, and be ready to insist on com- 
plete specifications. And perhaps we should also be content 
with an amplifier that appears a little less powerful on paper, 
but which makes music come alive through a loudspeaker 
and does so reliably and without fuss. 
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Cantata. 
Our elegant, high-performance, 150W 

speakers in mirror -image matched pairs. 
The cabinet is tall, to cut floor 

reflections; deep, to cut rear wall 
reflections; narrow, to permit good sound 
dispersion; and mounted on castors to cut 
resonance with the floor . 

Note the special drive unit positions, 
with the mid unit above the treble, giving 
equal sound paths to the listener, with no 
inter -unit time delays. And the mid and 
treble units are both placed off-centre, to 
cut side wall reflections. 

Both mid and treble units have 
acoustic balance controls and both also 
have fuses to prevent damage, even under 
fault conditions. 

Altogether, the Cantata is a superb 
example of KEF's computerised `target 
function' design approach, in which the 
cabinet, drive units and acoustic 
Butterworth dividing networks are 
developed together, with the electronics 
tuned to the other elements, to bring the 
overall system response function as close 
as possible to the theoretical ideal. 

May we send full details? 

KEF Electronics Ltd Maidstone Kent ME156QP England Telex 96140 USA distribution in conjunction with 
INTRATEC 399 Jefferson Davis Highway Arlington Virginia 22202 
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The most exciting 
new recording combo 
in Music City 

Willi Studer's Revox family of tape recorders and components for the 
audiophile has joined Wi1llli Studer's family of professional audio equipment 
to form Studer Revox America, Inc., in Nashville, Tennessee USA. 

This provides all Revox audiophile and institutional users the obvious 
benefits of factory direct sales and service enjoyed by professional studios 
and broadcasters. 

D,1[ R EVOX 
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And you know how 
hard it is to understated 

the new generation. 
Remember the phrase 

"generation gap"? Well it's not only 
true for generations of men, but 
generations of machines, too. 

V-Fet devices are a major 
advancement, needing major expla- 
nation. And nobody is more 
equipped to offer it, than Sony. 

Sony pioneered the first 
generation of transistors, some 25 
years ago. 

Today, Sony is predictably 
innovative again, being: the first to 
offer V-Fet equipment commer- 
cially And the only ones to bedazzle 
you with a whole line of it. 

So with these credentials 
behind us, we will begin our expla- 
nation of the new generation. 

First came the Fets. 
The new generation really 

began many generations ago. 
Fets-or field effect transistors- 
were first conceived in the 1920's. 
But the concept was so far ahead 
of its time that nobody quite knew 
how to execute it. 

Fet's work quite differently 
than the bipolar transistor; the tran- 
sistor you're familiar with. The bipo- 
lar transistor works by conducting a 
small amount of current, which 
then induces a high level of current. 
With the Fet a small amount of volt- 
age (rather than current) controls 
the high level of current. 

This bestows a Fet with high 
speed reaction time. Regular tran- 
sistors have a delay in reaction 
time, creating problems like notch 
distortion and TIM (transient inter - 
modulation) distortion. 

This high speed reaction 
means also that Fets are extremely 
efficient and accurate in the high 
frequency range. Therefore they 
allow more precise and stable nega - 
©1977 Sony Corp. of America. Sony, 9 W 57 St. N.Y., N.Y. 10019. SONY is a trademark of Sony Corp. 

tive feedback, and minimal 
distortion. 

And, to heat up the argu- 
ment, a Fet will never be afflicted 
by thermal runaway. High ternpera- 
ture does not induce the self- 
destructive current surge that you'll 
find in the regular transistor. 

V Fets. Or, bye, bye, bipolar. 
Wondering why Fets have 

not taken over, with the transistor 

I 

Harmonic distortion components. 
Conventional Transistor The wave of the 

of the past. future. 

J 
Transistor switching lag. The lack of lag with RFet§ 

One reason nearly everyone will be 
switching to V-Fetb 

becoming a part of history? 
Well, for one reason, a Fet 

will not allow high currents to pass 
through it. And today's loud- 
speakers demand high currents to 
drive them. 

Enter the V-Fet. Vertical field 
effect transistor. In this structure, 
thousands of Fets are ordered in a 
para lel orientation. The current 
passes through the silicone chips 
vertically. 

Thus, the ability of the V-Fet 
to handle a lot of current is many 
times greater than that of small sig- 
nal Fets-like the kind found in FM 
tuners and pre -amps. 

Sony made it possible for 
this complex network to be mass 
produced, by devising the "Selec- 

tive Oxidation Process" A new tech- 
nology originally developed for 
manufacturing large scale inte- 
grated circuits. 

