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The Scott 
Innovators 
have done it again 
with18 

• • exciting 
new 
models 

4 channel stereo Quadrant® 
components 
443 AM-FM 4 or 2 chan-

nel receiver 4 x 18 or 
2 x35watts* 319.90 

444 AM-FM 4 or 2 chan-
nel receiver 4 x 25 or 
2x50watts 449.90 

495 4 or 2 channel am-
plifier 4 x 25 or 2 x 50 
watts 349.90 

499 4 channel amplifier 
4x40 watts 459.90 

'Unless otherwise stated, power rat-
ings are continuous (RMS) per channel 
into 8 ohms, all channels driven. 

AM-FM stereo receivers 
357 AM-FM stereo 

receiver 2 x 25 watts 199.90 
367 AM-FM stereo 

receiver 2 x 32 watts 259.90 
377 AM-FM stereo 

receiver 2 x 40 watts 319.90 
387 AM-FM stereo 

receiver 2 x 55 watts 359.90 
477 AM-FM stereo 

receiver 2 x 70 watts 399.90 

AM-FM stereo tuners 
and amplifiers 
431 AM-FM stereo 

broadcast monitor 
tuner 219.90 

433 FM stereo digital 
frequency synthe-
sizertuner 549.90 

490 stereo amplifier 
2x 70 watts 299.90 

Controlled impedance 
full range speaker systems 
S-41 two-way speaker 

system, 8" woofer 69.90 
S-51 two-way speaker 

system, 10" woofer 89.90 
S-llC three-way 

speaker, 10" woofer 99.90 

377 

Console stereo systems 
Salem AM-FM stereo 

console 140 watts IHF 749.90 
Carlisle AM-FM stereo 

console 80 watts IHF 549.90 
Decorator AM-FM stereo 

control console with 
pair of S-10 speakers 
90 watts IHF 499.90 

All Scott stereo consoles fea­
ture Garrard automatic tum­
tables and Pickering V-15 AT2 
cartridges. 

Before you buy any stereo 
component or system, ask 
your dealer to show you the 
new Scott line for 1971-72. 

Check No. 100 on Reader Service Card 

H.H. Scott, Inc., 111 Powdem1ill Road 
Maynard, Massachusetts 01754 

TEAC's exclusive SL combination heads afford 6 head functions with 4 heads. 

You're headed for a lifetime command 
performance with the incomparable 
··TEAC4070. 

This is a multi-purpose, many-splendored machine. 
Complete with the industry's first original-owner 
lifetime head warranty. 

The 4070 has two combination heads with separate 
pole pieces for erase and record functions, plus two 
playback heads. They all have virtually wearproof 
high-density-ferrite cores. An ultra-linear hairline 
recording gap in each head surface assures unprece­
dented high frequency response, channel separation, 
and crosstalk elimination: the clearest, most natural 
tones, free of undesirable 
coloration . Delivered by our .. - -IJ!>!I!I!"in 

most advanced center­
capstan bi-directional drive 
with automatic record 
reverse, plus continuous play­
back, forward and reverse. 

Professional fade-in/fade­
out with new Edi-Q Pause/ 
Master Volume Control for 
studio-qualityMic/Line fades: 
slide the lever down slowly 
and you get a perfect gradual 
fade-out. Flick it down fast 
and you reduce volume 
instantly to zero in a clean, 
click-free operation with no 
tape bounce or flutter. Then 
slide or quick-release it for 
gradual fade-ins or bounce­
less, flutterless quick starts. 
Mic and Line mixing supple­
ment Edi-Q too, of course. 

STOP - --- --
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All-tape biasing and 
monitoring with Switchable 
Bias Control and Expanded 
VU Metering System for 
maximum performance with 
standard or low-noise/high­
output tapes: the expanded­
scale VU meter lets you 
read+ 3 dB at the "0" posi­
tion, so your readings have 

a common reference point for either kind of tape. 
Completing this system is a convenient Tape/Source 
monitor that selects the signal displayed on the VU 
meters, and also available at the headphone output jack. 

Time-tested TEAC technology throughout this com­
mand performer with pedigree features everywhere you 
look: piano-key buttons. Solenoid operation, hysteresis­
synchronous 4-8-pole capstan motor. Two 6-pole eddy­
current induction motors for constant-tension reel 
takeup. Six-head function with four unique composite 
heads. All new noise-free SL solid-state 
circuitry. Automatically-

delayed capstan pinch roller 
engagement in 
autoreverse. Tape 
tension switch for 
1/2-mil or reg-
ular tapes. Option­
al remote control . 

When it comes to 
tape decks, your 
wish is our com­
mand. And our 
wish is for you to 
try this command 
performer. 

TEAC Corporation of America, 7733 Telegraph Road, Montebello, California 90640 
TEAC Corporation , 1-8-1 N_ishi-shinjuku, Shinjuku-ku, Tokyo, Japan • TEAC EUROPE N.V., Kabelweg 45-47, Amsterdam -W.2, Holland 
In Canada: Wh1te Electronic Development Corp., Ltd., Toronto 

Check No. 1 on Reader Service Card 
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The only automatic turntable with ZERO TRACKING ERROR! 

This is the most advanced record-playing unit available 
today. The name Zero 100 stands for Zero Tracking Error 
-up to 160 times less than with any conventional tone · 
arm. The diagram below shows how the tone arm 
articulates, keeping the stylus always perpendicularly 
tangent to the groove as it moves across the record. 
This exciting development obsoletes the arm geometry 
on every other automatic turntable! With its articulating 
tone arm and other maj-or features (see illustration), 
this imaginative, revolutionary Garrard unit, priced at 
$189.50, sets a new standard of performance for all 
record playback equipment. The Zero 100 was introduced 
less than three months ago. Test reports by two of 
the industry's most respected reviewers have already 
appeared, expressing their enthusiasm. Let us send you 
their comments, with a full and detailed explanation. 
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Coming 
In 

October 
Special 
Quadraphonic 
Issue 

All you want to know about 
four-channel but were afraid 
to ask (in case it makes your 
system obsolete) . 

The Electro-Voice, San sui, 
JVC, CBS SO, and Dyna sys­
tems examined in detail. 

Equipment Reviews Include: 
Tannoy Orbitus loudspeaker 
Rabco ST-4 turntable 

About the cover: This is a de­
parture from our usual style and 
it emphasizes that this is THE 
Directory issue. What else can I 
say? 

Audiaclinic 

Proper Amplifier Grounding 
Q. It would often be more convenient 

to ground an outfit at one of the speaker 
terminals. This is not generally recom­
mended. Why?- Joseph · P. Laronda, 
Cheshire, Conn. 

