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Fighting Distortion In Tape Recording 

Open Reel vs. Cassette 
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incredible tolerances. 
Which give the 9191 the kind of 

wow and flutter figures that no deck in our 
price range can match. 

Of course, having a great tape transport 
system means nothing if you don't have great 
electronics to back it up. We do. 

The 9191 comes with an advanced three 
stage direct coupled amplifier that extends high 
frequency response anc minimizes distortion. 
The built-in Dolby system can reduce tape hiss 
by as much as 10 decibels in high frequencies. 

Our multiplex filter lets you record FM 
broadcasts without picking up a lot of unwanted 
noise, or the multiplex signal every FM 
stereo station sends out. 

Even our ferrite solid tape head offers the 

best combination of accuracy and 
long life you can get in a cassette 
head. 

There's also a peak limiter that 
lets you cram as much onto a cas- 
sette as possible without distortion. 
Large VU meters and a peak indi- 
cator light that let you know if you 
do begin to oversaturate the tape 
and distort. Plus separate bias and 
equalization switches that let you get 
the most out of different brands of 
tape. And an automatic CrO2 selector. 

If all this isn't enough, you'll find 
that the 9191 comes with a memory 
that lets you go back to a favorite spot 
on the tape automatically. And 
electronic solenoid controls for going 
from play to rewind, or from rewind to 
fast forward, without hitting the stop 
button. And without jamming the tape. 

There's also the convenience of front 
loading. A door over the cassette com- 
partment to help keep the tape heads 
clean. And a light behind the cassette 

that lets you see where you are on the tape. 
Go slip a cassette into a Pioneer 9191 at 

your local Pioneer dealer. 
You'll find it hard to believe such a little thing 

could come out sounding so big. 

C l -F9191 Specifications: 
Frequency Response: Standard, LH tape: 25-16,000 Hz 

(35-13,000 Hz ±3dB); CrO, tape: 20-17,000 Hz 
(30-14,000 Hz ±3dB) 

Signal -to -Noise Ratio: Dolby OFF: More than 52dB. 
Dolby ON: More than 62dB (Over 5,000 Hz, 
Standard and LH tapes/When chromium dioxide 
tape is used, signal-to-noise ratio is further 
improved by 4.5dB over 5kHz) 

Harmonic Distortion: No more than 1.7% (OdB) 
Wow and Flutter: No more than 0.07% (WRMS) 
Motor: Electronically -controlled DC motor (built-in 

generator) x 1;(4.8cm/s speed drive), DC torque 
motorxl;(Fast forward and rewind drive) 

GD PIONEER 
U.S. Pioneer Electronics Corp., 75 Oxford Drive, Moonachie, New Jersey 07074 
O U S navra 9[CIRONIa¢NP 1977 



A BEAUTIFUL BIG THIN 

SYSTEM 

The recording tape 
in a cassette is only an eighth o= a-1 inch wide. 

Crammed in_o that eighth of an inch may 
ce as many as 64 original tracks -nixed down 
to two A nurdred musicians. Coun_less 
overdubbings. Not to mention the ent' -e 
audible frequercy range. 

Any cassette deck can reproduce part of 
what's been piu tdowr_on that eig ith of an inch. 

The P oneer 9191 was desig iec to repro- 
duce all df it. Superlatively. Without dropouts, 

unacceptab e tape hiss. or 
no-iable \NOW and f _utter. 

T- ke our tape transport system. 
Since theta3e in acasse.te moves at only 

1-7/8 inches per second, even the most minus- 
cule v-ar_a=ion in tape speed \nit I make a major 
varia_ian n sound To guard agains-_ this, where 
mast tassette cecks give you one motor, the 
9191 comes w_th twc. The firs: is used only fer 
fast forward and rewind, so the second can be 
designed exclusively -or maintaining a constan 
speed for play and record. 

All of ou- tape drive components-the 
capsan, del:, and fly ghee -are finished to 



WHAT DOES IT TAKE 
TO GET THE MOST 

BEAUTIFUL MUSIC OUT 
OFA LITTLE THING 

LIKE THIS? 
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The Very First 

DIRECT -TO - DISC 

Of a Full Orchestral 

Production 
DIRECT FROM CLEVELAND 

LORIN MAAZEL 

THE CLEVELAND ORCHESTRA 

- 1HE CEEAEf ̀ dt1D OtI.IHEZ1lfd 
ro 210 WVVSEr 

DIUEC1 WOW CfE AEDVVID 

A record of incredible 

fidelity from an incredible 

performance of Berlioz, 

Bizet, Falla and Tchaikovsky. 

$16 ($15 plus $1 shipping & 
handling) from TELARC 
RECORDS 4150 Mayfield Road, 
Cleveland, Ohio 44121. 

and at the world's finest record 
and audio stores. 

Exclusively distributed worldwide 

d 
by the Discwasher Group. 

1407 N. Providence Rd. 

Columbia, MO 65201 

April 1977 "Successor to RAW Est. 1917" Vol. 61, No. 4 

Feature 
Articles 

28 Open Reel vs. Cassette/Herman Lia 
34 Fighting Distortion on Tape/Wayne Saylor 
48 The Compleat Microphone Evaluation/Jon Sank 

Equipment 
Profiles 

60 Lirpa I Receiver/I. Lirpa 
67 Dynaco SE -10 Equalizer/Leonard Feldman 
70 Sonus Blue Phono Cartridge/B.V. Pisha 
72 Garrard GT55 Turntable/George W. Tillett 
74 AIWA AD -1800 Cassette Deck/George W. Tillett 
76 Shure 516EQ Microphone/Jon Sank 

Record 
Reviews 

80 European Records/John Wright 
84 The Column/Michael Tearson & Jon Tiven 
88 Jazz & Blues 
91 Classical/Edward Tatnall Canby 

Audio 
In General 

4 Audioclinic/Joseph Giovanelli 
6 Tape Guide/Herman Burstein 
8 Audio ETC/Edward Tatnall Canby 

16 Dear Editor 
24 Tape Guide II/Herman Burstein 
26 What's New In Audio 
94 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 
Circulation Manager Jean Davis 
Advertising Production Gloria Klaiman 

Senior Editors 
Richard C. Heyser 
Bascom H. King 
B.V. Pisha 

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

Publisher Jay L. Butler 

About the cover: We couldn't resist do- 
ing a full -color cover of the fabulous 
Lirpa One receiver, which is our lead 
equipment profile this month. Since 
our measurement equipment doesn't 
begin to compare with that in Herr 
Doktor Lirpa's lab, it seemed best to 
have the receiver's test report done by 
Prof. Lirpa, along with two of his 
colleagues. 

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

Borowsky, President; Frank Nemeyer, and Jay L. 
Butler, Vice Presidents; R. Kenneth Baxter, Vice 
President/Production; Vic Brody, Promotion Direc- 
tor; Mary Claffey, Circulation Director. 
RATES-United States only: 1 year for $8.00; 2 years 
for 514.00; 3 years for $20.00; outside the U.S.: 1 year 
for $10.00; 2 years for $18.00; and 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 Decimal Number: 
621.381 or 778.5. 
REGIONAL SALES OFFICES: Jay L. Butler, Publisher 
and Sanford L. Cahn, Marketing Director, 545 Madi- 
son Ave., New York, N.Y. 10022, telephone (212) 371- 
4100. 
lay Martin, 2525 West 8th St., Los Angeles, California 
90057, telephone (213) 385-2917. 
REPRESENTATIVES: Europe, V. B. Sanders, Interna- 
tional Publishers Advertising Service, Raadhuisstraat' 
24, P.O. Box 25, Graft -de Ryp, Holland; telephone, 
02997-1303; telegrams, Euradteam-Amsterdam. 

AUDIO Editorial and Publishing Offices, 
401 No. Broad St., Philadelphia, Pa. 19108 
Postmaster: Send Form 3579 to the above address. 

aBt/ e 



iWo sources 
of perfection in 
stereo sound. 

PICKERING 
XSV I Sono 

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! 

STEREO 
LAB TESTS 

1 et 

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 
tree copy of the Stereo "Lab Test" reprint; write to 

Pickering & Co., Inc., 
101 Sunnyside Blvd., m PICKERING 
Plainview, N.Y. 11803 

-for those who can !howl the difference" 
Department A 

PICKERING & CO., INC COPYRIGHT 1977 
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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 The 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. 
Garden City, New York 11530 

Audioclinic 
Joseph Giovanelli 

Low Plate Voltage 
Q. 1 have two old tube -type stereo 

amplifiers which apparently share a 

similar problem. At first the problem 
manifested itself by the plates of the 
output stages glowing red-indicating 
excessive plate current. After re- 
placing tubes, measuring voltages, 
and pondering, the main problem in 
one was traced to a shorted capacitor 
and in the other to a dirty bias adjust- 
ing pot. Still the voltages are out of 
spec and beyond the range of avail- 
able adjustments. 

With all the audio tubes removed 
and the rectifier tube left in, I have 
lots of volts, but insertion of the out- 
put tubes brings the voltage to below 
specified levels. This would indicate 
that I still have a plate current prob- 
lem. Why?-Fred Portnoy, Owings 
Mills, Md. 

A. With old equipment as you are 
presently restoring, it is never a good 
practice to operate it with the rectifier 
plugged in but all the other tubes re- 
moved. The filter capacitors will 
charge up to peak voltage which, with 
many amplifiers, will be close to the 
capacitors' breakdown point, even 
when they are new. You are flirting 
with disaster by operating the ampli- 
fier as you described. 

Vacuum tube amplifiers are de- 
signed so that if the operating volt- 
ages are 10 per cent low, they are still 
considered within specifications. If 
the voltage is substantially lower, then 
something is wrong. It may be that the 
output stage is drawing too much cur- 
rent, perhaps not enough to make the 
plates glow red, but still enough to 
cause the power supply to collapse 
under the load. It may also be that the 
capacitance of the filter capacitors is 

low. There may be sufficient capaci- 
tance to keep hum at a relatively low 
level, but not enough to keep the 
voltage up to specs. 

It may also be that the rectifier tube 
is low in cathode emission. When 
called upon to supply the full current, 
the internal resistance of the rectifier 
may be high enough to produce an 

excessive voltage drop within the 
tube itself which would account for 
the low operating voltages. 

Some amplifiers, including yours, 
employ fixed bias and the rectifiers in- 
crease in internal resistance with age, 
which would result in low bias applied 
to the output stages. This results in an 
increase in plate current and could be 
the cause of your problem. Bias is of- 
ten developed via a voltage divider 
network. Check the value of the resis- 
tors to see if they have changed in val- 
ue, for if they have, the bias adjust- 
ment controls may not be enough to 
compensate for this problem. 

Front -End Overload 
Q. My problem is with a new tuner. 

I am receiving stations where there 
are none. There are three stations 
which I get all at the same time. At 
95.7 mHz, I am getting 94.3, 92.1 and 
97.9 mHz. What type of problem is 
this? Can I do anything about it? Is the 
tuner at fault? Is this what happens 
when one is close to strong sig- 
nals?-R.J. Patterson II, Lake Park, Fla. 

A. Solid-state technology has 
brought us marvelous equipment, but 
we have also gotten some dis- 
advantages. One of them is that sensi- 
tive solid-state r.f. amplifiers will over- 
load much more quickly than their 
tube counterparts. The r.f. stages of 
the solid-state tuners are the most 
likely sources of the overload you de- 
scribed, which means that you hear 
more than one station at a time and 
on a frequency not occupied by any 
of the received stations. Sometimes 
these signals are so strong that by the 
time they are attenuated sufficiently 
to do any good, other signals have all 
but disappeared. It might be worth- 
while writing to the equipment manu- 
facturer to see if he has any modi- 
fications to reduce the magnitude of 
this problem. 

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. 
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Performance. 
Scott Stacks Up. 

Every serious listener knows that separate tuners and amplifiers offer greater system versatility and 
flexibility than the all -in -one receiver. But Scott separates stack up where it really counts- 
performance. 

Every one of Scott's complete line of tuners and amplifiers is engineered and designed 
to give you all the performance features you expect, at a price no higher than 
many receivers currently on the market. 

Scott's T 526 AM/FM Stereo Tuner and A 436 Integrated Power 
Amplifier provide such important performance features as front 
panel Dolby de -emphasis switching, a phase locked loop 
multiplex section and linear motion calibrated controls. 

And that's only part of the story. Compare these 
important performance features with any 
other medium-priced tuner and 
amplifier on the market today. 

The Scott T 526 Tuner 
IHF sensitivity rated at 1.9 µV, S/N 
ratio 68 dB and a capture ratio of 
1.5 dB. 
Signal strength and center channel 
tuning meters. 
Four gang tuning capacitor for better 
image rejection. 
AM section designed around a tuned 
RF amplifier using J-FET for improved 
signal-to-noise ratio. 
AM noise suppression circuitry. 

The Scott A 436 Amplifier 
42 watts RMS per channel, driven 
into 8 ohms from 20 Hz to 20 kHz with 
no more than 0.3% THD. 
True logarithmic meter amplifier 
obviates the need for range switching. 
Individual channel power level 
meters calibrated in % of full power 
output capability eliminates confus- 
ing dB and VU readings. 
Two completely independent tape 
monitors allow two tape recorders 
to be used simultaneously for direct 
tape -to-tape copying. 
Instantaneous electronic protection 
circuit in the output stage. 
IM distortion lower than 0.15% for a 
cleaner sound without listening 
fatigue. 
High and Low filters, two auxiliary 
outlets and mic inputs. 

And the Scott T 526 and A 436 come complete with 
professional rack -mount handles, and are backed by a three-year, 
parts and labor limited warranty. 

For specifications on Scott's complete line of audio components, write or call 
H.H. Scott, Inc., 20 Commerce Way, Woburn, Mass. 01801. (617) 933-8800. In Canada: Paco 
Electronics, Ltd., Quebec, Canada. In Europe: Syma International S.A., 419 Avenue Louise, Brussels, Belgium. 

n SCOTT 
The Name to listen to. 

Receivers / Tuners / Amplifiers / Turntables / Speakers 
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INTRODUCING 
ONE MORE 

GREAT REASON 
TO OWN 

SENNHEISER 
HEADPHONES: 

UNDER $35. 
Our new HD -400's incor- 

porate everything that's made 
Sennheiser the premier head- 
phones in the ears of discrim- 
inating audiophiles: 

Wide response. Unusual 
smoothness. Superior tran- 
sient ability. And extremely light- 
weight, rugged construction. 