Sony's V Fets. 
A full line, from AtoV. 

Sony makes both integrated 
amps and power amps with V-Fet 
circuitry. The TA -4650, TA -5650, 
TA -8650, TAN -5550 and TAN -8550. 

But if you rest your pur- 
chase decision on specs alone, 
V-Fets will disappoint you. 

For example, Sony makes 
two amps, one V-Fet, one not, with 
identical specs. Yet the V-Fet amp 
costs more than a spec more. 

Obviously, the true measure 
of V-Fets can't be measured by any- 
thing except the human ear. 

Now that you've listened to us, 
really listen to us. 
So go ahead and measure 

it! Bring your favorite record to your 
V-Fet dealer. Ask him to play it. 
You'll find your favorite record will 
become even more of a favorite, as 
the sound opens up to you like 
never before. 

And, if you want to open up 
a brochure on V-Fets, we'll send you 
one. Write to SONY, 9 West 57th 
Street, New York, New York 10019. 

We have one note to add. 
V-Fet equipment is not cheap. So if 
you've appreciated our explanation, 
you'll find that a little knowledge 
can be an expensive thing. 

SONY® 
VETS 
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The Search for 
an Optimum Transmission line Speaker 

W. J. J. Hoge* 

nmuumnnmuung 

. 
t 

The first description of what is normally called a trans- 
mission line loudspeaker was published in 1936 by Benjamin 
Olney (1). The system was the "acoustical labyrinth" which 
he patented in 1934 (2) and represented an attempt to over- 
come the poor performance of the open -back cabinets of 
console radio sets. Olney's employer, Stromberg Carlson, 
produced the system for a few years during the '50s until 
they left the component high fidelity market. Transmission 
line systems did not really begin to catch on until after 1965. 

In that year A. R. Bailey published a transmission line system 

construction article (3). Since then, several manufacturers 
have placed such systems on the market. 

In the past few years the performance of direct -radiator 
loudspeakers has been well analyzed and methods for 
synthesizing optimum design specifications have been de- 
veloped (4, 5, 6). These techniques have been successful in 

many applications (7, 8), however, until very recently, the 
theory of transmission line loudspeakers has not been very 

well understood (9). 
Direct -radiator loudspeakers are divided into three types, 

closed -box, vented -box, and passive radiator systems. Sim- 

ilarly, there are three types of transmission line systems. For 

the sake of brevity, let us call them Type A, Type B, and Type 

C. In Type A systems, the back side of the driver radiates into 
a sealed enclosure, while the front is coupled to a trans - 

'Acoustical Engineering Manager, 

cis Corporation, Elkhart, IN 46514 

mission line. The system output is solely from the output 
end of the line. 

Type B and C systems allow the front side of the driver to 
radiate into the listening area, while the rear of the driver is 

connected to the transmission line, usually via a coupling 
volume. For Type B systems, the far end of the line from the 
driver is blocked. Type C systems have an aperture at the far 
end of the line so that the signal in the room is the sum of 
the outputs of the driver and the transmission line. What 
goes on in these systems, and is one better than the other? 
To answer these questions, we must analyze the systems. 

Using Signal Flow Graphs 
There are several common techniques for system analysis. 

The most popular is the dynamic analogy method which al- 
lows an equivalent electrical circuit of the loudspeaker to be 

drawn. However, another method, state -variable analysis, is 

this author's favorite. This method uses signal flow graphs 
instead of equivalent circuits (10). 

That's nice. What's a signal flow graph? 
Well, a signal flow graph is a way of writing a set of equa- 

tions for a system and then interconnecting them so that the 
system can be analyzed. Consider the system in Fig. 2. (Kind- 
ly Editor's Note: This is the newly designed symbol for the 
U.S. Patent Office.) A voltage is applied to the lamp by the 
battery, and a resulting current flows. If the battery potential 
is E volts and the resistance in the current is R ohms, then 
the current I is given by Ohm's Law: 

AUDIO August 1977 



The ADS 910 Reference System - 
A benchmark in loudspeaker performance. 
For the first time, awesome dynamic capacity, widest bandwidth, 
high efficiency, and substantial power handling have successfully 
been combined - in the ADS 910. 

Equally important, it is a transducer of unprecedented musical 
merit incredible realism (regardless of playing level), stunning clar- 
ity and openness, pinpoint definition and stable imaging, identify 
this new standard of sound reproduction. 
State-of-the-art materials technology and brilliant audio engineer- 
ing allow the speaker to fulfill the demands of both active per- 
formers and recording engineers: their demands for "true to life" 
musical presentation. 