A. We generally ground sound equip­
ment at a point which is located near an 
input terminal. Unfortunately, all too 
often, ground is not really ground. 
There is likely to be a voltage difference 
between ground and what we are using 
as a ground reference in our homes, 
such as a radiator or a waterpipe. Just 
as is true in that instance, there is likely 
to be a voltage difference between the 
speaker ground and the ground point for 
the components of a low-level input 
circuit. If we ground the system at the 
speaker terminal, this voltage difference 
may modulate the signal, especially from 
phonograph and tape head inputs. This 
difference in voltage will vary according 
to the powerline frequency, causing 
hum. 

You may also find that it is sometimes 
better not to ground a given sound sys­
tem. Hum may be aggravated when 
grounding is attempted. 

Some solid state amplifiers were 
designed in such a way that neither 
speaker terminal is at ground potential. 
By attempting to ground such an ampli­
fier at its speaker terminals, damage to 
it is sure to result. 

There are also some tube amplifiers 
which do not ground the speaker termi­
nals. These circuits are probably 
equipped with damping compensation. 
These amplifiers must not be grounded 
at their speaker 

Time Delay Distortion 
Q. What is time delay distortion as 

applied to loudspeaker systems?-Sgt. 
Dennis G. Mueller, APO San Francisco, 
Calif. 

A. The idea behind time delay distor­
tion in loudspeakers is that the cone does 
not move immediately upon the applica­
tion of a signal to the voicecoil. This 
failure to move is a result of the inertia 
of the cone. 

I think the easiest way to gain a 
better picture of this is to think of 
yourself rowing a boat. The boat does 
not move immediately when the oars 
are moved. Further, when attempting 
to stop the boat by backstroking, the 
boat does not stop immediately. Both 
of these effects are the result of the 
inertia of the boat. 

JOSEPH GIOVANELLI 

Have you ever placed a glass filled 
with water on a napkin and then pulled 
the napkin from under the glass quickly? 
If you have, you found that the glass 
did not move. When the napkin is 
pulled straight and quickly, the glass 
won't move and the water won't spill. 
Again, this phenomenon is due, in 
part at least, to the inertia of the glass 
of water. 

Amplifier Switching System 
Q. I wish to set up a pair of remote 

speakers in my bedroom. What I would 
like to do is use these speakers with my 
main system, but I want also to be able 
to use them with a medium-powered re­
ceiver which is also located in the 
bedroom. The main system and the 
bedroom receiver will never be operat­
ing at the same time. Will I be able to 
use the bedroom speakers with both 
systems?-Corrado J. Bendotti, Bronx, 
N.Y. 

A. You definitely can use your bed­
room speakers, operating from two 
different sound systems. I suggest, how­
ever, that you provide a switch which 
will connect the bedroom speakers to 
either amplifier as desired, but not to 
both at one time. See Fig. 1. This 
operation requires the use of a 4-pole, 
two-position rotary switch. The 
speakers are connected to the wipers 
of the switch, while the amplifiers' out­
put terminals will be on the switch 
contacts. For safety's sake, you should 
switch both sides of the speakers. As 
a further safety precaution, use a break­
before-make switch. 

AMP 1 

AMP 2 

Fig. 1-Amplifier switching system, 
using two amps and one set of speakers 
(one channel shown) . 
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The Dolby System: 
A Progress Report 
Soon, more than thirty manufacturers will offer advanced 
new products incorporating the Dolby System. 

The Dolby A-System is the professional noise reduction 
system. Every major recording company now uses it, and its use is 
rapidly increasing in motion picture studios, broadcasting stations, 
and communication networks throughout the world. The A­
System has achieved virtually universal acceptance among 
professionals because it is precise and consistent in operation, 
simple to use, and has no effect upon the music or other signals 
being recorded or transmitted. 

The Dolby B-System is the compatible high-fidelity 
noise reduction system for consumer applications. It uses 
the same basic principles as the A-System, but is much simpler and 
lower in cost than ·its professional counterpart. Dolby Laboratories 
makes only professional products, but licenses the B-System to 
manufacturers of home tape recorders, receivers and Dolby 
adapters. More than 30 companies soon will be making products 
incorporating the B-System, and others are joining the list each 
week. 

ADVENT 
A.G .S. 
ALLIED RADIO SHACK 
AMPEX 
BELL & HOWELL 
BENJAMIN 
BIGSTON 
CONCORD 
CROWN RADIO 
FERROGRAPH 
FISHER 
HARMAN-KARDON 
HIGHGATE (ALPHA) 
HITACHI 
JANSZEN 
KELLAf;l 

KENWOOD (TRIO) . 
LAFAYETTE 
LEN CO 
MITSUBISHI 
NAKAMICFil 
PLANET 
RANK WHARFEDALE 
REV OX 
SAN SUI 
SILVER 
SINGER/k.L.H. 
TEAC 
TELETON 
TELEX/VIKING 
3M/WOLLENSAK 

The Dolby B-System has been acclaimed by music and 
technical writers with a unanimity which is rare. The judgment 
of the reviewer of the New York Times is typical: "Dolby cassettes 
can produce almost disk-quality sound even when played on a 
first-quality machine that predates the Dolby technique. If you 
have one of the new players with built-in Dolby, the results can be 
quite spectacular." 

Hundreds of different commercially recorded Dolby 
cassettes will be available by the end of the year. Many are 
already being released regularly by Columbia, Ampex, London/ 
Decca, Vox, Musical Heritage Society, RCA (U.K.), and Pye/ 
Precision (U.K.). Twenty other companies have obtained the 
professional B-Type encoders needed for duplicating such 
cassettes. There is no royalty payment to Dolby for these record­
ings. Listeners and dealers everywhere agree that Dolby cassettes 
are perfectly playable on any cassette recorder, and usually sound 
better even on non-Dolby equipment . . 

The Dolby B-System and new tape formulations (such as 
chromium dioxide) work very well together. Although their 
noise reduction effect is much less than that of the Dolby System, 
some of the new tapes provide a useful extension of high­
frequency response. Used with the Dolby System, they provide 
striking evidence of the cassette's real capability. Although 
chromium dioxide tape is not compatible with the vast majority of 
cassette recorders in the field and on dealers' shelves, more and 
more manufacturers are providing new machines with the 
necessary circuitry, along with the Dolby System. 

The Dolby B-System has been used in FM broadcasting 
with excellent results. FCC rules permit broadcasting of 
Dolby-encoded signals in the U.S.; expe.riments of this kind are 
taking place in other countries as well. The reduction in noise given 
by the system can more than double the area in which high-fidelity 
listening is possible, with no increase needed in transmitter power. 
Later this year Fisher and Harman-Kardon will be the first to offer 
receivers with the Dolby System built in. 