They sound so good, 
they've been compared with 
the finest loudspeakers. 
And deliver such a vastly 
improved sound from most 
amplifiers and receivers that 
people are actually buying 
Sennheiser headphones 

6 instead of trading up to a 
more expensive system. 

It's entirely practical, too. 
Because their unique 

Open -Aire' design lets you 
enjoy your music with more 
comfort and less listener 
fatigue than any other style of 
headphone... in fact, it's easy 
to forget you've got them on. 

Your dealer has the new 
Model HD -400 now. But don't 
confuse it with imitations or 
look -ali kes' 

They may have our great 
sounding new price tag, but 
not our great Sennheiser sound. 

SENNHEISER 
10 West 37th Street. New York 10018 (212) 239-0190 
Manufacturing Plant Bissendorf/Hannover. West Germany 

Tape 
Herman Burstein 91i ide 

Tape Deck Choice 
Q. I am writing the type of letter 

which you must dislike receiving. 
What brand of tape deck should 1 

buy? When I first began investigating 
the decks available, I was thinking in 
the $500.00 range, but I don't want to 
spend any more than necessary to 
meet my needs. I am looking for a 

deck to be used, primarily, for taping 
from a fairly extensive record library, 
and for playing these and pre- 
recorded tapes, in addition to limited 
live recording. What would be your 
choice: Revox, TEAC (several models 
mentioned), or Tandberg (several 
models mentioned)? 1 hope this letter 
doesn't ruin your whole day.-L.E. 
Ray, Adrian, Mich. 

A. As I have stated repeatedly, the 
policy of Audio magazine forbids me 
to recommend particular brands, or 
models, of audio equipment, al- 
though I would be happy to recom- 
mend a good Chinese restaurant or a 

book on statistical sampling. Hence 
you are thrown to your own resources 
which means reading equipment re- 
views, talking to trusted friends, talk- 
ing to trusted salesmen, and most im- 
portant of all using the evidence of 
your own ears and eyes. If the ma- 
chine appears to faithfully reproduce 
sound, comes at a price you can af- 
ford, and stands up well in equipment 
reviews, it may well be a good bet. 
You can save a fair amount of money, 
without giving up quality, by sacri- 
ficing such features as reverse oper- 
ation, sound on sound, and simulta- 
neous record and playback. Don't be 
afraid of one -motor recorders, since 
with good engineering they can 
closely rival the performance of those 
with two or three motors. Also, one 
motor units are usually lighter and 
more portable. No, you haven't 
ruined my whole day, just half of it. 

Erase Eliminator 
Q. I would like to make multiple 

recordings on the same tape track 
and, therefore, would like to defeat 

the erase head. Would it hurt to dis- 
connect the erase head and hook it to 
an external load via a switch? This 
would still leave a load on the os- 
cillator circuit without erasing the 
tape.-Carl Ford, APO, N.Y. 

A. If the external load presents the 
same impedance as the erase head, 
there should be no problem. But if 
the impedance is different, then this 
will tend to change the amount of bias 
current that reaches the record head, 
with consequent effects on the dis- 
tortion and treble characteristics of 
the tape recording. 

Demagnetization Frequency 
Q. I clean my heads after five hours 

of use, but how often should I de- 
magnetize them? The operating man- 
ual for my tape deck says that after 
long periods of operation the mag- 
netic heads will build up a certain de- 
gree of residual magnetism. Does it 
hurt to demagnetize the heads, even 
if they don't have to be? I was told 
that if I touch the heads with the de- 
magnetizer off. I could permanently 
magnetize them. Is this true?- 
Thomas Sabol, Fullerton, Pa. 

A. Ordinarily manufacturers recom- 
mend demagnetizing the heads after 
about eight hours of use, the same for 
cleaning. Sometimes the recommend- 
ed period is longer, although seldom 
more than 15 hours. To the best of my 
knowledge, no harm will come from 
subjecting a non -magnetized head 
to the demagnetizing process. Of 
course, it is possible to scratch a head 
with the demagnetizer unless its tip is 

covered with a soft or plastic materi- 
als. 

The negative effects of a magne- 
tized head are an increase in noise 
and a reduction in the treble re- 
sponse, and both these effects are 
permanently impressed on the 
recorded tape. 

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. 

AUDIO April 1977 



in the same class with a number of more expensive products, including 
many of the direct -drive record players we have seen" 

This quote from the Hirsch -Houck Labs' report in Stereo Review, refers 
to -he Dual 510, a semi -automatic belt -drive turntable. Since direct -drive models 
(especially our own) are accepted as the standard of performarce,. Hirsch - 

Houck s comparison is not to be taken lightly. 
The 510 oko benefits from comparison with other semi -automatic turn - 

We'll let someone else attles thhees. al12 

s 

incgh and u 

sensor 
7inch 

tell you howd lead-in grooves for you. You don't g:oo have to guess where they are. And 

our belt -drive turntables thethere s no 
ton arm 

way 
accden-- 

reall are tally; the cue -control lifts it automatically al the end 
of play and supports it until you release it. 

You might also compare the 510 with your present turntable, o- any other 
yoJ may be considering. When you do, keep in mind the 510's many ocher fea- 
tures and refinements described below. Your old records will sound netter, your 

new ones last longer. 

United Audio Products,120 So. Columbus Ave., Mt. Vernon. N.Y. 10553 

Dual 510. Semi -automatic, sirgle-play. True four -point 
gimbal tonearm suspension. Synchronous motor, 
precision -ground belt, unique Vario -pulley, 
dynonnically-balanced platter 6% pitch -control, 
illuminated strobe. Lead-in groove sensor. 
Cue -control viscous -damped in both 
directions. Less then 3200. 
Dual 502. Similar except less sensor, 
pitch -control and strobe. Less than S:60. 
Dual 1249, fully automatic. 
single -play: multi -play. Less than S280. 

True tour -point gimbal centers and pivots 
the tanearm mass at ntersection of horizontal 

and vertical axes. Toneorm is dynamically 
balances in all planes. The four needle -point 

pivots are first hcrdened. then honed, a 
process which produces microscopically 

smooth surfaces. The precision ball -bearing 
races are only 0.157 inch diameter. 

Bearing friction : vert cal, <0.007 gram: 
horizontal, <0.015 gram. 

Stylus force, applied by long coiled spring 
around vertical pivot, remains perpenaicular 

to record even if turntable is not level. 

Specifications (DIN B,: Rumble, 6 3B: View and flutter, <±0.05%. 
, 
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Unique Vari;o-pulley 
used in Duors three 
belt -drive models is 
precision -machined 
for perfect concentricity 
and balcnce. Speeds 
ore adjuster by 
expansion and con- 
traction of pulley 
circumference be t 
is never twisted 
or distorted- 



Edward Tatnall Canby 

I've been traveling. And do you 
think hi fi is mainly a U.S. hobby? Or 
maybe Japanese and German as well? 
I'm here to tell you that the old hi-fi 
bug is virulent and catchy in plenty of 
other places, at least among the so- 
called "advanced" nations, like, say, 
Norway. You go window shopping 
and you can run into old friends ev- 
erywhere-familiar equipment names 
and models-along with an intriguing 
variety of "unknown" or local hi fi, 
adding eye appeal to the visible feast 
and sonicity to the 
sounds inside the 
shops. But what real- 
ly is really fun for 
the audio man, 
knowing all in ad- 
vance, is the nom- 
enclature. Every 

8 country to its own 
language and it's 
guess and guess 
again. 

Kjenner du Dux? 
If you don't, you 
oughta. Dux, I found, 
is a big Swedish 
outfit that sells all 
over Scandinavia 
with a vast catalogue 
of intermediate 
to advanced fi and 
TV. They go in for 
gorgeous Swedish - 
modern, dove gray 
with black ensem- 
bles, combination 
units of turntable, 
cassette, amp, under 
a smoked plastic co- 
ver, and they put 
out a stunning line 
of speakers to 
match these goodies, two way and 
three way with neat gray grilles and a 

snazzy white line around the outside, 
like a white -wall tire. Handsome. The 
three-way speakers have two bass 
drivers, 20 cm., one midrange (mel- 
Iom-register), and two dome twee- 
ters; the delefrekvenser are 400 og 
4000 Hz and the overall frekvensom- 
rade is 30-20.000 Hz. That's what it 
says, and you surely get the idea. I like 
the way the Dux people have convert- 

ed all the controls to sliders, sidewise 
or forward and back, even to the tone 
controls. The generic name for such 
equipment is Musikkanlegg (well, 
they're for music, aren't they?), and 
some models have FM tuners as well 
as cassette and/or turntable; one 
model has a perfectly huge two-inch 
digital clock built in and connected to 
the tuner. Another one has a useful 
bit of extra décor, a block diagram of 
the inside layout, in LEDs or some- 
thing, right out in front on a special 

panel. Didn't see it in action but I 

gather it lights up to indicate what's 
going on or isn't-the brochure says 
that et belyst kontrollpanel gir deg al - 
kid beskjed om hvilke funksjoner (no, 
not a blue funk, a function, spelled 
Swedish style) som er innkoplet. So 
now you know. Don't you? 

The Dux publicity informs us that 
the company has been selling its stuff 
snart 50 ar. (Pardon the missing small 
circle over the a. Our printer disap- 

proves.) Even so, by the looks of it, 
these people are very much up to 
date. True, you super -fi addicts may 
look askance at the Dux Musik- 
kanlegg lines but, knowing what Eu- 
ropean craftsmanship is, I think you 
can assume a lot more built-in quality 
than what we over here call mass pro- 
duced. (What-you missed that 50 ar? 

50 years. Easy.) One thing will please 
you. Dux calls its various models 
Sound Projects, in straight English 
though for local consumption. Like 

the Japanese in Jap- 
an. Sound Project 
8540 is a Hi-Fi Stereo 
Latespiller med has- 
tighetene 33 og 45 
o/min. and this par- 
ticular model has 
Touchkontroller for 
hastighetsvalg, start/ 
stopp, not to mention 
such lovely features 
as Flytende opphang 
and Automatisk og 
stofri stopp ved 
hjelp av fotocelle 
-that is, with the 
help of a photocell. 

Now don't just 
skip the gibberish! 
With a bit of ingen- 
uity you can catch a 

lot of this curious- 
ly craggy, conso- 
nant - clogged lan- 
guage. The feature I 

really like, there, 
is Flytende op- 
phang. I could hang 
onto that one for- 
ever. Sounds almost 
the same, too, in Nor- 
wegian and Danish- 

and is that where I really got confused. 
I couldn't figure out which language 
I was seeing. Or hearing. 

Norwegian New Orleans 
You see, I spent 10 happy days, not 

in Sweden, but in Norway, which was 
where I picked up the Dux catalogue. 
This was back awhile, when the 
Southern sun in Oslo, the New Or- 
leans of Norway, just managed to 
break the horizon around 10:00 in the 
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we've got 
equalization 
all together 
and all of us are cedicated to help- 
ing you improve the sound of your 
fine stereo system. 

Equalizers are usec eve-ywhere in the 
music -making chain: 5y live perform- 
ers, recording studios mixing con- 
soles, AM and FM staticns, and so on. 
In every step, each of the engineers 
use equalizers to ma -ce the music 
sound the way they think it should 
sound. So after everyone else makes 
the music sound the way they like it, 
it's up to you to usa that same instru- 
ment - the equalizer - to make the 
final adjustment, and (rake the music 
sound the way you like it to sound in 
your own home. 

We also include all -he accessories and 
features that are a nust to make 
equalizing easy, as well as an amaz- 
ingly rewarding new experience:... An 
environmental do -i: -yourself test rec- 
ord edited and anr.oun:ed by Sound - 

craftsmen especial y `o- use with the 
Soundcraftsmen Equalizer ... Compu- 
tone-Charts fcr making E record of, and 
resetting in seconcs, a -1y desired EQ 
curve . . . a Full -Channel Frequency - 
Spectrum -Level Control on each chan- 
nel, for instant "nc distortion" in/out 
balancing . . . Light -Emitting -Diodes 
for precise visual signal evel balancing 
... A Graphic Display of each EQ curve 

. And a minimum 24GB range of ad- 
justment for each Dctawe . . . Specifi- 
cations: S/N: better than 96dB @ 2V. 
RMS ... THD: less than .1% @ 2V ... 
Filter type: Toroidal and Ferrite Core. 
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Only Soundcraftsmen offers you a choice of six 
models - select the equalizer that best matches 
your system, and your pocketbook. 

Manufactured in California, U.S.A. by Soundcraftsmen, 1721 Newport Circle, Santa Ana, CA 92705 ... For 
name of your nearest dealer, phone us at (714) 556-6191 ... Suggested Prices (top to bottom): PE2217 - 
$529.50, SG2205 - $370.00, RP2212 -- $369.50, RP2204 - $329.50, 20-12A - $299.50 (Includes cabi- 
nets shown). TG2209 - $550.00 (Case extra). 
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Decca 

Record Brush: 

No Sìde Effects 
Most record cleaners use liquids. They 
do the job. But not without side effects 
which reduce the life of your records. 

To see why, imagine you are examining 
a record groove through a microscope 
while various liquid cleaners are tried. 
All the cleaners remove a lot of dust, but 
even the best ones leave some behind. 
Since liquid was applied, this soft dust 
dries into hard grit. While the stylus 
could have pushed a few soft dust 
particles out of its way, it must now 
track hard grit particles like they are 
part of your record. The result: distor- 
tion. Not to mention stylus wear caused 
by the new bumps and grinds it must 
now traverse. 

Decca's research into these liquid side 
effects, resulted in their pioneering of a 
new, electrically conductive, carbon 
micro -fiber - the bristles of the Decca 
Record Brush. Each Decca Record 
Brush contains one million of these ultra - 
thin conductive bristles - 1000 enter 
each groove removing dust, dirt - and 
draining off static for lower surface 
noise and expanded dynamic range. 

Decca Record Brush. No fluids, no side 
effects. Just keeps your records sounding 
like the first time. 