Tasteful, functional design, expressed through choice woods and a 
meticulous furniture finish, elevates the ADS 910 to a showpiece in 
the well-appointed home of the discerning music lover. The 
speaker system's integrity and built-in flexibility appeal to the 
dedicated audiophile. 
A new cost/performance ratio has been established by which all 
future studio speakers will have to be measured. 
Coast to coast, the skilled and carefully selected team of ADS 
dealers will proudly demonstrate our new 910, as well as any of our 
other eight, smaller precision speakers. 
Listen to the ADS 910 reference system; listen to music - the way It 
was recorded: Live, authentic, real! 

ADS 910's shown in the recording studio of Deutsche Grammophon Gesellschaft bt 
Symphony Hall, Boston. ADS speakers range in price from $100 to. $700 (approx), 
ADS 910 dimensions 33'/s" (H) x19" (w) x 151/." (D) 

ADS, Analog & Digital Systems 
Industrial Way, Wilmington, MA 01887 
For more information on the ^1VI'BLE SCHNC of ADS and a complete dealer list write to: 
ANALOG & DIGITAL SYSTEMS, INC., - INDUSTRIAL WAY - WILMINGTON, MASS. 01887 
AM8 

NAME 

STREET 

CITY 

910C-77PG 

ZIP 
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I = E/R (Eq. 1) 

A signal flow graph of the equation would look like this: 

E R I 

> 

(Sfg. 1) 

The dot 

is called a node. The line with the arrow 

is called a branch. A node represents some physical quantity 
in which we are interested, while a branch shows the rela- 

tionship between the two nodes which it connects. 
Now, let us develop a simplified signal flow graph 
of a transmission line loudspeaker. 

um u/wuuwnn1Tmnig. 

,<.11: 

We start with the electrical input from the generator Eg. It 

causes a current in the voice coil Ivc. If RE is the voice coil 
resistance, then we have 

E9 RE 

> 
'VC 

(Sfg. 2) 

The current in the voice coil interacts with the magnetic 
field to produce a driving force on the diaphragm Fp. If B is 

the flux in the gap and I is the length of the wire in the gap, 
then 

E9 RE Ivc BI 
= FD (Sfg. 3) 

Note that some additional branches are entered in the Fp 
node. This is because other parts of the system are "push- 

ing" on the diaphragm and contribute to the total force. 
We'll crank them in a bit later. 

Newton's Second Law of Motion tells us that if we push on 
something, it will accelerate. The acceleration of the dia- 
phragm ap with effective mass MMS is given by 

E9 RE 

1 

13 FD MMS °D 

(Sfg. 4) 

The velocity of the diaphragm up is found by the equa- 
tion 

up = .p dt (Eq. 2) 

At this point we hear screams of dispair from those Gentle 
Readers who did not take calculus (and some who did and 
know that integral calculus is a pain in the neck, or perhaps 
someplace lower). But have no fear! The author has a trick 
up his sleeve. Under certain conditions (This Engineering 
technique is known as "arm -waving" and is usually accom- 
panied with the magic words, "It can be shown that..."), of 
which this is one, we can turn calculus into simple algebra 
by saying that 

s = d/dt (Eq. 3) 

If this is true, then 
1/s --/dt (Eq. 4) 

Thus, it can be shown that 

Eg Fiv BI 

E 

IvC 
s 

> 

up 

(Sfg. 5) 

In a similar manner we integrate up to find the dis- 
placement of the diaphragm xp. 

E9 RE 

I 

Ivc BI °D 
> > 

s up s XD 

(Sfg. 6) 

We can complete the signal flow graph for the driver by 
adding a branch from xp to FD to give the restoring force 
from the compliance of the suspension CMS, a branch from 
up to Fp to give the force opposing motion of the dia- 
phragm caused by mechanical losses RMS, and a branch 
from up back to the voice coil circuit to represent the volt- 
age generated when the coil of wire moves in the magnetic 
field. 

E +I 

.9 > 
E tvc BI / 

-BI 

¡CMS 

s XD 

(Sfg. 7) 

AUDIO August 1977 



Who said you can't see the 
quality of a speaker? 
Look clos -., at the Sansui 

5 speakers. 4 way _'C crossover 
1 .._- series. 130 wolf Peak handlirg capacity SPill7l: 

98 dB W ettraency 
16 woofer 

SP -7500X 

5 speakers. 4 -way t/C Crossover 
120 watt peak handling capacity 
95 d8 W efficiency 
15 woofer 

5 speºkers, 3 -way L'C crossover 
100 watt peak handling capacity 
98 a8 W ettiaenc- 
12 woofer 

SP -2500X 

3 speakers. 3 -way L'2 crossover 
70 watt peak hondhrg capacity 
9305 W ettrcrenc- 
10 woofer 

SP -1500X 

)( 

1it t 

The 
SP -7500X 

In a great speaker, 
quality can be seen as 
we I as heard. When you 
loo< at the Sansui SP 
series-you'll see what 
we mean. 