Integrated-circuit versions of the Dolby B-System will be 
available next year. An IC is being developed jointly by Signetics 
and Dolby Laboratories; the technology will be made available to 
IC manufacturers everywhere, to insure industry standardization 
and lowest cost to consumers, as well as reliable supply to 
manufacturers. Ultimately, the increased retail cost incurred by 
adding the Dolby System to a tape recorder should be $10 to $20. 

The cost of licensing the Dolby System has been reduced 
considerably because of rapid industry acceptance of the system. 
Manufacturers now pay on a simple per-unit basis, with royalties 
as low as ten cents per channel. The licensing agreement also 
entitles a manufacturer to sustained technical support from Dolby 
Laboratories in noise reduction applications. Dolby employs a 
staff of more than 1 00 at its London facility, and maintains offices 
in New York and Tokyo, all devoted exclusively to noise reduction 
system development, manufacture, sale and licensing. To date, 80 
patent applications have been filed in 17 countries to cover the 
Dolby System; 19 patents have already been issued in 10 countries, 
including the United States. 

DD Dolby Laboratories Inc. 
333 Avenue of the 
Americas · 
New York NY1 0014 

346 Clapham Road 
London SW9 

Tiger Building 
30-7 4-chome Kuramae 
Taito-ku Tokyo 



An infinite 
choice 
of speeds. 
The variable control Lenco manual 
turntables offer an infinite selection of 
speed-a continuous sweep from30 
to 86 rpm. At the standard 16-2/3, 
33-1/3, 45 or 78.26 rpm, there are 
click stops that can be precisely set 
or adjusted at any time. 

With this, you can slow down a 
complex rush of notes, the better to 
appreciate the inner voices when you 
listen next at normal speeds. You can 
tune a recorded orchestra to match the 
instrument you play, and join in. Your 
tuning is not restricted to a paltry 
fraction of a note, either. You can 
exercise your urge to conduct, choosing 
whatever tempo suits you . And you can 
use it to extend your knowledge of the 
dance or language, or to accompany 
your slide or movie shows. 

And at every one of these speeds, 
.Swiss precision takes over. For 
example, the Lenco L-75's sleekly 
polished transcription tonearm shares 
many design concepts (such as gravity­
controlled anti-skating, hydraulic 
cueing, and precision, knife-edge 
bearings) with arms costing more alone 
than the entire L-75 arm and turntable 
unit. And the dynamically balanced 
8.8 lb. turntable reduces rumble, wow 
and flutter to inaudibility. 

The L-75 complete with handsome 
walnut base at $99.50 offers profes­
sional quality and versatility but at 
far less than studio-equipment prices. 
The B55 (lighter platter and an arm of 
almost equal specification) is only 
$85.00 with base. Both are available 
now at your Benjamin/Lenco dealer. 
Benjamin Electronic Sound Corporation, 

. Farmingdale, N.Y. 11735, a division 
of Instrument Systems Corporation. 

Lenco turntables 
from Benjamin 

Check No. 6 on Reader Service Card 
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Tape Guide 
Recording for Films 

Q. We produce educational films, and 
often need to record background noises 
for scenes that are shot on location. It 
isn't economically feasible to tie up a 
sync recorder for this work. Since fidelity 
is not really important, we were thinking 
of buying an inexpensive reel-to-reel 
battery portable for this work. However, 
signal-to-noise ratio is a problem. Hiss 
is very apparent. If we replaced the two­
track head that comes on these machines 
with a full-track head, would this improve 
SIN appreciably? What problems in 
matching the new head to the tape 
machine would we run into?-John Lord, 
Santa Monica, Calif. 

A. Use of a- full-track head in place 
of a half-track one would give a 3 or 
4 db improvement in S/N. While this 
is nothing to be sneezed at, it will not 
go a long way in masking the hiss of the 
cheap portable tape machines. Replac­
ing the heads may run you into im­
pedance matching problems, and prob­
lems of adjusting bias current, signal 
drive current to the record head, and 
calibration of the record level indicator. 
And it will be necessary to make correct 
azimuth ·and other professional align­
ments of the replacement heads. While 
these problems are not insurmountable, 
the question is whether surmounting 
them is worth the effort. · 

Q. Recently I made a live recording of 
a symphony orchestra in a school audi­
torium and found a problem with their 
light dimmer radiating into the micro­
phone cables. Also the clock correction 
signal came through loud and clear every 
hour on the hour: beep • ••. • II J The hook­
up was from the school's mixer console 
into the line inputs of my tape recorder. 
The control room is located at the rear of 
the auditorium, and contains all the power 
equipment, the mixer, and the dimming 
panel. Hence the microphone cables run 
all the way from the front of the hall to 
the rear. What might be done to eliminate 
the problem, barring shutting off the 
dimmer panel?-Ronald L. Nelson, Oak 
Park, Ill. 

A. One possibility is to investigate 
what might be achieved through elec­
trical filters between the offending 
equipment and the current outlets. Can 
the mixer console be moved away from 
the offending equipment, and pref­
erably be brought backstage? Can a 
portable mixer be brought on location? 

Motors & Meters 
Q. I am trying to choose between two 

high quality tape machines. One of these 
has but a single motor and uses an elec­
tronic eye as the record level indicator. 
The other has three motors and uses a 

meter as the record level indicator. Could 
you advise me as to which machine would 
be the most desirable.-J>hilip Legendre, 
Minneapolis, Minn. 

A. Basically you will have to decide 
for yourself, but the following comments 
may be of some help. Good engineering 
enables a home tape machine to per­
form as well with one motor as with 
three. On the other hand, for long, 
hard work, a 3-motor transport may 
prove more rugged. I find an electronic 
eye easier to work with than a meter 
in setting record level properly. The 
meter tends to understate peak signals, 
and may therefore lead one to record 
at too high a level for satisfactorily 
low distortion. 

Cassette Quality 
Q. I would like to ask if you consider 

the Norelco Compact Cassette Model 
2401A a good addition to my system, 
which consists of a Scott receiver Model 
342B, Garrard turntable Model SL95, 
and two W60D Wharjedale speakers. 
If for any reason you do not like this 
cassette model, will you recommend a 
good buy in a tape recorder? I prefer 
a cassette type to the reel-to-reel type.­
Leonides 0. Florin, Miami, Fla. 

A. I can only comment in general that 
I don't think the quality of reproduction 
via cassette has reached the quality 
which we associate with high fidelity. 
In other words, . reel-to-reel machines 
still offer better quality. On the other 
hand, cassette performance is steadily 
improving, and the situation may be 
different a few years from now. For 
specific recommendations, please con­
sult your audio dealer and the equip­
ment reviews in this and other maga­
zines. 