Decca Record Brush available at quality 
dealers across the U.S. Sugg. list $14.95 

ROCELCO INC. 
160 Ronald Dr., 

Montreal, Canada H4X 1 M8 
Phone (514) 489-6841 
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morning and soon went back to bed, 
leaving a long, long evening to fill. In 
Oslo, hi fi is a natural. Electricity is so 
cheap that they leave the lights on the 
whole time and just as well-the noon 
sun comes in sidewise and askew, 
your shadow is 50 feet long in the 
gloaming and even the clouds are 
black at noon from being lit up at one 
end. Weird. So you have to do some- 
thing to keep alive and happy. True, 
95 per cent of Oslo goes skiing all 
night, cross country, on long wilder- 
ness trails through the nearby moun- 
tains lit up for miles with street lights, 
or else down horrendous ski jumps or 
even bigger "ski flying" horrors, and 
every car on the road has a ski rack on 
top and four studded snow tires be- 
neath (no salt and very little sand). But 
you do get back indoors eventually, 
into those cosy 
electrically heated 
modern apartments 
that surround Oslo 
city, and that's when 
the hi fi opens up. 
Maybe not quadra- 
phonic but plenty 
stereo. Also enor- 
mous TV screens, 
B/W and color, but 
that's another story. 
The place I stayed at 
had a hi-fi combo 
with both record player and cassette 
changer and the cassettes dropped 
down, one after the other, hour by 
hour. 

In Oslo proper, one of the most 
beautiful cities -in -the -dark I ever 
hope to see, there are in fact numer- 
ous hi-fi outlets, as well as im- 
porters/distributors, and though I 

wasn't there to do interviews I did 
snoop around, sort of anonymously, 
as is my wont. Learn a lot that way. It 
was in Oslo that I got my languages 
confused-how can you tell which is 

which when everybody understands 
Swedish, Danish, and Norwegian and 
they can all talk to each other, or read 
each other, as easily as we read 
Queen Liz's English. Right next to the 
Dux display, I picked up Garrard of 
England-but was it in Norwegian? All 
about Garrard's Nye Hi-Fi Platespiller 
Lyden ma du Selve Oppleve. 

Well, that's not too hard to under- 
stand. A Platespiller is a "plate spie- 
ler"-or if you will, a platter player. 
Simple. What else would you expect 
from Garrard? 

Audio Amicability 
As we all should know, the English 

and Norwegians have held a good 
close relationship ever since the tragic 

days of WWII when the English tried 
to dislodge Hitler and didn't make 
it-but kept up a constant radio com- 
munication with the old country via 
legions of illegal concealed little tube 
radios in thousands of Norwegian 
homes. I went to the Norwegian Re- 
sistance museum and looked at some 
of them; you would have been fasci- 
nated. Tubes, of course, but so inge- 
niously miniaturized, willy-nilly, the 
radio guts built into table legs, into 
box cameras, false drawer bottoms. 
And keep in mind that discovery of 
these wonders meant instant death 
... Anyhow, Garrard's Platespiller 
looked mighty good, decked out in 
Teak, Eik, Palisander, Noett, Hvit, Sort, 
as to colors. (Now let me see...Noett 
means nut -colored, but I would swear, 
from my kitchen experience, that Hvit 

means garlic. OK, then, a garlic - 
colored Garrard changer-and in- 
deed it is a light gray!) 

Eureka, they really feature Ameri- 
can -made hi fi, notably the Mac line 
and a big range of Harman/Kardon. I 

spotted a bill of lading from the latter 
in one import office listing just about 
everything you could want from that 
company. And I got the impression 
that the Japanese are played down, 
though Sony and Sankyo are strong. I 

rather think that Norway depends on 
us for its really fancy hi-fi stuff, over 
and beyond those common but well- 
built Scandanavian combo systems 
that are the norm. I didn't see any of 
the really expensive non-U.S. items so 
familiar at home-Nakamichi, for in- 
stance, or Yahama. Get going, you 
U.S. makers. You have a market, a 

preferential market, over there. 
Well, of course, the local producers 

are also featured in Oslo and most de- 
cidely the big one, Tandberg of Nor- 
way. A whole store front plastered 
with Tandberg ads and stuff, though 
inside there were other brands. They 
have a plant in Oslo and I found it on 
the city map, a tiny black rectangle 
out in the suburbs not far from the 
new T -bane, the subway/surface elec- 
tric line that runs so quietly you can't 
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Our flywheel is larger than regular flywheels for a 0.08% wow and flutter. 

PITCH 

Variable pitch control to smooth out speed variations in playback. 

CHROME 

RESER 

,O 
II a 

,RMwI II II 

TAPE SELECTOR 

BIAS EC) 

PEAK a ON ON OR uve. 
METER MEMORY DOLBY =M DOLBY NR 

Switchable VU and Peak meters for better recordings. 

Heat compressed super ferrite head for frequency response of 30-16,000 Hz 

and S N of 62 dB with Cr02 tape. 

4 

2 

o 

L - MIC -R I RECORD L- LINE- R 

MIC/LINE mixing to mix live mic with tape or record source. 

11_11_1 I 

The KX-920. With cue 

!.1-17,5,.".....1 

wnc Sr.S SELECTOR 

review and 

STANDARD EQUIPMENT. 
Some of the above features and 

performance specs are found in 
other cassette decks. But those 
decks cost a lot more than ours. 

Now, the new Kenwood KX-920 
costs less than S3007 but don't let that 
deceive you. 

K 

memory rewind. 

Because the KX-920 is our top -of -the - 
line. And the way we look at it, every 
top -of -the -line should have these 
features and the KX-920's perfor- 
mance. 
The only option you should even 

think about is tape. 
'Suggested resale price. Actual prices are established by Kenwood dealers. 

N WOOD 
15777 S. Broadway, Gardena, CA 90248 72-02 Fifty-first Avenue, Woodside, NY 11377 

Enter No. 8 on Reader Service Card 



hear it either come into the station or 
leave. Knowing in my bones that Big 
Bert Whyte had been there before me 
and cleaned out the place, I forewent a 

visit. But you should see the Tandberg 
catalogue, "Hi-Fi Stereo 76/77," all 
gloss and color. First come the Band- 
opptakere, the band-uptakers, i.e., 
tape recorders, both in cassette and 
reel-to-reel, five big models; then 
come radios, stereoforsterkere, radio 
receivers, then battery portables, and 
finally the impressive collection of 
Tandberg Hoyttalere. Hi -talkers, out - 
loud -speakers. Including the little 20 - 
sided midget speaker in bright colors, 

the Fasett (in Norway), which some of 
us know over here. Not much bass but 
a lot more than you'd expect, looKing 
at them, and the rest of the Fasett 
sound is excellent, clean and un- 
colored and good for stereo. Or, on a 

larger scale, as a pair of back speakers 
in a budget surround -sound system. 
(Don't really need low bass in the 
rear.) 

Hi-Fi & English 
By golly, Tandberg does the English 

speaking world an honor, or honour, 
as the case may be. The descriptions 
in the Tandberg catalogue are, of 

Our Secret For 
Unmatched Performance 

Hartley Zodiac 1 

We build all our speaker cabinets in asymmetrical 
pairs for the best sound dispersion. 

Then we match each pair for wood graining and color. 
Finally we match the speaker drivers to maintain 

perfect system balance. 
We do all of this for about the same price as our 

competition. You see, we believe when you spend your 
hard earned dollars for speakers, you deserve the best 
sound your money can buy. 

For other innovative features of Hartley speakers,write: 

HARTLEYproducts corporation 
620 island road, ramsey, new jersey 07446 (201) 327-4443 

course, in Scandinavian for local con- 
sumption. But the equipment itself is 

entirely marked in English from stem 
to stern. An economy, maybe, but it 
also shows how well the Scandina- 
vians appreciate the universal hi-fi 
language, our mother tongue, basic 
English. Almost everybody there 
speaks a bit of it. 

Guess I'm hipped on languages; I 

do enjoy decoding the various jargons 
that come my way, like so many cross- 
word puzzles but more useful. You 
just look at those funny words, at first 
so meaningless, Xszympghl or some- 
thing; then you try to pronounce a 
bit, according to local rules, and lo, 
you see the light. Like a word I re- 
member in Denmark, Flaske. A flask, 
of brandy or Aquavit? Not so! Pro- 
nounce it more or less as it should be 
pronounced, and you get "flesh- 
uh"-what else but plain old meat. 
And a boghandel isn't a species of 
swamp; it's pronounced "book - 
handle" and that's what it is, a book- 
store. So it goes with hi-fi nomencla- 
ture as well, and so a final example 
from our friends at Tandberg. Their 
TR -2075 is described in such glowing 
Norse (?) that anybody can get the 
general idea-it goes like this: 

The TR 2075 is den kraftigste og 
mest avanserte stereo radio/forsterk- 
er Tandberg noen gang har laget. 
Which is to say, if I read it, here we 
have the craftiest (i.e., most sophis- 
ticated) and most advanced stereo 
radio/strengthener (that is, receiver) 
that Tandberg has ever laid out. But 
yes! The FM section, for instance, 
has MOS-FET transistorer 4-polede 
keramiske (ceramic) filtere og IC 
and the signal/stoyforhold is bedre 
enn 75 dB i stereo og 78 dB i mono 
(IHF)! Exclamation point is Tand - 
berg's. Mine too. Not bad, huh? And 
the stereo amp department gives mer 
enn 75 watts sinus (not a cold in the 
head-a sine wave!) per kanal ved 8 
ohms.... 

Addenda 
Hey, I didn't really mean Eldridge 

Gerry, back in December; it was Eld- 
ridge Johnson. Memory glitch. John- 
son ran a small mechanics and model 
shop where Emile Berliner, inventor 
of the flat disc, took a design for a 

spring motor that would unwind at a 

steady fast speed for a whole disc side. 
Didn't work; but Johnson designed 
one that did, then joined up with Ber- 
liner and later founded the Victor 
Talking Machine Co. As for Gerry, he 
invented the gerrymander. Throw 
him out. 4J 
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Both of these are 
made in Elkhart, Indiana 

The one on the right 
provides permanent relief 

from the pain of headache caused 
by poor room response 

The good sound that comes out 
of your speakers can be different 

by the time it gets to wherever 
your ears are. Air, walls, rugs, 

drapes, furniture - can all affect 
frequency response. 

The new Crown EQ-2 Equalization 
System is designed to correct that 

particular headache. The system 

includes the Crown EQ-2 eleven - 
band, octave -center, stereo 
equalizer; plus the Crown ecuali- 
zation record, room response chart 
paper, and a manual which tells 
you how to make it happen. 

Write today for full -color brcchure. 
The information could be very good 
for your system. 

crown 
Box 1000, Elkhart IN 46514 

411110111. 
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(m und SD -50 ciatapti inc. 

TIME DELAY SYSTEM 
IT DELIVERS WHAT QUAD ONLY PROMISED: 
AND IT DOES IT WITH ANY RECORDING OR 

BROADCAST. 

The SD -50 will peel the music off the wall and 
fill your room with the thrilling sounds of a live 
performance. It is the first and only system to 
combine infinitely variable control of delay and 
reverberation with automatic high frequency 
contouring for the accurate reproduction of 
concert hall ambience in any listening room; 
and unlike any other available 4CH, reverber- 
ation or ambience recovery system, the SD -50 
won't twang, hiss, distort, shift images or in 
any way affect the sonic quality of even the 
finest music system. 

You could spend a lot more just exchanging 
stereo components for a little added range or 
clarity. Before you do, experience the breath- 
taking realism of total presence. Listen to an 
SD -50. These people have. 

"makes almost any stereo or mono program 
sound more real than 99% of the available 
quadraphonic programs." Julian Hirsh in Pop- 
ular Electronics 6/76 

"turns formerly flat recordings into gems while 
finally fullfilling the promise of 4CH sound." 
N.J. owner 

Write Box 135, Brookline, MA 02146 for complete information 
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DRUM SET J 
.""«"""_r- 

DOEOCi ei QOC7C1G71.° 1.1U 

DaM 5E1 
PROGRAM ANY TIME SIGNATURE 

PROGRAM ANY RHYTHM PATTERN 
SAVE 2 SCORES SIMULTANEOUSLY 
SEPARATE BRIDGE PATTERN FOR 
EACH SCORE ELECTRONIC 

"TOUCH BUTTON" CONTROLS 
256 BYTE MEMORY 

MORE THAN JUST ANOTHER 

ELECTRONIC RHYTHM UNIT 

A WHOLE NEW INSTRUMENT 
PROGRAMMABLE DRUM SET KIT 

#3750 $79, 95 
(plus $3.00 postage & insurance) 

FREE 
CATALOG 

ELECTRONICS, DEPT 4- A 
1020 W. WILSHIRE BLVD. 

_OKLAHOMA CITY, OK 73116_ 

Dear.tor 
Secrets Revealed 
Dear Sir: 

Being in the remarkable position of 
wife to Bascom King, it has been my 
privilege to be included in many 
round table discussions among some 
of the most famous audio engineering 
personalities-pioneers and new - 

MC 
PICKUP 

MC 
PICKUP 

T1 

corners alike. I have observed a large 
information gap between the audio 
"hobbyist" and these state-of-the-art 
"groupies". 

In the past many wonderful people 
out there in Audio Magazine's read- 
ership have written to Bascom re- 
questing information and circuits. 

BASCOM KINGS MAGIC MOVING -COIL CIRCUIT 
(PORTABLE UNIT) 

ONE CHANNEL SHOWN 
TWO REQUIRED FOR STEREO 

V1 01-A 

10M 

5-100 0001 
pF 

HIGHE 
COMPEN- 
SATION 

P 

-0.1 

8+ 

6.812 

1.5 V 

-5V 

FILAMENT 
POWER 

V2 33 

BASCOM KINGS MAGIC MOVING -COIL CIRCUIT 
(STATIONARY UNIT) 

VANTENNA 
TRIMMER 

5-70µµF l7 

140µµF 
TUNING 
CONDENSER 

350µµF1 
5 

2-10 Megs 

*33 

PLUG-IN 
COI L 

.- 
50K 

= GRD 
i 

2V "A" 
4 
+ 

gQ 

STA X 
SRX 

MK -III 

90V 

INFINITY ME -10d 
PHONES 

0.1µF 
200V 

INSULATE FROM 
PANEL 

50,000 OHM 
REGENERATION 
CONTROL 

"B+" 4- 
675V MAX 
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Your workcay is over. Ybu've 
settled bail nto a reclirer and o 
pair of KoS3 Techniciantr/VFR 
Stereophoner in anticipation of a 

perfect, live symphony L.roadcas-. 
Now with 1012 finely tuned 
instruments cnd highly talented 
musicians. he conductor is ready 
to escort yol into the cozy world 
of symphoni_ brilliance. As the last 
slight echoes of his batet taps 
disappear rro silence, tie violin 

section fills your mini with a warm, 
glowing hum. The celos, violas, and 
bass ease into the flcvi. adding a 

<, reverberating depth to the mocd. 
And as the polished Dower o5 the 
brass beg ns to court the sensual 
woodwincs, you find the true 
beauty of your Koss Technicians. 
Because the VFR controls at tie 
base of each earcup enable ycu to 
fine tune the freguen_y response 
range tc your idea cf zerfec-ion. 