Go to your Sansui 
franchised dealer and 
ask for the SP -7500X. 

Let your sa esman 
remove the ha^dsome, 
hand -carved Kumiko grille. -he size 
of he woofer is impressive-a massive -6- - 
for a rich and full bass. And or clean, tacnsparent 
super -highs the SP -7500X speaker sys-ern features three 
tweeters-two 2" "super -tweeters" arc an additional horn tweeter. 
Nc ice the unusually large 8" cone rrid--ange driver which adds a sense 
of preserve and creates a smooth trcrsitiion between the highs and lows. The 
four-way crossover network s built arcrnd a ferrite -core inductor with high -voltage capacitors to 
keep distorti Dr way down curer the erfti-e audio range. 

Now lister to the SP -7500X. Turn up he power. This speaker can handle loss of it. (130 watts 
peak). And always with unusually hig-i efficiency. 

The Sansui SP series is available in *our models. Ole will certainly be ideal for your own 
budget and listening preferences. 
All :peckers simulated walnut grain enclosure. 

Awhole new world of beautiful sound 
SANSUI ELECTRONICS CORP. 

Woodside, New York 11377. Gardena California 57247 SANSUI ELECTRIC CO., LCT., Tokyo, Japan 
SANSUI AUDIO EUI OPE SA., Ar1Wero, Belgium In Canada: Electronic Distributors 
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The minus signs indicate that the restoring force and the 
losses oppose the driving force and that the voltage gener- 
ated by coil motion opposes the input signal. 

The mechanical motion of the diaphragm causes a current 
of air (or volume velocity) Up to flow into the room. Also, a 

volume velocity UB flows into the enclosure. Obviously, UD 
is 180° out of phase with UB, but the two are of equal magni- 
tude. UB causes a pressure variation pB in the enclosure giv- 
en by 

PB = 1/CAB/UB dt (Eq. 5) 

where CAB is acoustic compliance of the air in the en- 
closure (or coupling chamber). If Sp is the area of the dia- 
phragm, then 

Fig. 1-Transmission line enclosure types. 

TYPE A 

BACK ENCLOSURE 

TRANSMISSION LINE 

TYPE B 

TYPE C 

TRANSMISSION LINE 

OUTPUT 

COUPLING 
VOLUME 

OUTPUT 

COUPLING 
VOLUME 

OUTPUT 

+OUTPUT 

which is the signal flow graph of a closed -box loudspeaker. 
To get a Type A system, we need only add the throat imped- 
ance zAT of the transmission line to the system. We can then 
find the throat pressure pT and the system output power, 
PA. Fig. 3 gives the signal flow graph of a Type A system. 

For the type B and C systems zAT is connected to the back 
of the diaphragm. See Figs. 4 and 5. 

Analyzing System Types 
Now that we've got an analytical picture of the system, we 

should be able to figure out how it works. Type B is the sim- 
plest case. Note that we have used an italic z rather than a 

plain Z for zAT. This is to signify that zAT varies with fre- 
quency. What effect does this have on performance? Con- 
sider the case of a constant diameter tube for the line. The 
behavior of the driver is easily determined at various fre- 
quencies. Acoustic waves from the driver travel down the 
line and reached the blocked end. The sealed end is an in- 
finite acoustic impedance (a situation analogous to an open - 
circuited electrical line) (24). This termination of the line 
yields a reflection coefficient of -1. At some frequency, the 
line length is equal to a quarter -wavelength of the acoustic 
signal. The reflected wave travels back down the line and 
strikes the driver diaphragm in such a way as to assist its mo- 
tion. This produces a peak in the output. At twice that fre- 
quency, the line is a half -wave length long. In this case, the 
reflected wave opposes diaphragm motion and system out- 
put drops. Whenever the line length is equal to an odd 
number of quarter -wavelengths, there is an increase in dia- 
phragm output. When the line is some multiple of a half - 
wavelength, the diaphragm output drops. Since the dia- 
phragm is the only source of output, the response has many 
peaks and dips. This is certainly unsuitable for high fidelity 
reproduction. 