Test Equipment 
Q. What test equipment do you con.­

sider desirable for maintenance and ad­
justment of tape recordings?-Edward B. 
Harmon, Los Altos, Calif. 

A. Such equipment should include an 
a.c. VTVM, an oscilloscope; a harmonic 
distortion meter, an audio signal gen­
erator, an ohmmeter, a standard test 
tape, and if possible (but expensive) 
a wow-and-flutter meter. 

If you have a problem or question on 
tape recording, write to Mr. Herman 
Burstein at AUDIO, 134 North Thir­
teenth Street. Philadelphia, Pa. 
19107. All letters are answered . 
Please enclose a stamped, self­
addressed envelope. 
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A five minute experiment 
by which you can prove ... 

THE SPEAKERS 
more than any other component in your stereo system, 

DETERMINE THE QUALITY OF THE SOUND. 

EXPERIMENT 
Ask your dealer to let you compare 
the following two stereo systems 
in an A-B listening test: 

1. Any moderately priced turntable 
and amplifier connected to 
BOSE 901 speakers. 

2. The most expensive turntable 
and amplifier connected to any 
other speakers. 

CONCLUSION 
The conclusion is yours to draw. 
We think that you'll have time left over 
to enjoy just listening to the 901. 

THEN YOU WILL KNOW 
why people just starting in stereo as well as 
those who have owned the most expensive 
speakers are selecting the BOSE 901 
DIRECT /REFLECTING® Speaker System­
THE MOST HIGHLY REVIEWED SPEAKER 
REGARDLESS OF SIZE OR PRICE. 

For literature and reprints of the rave 
reviews circle the number at the .bottom of 
this page on your reader service card. 

For those interested in the twelve years of 
research that led to the design of the 901, 
copies of the Audio Engineering Society 
paper 'ON THE DESIGN, MEASUREMENT 
AND EVALUATION OF LOUDSPEAKERS', 
by Dr. A G. Bose, are available from 
BOSE Corporation for fifty cents. 

Natick, Massachusetts 01760 

BOSE 901 DIRECT/REFLECTING® 
Speaker System $476 the stereo 
pair Including Active Equalizer. 
Slightly higher south and west. 
Pedestal bases and walnut 
facings optional extra. 

Covered by patent rights 
Issued and pending. 

Check No. 7 on Reader Service Card 
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The look I BEHIND SCENES 
& 

the sound. 
Black-out glass and brushed alu­
minum. IC's, FET's, crystal filters, 
and triple-mesa silicon transistors 
for more power and cleaner sound. 
Nikko's exctusive circuit breaker 
protection system. These are only 
a few of the exciting new features 
on the new Nikko products-see 
them at your nearest Nikko dealer, 
or write today for full information. 
And don't worry. We haven't 
changed our reliability and value. 
It takes a long time to improve 
something that good. 

Now it's 
® 

NIKKO. 
From top to bottom: FAM-400 AM/FM Stereo 
Tuner, $109.95; TRM-400 Stereo Pre-Amp/ 
Amplifier, $109.95; STA-6010 AM/FM Stereo 
Receiver, $199.95; STA-8010 AM/FM 
Stereo Receiver, $239.95; FAM-1200 AM/FM 
Stereo Tuner, $239.95; TRM-1200 Stereo 
Pre-Amp/Amplifier, $239.95. 

:- - J: • ._ -

NIKKO ELECTRIC CORPORATION OF AMERICA 
5001 Lankershlm Blvd. 

North Hollywood, California 91601 

Check No. 8 on Reader Service Card 

A
s 1 WRITE this, the Consumer 
Electronics Show in Chicago 
has been over for about 10 

days, and I am still trying to recover 
from its rigors. You know, we heavy 
types are not much on walking and 
when I saw the simply stupefying size 
of the McCormick Place exhibit hall; 
I was ready for roller skates, rickshas, 
bicycles . . . anything but "shanks 
mare." Would you believe a hall in 
which you can lose ten football fields? 

Well, somehow I made it to all the 
exhibits I wanted to see. There were 
plenty of audio manufacturers in 
attendance, but about all you could do 
was see their products. Sound demon­
strations were for the most part an 
impossibility, for once the show started, 
from hundreds of booths issued the 
most monumental cacophony, which 
echoed and re-echoed in the vast 
expanses of the hall. Most of the hi-fi 
products on display were pretty much 
what I had described in my show 
preview last month, with a few sur­
prises here and there. There was no 
question whatever that the dominant 
themes were Dolby and four-channel 
stereo. There were Dolby cassette 
machines from 3M/Wollensak, Teac, 
and Concord, all newcomers to the 
Dolby fold. There were Dolby open­
reel tape decks from Revox, Ferro­
graph, and Concord. In the Dolby 
"black box" department there were 
units from Concord and Teac, with 
Teac featuring the niost elaborate and 
expensive box now on the m·arket, 
as well as a surprise unit . . . a record 
and play Dolby black box to be used 
in connection with Teac cassette 
machines at an astonishing $49.95. 
To underline the point that open-

, reel tape is alive and well, there was 
a profusion of new or upgraded tape 
decks from Teac, Sony, Concord, 
Roberts, Akai, and Ampex among 
others. Four-channel stereo open reel 
decks were on display at Sony, Teac, 
Astrocom, and Wollensak. Four-chan­
nel cassette decks were shown by JVC 
using the four-chamiels-in-each-direc­
tion concept, and by Astrocom espous­
ing the four-channels in-line concept 
similar to the open reel four-channel 
format. The JVC four-channel-discrete 
disc was opposed by the Electro­
Voice matrix disc. Four-channel matrix 
systems were all over the place with 
hardware from Sansui, Toshiba and 
many others. Harman Kardon was on 
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hand with an experimental four­
channel synthesizer which I found 
quite interesting because it features 
a true delay system. The expected 
four-channel stereo amplifiers and 
receivers were shown by Fisher and 
Scott with some others germinating 
in company laboratories. The eight­
track four-channel cartridge decks 
were a prominent feature of the Show, 
appearing at Ampex, RCA, Motorola, 
Toyo, Fisher, and Wollensak among 
others. The Dolbyized receivers due 
from Kenwood, Hitachi, Fisher, and 
Harman Katdon were "no shows," but 
they are definitely slated for produc­
tion. There was an absolute plethora 
of other audio gear, far too much to 
mention. 