Allowing you to shape the acoustic 
cortour of the symphony to enrich 
the rolling lows of the timpani and 
basoons, or add a chilling 
dimension to the high pitched 
vioins and flutes. 

Eo if you'd like to hear a 

performance that's at your 
command, visit your audio specialist 
and slip into the breathtaking Sound 
cf <oss with Technician/VFR. Or, 
if you prefer, write us c/o Virginia 

K O S S stereophones 
from the people who invented Stereophones. 

Lcmm for a free, full color catalog 
of all our products. Either way, 
remember that with a pair of Koss 

Technicians, beauty is definitely at 

the, fingertips of the beholder. 
Koss Technician/VFR Stereophones 

KOSS C)IPORATION, -129 N. Port Washington Ave., Milwaukee. Wisc>nrin 53212 Koss Internatio. al, London, Milan, Dublin, Paris, Frankfurt A -oste -dam Koss Limited/Burlington, Ontario 
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Plug-in circuit bcard incor- 
porating tur.-on;turn-off 
muting and =pea<er- 
protection components. 

Plug-in printed rcuit 
board contrcllinç front - 
panel power readouts. 

Each channel's hermet- 
ically -sealed torcidal 
power transbrnner is 
designed fo- maximum 
efficiency and lowest pos- 
sible hum leakage. The 
transformers are designed 
and manufactured by LUX. 

The four filter capacitors 
have a spec led capaci- 
tance of 15,C00 nicro- 
farads each, double the 
value found n many other 
high -power ampl fiers. 
This assures higl--power 
stability under ocntinuous 
large -signal conditions 

Plug-in drive stages. 
separate for each channel, 
built onto high -reliability 
circuit boares. M rror- 
image construction opti- 
mizes lead-leng:h to adja- 
cent inputs and outputs. 

Output trans stor terminal 
board. The catpJt transis- 
tors themselves are 
mounted on a' 7a -inch metal 
plate, integral with the 
heatsinks formarimum 
thermal concuction. 

Massive sand-cast honey, 
comb heatsinks designed 
to provide maximum heat 
dissipation. 

Cabled harness wiring 
with terminal strips, plug-in 
circuit boardsocEets and 
direct point-tz-point 
wiring, each isec as 
appropriate tz the overall 
design. This tlexible con- 
struction approach opti- 
mizes layout and 
facilitates servicing. 
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LUX power amplifiers 
are designed to provide more than 

merely x watts per channel. 
If your interest in a power amplifier is based 

primarily on its dollar cost per watt, you're not likely to 
give much initial thought to a LUX. We don't compete 
in that simplistic power game Our concerns are with 
every aspect of amplifier design and construction-to 
assure your continuing satisfaction throughout 
what you can expect to be a very long period of 
ownership. If you share these concerns, you may 
then find the LUX approach to have special significance 
and value well beyond purchase price. Especially 
when it comes to sonic excellence. 

As Radio -Electronics neatly put: "There is much 
we still don't know about what makes one amplifier 
sound better than another-but LUX seems to have 
found some of the answers, at least' 

These solutions now exist because the research 
that LUX audiophile/engineers conducted went far 
beyond the obvious questions about amplifier design 
to those subtle but sonically significant aspects of 
high -power circuit design usually bypassed or ignored 
by conventional thinking, test techniques, and 
instrumentation. 

For example, ordinary protection circuits can 
introduce audible and unpredictable distortions when 
activated by certain types of loudspeaker loads. These 
are not disclosed, let alone cured, by the usual test 
procedures. LUX's solution: four separate sensing 
circuits sophisticated enough to distinguish the 
electronically subtle differences that can occur between 

Luxman M-4000 Power Amplifier. 180 watts per 
channel minimum continuous power, both 
channels driven simultaneously into 8 ohms. Total 
harmonic and intermodulation distortion no more 
than 0.05%. Frequency response: 5-50,000 Hz, 

1 dB. Signal-to-noise ratio: 108 dB. Featu-es 
include: separate power supplies for each 
channel. including output and drive stages. Two 
meter power -output display in combination with 
LED peak -output indicators reveal dynamic range 
of program material. Output level set by precision 
potentiometer with 1 -dB click stops. $1,495.00. 
Luxman M-6000 Power Amplifier. Similar 
features and specifications, except 300 watts 
per channel. $2,995.00. 

normal high-level output signals and abnormal voltage/ 
current conditions. 

Models M-4000 and M-6000 have fully inde- 
pendent power supplies employing separate toroidal 
power transformers for each channel. These allow 
the full wattage potential'and signal -handling 
stability to be individually realized by each channel 
even under continuous large -signal drive conditions. 
Massive honeycomb heatsinks provide the thermal 
dissipation necessary for overall reliability and long- 
term performance stability. 

The LUX difference goes beyond this. Every 
power amplifier undergoes an extensive series of 
tests at our New York facilities. This assures that each 
unit will match or exceed fourteen different published 
specifications. A Performance Verification Certificate 
attesting to the specific measurements obtained is 

packed with each unit. (Your dealer also has a copy and 
another stays with LUX as a permanent record.) 

With all this in mind, plus the features and 
specifications listed below and the revealing internal 
views at left, your selection of a power amplifier can 
best be made only at one of our carefully selected 
audio dealers where LUX and other fine components 
can be compared and evaluated, Assuming that you 
have the ability to distinguish the sometimes subtle- 
sometimes obvious-differences among high - 
power amplifiers, we'll be pleased to await your 
considered judgment. 

LUX Audio of America, Ltd 
200 Aerial Way, Syosset. New York 11791 in Canada: White Electronics Development Corp., Ontario 

Results of extensive comparative tests yours for the asking. 
What is perhaps the most exhaustive test of power amplifiers and preamplifiers ever made 

was recently conducted by Stereo Sound, Japan's leading audio publication. Among the many Japanese and American -made products tested 
were the Luxman M-4000 power amplifier and the C-1000 preamplifier. With permission of the publisher, we have translated and reprinted 

the complete report. We shall be pleased to send you a copy upon written request. 



If your cartridge is 
more than three years old, 
don't replace your 
stylus! 
Dail cet ua wrong. There is nothing worse 
tan playing 'our cords witi- c worn stylus. 
And nc bete- way to restore your old un 1 to its 
origirnai glo-! than a new diarroid. 

B..-1 frankly. -here lave been significant strices 
rrr_de recently in the phono car_ridge field. 
Ad tie nee. cartridges of today stand head 
and shoulder above even the finest of a few 
shprt years ago. 

Here's the choice: Get fresh-but outdat_d- 
piNfo-maicc with a replacement stylus, or enj )y 
ail the bene= is of modern car -ridge research 
and develcpment -or just a few dollars more. 
Yzu'I find tl at yon can update your syst tm 
for far less t -an ycu night imEg ne. It's p-obibly 
the mcst dramatic.sirgle improvement ycu can 
wake. 

Fcr insta-tce. Audi- echnica cffers Universal 'M 

cartridges e_uipped with a genuine Shitate 
s-vlus and cur uniquely effect ve Dual Magne- " 

syrsterr begi-ning at just $75.0C list. Or you can 
replace yod- present cartridge with a fresh renr 
Audio-Tecrrica cartridge with highly -polished 
el iptical tio'or as little as $45.00 list. 

AT -1E AT12Sa AT13Ea AT15S-a 
$3 5..0C $75 CO $6E.00 $135.00 

A -e These new mcdels worth the differenze? 
Aesolutely. "ou'll ze amazed a: what yo_ Fear 
f`Dm t.eday'- generation of prono cartridges. 
Inproved -rrquen y response. _ower distorion. 
Better seperation.'_ess record wear. Truly 
better soun_. 

A new Aud o-Technica carttiidge. 
You.. best Jalue in hi-fi. 

INUOVATIDN o PRECISION o INTEGRITY 

Time and time again Bascom has re- 
marked on his not being able to an- 
swer each letter personally. 

I feel, at last, I might be able to close 
the information gap! While Mr. King 
was out of town, I removed and cop- 
ied these designs from his safe. I hope 
they are okay. After all, what's a wife 
for, if she can't help out?! 

For those of you who make up 
these designs-Happy Audioing. For 
those with further questions, I'm sorry 
I don't know any answers. 

For the rest-Happy First of April!! 
Nancy King 

Santa Barbara, Cal. 

Wideband Preamp Addenda 
Dear Sir: 

I have found an error in the parts 
list for the preamplifier circuit which I 

described in the February issue of Au- 
dio. By mistake, I overspecified the 
value of R3 in the input frequency 
compensation network by a factor of 
10. This resistor should be 39 ohms 
rather than the published value of 390 
ohms. If the incorrect value of R3 is 

used, a potential high -frequency in- 
stability problem could exist. This will 
manifest itself as a loud pop when the 
preamplifier is switched into and out 
of the phono mode. 

Since the low TIM power amplifier 
was written, I have found that it is de- 
sirable to move the location of the 
lead compensation in the circuit 
from the feedback network to the for- 

. ward path. This is accomplished by re- 
moving R33 and C10 from the circuit. 
A 0.001 microfarad capacitor should 
then be installed from the emitter of 
Q6 to the junction of R22 and C4. A 

capacitor of the same value should be 
installed from the emitter of Q7 to the 
junction of R23 and C5. These can eas- 
ily be added to the rear of the circuit 
boards. This change will minimize the 
occurrence of any high -frequency in- 
stabilities caused by poor power sup- 
ply decoupling, poor high -frequency 
grounding, etc. Having supervised 
many student projects involving am- 
plifier construction, I am aware that 
these problems can exist. The solution 
is simple to install, and I recommend 
its incorporation into any amplifier 
built from the articles, even if no 
problems are known to exist. 

Incidentally, the orange foil pattern 
under Fig. 5(a) in the preamp article 
was "flopped" over a horizontal line. 
While the component placement was 

AUDIO -TE HNICA J.S.. INC., Dept. 47A, 33 Shiawassee Avenue, Fairlawn, Ohio 44313 AUDIO April 1977 
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The ADS 910 Reference System - 
A benchmark in loudspeaker performance. 
For the first time, awesome dynamic capacity, 
widest bandwidth, high efficiency, and substan- 
tial power handling have successfully been 
combined - in the ADS 910. 
Equally important, it is a transducer of unprece- 
dented musical merit: incredible realism 
(regardless of playing level), stunning clarity and 
openness, pinpoint definition and stable 
imaging, identify this new standard of sound 
reproduction. 
State-of-the-art materials technology and 
brilliant audio engineering allow the speaker to 
fulfill the demands of both active performers 
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 estab- 
lished by which all future studio speakers will 
have to be measured. 

D 
D 

E ASS 910 
Coast to Coast, the skilled and carefully select- 
ed team of ADS dealers will proudly demon- 
strate 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'$ shown in the recording studio of Deutsche Grammophon Gesellschaft o1 

Symphony Hall, Boston ADS speakers range In price from 5100 to $600 ADS 910 

Dimensions. 331" (H) x 19" (W) x 1514" (D). 910C - 76PG 

ADS, Analog & Digital Systems 
64 Industrial Way, Wilmington, MA 01887 

Enter No. 1 on Reader Service Card 



Revolutionary! 

Sound -shaping taping mike. 

Never before -a single microphone that gives you the versatility of 
16 microphones! Four tiny frequency filter switches built into the new 
Shure 516EQ E-Qualidyne Microphone let you tailor sound for studio 
effects in virtually any recording situation: flick a switch to add sizzle 

to vocals . . . flick another switch to 
highlight the sound of a bass drum. You 
can even compensate for the acoustic 
response of a room - right from the 
microphone! In all, the 516EQ creates 
16 different response variations that 
can add a new, professional sound to 
every tape you make. Available singly 
or in pairs for stereo recording. Ask to 
hear a recorded demonstration at your 
participating Shure dealer. 

Shure Brothers Inc. 
222 Hartrey Ave., Evanston, IL 60204 
In Canada: A. C. Simmonds & Sons Limited 

SHURE (11 

correct, several things do not register. 
Figure 4(a) was flopped the same way. 
The reference to the first part of the 
article on the power amp was missing 
from the second part, and I hope this 
does not confuse anyone who missed 
the first part in February, 1976. 

W. Marshall Leach 
Georgia Ins. of Technology 

Atlanta, Ga. 

Old Radio Repairs 
Dear Sir: 

A friend at work showed me a copy 
of the January issue of Audio Maga- 
zine. I was particularly interested in 
the article about the E.H. Scott radios. 
At the conclusion Mr. Stosich states, 
"Sadly, almost no service technician 
has the knowledge, experience, or 
patience to perform the kind of work 
required...to get these fine sets in 
perfect operation." I would like to 
provide some information which will 
help any readers interested in the 
Scott or any other antique radios. 

I had heard about the E.H. Scott ra- 
dios for years, and last summer I re- 
stored one for an antique dealer who 
had purchased it for $20.00. There are 
many people who collect and restore 
antique radios; I've been doing it for 
seven years now. The main authority 
on Scott radios is JW.F. Puett who 
publishes a newsletter about them en- 
titled "The Classic Radio Newsletter." 
He also sells parts and schematics for 
these sets and has a book out called 
"Silver Ghosts" which sells for $10.00. 

I also sell schematics for just about 
any radio made between 1923 and 
1950, plus having a few old type tubes 
for sale. The other parts needed to re- 
store these radios are either still com- 
mon, available in surplus outlets, or 
being remade. I have collected a good 
list of "sources" for these needs and 
will gladly pass along any information 
I have. 

There are two major old radio pub- 
lications. One is Radio Age, 1220 
Meigs St., Augusta, GA 30904, which is 

$7.50 per year. The other is The Horn 
Speaker published at P.O. Box 12, Kle- 
berg, TX 75145. Mr. Puett's address is 

Puett Electronics, P.O. Box 28572, Dal- 
las, TX 75228. 