The response may be smoothed by filling the line with 
some sort of damping material (e.g., fiberglass or long -fiber 
wool). This turns zAT into a resistor. It also makes the system 
perform like a leaky closed -box system, and low efficiency 
results. A simple, well -designed closed -box system would 
clobber a Type B system of equal cabinet volume. So, Type B 

systems are not the optimum approach. 
Type C systems, however, have some possibilities. As in a 

vented -box direct -radiator system, we have an additional 
source of output (the line mouth) to assist the driver. Once 
again, the line throat impedance zAT varies with frequency. 
The line is terminated with an open aperture which has a 

relatively low acoustic impedance (analogous to a shorted 
electrical line). The behavior is opposite of the Type B; the 
reflection coefficient is essentially +1. When the line is an 
odd number of quarter -wavelengths long, the line presents 
a high acoustic impedance to the driver and most of the 
driver's output is delivered to the line. 

When the line is an odd multiple of a half -wavelength 
long, the reflected wave will assist the driver and the driver 
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Credentials Like These Are Worth Reading 

When you're buying speakers, you want 
to talk specs. And we don't blame you. 
In fact, we encourage it. Because when 
you invest your good money in a pair 
of speakers, you want more than just a 
pretty cabinet. 

Consider the new Jensen Spectrums. 
These good sounds didn't just happen. 
They're the result of extensive engi- 
neering efforts and exhaustive testing. 
Testing that ranged from exacting mea- 
surements in laboratory "live" rooms 
and anechoic chambers to ín -depth con- 
sumer surveys. 

Examine our Spectrum Model 540. 
It's an excellent example of the superb 
specs you'll find throughout the Jensen 
Spectrum Series. 

The Spectrum 540 is a 3 -way, 4 ele- 
ment system that is so efficient it can 
be driven with as little as 10 watts 
continuous power. Its maximum power 
rating is 75 watts continuous. 

The woofer is a 127 long -throw, high 
compliance design. Special acoustic 
suspension and infinite baffle enclosure 
give you extremely low distortion. And 
a high temperature voice coil affords 
high power handling. Magnet structure 
weight ís a hefty 41/2 lbs. with a Gap 
Flux Density of 10,000 Gauss. 

Two 31/2 cone midranges give ex- 
cellent power handling and eliminate 
break-up in the critical midrange re- 
gion. Tuned isolation chambers control 
response at the low end of the midrange 
spectrum. They also provide acoustical 
isolation in the cabinet between the 
midranges and the woofer. An edge 
damped rim suspension with specially 
treated molded cone offers sharp, clear, 
midrange reproduction. 

A 11/2" Mylar rear damped hemi- 
spherical dome tweeter offers a disper- 

sion of 170? Its large,lightweight voice 
coil gives high power handling, yet 
maintains a low mass for good high 
frequency reproduction. 

Tweeter and midrange controls allow 
you to adjust your Spectrum System to 
room conditions and listening prefer- 
ences; controls are front mounted for 
convenience, continuously variable, cal- 
ibrated in db attenuation from a max- 
imum, or flat, response. 

FREQUENCY RESPONSE 

1 

On 

About as flat as you can get... and that's 
good. The Frequency Response Range 
is an admirable 25 to 25,000 Hz. 

TONE BURSTS 

+11)-47- 

-11111--1111--- 

"Blurring" and "Overshoot" are reduced 
to a minimum in this acid test of tran- 
sient response. The Spectrum 540 re- 

produces each waveform accurately 
with low distortion. 

TOTAL HARMONIC DISTORTION 

MODEL 540 

10 

x 
5 

1 WATT INPUT 

I 1 I 1 

50 100 200 
Hz 

400 

Distortion is kept to a minimum in 
Jensen Spectrum Speaker systems. 

The cabinet is built with solid walnut 
front moldings and walnut veneer on 
wood composition panels. All walnut 
surfaces are hand rubbed for a rich 
luster and beauty. The baffle is finished 
in an attractive, durable black pebble 
grain. 

In short, Jensen Spectrum speakers 
aren't designed to put out the most 
amount of bass or the most amount of 
treble. They're designed to put out the 
right amount. We consider them to be 
the best speakers we've produced in 50 
years. Simply because when it comes to 
sound reproduction, they're extraordi- 
narily accurate. And that's what specs 
are all about. 

For further information and name of 
your nearest authorized Spectrum 
Dealer, write to: Jensen Sound Labora- 
tories, Dept. AM -87 4136 United Parkway, 
Schiller Park, Illinois 60176. 

JENSEN 
SOUND LABORATORIES 

Division of Pemcor. Inc Schiller Park. Illinois 60176 