I have noted the Dolby and four­
channel stereo trends at the show, and 
taking a long hard look and going a 
bit out on a limb, it would appear 
that the biggest impetus to four­
channel at present is the four-channel 
cartridge. ·I base this on the fact that 
there are inexpensive complete four­
channel stereo playback systems aimed 
at the mass market. There are audio­
phile-quality four-channel stereo 
cartridge decks. Most importantly, 
there are numerous four-channel car­
tridge systems for automobiles. Now 
add the quite substantial quantity 
of four-channel stereo cartridges re­
leased by RCA, with other companies 
announcing they will be issuing 
products in this format. The youth 
market simply eats up the pop "sur­
round" type of four-channel sound. 
They will put it in their cars first, 
and then they're going to want to play 
four-channel stereo at home. All this 
will get the overall four-channel 
stereo ball rolling and I predict rapid 
progress in getting a four-channel 
stereo disc on the market, with sub­
sequent FM broadcasting. Four-channel 
cassettes will be very big before long, 
and of course the best sound of all ... 
four-channel open-reel stereo . . . 
will flourish as well. One fact was 
certainly made apparent at the CES 
. . . four-channel stereo is a reality. 
It is here to stay and those retailers 
who have been bad-mouthing it may 
as well resign themselves to the fact 
that it won't be very long before it is 
a major factor in their businesses. 

That splendid bastion of classical 
programming, WFMT in Chicago, was 
kept busy during the show. In a 
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2 matching 2-way air suspension high-fidelity speakers 

Acrylic dust cover 

4-speed record changer 

Sleep switch turns off 
entire system when 

last record is finished 

Speaker selector switch 

"Galaxy" indicator which glows red 
when a stereo broadcast signal is received 

Illuminated round dial AM/FM radio 
with "Bull's eye" tuner that glows orange when 

tuner is locked in on an FM station 

Mechanical cuing 
lever that allows 

manual lowering or 
raising of the tone arm 

Ceramic cartridge 
and diamond stylus 

Exclusive SEA 
tone control system 

'Tape recording 
and tape monitoring terminals 

'ALL PRICES SUGGESTED RETAIL. 

When was the last time you felt you 
were getting more than you paid for? 

Or for that matter, when the 
last time you remember just getting 
what you paid for in the first place? 

The bargain, unfortunately, is 
something people don't see too 
much of anymore. 

This JVC compact stereo is the 
rare exception. 

You're not only getting all the 
features you'd expect to get on a 
compact, you're also getting one you 
wouldn't expect to get. 

That's JVC's exclusive SEA sound 
. control system. SEA is a sound effect 
amplifier system that allows you to 
do a lot more than merely adjust 

for bass and treble. It's made up of 
a series of sound control levers. By 
adjusting them you can bring up the 
strings in a symphony, bring down 
the drums in a rock group, or create 
all new sounds. SEA even allows you 
to compensate for variations in 
room acoustics. 

We were the first people to 
develop it. And the first people to 
put it in a compact. 

That feature, plus all the other 
features we've built into this set, 
make it an unusual compact. 

At an unheard of price. 
In fact no matter what your price 

Check No. 9 on Reader Service Card 

range is, you'll be able to find 
something in JVC's complete line 
of compacts. 

We've got everything from a solid 
state AM/FM radio 4-speed phono­
graph at $149.95* to a powerful SO 
watt SEA system at $299.95*. 

No matter what you choose, 
you'll be getting a lot more than 
you expected to get. . 

At a lot less than you expected 
to pay. 

JVC 
JVC America, Inc. 

50-35 56th Maspeth,N.Y.ll378 



historic broadcast, WFMT presented 
the first Dolbyized FM transmission. 
Members of the press and interested 
Dolby licensees gathered at a suite 
in the Drake Hotel. A typical stereo 
system was set up with a tube-type 
tuner and a Dolby black box. The rea­
son for the tube tuner was that the 
receiving antenna was literally in the 
shadow of the WFMT transmitter 
tower, and of course the signal was 
very strong. By removing some of the 
tubes it was hoped to attenuate the 
signal sufficiently to demonstrate the 
Dolby noise reduction. As it turned 
out, even fairly extreme measures 
failed to give the required attenuation, 
so the effect of 10 dB noise reduction 
had to be simulated. However, WFMT 
and Dolby had set up some excellent 
experimental procedures for the test 
broadcast. Six musical selections were 
to be broadcast at 4:30 and repeated 
at 9:30. Half of the selections were to 
be transmitted in the Dolby mode, the 
other half in normal fashion. Not until 
the conclusion of 'the second program 
was there to be an announcement as 
to which selections were transmitted 
with Dolby and which were normal. 
Listeners in all areas out to the fringes 
were asked to give their reactions to 
the broadcast. They were specifically 
asked if they thought their reception 
was improved or impaired. The 
·listeners were told about the possible 
added "brightness" of the sound at the 
beginning of the broadcast and advised 
to turn down their treble controls if so 
desired. It is important to remember 
that these listeners were not equipped 
with Dolby "B" black boxes. · There 
was a selected group of WFMT lis­
teners in all areas out to the fringes 
who were furnished with Dolby "B" 
black boxes and instructed to their 
use. 

The broadcast began and as far as 
we listening in the Drake were con­
cerned, we heard a nice, clean, virtually 
noiseless transmission. One of the 
works broadcast was an excerpt of the 
opening passages of the Mahler 5th 
Symphony by the Chicago Symphony 
Orch. furnished by London Records. 
(That is what I call smart PR!) The 
same passage was broadcast twice in 
each program, once Dolbyized and 
once normal. I've listened to so much 
Dolby material I . could tell which was 
which, but most of the others were 
straining to make their decision. 

Well. the broadcasts were over and 
the calls from listeners staited to come 
into WFMT. And the letters and post­
cards. Here was the real test . . . the 
reactions of listeners fairly close in, 
at middle distances and on the 

10 

fringes . Most without Dolby "B" boxes, 
a small group with them. Returns as 
yet are not complete, but a few days 
after the broadcast I talked to genial 
Ray Nordstrand, general manager of 
WFMT, and he was enthused by the 
results. He noted that the station had 
received over 50 letters from non­
Dolby equipped listeners, who greatly 
preferred the Dolby transmission, stat­
ing that they liked the added "bright­
ness" and that it increased intelligibility. 
In contrast, there were but 3 or 4 
objections to the "brightness." On 
the basis of this initial evidence, it 
would seem safe to assume tha! the 
"brightness" of Dolby FM transmis­
sions is not detrimental and is in fact 
a "plus." The listeners equipped with 
Dolby "B" boxes had the expected 
results. Those living in the so-called 
metropolitan area, heard a virtually 
noise-free signal. Those listening at 
greater distances observed improve­
ment in their signal-to-noise ratio, 
and finally, what was formerly fringe 
area, with marginal reception, became 
an acceptable signal · area. This the 
result of the ten dB improvement in 
signal-to-noise ratio and the equivalent 
of a ten-fold increase in transmitter 
power. In short the acceptable listen­
ing area of WFMT was increased by a 
factor of three. Mr. Nordstrand 
summed up the Dolby FM transmission 
as gratifying" and "most 
successful." Since the Dolbyizing of 
FM transmissions in no way subverts 
any normal FCC FM performance 
parameters, the pioneering effort of 
WFMT clears the way for other trans­
missions in other cities. In fact shortly 
after you receive this issue there will 
be a Dolby FM broadcast in New 
York. New Yorkers . . . watch your 
papers for details. 