Although I am only 20 years old, I 

find that many of these collectors are 
audio enthusiasts of another era, and I 

can relate to the many stories and 
praises of these radios of the past. 

Mark T. Oppat 
31800 Balmoral Dr. 

Livonia, Mich. 48154 

Manufacturers of high fidelity components, microphones, sound systems and related circuitry. 

Enter No. 28 on Reader Service Card 
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THE METROPOLITAN OPERA'S 
NEXT PERFORMANCE 

COULD BE ITS SWAN SONG. 

UNLESS YOU GIVE A QUARTER. 
The Metropolitan Opera is ene of A:nerical= rnrist important 
cultural insitutiorv. 
It's running cut of money, but you can help. 

Through matching grants, Pioneer High Fidelity and the National 
Endowment for the Arts will quadruple the value of your donation. 

EN en a quarter cart make a difference. 

Yeti don't have to be a millionaire to be a patron of the arts. 

Enter No. 21 on Reader Service Ca,d 

When you give a quarter, the Met gets a buck. 
I have enclosed a donation of $ fc:- the Metropol.tan Opera. (Checks should be made 
payable to The Metropoktan Dpera/Pioneer Find.) 

Name 

Address 

City StLte Zip 
Mail the coupas w. th ycur conatior to: 
U.S. Pioneer F:ectronic Co -p., Dept. M.E. T, 75 Oxfcrd Dive, Moonachie, N.J. 0707. 

(lb PIONEER We all owe a lot to music. 



Herman Burstein 

Computer Tape for Audio? 

Regularly we receive reader in- 
quiries as to the suitability of comput- 
er tape for audio purposes. The prob- 
lem is two -fold: (1) accurately slitting 
1/2 -in. computer tape to produce a 

tape with 1/4 -in. (nominal) width for 
home tape decks, and (2) magnetic 
compatibility of computer tape with 
home tape decks in terms of bias, 
equalization, frequency response, etc. 

We have taken a dim view on the 
matter, feeling that the two aspects of 
the problem are too serious to war- 
rant use of computer tape even if ob- 
tained at minimal cost, as some audi- 
ophiles apparently can do. However, 
we don't feel that ours is a definitive 
view and have therefore sought the 
opinions of two authorities in the field 
of magnetic tape. Following are very 
helpful responses from Mr. Delos A. 

24 Eilers, Magnetic Audio/Video Prod- 
ucts Division, 3M Company, and Mr. 
William A. Manly, The Cobaloy Com- 
pany, Division of Graham Magnetics, 
Incorporated. 

Slitting-Mr. Eilers: "The as- 
sumption that an individual can ac- 
curately reslit computer tape is not a 

very good one. The precision and skill 
required to slit tape is considerable, 
and then to assume that you can slit a 

1/2 -in. wide tape down the center 
without under- or over -width prob- 
lems is very naive." 

Mr. Manly: "One big problem con- 
cerns the accurate slitting to 1/4 -in. 
The proper width for audio tape is 

0.246 ± 0.002 in. Computer tape is 

0.498 ± 0.002 in., and just cutting a 

v2 -in. computer tape down the mid- 
dle means it will be too wide for 
proper audio use. On a new set of 
heads, this makes little difference, but 
after the heads are worn a bit, the slit - 
down computer tape will not fit into 
the groove. A better way is to slit the 
1/4 -in. tape out of the center of 1/2 -in. 
computer tape, but of course this 
wastes half the tape." (We would like 
to add that if the tape is too wide after 
slitting, it may stick in the tape 
guides.-H.B.) 

Magnetic Compatibility-Mr. Ei- 
lers: "Magnetic performance of com- 
puter tape is not the same as today's 
audio tape. Most computer tape is 

made with a standard, non -low noise 
oxide, while most of today's audio 
tape is made with low noise oxide. 
Computer tape's electro -magnetic 
characteristics are similar to our ob- 
solete #111 tape, and thus today's 
recorders would generally be over - 
biased for a computer tape (resulting 
in reduced treble response-H.B.). 
Computer tape is also quite likely to 
have poorer short wavelength sensi- 
tivity than today's hi-fi quality audio 
tape; thus most of today's recorders 
would be short of the proper amount 
of equalization (treble boost-H.B.) to 
give an extended, flat frequency re- 
sponse on computer tape. It is im- 
possible to be more specific unless we 
choose a specific computer tape and a 

specific audio tape to compare." 
Mr. Manly: "As to whether or not 

the bias and equalization will work 
properly, sometimes they will, and 
sometimes they won't. Most audio 
tape is coated to a thickness of 0.00035 
in. to 0.0004 in., while computer tapes 
have a wider range of 0.00025 to 
0.00045 in. Both bias and equalization 
are affected by coating thickness 
changes. Computer tapes are also de- 
signed to be most effective for a limit- 
ed range of wavelengths on the tape 
(i.e., limited range of frequencies- 
H.B.), while audio tapes are quite wide - 
band in terms of wavelength. Never- 
theless, some computer tapes might 
be satisfactory for some audio appli- 
cations. To give a more definitive an- 
swer, I would have to know what tape 
the audio transport was set up for, 
and which computer tapes were to be 
used." 

Other comments-Mr. Eilers: 
"Computer tape is designed for ex- 
ceptionally good durability, which 
should be advantageous. However, 
this can also mean that the tape is 

highly abrasive to the heads com- 
pared to audio tape. If the recorder's 
heads are not extremely hard and du- 
rable, premature head failure due to 
severe wear could result from using 
reslit computer tape. Often the rea- 
son computer tape is made available 
for some bargain price is that it is 

being retired because it is worn out. It 
has become so scratched and battered 
from use that the tape is no longer re- 
liable. To use a such a tape for audio 

purposes could give this user poor re- 
liability. 

"To summarize, reslit computer 
tape can work for audio applications 
but only for non -critical usage. The 
likelihood of having performance 
problems on today's slow speed, four 
track, hi-fi quality recorders is great, 
and thus we do not recommend using 
a reslit computer tape for audio appli- 
cations. We believe that the salvaging 
of old computer tape is really false 
economy and brings on more prob- 
lems than the savings are worth." 

Cure for a Noise Problem 
Steven L. Bender, Brooklyn, N.Y., 

has found the solution to a noise 
problem that may afflict owners of 
some reversing tape decks. He writes: 

"I own two AKAI GX-230D tape 
decks, excellent in most respects. 
There was a problem that plagued 
both of them: an FM noise type of 
static on playback that occurred about 
45 dB below 0 VU. Since the hiss level 
is some 56 dB below 0 VU, this 'static' 
was causing about 10 dB reduction in 
signal-to-noise ratio. Some six months 
of investigation eventually deter- 
mined the cause of the disturbance. 

"The deck is an auto -reversing type, 
and the disturbance occurred only in 
the forward mode of playback, and 
only with certain tapes. The problem 
was found to lie in the auto -reversing 
post/guide, which has a d.c. potential 
of about 13 volts on both my ma- 
chines in the forward playback mode. 
In the reverse playback mode, the 
post -guide has only about 1/2 volt on 
it, so there is no noise problem then. 

"When the tape passed over the 
charged post/guide, a field was set up 
that caused the static sound once the 
tape came to the playback head. This 
occurred only on backcoated tapes; 
only tapes were not susceptible to this 
phenomenon. When the backcoated 
tape was prevented from contacting 
the post/guide, the noise disappear- 
ed. Therefore, it is suggested that the 
owner not use backcoated tapes with 
the AKAI GX-230D. Possibly other re- 
versing tape decks that use the foil 
method of automatic reversal may 
have a similar problem with back - 
coated tape." ¡l 
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ARE You BLAMNG YOUR 
TAPE RECORDER 

FOR PROBLEMS CAUSED 
BY YOUR TAPES? 

Every day people 
all over the country go 
into hi fi dealers with 
complaints about their 
tape recorders. 

When in reality what 
they should be com- 
plaining about is their 
tapes. 

Because the fact is, a 
lot of the problems that 
plague tape recorders 
can be attributed to bad 
tape. . 

^ (r` 
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HEAD WEAR IS CAUSED BY YOUR 
RECORDER. OR IS IT? 

If you have to clean 
your tape heads more 
than usual, for example, 
it could be your tape 
doesn't have a special 
nonabrasive head 
cleaner. 

Maxell is the only 
tape that has one. 

If your recorder jams, 
it can be any number of 
things. Maxell does 
something to prevent all 
of them. 

We make our cas- 
sette shells of high 
impact polystyrene. And 
then so they won't crack 

4 

JAMMING IS CAUSED BY YOUR 
RECORDER. OR IS IT? 

even after years of use, 
we finish them to toler- 
ances as much as 60% 
higher than industry 
standards. 

Inside, we use free 
rolling Delrin rollers so 
the tape doesn't stick. 

And finally, we 
screw instead of weld 
everything together 
because screws make 

for stronger cassettes. 
If your recorder fre- 

quently suffers lapses in 
sound, it could be the 
tape is of inferior quality. 
And nobody's bothered 
testing the tape for 
dropouts before it leaves 
the factory. 

DROPOUTS ARE CAUSED BY YOUR 
RECORDER. OR ARE THEY? 

Maxell tape is made 
of only the finest poly- 
esters. And every inch of 

POOR TRACKING IS CAUSED BY 
YOUR RECORDER. OR IS IT? 

it is checked for even 
the slightest inconsis- 
tencies. 

So if you're having 
problems with your 
recorder, try a Maxell 
cassette, 8 -track or reel- 
to-reel tape. 

You might find there's 
really nothing wrong 
with your tape recorder, 
just with your tape. 

N'rOutput / Exttncled Range 
(pMw. FV.íld.d 

maxellCw.8T-90 
8 Trade Ca -trey -49e 

K 0...po. Exteded Rage 
. ,u.... A cleat trotetN 

Ultra-DV r^(c te Tape 

MIIIIIIIII I I I Ill IIlll I I II 
I IIIY 

MAXELL.THE TAPE THAT'S TOO GOOD FOR MOST EQUIPMENT. 
Maxell Corporation of America. 130 West Commercial Ave.. Moonachie, N J. 0/0/4 
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Sony Cassette Deck 
The TC-206SD is a front - 

load cassette deck with Dol- 
by noise reduction, two VU 
meters, a peak level in- 
dicator, mike/line mixing, 
and three position EQ and 
bias selector switches. The 
deck also features ferrite and 
ferrite heads with Symphase 
capability, two convenience 
a.c. outlets, and a Dolby in- 
dicator lamp. Price: $349.95. 

Enter 70 on Reader Service Card 

Pioneer Headphones 
The Model SE -4 head- 

phones use a 25 µ polyester 
film, dome -type dynamic 
speaker for a sensitivity of 96 
dB per mW at 1 kHz, an im- 
pedance of 250 ohms, and a 

frequency response of 20 Hz 
to 20 kHz. Weight with cord 
is 9.2 oz. Price: $50.00. 

Enter 71 on Reader Service Card 

ESS Speaker 
The AMT -10b is a book- 

shelf loudspeaker utilizing 
the Heil air -motion trans- 
former midrange -high fre- 
quency system. Specifica- 
tions include a power capac- 
ity of 40 W continuous power 
and 350 W peaks, with a 

crossover frequency of 1500 
Hz, and a frequency re- 
sponse of 50 Hz to 22 kHz, ±3 
dB. Price: $286.00. 

Enter 72 on Reader Service Card 

Kenwood Cassette Deck 
The Model KX-720 stereo 

cassette deck incorporates 
the Dolby noise reduction 
system for improved high 
frequency response and sig- 
nal-to-noise ratio. The deck 
has separate two -position 

Superscope Speaker 
The Model S -312A is a 

three-way air -suspension 
speaker with a frequency re- 
sponse from 30 to 20,000 Hz 
and capable of handling up 

bias and equalization con- 
trols, a 25 pS de -emphasis 
switch for recording Dol- 
byized FM broadcasts, a 

memory switch, two VU me- 
ters, and a LED peak signal 
indicator. Price: $259.95. 

Enter 73 on Reader Service Card 

to 50 watts program material. 
The speaker has a 12 -in. woo- 
fer, 41/2 -in. midrange, and a 

3 -in. tweeter. Price: $119.95. 
Enter 74 on Reader Service Card 

Allison Speaker System 
The Allison:Three is de- 
signed to radiate flat acoustic 
power into a listening room, 
as with other Allison systems, 
but is intended for use stand- 
ing in a room corner. The 
greater radiation loading 
provided by the corner loca- 
tion allows a smaller cabinet 
size to be used without loss 
of the performance standard 
achieved by the larger sys- 
tems sharing the Stabilized 
Radiation Loading design 
concept. Drivers are a 10 -in. 
woofer, 3 1/2 -in. midrange, 
and a 1 -in. tweeter, with 
crossovers at 350 and 3750 
Hz. Price: $260.00 each. 

Enter 75 on Reader Service Card 

Woodward Strobe 
The digital strobe is a crys- 

tal -controlled, three -digit 
display unit for the measure- 
ment of 16 2/3, 33 1/3 and 45 
rpm turntable speeds. Ca- 

pable of measuring variations 
of ±0.01 per cent, it can 
also be adapted for the mea- 
surement of tape recorder 
speeds. Price: $100.00. 

Enter 76 on Reader Service Card 

Dept. of Oops 
The February "What's New 
In Audio" write-up of the 
Technics by Panasonic RS- 
1500US open -reel tape deck 
had an incorrect specifica- 
tion for wow and flutter. The 
correct figure is 0.018 per 
cent weighted rms at 15 ips. 
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The 
DITTON 

66 

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" soft -dome mid -range operates 
from 500 to 5000 Hz with very low distortion, 
wide dispersion and correct phase 
relationships. An extremely powerful magnetic 
assembly ensures critical damping and 
high -power handling. 

The FC -12 woofer has a heavy plasticized 
diaphragm that effectively suppresses 
resonances. 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, 
and it is mutually coupled to the woofer to 
control the lower range of the woofer 
excursion. It takes over completely at the very 
lowest frequencies. Result exceptionally 
smooth reproduction well under 40 Hz. 

If your speakers 
don't sound as good 
as they used to, 
perhaps you've simply 
outgrown them. 

It happens sooner or rater. Especially to those serious 
audiophiles who listen carefully and with discrimination. 
Your speakers may be as good as ever, but your taste has 
matured and become more difficult to satisfy. You now 
realize that your speakers never did have the crystal-clear 
highs or the solid bass promised by the specifications. And 
it's time to have a serious discussion with your preferred 
audio dealer. 

We assume you'll be auditioning his finest speakers, 
which, of course, should include the Ditton 66 by 
Celestion, our top model. We'll let the British publication, 
Hi-FiAnswers, tell you why. 

"The relatively high efficiency of the chosen speakers 
(Ditton 66) was sufficient... to cope with the loudest 
orchestral climaxes available (or even required)...when 27 
we wanted to provide concert levels in a large hall, 110 
feet x 55 feet with a 25 -foot ceiling. A most impressive 
performance, and ...the speakers (were) perfectly ready 
and able to accept more power. 

"Mid -range was typified by an almost complete lack of 
resonance, distortion or beaming effects, and certainly 
seemed to vindicate the new 21/2 in. dome radiator. The 
treble end, from 5 kHz upward, was handled by the 
HF -2000 unit, also seen in the Rogers (BBC) monitor and 

several in the IMF range." 
Perhaps this will help explain why the 

Ditton 66 by Celestion may sound better 
than any other speaker you audition. 

Although Celestion has been designing 
and manufacturing individual drivers and 
systems in England for more than fifty 
years-and is well known in many other 
countries-distribution in the U.S. is still 
quite limited. If you write to us directly, we'll 
advise you by return mail of your nearest 
Celestion dealer. 

And if you choose a Ditton 66, you'll find 
it's one speaker you're not likely to outgrow. 

Celestion 
Loudspeakers for the perfectionist 

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



OPEN -REEL vs. CASSETTE 
Herman Lia* 

The enormous sale of cassette tape recorders in the last 
few years is proof enough that this product meets a demand. 
At the same time there is a danger that people will forget the 
open -reel tape recorder, which in many important respects 
is a much better basic concept. A cassette machine's ad- 
vantages are that it is easy to operate, weighs very little, and 
that a broad range of prerecorded tapes are widely avail- 
able. On the other hand, as this article will show, cassette 
machines will always be inferior to open -reel machines 
when the major performance characteristics, such as signal- 
to-noise ratio, are compared. At the same time, it must be 
admitted that for a large number of consumers, cassette ma- 
chines are usually quite good enough. However, when the 
very best quality recording is required, an open -reel ma- 
chine must be used. To be fair and realistic, we must also say 
that cassette machines have expanded the total market for 
tape recorders, as well as capturing a portion of the open - 
reel market. However, they will never take over all of the 

28 open -reel market because there are fundamental differ- 
ences in the quality level obtainable with the two systems, 
differences which result from the internationally recognized 
standards governing each system. 

General Considerations 
The two most important characteristics that determine the 

performance of a tape recorder are signal-to-noise ratio and 
frequency response. In this context, frequency response 
means a response relative to a signal level that lies sub- 
stantially below the saturation curve of the tape and sub- 
stantially above the level of residual tape noise. 

Let us consider a tape recorder as a black box where we 
connect a signal to the input and take out another signal 
from the output, as shown in Fig. 1. 

Ideally, the only differences between the input and the 
output signal are time delay and possibly some scale or am- 
plification factor, A. The lowest possible time delay is deter- 
mined by the distance between the record and playback 
heads, together with tape speed. Unfortunately, real world 
tape recorders are not ideal, and we need to make some 
measurements to discover their characteristics. We can be- 
gin by measuring signal capacity. We do this by applying a 

single tone at a particular frequency to the input and then 
raising the input level voltage ei(t) until the signal at the out- 
put has a particular amount of distortion, e.g. 5 per cent har- 
monic distortion. This can be done for a number of fre- 
quencies, and the typical results are shown in Fig. 2 for one 
particular tape speed. Next we remove the input signal ei(t) 
and short circuit the input. There should, of course, be no 
signal at the output, but in practice there is a noise spectrum 
which is the sum of the residual tape noise and the noise 
from the record and playback electronics. 

Senior Engineer 
Tandberg Radiofabrikk A/S Oslo, Norway 
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In a well -designed tape recorder, the noise from the elec- 
tronics is so low that the dominant noise component is the 
tape noise. The noise spectrum can be analyzed by mean5.of 
one-third octave filters, and this is shown in Fig. 2 along with 
a saturation curve. 

These measurements tell us quite a lot. They tell us that 
there are upper and lower limits of the signal a tape can ac- 
commodate with acceptable quality. If the input signal is too 
high, the distortion will be above the acceptable maximum, 
and if the input signal is too low it will get lost in the noise. 
The distance between the two curves in Fig. 2 at an individ- 
ual frequency is therefore a measure of the signal capacity 
of the tape recorder at individual frequencies, while the to- 
tal area between the two curves is a measure of the signal 
capacity over a chosen frequency range. 

Using information theory, the signal capacity can be de- 
fined for a general transmission channel by the following in- 
tegral: 

SB =f log l SNN df (1) 

where SB is the signal /bandwidth product, S is the signal, N is 

the noise, and B is the bandwidth. This is Shannon's defini- 
tion of signal capacity, given in 1948. 

Now, since log S 
NN 

- log (S+N) - log N, equation (1) can 

therefore be rewritten as: 

SB = f {log (S+N) - log N } df (2) 

This precisely defines the area between the signal and 
noise curves in Fig. 2, and therefore equation (2) gives us an 
opportunity to put forward a quantitative measure of a tape 
recorder's ability to accommodate signals. More exact theo- 
retical considerations we have developed show that the SB 

product for a tape recorder is given by: 

SB = log 
Bs .d. 

N(f) 

1 

B: / 
(CJo ) Hc+(1+Hc 1+ 

v d/ 

2 } 

(3) 

.fo 

Bs = Induction in the tape caused by the signal (Gauss) 
Br = Maximum remanent induction (Gauss) 
He = Coercivity (Orsteds) 
v = Tape speed 
b = Track width 
d = Thickness of oxide coating 

fo = Highest frequency considered 
N(f) = A characteristic function of tape noise. 

The most important conclusion to be drawn from equa- 
tibn (3) is that the SB product is dependent on the physical 
properties of the system, such as the tape speed, track 

width, tape parameters, and so on, rather than the elec- 
tronics, as long as we maintain the true dynamic range in the 
program which is to be recorded with no signal processing. 
We will see later that it is possible to process the signal so 

that the tape hiss becomes less audible to the listener. 
Despite this conclusion, we find the frequency -depen- 

dent equalization in a tape recorder greatly affects the au- 

dible results. We should, therefore, take a closer look at the 
main requirements influencing the choice of these equal- 
izations. These turn out to be maximum subjective signal-to- 
noise ratio and flat frequency response at low signal levels. 

The measurements for Fig. 2 were made with one particu- 
lar playback equalization (120 RS). If we choose another 
equalization, say 50µS, and make additional measurements, 
we obtain the curves shown in Fig. 3. Note that the distance 
between the two curves is the same, but the shapes of the 
curves have changed. When we record a program, we are 

dealing with a complex signal with a particular power distri- 
bution over the frequency spectrum, and it should be ob- 
vious that we will obtain the best subjective signal-to-noise 
ratio if we can "pack the sound" as far as possible up under 
the tape's saturation curve. 

Let us assume that we have a program with relatively little 
power in the high frequencies. We then set the input sensi- 
tivity of the system to fully load the tape at the middle and 
low frequencies. If we use the 120µS playback equalization, 
the high frequencies will lie far under the tape's saturation 
curve and therefore near to the noise level. In this case, we 
could advantageously alter the equalization to 50 µS, say, 

and thereby drop the noise level away from the signal. If we 
change the equalization or time constant in this manner, to 
improve the signal-to-noise ratio, we must be consistent and 
change the input level to produce the flat test frequency re- 
sponse at low levels. On the other hand, if we now have a 

program with a lot of power in the high frequencies, a time 
constant that is too short will cause the high frequencies to 
overload the tape before the tape is saturated at the low fre- 
quencies, and low frequency noise can then become a 

problem. From this discussion, we can see that the SB prod- 
uct defined in equation (3) is an objective measure of the 
best signal-to-noise ratio that can be obtained. 

Frequency -dependent equalizations are thus used to 
match the characteristics of the tape to practical conditions 
and produce the best signal-to-noise ratio, which means 
that the SB product is exploited to its maximum. At the same 
time, we have seen that the optimum playback equalization 
depends on the type of program the tape recorder must 
handle. We are therefore led to seek a dynamic equalization 
that automatically adjusts itself to the power -frequency 
curve of the program being recorded. This is exactly the 
concept behind complementary noise -reduction systems, 
such as Dolby, dbx, Burwen, etc. If we make the same mea- 
surements used in Fig. 2 with a Dolby circuit added, we ob- 
tain the curves shown in Fig. 4. 
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Fig. 1-Ideally the only differences between input 
and output of a tape recorder are time delay and 
possibly amplification of signal. 
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Fig. 2-Recording system performance, showing 
maximum output level versus frequency at a con- 
stant 5 per cent THD and residual noise level of the 
system. 
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Fig. 3-System performance, as in Fig. 2, with two 
different equalization time constants, showing 
how the shapes of the curves change. Note that 
the area between the pairs of curves produced by 
each constant remains the same. 

At the higher input levels, the signal is not processed and 
the tape recorder performs as if the Dolby circuit had not 
been included. When the signal falls, the higher frequencies 
receive extra amplification and are, therefore, recorded 
with a larger margin above the tape noise than normal. Dur- 
ing playback the opposite process occurs, and the overall 
frequency response is therefore correct. 

Increased amplification of the higher frequencies during 
recording requires reduced amplification of the same fre- 
quencies during playback (complementary system). There- 
fore, noise and other unwanted signals introduced in the 
process after encoding and before decoding are reduced. 
Tape noise is reduced by the same degree as the processing 
of the signal. Figure 4 shows typical output of a cassette ma- 
chine with a time constant of 120 µS. At the higher levels, 
the signal swamps the noise, and the performance is accept- 
able. The corresponding noise level is given by curve B. At 
the lower levels, curve A is of no interest, but the signal pro- 
cessing in the Dolby circuits yields noise curve C which is 
equivalent to a time constant of 40µS because it has the ef- 
fect of reducing the noise at higher frequencies by about 10 
dB. Accordingly, there is a dynamic change in the time con- 
stant from 120 to about 40µS, depending on the amount 
of high frequency energy in the program. 

Measuring the Signal -to -Noise Ratio 
The signal-to-noise ratio is often measured according to 

the German DIN and IEC standards which defines it as the 
ratio between the signal at 333 Hz with 3 per cent distortion 
and the tape noise weighted and measured according to the 
ANSI A weighting curve. One important weakness in these 
measurement methods is that they only take account of the 
low frequency signal capacity, and large differences in the 
high frequency signal capacity can be missed by the mea- 
surements. 

This point is brought out in Fig. 5; the two curves A and B 
will show the same signal-to-noise ratio, but without a 
doubt you will hear the difference on a recording. From the 
foregoing argument, we can see that the signal bandwidth 
product is a better measure of the dynamic range. 

Let us now make a comparison between cassette ma- 
chines and open -reel machines in the light of equation (3). 
Experience shows that maximum remanent induction and 
tape noise characteristics are exactly the same for cassette and 
open -reel tapes because the magnetic particles, size, and 
density of the particles are the same for the two types of 
tape. (While there are differences in tape formulations actu- 
ally available to the consumer, any formulation can be ap- 
plied to either system.) 

Assuming the same bandwidth for open -reel and cassette 
machines, we can use equation (3) to find an expression that 
shows the difference in the signal-to-noise ratio for the two 
systems: 

(4) 

Br 

OR d bt -Hc+(1+ 
Br /1+( v2 dz)2 

CC = 20 log 
V I 

Br Br V/ 21 +(1+-) /1+(- di) 
Hc He /V// vi 

Where, for OR (open reel), d, = 13µm, b, = 1.0 mm, v, = 
178, 33/4, 7 1, 15 ips, and for CC (compact cassette), d2 = 5µm, 
b2 = 0.6 mm, v2 = 17.8 ips. The numeric results of (4) for the 
four speeds are given in the accompanying table where Wo 
= 23r20 kHz. The results show that tape speed is the domi- 
nating factor in the SB product. For cassette machines, tape 
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Creative TEchnology! 
The MXR Compander and Stereo Graphic Equalizer 
provide you with the ultimate in creative sounds. 

The MXR Compander is a noise reduction device 
capable of doubling the dynamic range of most open 
reel and cassette tape decks, allowing professional 
results in home recording. In operation the Compander 
compresses the dynamic range of the signal going 
onto the tape and expands the dynamic range upon 
playback. With the MXR Compander noise is reduced 
enabling the softest sounds to be heard, while musical 
peaks can be reproduced without distoritic'n. 

The MXR Stereo Graphic Equalizer, a natural 
companicn, is a two channel frequency equalizer that 
offers ten bands of discrete adjustment on each 
channel. The primary function of the MXR Equalizer 
is to provide precise compensation for aural tone 
quality discrepancies that may be caused by room 
acoustics speaker inadequacies, or program sound 
quality. With a touch of the slide control the MXR 

Equalizer will tailor your playback to suit any number 
of variables and develop the mood you wait to hear. 

Both the Compander and Equalizer are compact, 
stylish and handsomely packaged in Mack anodized 
aluminum with walnut side panels. Their design and 
circuitry will complement any modern Hi-Fi system. 

The MXR Compander is attractively priced at $129.95 

and its companion the MXR Stereo Graphic Equalizer 
at $199.95. 

MXR products have become the standard for signal 
processing in professional recording and live musical 
performances. This combination of engineering 
excellence and creativity provides you with superior 
MXR products. 

For more information on MXR products, see your 
nearest MXR dealer or direct inquiries to 
MXR Innovations Inc., 277 N. Goodman Street, 
Rochester, New York 14607 (716) ¿42-5320. 

(MxR) Consumer 
Products Group 

Enter No. 14 on Reader Service Card 
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Fig. 4-System performance, as in Fig. 2, but with a 

Dolby NR circuit added to reduce system noise. 
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Fig. 5-Comparison of two systems with the same 
noise floor, but different maximum high frequency 
output curves. While both will have the same signal- 
to-noise ratio, when measured via conventional 
standards, system A will sound better because of its 
extended high frequency response. 