It should also be mentioned that 
enterprising WFMT, on the same day 
as the Dolby program, also broadcast 
a four-channel stereo program utiliz­
ing the Sansui system with a new en­
coder just developed by Sansui. On 
questioning the engineers of their 
opinion of the system, they said 
they felt the Sansui was a very sym­
metrical system which was probably 
the most compatible of all existing 
four-channel matrix systems. It is a bit 
complicated, but it was pointed out 
that in addition to those who listened 
to the four-channel broadcast through 
Sansui QS-1 units, there were probably 
quite a bit more who decoded the 
broadcast through Electro-Voice units. 
In any case, the Sansui broadcast was 
also considered very successful. Boy, 
I'll be glad when this four-channel 
stereo matrix system is finally resolved! 
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.This new receiver cleans 
your signal, without cleaning out 

your bank account · 
It's a dirty world out there. And even though an 

FM station transmits a clean signal, by the time it reaches 
your house, it may be mixed up with 20 or so other signals, 
and some interference sources, many of them strong enough 
to swamp the signal you want to hear. The new Sony 6045 FM 
stereo/FM-AM receiver spares no detail to deliver a clean 
signal to your speakers. 

Its FM front end uses passive r.f. circuitry, so that 
those strong, but undesired signals can't overload the input, 
to swamp your station or to pop up at several random 
on the dial. (The passive input stage can't generate any h1ss, 
either). By the time the sign:al does reach an active stage, 
most of the undesired signals have been shorn away- and 
since that stage is an FET, it's virtually immune to over-
loading anyway. . 

Six solid.:state i.f. filters clean the signal even 
further. They combine uniformresponse over the entire FM 
channel with almost complete at­
tenuation everywhere else. You can 
pluck the station from a host of 
stronger ones or adjacent frequen­
cies. And solid-state i.f.'s never need 
realignment. Together, these ideally­
matched FM circuits provide: 
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2.6 uV (IHF) sensitivity, 70 dB signal-to-noise ratio, 80 dB of 
selectivity, 100 dB of spurious signal rejection, and a capture 
ratio of 1.5 dB- all at a total harmonic distortion of only 
0.4%. AM performance is equally outstanding. 

Cleanliness doesn't stop at the 6045's tuner stage. 
Its amplifier uses the same dual-power-supply, direct-coupled 
approach as our more expensive amplifiers and receivers, so 
there's no coupling capacitor to stand between you and the 
music. The 6045 gives you the best sound your speaker is 
capable of, because you get the full damping factor at all 
frequencies, and perfect transfer of all 75 watts dynamic 
power output* at only 0.5% distortion. Noise at full output is a 
miniscule 0.13 millionths of a watt, virtually inaudible. Still, 
no matter how clean the receiver's circuits, some stations 
still put out a dirty signal, some records are worn or scratched 
and some tapes have hiss. The 6045 has an . answer for that 
one, too: a high filter that cleans such signals up. 

Price is not a dirty word either, $229.50** 
which, in this day of rising prices, is just 

clean miraculous. Sony Corporation 
of America, 47-47 Van Dam St., 
Long Island City, New York 11101. 

SONY®8045 
*IHF standard constant supply method 
at 8 ohms. **Suggested retail price. 



Editor's Review 

SEPTEMBER AGAIN, and SO we bring you the 

I usual Annual Hi-Fi Directory. Our thanks go to 
all the people who spent time painstakingly 

filling in these forms-and especially to those who 
sent them in early! Observant readers will notice 
some changes from last year's listings. First, no mis­
leading Music Power figures are given- just solid, 
honest watts. Second, there is a great increase in 
four-channel equipment now available. For 
instance, last year we had only one quadraphonic 
receiver-the Fisher 70 1. Now the number has gone 
up to 13. Another interesting (but not surprising) 
trend is the switch to Dolby systems for cassette 
units with no less than 6 listed several more are 
in prototype stages. 

Unquestionably the big attraction at the Chicago · 
Consumer Electronics Show was four-channel 
sound, and almost every exhibitor boasted some 
kind of demonstration room or had four speakers 
playing away in a roped-off section of the carpet­
ing. Not an ideal way to demonstrate, but enough 
good demonstrations were to be heard, convincing 
the skeptics and showing them what could be 
achieved. Electro-Voice was playing some of the 
new Ovation records made by Dick Schory who is 
one of the pioneers in this field. His "Re-Percus­
sion" disc, made in 1957, was one of the first stereo 
records, and this was followed by "Music for Bang, 
Barroom and Harp," which became a bestseller. 
Not only did it have a wide dynamic range but it 
had a remarkably "clean" sound, even by today's 
standards. 

Some dealers I spoke to were committed to the 
E-V system, some liked the simplicity of the Dyna, 
while others backed Sansui or JVC. Those who 
heard the new CBS SQ disc system were most im­
pressed but the big question was "When are we 
going to get standardization?" It is true that meet­
ings have been held between those concerned but 
agreement seems as far off as ever. I was impressed 
with one feature of the CBS demonstration: the fact 
that the SQ disc was compared with the original 
four-channel 15 ips master tape. Many synthetic 
quadraphonic systems, using artificial reverb or 
time delays, etc., sound exciting enough_:_but they 
do not attempt to create the original performance. 
If the object of quadraphonic sound is to bring the 
listener closer to the real thing, then the CBS com­
parison-which came off remarkably well-is the 
only valid test. 

12 

Watts Watts (Continued) 
At a seminar held during the Show, one of the 

items discussed was the proposed FCC rms power 
rating standards. An executive (who shall remain 
nameless, as he may have had second thoughts) of 
a company making inexpensive record players, 
radio-phonographs, etc., said " ... a wattage rating 
would make the package merchandisers look bad. 
It would be difficult to explain to the customer why 
the largest segment of the industry is downgrading 
its ratings. No doubt there is some deception, but it 
is necessary to keep up the growth rate of the in­
dustry." 

Congratulations 
To the British Wireless World on the occasion 

of its 60th anniversary and to Schwann Record and 
Tape Guide which has printed the 25-millionth copy 
-listing more than 35,000 records and 10,000 tapes. 

Miniature Tape Cartridge 
I am not in favor of a multiplicity of standards, 

but I believe there is a future for the new miniature 
stereo tape format announced by Pioneer. Called 
Hipac, it is smaller than a cassette and only quarter 
the size of an 8-track cartridge. Obviously, it is ide.al 
for car systems but it may well have other applica­
tions. Hipac was developed by a consortium of 
10 Japanese manufacturers and Pioneer says a 
four-channel version will be available later this 
year. 