OUTPUT dB NOISE dB 

2 Mil 
6 

Satwmion urve 

IMMI 
xk 

Od8. 350n Wa/m Constant 51. - 

30 

{ 

34 

6 - . -r 
_lllllllll1 

DIFFERENCE TCD 330 
36 

BETWEEN TB 10%O . 15"21. 
12 

AND TCO 

-i 
330 IN SIGNAL 0 NOISE RATIO AT : 

.333 Hz 12 dB - -- - 

18 { 48 

kHz 17 dB - 
50 20 12 

24 -- 5 kHz : 19dB 
TCD 330 

54 

26 - 100H3 . 21 d6 . 

': 

se 

32 
IS kHz 2S dB 

82 

36 - - - - - TB 10 %D 15'%s - 66 

{0 
Noise curves 

70 

24 

r , - 

62 52 i 

20Hz 50 100 200 2 5 10 20 50 500 1 kHz 

Fig. 6-Comparison of a Tandberg TB -10X8 open - 
reel recorder with a TCD-330 cassette machine, as in 
Fig. 2. 

speed has been prescribed at 1;e ips in the standard, but for 
open reel the tape speed can go up to 15 ips. In addition, 
there is an opportunity to choose the most suitable track 
width with open reel. The table shows that there is 8 dB dif- 
ference between cassette and open reel at 33/4 ips, or that an 
open reel machines at 33/4 ips without Dolby is about as 

good as a cassette machine with Dolby. It can be argued 
that it is an advantage not to use any complementary noise 

Table I 

v (ips) 1 7/8 3 3/4 7 1/2 15 

OR (dB) 2.0 8.0 15 22 

CC 

reduction system since all forms bring with them undesir- 
able turn -on transients caused by the positive time constants 
in the control circuits. Furthermore, the Dolby system does 
not provide any noise reduction at frequencies below 500 
Hz, and this is frequently a region where we require an im- 
provement. A poor signal-to-noise ratio at low frequencies 
causes reproduction to sound impure and damages the 
quality substantially. 

Let us examine equation (4) for frequencies lower than 
500 Hz. This is the case where d <1 and equation (4) be- 
comes: 

CC= 20 log{dzVbz (5) 

A new comparison of cassette with open reel at 33/4 ips gives 
a difference of 10.5 dB, below 500 Hz. 

Practical User Qualities 
In addition to the considerations concerning recording 

qualities, it is important to note the differences in user quali- 
ties between the two tape recorder systems. Here is a list of 
points where we feel the open reel machine is superior to 
the cassette machine: 
1) Better signal-to-noise ratio. 
2) Acceptable signal-to-noise ratio without noise reduction 
system. 
3) Longer playing time. 
4) Greater tape reliability. 
5) Better editing facilities. 
6) Sound -on -sound recording facility. 
7) Better copying facilities. 
8) A -B test without adjusting the azimuth when the tape is 

changed. 
9) Less wow and flutter. 
10) Better channel separation (track -to -track). 

The most important advantages of the cassette system are: 
1) Easy to operate. 
2) Large choice of pre-recorded tapes. 
3) Also found in the low price category. 

We conclude by presenting measurements made on our 
TCD 330 cassette machine and the TB 10XD open -reel ma- 
chine (Fig. 6). The curves tell their own story and are a fitting 
conclusion to this article. Q 



Some5 blank cassettes have 
the nerve to tinker with Beethoven. 

We think it's outrageous. 

Beethoven, even when he 
was deaf, knew exactly how a pic- 
colo sounded in relation to the rest 
of the orchestra. Some cassette man- 
ufacturers would just as soon forget. 
Their cassettes give the piccolo and 
other high frequency sounds a dis- 
torted prominence. They appear to 
do this deliberately, regarding 
absolutely natural sound as raw 
material to be improved upon. 

At BASF, we think this is 
an abomination. We're purists; we 
stake everything on total accuracy 
of sound reproduction. You will 
never encounter artificially en- 
hanced high frequencies in our 
cassettes. We believe that if you 
care enough to buy an expensive 
audio system, the last thing you 
need is a cassette that imposes 
its own dubious tastes upon your 
sensitive ears. 

Faithful reproduction entails 
more than miracle ingredients and 
fanciful initials on a cassette label. 
At BASF, we begin with the best 
quality ferric oxide. We mill 
it by a patented process to 

achieve maximum packing den- 
sity and uniformity of coating. We 
use an exclusive chemically cross - 
linked polymer binding which 
will never deteriorate and cause 
head -related frictional noise or 
wow and flutter. 

We use a unique multi -stage 
polishing process, and our slitting 
technique results in an edge that's 
clean even when viewed under 
a microscope. Even our cassette 
case is different, incorporating 
our patented Special Mechanism, 
designed to assure smooth tape 
feed for years of dependable 
performance. 

Is completely natural sound 
worth that kind of effort? To peo- 
ple who know the difference, it is. 

At BASF, we're purists. We've 
been obsessed with total accuracy 
since we invented magnetic tape 
back in 1932. There are no short- 
cuts to perfection. But you knew 
that when you planned your own 
audio system. We'll give you no 

reason to compromise when 
you buy our cassettes. 

BASF The Purist 
Our Promise: the purest, most accurate sound that tape can reproduce. 



High performance tapes being in- 
troduced in today's audiophile mar- 
ket are characterized by such features 
as low distortion, high undistorted 
output, more output at high fre- 
quencies before saturation, more dy- 
namic range, and more headroom. 
This discussion deals with how to take 
advantage of those benefits; to 
present an understanding of how to 
recognize and control distortion in- 
herent in the tape recording process 
so that tape recordings truly have 
higher fidelity. 

Understanding Distortion 
Strictly speaking, distortion is the 

degree to which reproduced sound 
differs from original sound, and this 
definition, lack of fidelity, holds true 
regardless of whether the distortion is 

caused by equipment or by recording 
medium. Distortion includes amplifier 
overload and hum as well as tape 
"hiss" and any change in frequency 
response between input and output 
of the tape recorder. 

The scope of this discussion will, 
however, focus on distortion as re- 
lated to magnetic tape and how to op- 
timize the record and playback levels 
to obtain minimum distortion. The 
particular types of distortion to be dis- 
cussed are odd harmonics, corn- 
pession and saturation, and inter - 
modulation distortion. 

These types of distortion are all 
forms of nonlinear distortion and oc- 
cur when the output and input of a 
recorder depart from an ideal straight 
line relationship. The function of a 

tape machine's bias circuitry is to lin- 
earize the output -input relationship 
which otherwise would be highly 
non-linear (owing to magnetic hys- 
teresis). Beyond having a unit's bias 
correctly set (usually done in the fac- 
tory or service department), there are 
other things which must be done to 
record with minimum distortion, and 
these aspects of recording will be dis- 
cussed here. 

Odd Harmonics 
Of the Input Signal 

Harmonics can be described, gen- 
erally, as an addition to the funda- 
mental tone of spurious tones having 
frequencies that are whole number 
multiples of the fundamental. Thus, 
third harmonic distortion is a com- 
bination of the fundamental frequen- 
cy and a second frequency which is 

three times the fundamental. The per- 
centage level of a harmonic almost al- 
ways decreases with each higher har- 
monic order; the fifth is much lower 
than the third, etc. Consequently, 

Fighting 
Dìstortìon 

In Tape 
Recording 

Wayne Saylor* 

only the third harmonic is generally 
measured in the case of odd harmon- 
ics distortion, because it usually has a 

substantially higher percentage level. 
Since all musical instruments have 

rather significant amounts of their 
sound energy in harmonics, harmonic 
distortion is not, in itself, unpleasant 
to listen to. Third harmonic distortion 
is very convenient to measure, how- 
ever, and is used to quantify distortion 
more because of its convenience and 
correlation with other types of dis- 
tortion. Of course, third harmonic 
distortion, inherent in tape recording 
is only perceptible or measurable us- 
ing fundamentals up to 1/3 of upper 
frequency limit of the recorder. The 
laboratory method of measuring third 
harmonic distortion involves simply 
recording a pure tone (single fre- 
quency) and measuring the relative 
level of the third harmonic of that 
tone. 

Even harmonics are not generally 
characteristic of magnetic tape sys- 
tems because the hysteresis curve is 

symmetrical, even though it is nonlin- 
ear, and asymmetry is required to 
generate even harmonics. However, 
even harmonics can occur in the 
recording system and are caused by 
any nonsymmetrical polarizing mag- 
netization. Such even harmonics are, 
however, equipment related, rather 
than tape related, and are usually 
caused by either magnetized heads, a 

d.c. current component in the heads, 
one-sided amplifier overload, or 
asymmetrical distortion of the bias 
signal. 

Compression and Saturation 
Compression of the recorded signal 

occurs when a given amount of in- 
crease in input level does not result in 

as much increase in output level. 
Compression occurs at all frequen- 
cies, but is much more prevalent 
at high frequencies. Obviously, this 
alters frequency response. This hap- 
pens principally at high input levels 
due to the inability of the oxide coat- 
ing to be magnetized further and a 

phenomenon known as self -erasure 
occurring predominately at higher 
frequencies. 

At the level compression begins, 
that is where no increase in output 
level results from increasing the input 
level, saturation has been reached. 
Beyond saturation, further increases 
in input record level result in de- 
creases in output. Use of recording in- 
put levels beyond saturation alters 
frequency response much more ad- 
versely than compression prior to sat- 
uration. Compression and saturation 
result in non -true level, rather than 
the introduction of new or different 
frequencies. 

Intermodulation Distortion 
Intermodulation or IM distortion 

occurs throughout the spectrum of 
frequencies which the recorder is ca- 
pable of reproducing and is the gen- 
eration of new frequencies not har- 
monically related to the input fre- 
quency. This form of distortion results 
from the combination of two or more 
input frequencies at the same time; 
the output contains not only the origi- 
nal two frequencies, but also the sum 
and the difference of the original two 
frequencies. These are usually re- 
ferred to as beats of the original fre- 
quencies. IM Distortion has no musi- 
cal relationship to the original fre- 
quencies from which the distortion is 

derived, so IM Distortion causes the 
greatest subjective impairment to the 
music. The words harsh, dissonant, 
and "fuzzy" are used to describe the 
unpleasant subjective effects of IM 
distortion. 

Signal -to -Noise Ratio 
The main idea in making superb 

quality recordings is to use the highest 
record level possible without ob- 
jectionable distortion. The higher the 
Record level, the more distortion, but 
a lower Record level results in less dif- 
ference between the inherent tape 
noise and the level of music during 
Playback. Tape hiss gets louder as 
Playback level is increased, but does 
not get louder as Record level is in- 
creased. As Record level is increased, 
the recorded signal is increased, so 

*Audio Engineer, 
Memorex Corp., Santa Clara, Calif. 
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Yamaha's new two-way beryllium 
donne NS -500. 

A very responsive speaker with a 
rch lusci.ms scrod. Hi?hlo defined, 
finely defiled. A deeply =nvolving 
sound. 

In a word, sensuous. 
Witi the NS -500, yougftall of beryl- 
lium's advantages (tart --pa enc}-, de- 
tail, and lack of disbttion that go 
bey)nd the best elecfros&ic sneak- 
ers), but al a price rongh-y half that 
cf the NS 1O0 Only $5)0 the pair, 
suggested retail price. 

The joy of berylium. 
The ideal dome materal emu- a high 
f-ec uenco driver mus- -espond in- 
stantly to changes in amp= _tude and 
fecuency of the inpu= signal . So the 
ideal dome material mix.: be virtu- 
ally weig±tless as well as extremely 
rigid. 

Beryllium is the lighter_ and most 
rigid metal knovri. Its density is less 
than twc-thirds that of ccrr-rnonly 
used aluminum, and rigúd_ty is 
almost fo..r times as great- thus pre- 
verting dime daformatbi and con 
secuent distortion. What's more, 
berylliurns sound propagation veloc- 
ity is twice that of alu rir u n. 
The ber,Flliurr_ dome Lund on the 
NS -500's high frequeric} driver is 
the worlds lightest-about half the 
we_ght of one petal of a snail sweet- 
heart rcee. Which is 3ie of the 
reasons this speal24e<ceptional 
ser_sitivito and response ßr_d for its 
ser suous sound. 

A closer kok. 
To be able to offer theiistication 
of beryliium at a nx-re affordable 
Sri e, w_thout sacrif.eng quality of 
performance, Yamaha designed the 
NS -500 as a two-way bast reflex 
system. 
This gives the NS -500 a trace more 

-.rr_otionat the low end Lin the reso- 
_utrly objective NS -14 30. B it it also 
gives the NS -500 more efficiency 
;91dB SQL at one nnnte- with one 

watt J MS inrut). Which means you 
droit have to ìivest ir_ the highest 
pv.ered ampldiers or receivers in 
crder to drive the NS -50C' tc its full ' 

ra-e .. output. 

Fcr an optimum match w_th the be- 
ryll_um twe_ter, Yarrana developed 
a very light, very rig d ̀ shell' woofer. 
And a special hetmet-cally-sealed air 
cure LC crossover with a careful y 
sleeted 18kHz crossover pcmt. 

A-3 a result f -hese design _iararre- 
ters, the NS -500 teas -_s an irsign_fi- 
catL 0.03% THE bdcwv 50dB SFL, 
from 40Hz b 2O Hz, making it the 
perte t c- n_plement to Yamaha's 
state -of -tae -art lav distorton elec- 
tronics. 
Underneath the sleek mo _ólithic 
sty_ir_g of its solidly :rafted enclo- 
sures. the NS -500 Es full of many 
exclusive Y- rr-,aha featur`.s and cis- 
tirrctive Yamaha -ouches cf crafts - 
r :a-ithip. 
Bur_ to fury apigrecia=e the beauty of 
the NS -500- you really iio_ld visit 
your Yaauha Audio Specialy 
Dealer. 

And if ycure not familiar with the 
name of your local Yantah3 Audio 
Saecialty Il aìer, dnp u_ a line. In 
turn, we'll also send you a tree p e- 
p±it of the Audio Eag_neerng Soci- 
e:y paper or Yarraaa beryllium 
technology menticned above. 