De Koven 
Back on the air after an absence ofsome months 

is the inimitable De Koven (he never uses his first 
name). His program will consist of "Barcoco" music 
seasoned with the usual shrewd and often acid com­
ments. De Koven's Hour can be heard over station 
WFUV, New York, on Friday evenings at 9:00p.m. 

Humor iri Advertising 
From Denon: "Tchaikovsky would've if he 

could've listened to his 1812 Overture on Denon's 
Dual Triphonic, the sexiest sound in stereo." From 
Metrosound: "The new 8-track car stereo with 
channel indicator lights that spell LOVE. Several 
other four-letter words are available." What com­
ment can I make about that one? G. W. T. 
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Playing records with some 
cartridges is like listening to Isaac Stem 

· play half a violin. 
( 

The trouble 
that they cJon jt offer ross 
the entire musicaf spect ru rtant 
upper audio frequencies, so.me cartridges suffer 
as much as a 50<j/o loss in music power. 

So, there's a lack of definition in the repro­
duction of violins, as well as clarinets, oboes, 

have no music-robbing output drop anywhere in 
the entire audio spectrum. 

Pickering XV-15 stereo cartridges are 
priced from $29.95 to $65.00, and there's one to 
fit anything you play records with. For more infor­
mation write: Pickering & Co., Inc., I 0 I Sunny­
side Boulevard, Plainview, N.Y. 11803. 

pianos, the organ and other instruments A SO% music power cartridge 
which depend on the overtones and can mask some musical instruments. 

The Pickering XV -15 gives you 
100% music power IOOi'o of the time. 

harmonics in the upper frequency range 
for a complete tonal picture . 

The Pickering XV- r 5 cartridge de­
livers I 00°/o music power I OO<j/o of the 
time. Which is why we call it "The I OOo;o 
Music Power Cartridge." At I 00°/o 
music power, all the instruments are dis­
tinct and clear, because the XV-IS's 

Pickering. The 100% power cartriclge. 
"for those who can j hear !+he difference" 
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Gilbert P. Wyland* 
*Director of Engineering & Development, CBS 
Electronic Video Recording Division, Rockleigh, 
N .J. 

U 
UNDER ONE rather large roof 
in Rockleigh, New Jersey, is 
a combination of ingredients, 

some familiar, many innovative and 
futuristic, for creating EVR cassettes. 
With roughly 60 percent of a 104,000 
square-foot structure occupied by a 
series of electronic and photographic 
operations, EVR cassettes are being 
processed and delivered to customers. 
In another plant in Quincy, Ill., 
Motorola, Inc. is turning out Motorola 
EVR Teleplayers for these same cus­
tomers. 

CBS has made video cassettes a 
reality. Up to this point, the so-called 
video cassette revolution is EVR. AuDIO's 
readers will be interested in how it's 
happening, how it's coming, and where 
it's headed. 

The chain of processes in the making 
of EVR cassettes begins when a cus­
tomer's 16 or 35mm film or 1 or 2" 
videotape is received at Rockleigh for 
conversion to cassettes. 

The first step is careful monitoring of 
the program to determine if quality is 
acceptable for conversion. At the same 
time, detailed notes are made of indi­
vidual points where electronic improve­
ments and adjustments can be made 
during mastering. 

· When the product has been accepted 
and gets its turn in mastering, these 
notes are followed rigorously. Within 
certain specified limits, the master can 
eliminate noise and other flaws in the 
customer print. 

The first processing step involves 
playback of the customer material on 
either a telecine, Ampex 2-in. quad 
broadcast type machine, or one of a 
variety of l-in. playbacks, Sony, Ampex, 
or IVC. A series of rooms houses these 
units. All rooms interconnect with the 
electron beam recorder, where master­
ing takes place, through a computer­
run central control. 

Central control has many functioning 
banks found in a television studio con­
trol room, some that are not. When a 
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recording 
film or videotape is ready for master­
ing, through a number of preparatory 
interlocks and exchanges of signals, 
the computer takes over the entire 
operation. 

A number of things happen at once. 
The sound track is taken off on two 
Sangamo multi-track ATR's. This gives 
us an extra in case of trouble. While 
the sound is being recorded, an electron 
beam recorder is creating a master 
negative of the video portion of the 
film or videotape. 

Rockleigh has a huge monochrome 
electron beam recorder (EBR) which 
operates at real time. This EBR was 
built for us at CBS Laboratories. An­
other like it is operating in Basildon, 
England, where the EVR Partnership 
has its processing facility. 

Rockleigh also has a color EBR, a 
commercial model adapted for master­
ing color films by CBS Laboratories 
to meet the need for color cassettes 
that gained a full year when the EVR 
player advanced a year in color play 
capability. This EBR operated on an 
interim basis and is slower than the 
monochrome model. It is now used for 
back-up. A real-time EBR designed by 
CBS Laboratories for color conver­
sions of both film and videotape became 
operative in August. 

The monochrome EBR creates a 
40mm master negative film, and the 
real-time EBR coming this summer will 
also make a 40mm master. 

To understand why a 40mm master is 
made, you should first know that the 
finished EBR cassette film is 8.75mm 
wide. This is exactly 1/4 of a 35mm film. 
Each 40mm master uses 5mm for per­
forations and 35mm for reproducing 
through a series of EBR passes four 
widths side by side. The finished product 
contains both optical picture tracks 
and magnetic sound stripes. 

The perforations used to guide the 
master with critical care are the only 
sprocketing used in EVR. The finished 
print has none and consequently is 
noiseless in playback. 

The 40mm master negative is created 
in the two-gun electron beam recorder 
by moving silver-halide film under 
the two beams. In monochrome pro-

grams, image frames 0.1 in. high and 
0.123 in. wide are formed on the film, 
in two image channels side by side. Each 
film channel has a capacity of up to 
25 minutes, giving monochrome EVR 
cassettes a present maximum capacity 
of 50 minutes. 

In color programs, half of this time 
is available in the finished product. 
The color process appears on mono­
chrome film, too. But instead of two 
sets of picture channels side by side, 
each with its own magnetic sound track, 
there is one luminance picture track. 
The area that contains the second picture 
channel in monochrome EVR contains 
instead the encoded color information. 

The EVR player, in order to "read" 
monochrome, looks at one picture chan­
nel at a time together with its cor­
responding magnetic sound stripe. A 
position on the player ("Color") enables 
the machine to look at both channels 
at once. The luminance (image) plus the 
chrominance (color information) "read" 
together, produce a color picture on any 
color television set. 