Bof á4C, Buer2 Faré CA 90622 
Enter No_ 37 on Reade- Service Ca d 



NewThe course of cassette history was irreversibly changed four 
years ago. Introduction of the Nakamichi 1000 generated an 

Standards 
unprecedented wave of reaction, from en- 
thusiasm to outright disbelief. But today, 
the Nakamichi 1000 and the equally phe- 

for the 
nomenal 700 are standards of the industry, the logical 
choice of recording studios, independent testing labora- 
tories, leading cassette tape manufacturers and discri- 

World 
minating audiophiles the world over. 

No other manufactu-er has equalled the original 1000 
and 700. And yet, these remarkable decks hEve undergone a constant evolution. 
Nakamichi innovations are most often subtle, but important, improvements that 
are not reflected in published specifications alone. 

The latest refinements have produced the 100011 and 70011-cassette decks that in 
no uncertain terms restate the state of the art. The audible improvement is 
dramatic. Recordings have an unconfined quality-an openness and breadth 
which elude all but the very best open reel decks. 

Immediately noticeable are level meters that iidicate program peaks from -40 dB 
to an unheard of + 10 dB! Other new features include front panel access to the 
record level calibration controls, and independent tape bias and equalization 
switches. 

'Dolby' is a Trademark of Dolby Laboratories. Inc 



Bur the real news is re side the 100011 and 700u. Nakamichi's famous dual capstan 

DC servomotor transport now has fewer movirg parts with enviably low wow ar d 

flutter (under 0.1 % E IN weighted peak, 0.05% wrms). Re -designed electronics 
yield lower noise and distortion tl-ar ever before, with tremendous headroom. The 

mic preamps are highly sensitive, yet virtually impossible to overload. Phase 

corrected playback circuitry ensures total reproduction accuracy; refinements in 
Nakamichi's exclusive Crystal Permalloy playback head afford even longer lice. 

The headphone amplifier, too, has been improved with increased output. And 

finally, both are designed and factory -calibra -Jed for optimum performance with 

the latest generat or of cassette tape formula:ions, such as Nakamichi SX and 

EXn. 

But some things never change. True three-I-ead configuration wi-h Nakamich 's 

patented azimuth alignment beacoi, feather-tcuch transpert controls with full 1C 

logic, memory rewind, Dolby Noise Reductio-, 3mic inputs with line mixing, aid 
variable pitch control are but a few of the features the 100011 and 70011 hare 
inherited from their predecessors. The 1000 1 continues to offer auto-rew ro, 
Dynamic Noise Limiter circuitry, 19 -inch rack mount capability, and the use of 

hand -selected components. 

It's not every day That new world standards are established. Visit your Nakamic hi 

dealer and ask for a demonstration; you cai witness cassette history in tie 
making. For more i-iformation, write Nakam chi Research (U.S.A.), Inc., 2'20 

Westbury Avenue, Carle Place, New York 11514. 

a 

w 

Nakamichi 
Enter No. 15 on Reader Service Card 
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Fig. 1-Compression and saturation. 

better signal-to-noise ratio is achieved 
by recording at the highest level pos- 
sible. 

Since today's superior performance 
tapes achieve their performance 
through high record level and output 
capability, it is necessary to know how 
to record at high levels and still con- 
trol distortion in order to utilize the 

38 full performance capability of the 
tape. 

Tape noise or tape "hiss" is present 
in all recording tape and stems from 
such factors as the size of the oxide 
particles, irregular distribution or dis- 
persion within the coating, surface 
roughness, and poor orientation of 
the particles. Within basic categories 
of tape (such as high performance au- 
diophile tape), the noise is usually 

Fig. 2-333 Hz maximum output level. 
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quite similar. The predominant factor 
in determining the relative signal-to- 
noise ratio of competitive tapes is 
maximum output signal level rather 
than how low is the noise. 

Optimum Recording Procedure 
Optimum record level settings can 

be determined by the recorder user 
by utilizing some of the tape record- 
er's features to conduct an A -B com- 
parison test as commonly used by au- 
dio engineers and other recording 
professionals. The easiest way to con- 
duct an A -B test is to use a three -head 
tape machine with a Source -Tape 
switch. Most open -reel recorders sold 
today have separate erase, record and 
playback heads. Using the operating 
instructions for the tape deck, con- 

Fzi NEW PREMIUM TAPE 
STANDARD HO/LN TAPE 

-.1)-^-NEW PREMIUM TAPE HAS 
3.3 dB HIGHER OUTPUT LEVEL 
AT SAME PERCENT DISTORTION 
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nect the recorder to a sound source 
such as a phonograph record player. 
While in Record mode you can then 
switch repeatedly from source to 
tape, back to source, etc. In this way, 
you can compare the source and the 
tape playback. This comparison 
should include not only careful listen- 
ing, but observing and making note of 
the level indicator reading on the 
loudest passages. There will be a slight 
delay in music between the Source 
and Tape, but this fraction of a second 
does not detract significantly from the 
A -B comparison. The delay is depen- 
dent upon tape speed and the dis- 
tance between the record and play 
heads. Note that in the Record mode 
on a three -head machine, the level in- 
dicator shows Record level in Source 
and Playback level in Tape. For each 
A -B test, the playback level should be 
adjusted to match the loudness when 
listening to Tape to the loudness in 
Source. This is important because a 

difference in loudness may mask a dif- 
ference in distortion. 

If your machine has only two heads 
(erase and record/play), you can still 
conduct an A -B test, but it is more dif- 
ficult and time consuming. The diffi- 
culty stems from the fact that you 
can't listen to tape playback during 
the same pass as record, necessitating 
rewinding and playing later. Such a 

machine doesn't need a Source -Tape 
switch since the level indicator reads 
Source during the record pass and 
Tape during the playback pass. To A -B 
compare the source and tape in this 
case, the phonograph record source 
and tape recorder playback should be 
connected to their respective inputs 
of the stereo system preamplifier. The 
A -B comparison is then made by 
switching the system pre -amp be- 
tween Phono and Tape. It is, however, 
necessary to closely synchronize the 
phonograph and the tape during 
playback. 

Once your tape machine is set up in 
the A -B mode previously described, 
you are ready to experiment. Initially 
adjust your recording level so that the 
level indicator consistently reads far 
into the red zone so that the record- 
ing is purposely very distorted. Match 
playback levels and switch between 
the original source and the now dis- 
torted recording. Listen to the dis- 
torted recording and compare it with 
the original source. Now that you 
know how distortion sounds, start re- 
ducing the recording level (com- 
pensating for any drop in volume by 
increasing the playback level) until 
you reach a point where you no long- 
er notice any distortion in the record - 
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Ever since the invention of the recorded disc annoy- 
ing "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 unwanted sounds with no adverse effect on 

the quality of the recorded material. 

This breakthrough in electronic circuitry is so dem- 

onstrably effective that the SAE 5000 is destined to 

become 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 per- 
formance of any system, from the standard receiver/ 

CI O 

turntable combination, to the most sophisticated 
audiophile components. 

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

1 SCIENTIFIC AUDIO ELECTRONICS, INC. 
1 P.O. Box 60271, Terminal Annex 

Los Angeles, Cal. 90060 

1 Please send more information on the 5000. 
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THE GAP BETWEEN 
OTHER TAPES HAS 

INTRODUCING UD -XL I AND UD -XL II. 
Maxell tapes have always been 

considered by many people to be the 
highest quality tapes in the world. 

But instead of sitting back and 
resting on our laurels, we've spent the 
last few years looking for ways to 
move even further ahead. 

The results of our efforts are Maxell 
UD -XL I and UD -XL II. Two tapes which 
are not only better than anything 
we've ever made, they're better than 
anything anyone's ever made. 

To begin with, UD -XL I is an 
improved version of our own UD -XL. 

More specif- 
ically, it's a ferric 
oxide tape de- 
signed for use 
with the tape 
selector switch 
in the normal 
position (120 

Saturation Comparison at 8 kHz 

mama maglsu leiEIM\ 
\ , 

UD -XL i vs. Typical Premium 
Ferric Oxide Cassette. 

microsecond equalization and 
standard bias). 

Its performance characteristics 
include the lowest harmonic distortion 
level of any premium cassette on the 
market today. 

An extremely flat frequency 



MAXELL AND ALL 
JUST WIDENED. 

UD -XL I vs. Typical Premium 

Ferric Oxide Cassette. 

response from 
the lowest 
to the highest 
frequencies. 

And an ex- 
ceptionally high 
resistance to 
saturation even 

at the highest recording levels. 
UD -XL II, on the other hand, is a 

ferric oxide tape specially formulated 
for use with the tape selector switch in 
the chrome position (70 microsecond 
equalization and high-level bias). It offers 
the low noise advantage of "chrome" 

without the disadvantages. Its per- 
formance characteristics include 
extremely low modulation noise and 
a 5 dB signal-to-noise ratio improve- 
ment over ordinary premium tapes. 

If you'd like to know more about 
UD -XL I and UD -XL II, stop into your local 
dealer and ask some questions. Not 
just about our tapes, but about our 
competitors' as well. 

We think you'll soon discover 
something that we've always known. 

The best just keeps getting better. 

MAXELL. THE TAPE THAT'S TOO GOOD 
FOR MOST EQUIPMENT. 

Maxetl Corporation of America. 130 West Commeciat Ave . Moonachie. N J 07071 

Enter No. 11 on Reader Service Card 
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ed program relative to the original 
program. By observing the level in- 
dicators at this point, you have identi- 
fied the point on your meters where 
distortion becomes unnoticeable. Sig- 
nals swinging further into the red 
zone on your meter will give notice- 
able distortion. 

Ideally, you should adjust your 
42 record level to as high a level as pos- 

sible without inducing distortion. And 
you should recognize that recordings 
from different program sources made 
at the same recording level setting 
may differ in distortion because they 
differ in dynamic range and average 
level. Thus, we should repeat the 
above experiment for various types of 
music. Remember that with some 
tape machines, you may be able to 
operate well in the red with no no- 
ticeable distortion. With others, you 
may have to keep the indication be- 
low the red even for sudden peaks. 
The single most valuable tool you 

Fig. 4-Sensitivity. 
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have in controlling distortion is the 
level indicator. The recordist must 
learn from the equipment manu- 
facturer and from his own experience 
how to use his particular indicator to 
control distortion. 

There are great differences among 
level indicators of which there are 
several types. The most well known is 

the VU meter which averages the sig- 
nal, ignoring sudden peaks. There are 
also bar -graph indicators, LEDs, and 
peak reading meters. One type of 
peak reading meter measures "aver- 
age" loudness much the same as VU 
meters except that it has a fast -attack, 
slow -decay ballistic response so it re- 
sponds to shorter transient bursts of 
sound. It measures the flat response 
input signal when metering source. 
The other type of peak metering has 
the same peak response but meters 
the record signal in Source AFTER 
record equalization so that the actual 
level applied to tape is indicated. 

NEW PREMIUM TAPE -.- - STANDARD H0/LN TAPE III 

USING THE SAME RECORD 
NEW PREMIUM TAPE HAS 

LEVEL 
HIGHER OUTPUT 

100 IK 

FREQUENCY - Hz 

10K 20K 

(High frequencies are recorded high- 
er relative to low and mid -frequencies 
in what is known as Record equal- 
ization or Record pre -emphasis.) 

With some tapes you can record at 
very high levels, but with some you 
can't. Thus, you should determine 
what sounds best to you, and then op- 
erate on that basis. This test will also 
allow you to explore different brands 
of open -reel tape, giving you the op- 
portunity to determine if one brand 
offers better performance on your 
machines than another. One brand of 
tape may have more "headroom" 
than another, and this might allow the 
level indicator to read further into the 
red zone. On the other hand, if the 
tape also had greater sensitivity, it 
would give a higher undistorted out- 
put for the same reading on the level 
indicator. Remember that high un- 
distorted output is the key require- 
ment in obtaining a stronger, more 
dynamic recording with less hiss. 
While you can, of course, play it safe 
and always avoid distortion by record- 
ing signals at a low level, you would 
be recording too close to the noise 
floor, so you would notice more 
"hiss" than the recording would have 
if the Record level were set to its high- 
est "distortion -free" position. 

Compression is most noticeable in 
the high frequency end of the spec- 
trum. Therefore, certain percussion 
instruments are best for observing 
where compression takes place. Cym- 
bals and some tambourine sounds are 
good examples of this. An example of 
records very good for experiencing 
what compression really is and how to 
control it is I've Got The Music In Me 
on Sheffield records, Rough 
Trade-Live on Umbrella (through 
Audio-Technica cartridge dealers), or 
Direct Disco by Crystal Clear Records. 
These records are particularly clear, 
free of distortion, and have great high 
level high frequencies. A record that 
has great dynamic range from very 
soft passages to very loud ones is Saint 
Saen's Organ Symphony in C Minor, 
Phila. Orchestra, Columbia MS - 6469. 
For A -B comparison, however, the 
most useful type of record music is 

one with lots of high frequencies at 
high level on a sustained or repetitive 
basis. Other than that, you should 
choose music of the kind you like 
most and listen to most frequently. 

Ways to Control Distortion 
Although wise use of your level me- 

ter and experimentation is a primary 
way of controlling distortion, there 
are other techniques to be consid- 
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With the new AKAI GXC-730D, 
great moments in music aren't shat- 
tered by those not -so -great moments 
in cassette rewind- 
ing and flipping. 

Instead, a 

bi-directional GX 
record/playback 
head allows you 
to play both sides 
continuously. Automatically. And 
you can play or record both sides 
without ever having to stop and 

physically turn the cassette over. 
The fact that the 730D is the 

most versatile front -loading cassette 
deck on the market 
is just the begin- 
ning. It's also loaded 
with some pretty 
fantastic features. 

Like Dolby` 
and AKAI's exclu- 

sive Automatic Distortion Reduction 
System (ADRS). Memory rewind. 
Pause control. Separate right and left 

channel record level controls. Soft 
touch, direct function operating 
controls. Peak level indicator. Illumi- 
nated VU meters. A great -looking 
walnut cover. And all the specs 
you'd expect an AKAI top per- 
former to deliver. 

Hear it at your dealer's. 
The AKAI GXC-730D. Dedi- 

cated to the proposition that some 
of your perform- 
ances are just too 
good to interrupt. 

AKAI 
For an IS" x 24" poster of this Charles Bragg etching, send S2 to AKAI, Dept. A-4, P.O. Box 6010, Compton, CA 90224, ATTN: Lovers. 

DON'T INTERRUPT 
LIFE'S GREAT PERFORMANCES. 