Bypassing the complicated steps that 
make up the various parts of the EBR 
process, we wind up with our master 
which, in Rockleigh, is moved under 
clean-room conditions to a master 
preparation room. Here, signals are 
added which will make possible high­
speed printing after more or less con­
ventional developing of the master. 

Workers operate under laminar flow 
hoods which produce a clean two-miles­
per-hour airflow from the work to the 
worker. All handling of the negative 
is followed by ultrasonic cleaning. 

Anyone familiar with photographic 
developing has seen equipment like 
the banks of developers. One is used 
for masters, three more are in present 
operation for prints. Chemicals mixed 
at the rear of the plant and stored there 
in huge tanks are fed in to the developers 
by pipe. There is never any accidental 
contamination from broken bags of 
chemicals. 

A painstaking quality control opera­
tion assesses the master before develop­
ing. After developing, com para tor and 
microdensitometer checks are made on 
the negative for exact conformity to 
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standards, before pnntmg takes place. 
High-quantity printing is done on a 

huge four-head printer. There are only 
two of these in the world, both made by 
Ilford. One's at Rockleigh, the other at 
Basildon. 

AIL and Peterson printers, presently 
used for low-run orders, are· turning out 
a good percentage of present production. 

The Ilford four-head printer is a wet 
gate process capable of reproducing 
from the 40mm master on four separate 
heads at once. Since each printing head 
runs special 35mm film stock, the four 
programs on the master are being re­
produced simultaneously on each of 
the four heads. In other words, the four­
head printer turns out 16 prints at a 
time, at high speed. 

Another factor in the four-head 
process is that the Sangamo sound 
equipment feeds back the sound tracks 
and they are printed at the same time 
as the picture. It's all one process. 

When the AIL or Peterson printers are 
used, sound dubbing is separate, re­
quiring a second operation. 

After the four-head or single-head 
printers produce their prints, and sound 
dubbing is performed when needed, the 
next step is slitting and reeling. This is 
done rapidly on equipment developed 

for EVR. The process, like many at 
Rockleigh, is under laminar flow hoods 
to keep the finished product dust-free. 
The 35mm prints are slit four ways into 
four sets of8.75mm EVR widths. Reeling 
is high-speed. A separate operation puts 
leaders on and seals the cassettes. 

Another quality control reading takes 
place. This is final inspection. If cas­
settes being spot-checked by playback 
on EVR players at the back of the plant 
pass muster, they are labelled and 
packed for shipment to customers. Final 
inspection is one of the most critical 
steps in a cassette's movement through 
Rockleigh. 

CBS hasn't made public the size of 
its investment in Rockleigh but it is 
plainly in the millions. This is mentioned 
to give perspective to CBS's claim that 
EVRis piracy-proof. This point, so much 
a problem in audio recording, might be 
worth explaining in detail. 

The EVR cassette is seven inches in 
diameter and about W' thick. It looks 
like nothing else in the world except 
an EVR cassette. The only way that one 
can be replicated is under strict CBS 
or EVR Partnership control. You can't 
set up your own EVR cassette counter­
feiting operation, the way it's possible 
to set one up in audio or VTR, in a 

garage or attic, with a few thousand 
dollars worth of equipment. Pirates 
thrive on quick profit from minimum 
investment. EVR will be too rich for 
their blood-millions to rich. 

This is not to say that it will be im­
possible for someone to make a VTR 
copy from an EVR playback. But here's 
the rub: what will anyone do with that 
VTR? It doesn't look a bit like an EVR · 
cassette. It can't be sold in public­
because the first one that appeared 
would itself be evidence of piracy. 
Since a pirate can't make his product 
so cleverly that it can't be told from the 
original, he can't get in the EVR game. 

Consequently, producers and rights 
holders of properties of value, like 
Twentieth Century Fox, are looking to 
EVR not only as a new profit center for 
films, but one that will prevent the 
illegal operator from getting in on the 
act. 

Before we leave Rockleigh, a few 
other points are interesting to mention. 
One is the fact that Rockleigh, as a new 
photoelectronic operation, gave CBS 
an opportunity to. avoid an ecology 
hazard going in. By installing elaborate 

Fig. 1-This prototype EVR player from CBS Labs .Plays either 
black and white or color and links up to any standard TV set.• 

Fig. 2-Magnifying the EVR master negative 100 times, the Nikon 
profile projector permits minute examination of the negative for 
quality control before printing is authorized. 

Fig. 3-The electron beam recorder .• 
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Over forty years of knowledge and experience in loudspeaker design and manufacture, when it 's the new TANNOY 

omni-directional speaker system , the "ORBITUS I" . 

This system embodies an entirely new version of the famous 12" Monitor Gold Dual Concentric loudspeaker, 
specifically designed for orbital sound reproduction. The enormous advantages of the integrated sound source of the 
Tannoy Dual Concentric loudspeaker are put to full use when used with an acoustically designed orbital deflector. 
The resultant sound pattern is completely omni-direCtional providing absolute spectrum integration between the 
high and low frequency systems of the Dual Concentric unit, thus producing a spacial effect unobtainable in any 
other system: ideal for stereo and quadraphonic applications. 
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tradition of provid ing outstanding performance, rel iability and qual ity combined with 
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where. Arthur Radford manufactures only a few thousand units each year. There are only 
a dozen dealers in England; less than thirty in the U.S. After all , you can only produce so 
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tanks and purification equipment at the 
beginning, CBS is able to boast (and I 
herewith do) that the wash water re­
leased as sewage at the ep.d of our 
processing operation is clean enough 
to swim in and pure enough (though not 
very tasty) to drink. 

This is accomplished by pumping the 
wastes into , storage tanks where they 
are treated until the highest standard 
of purity is achieved. Only when the 
reading is perfect is the tank of wash 
water released to community sewers. 

Another Rockleigh plus is a small 
private theatre which enables us to play, 
side by side, our finished cassettes and 
the original customer material simulta­
neously. The purpose is obvious. 

Minute by minute, in fact, second by 
second, we can compare what the cus­
tomer gave us with what we're giving 
him. In the case of good clean product 
on film or videotape we're having excel­
lent results. With marginal customer 
material, we have a number of special 
steps we take before mastering which 
may, within measurable limits, actually 
improve the customer material. How­
ever, the better the input the better 
the output. 

Probably the most important of these 
steps is conversion of l-in. VTR to 
2-in. VTR before mastering. This is 
done on Ampex AVR 1. It's not a 
miracle maker but it is an excellent 
tool for its purpose. 

Cassettes have gone to such customers 
as Equitable Life Assurance Society 
of the United States, Ayerst Laboratories, 
Videorecord Corporation of America, 
American Program Bureau, Motorola, 
Inc. whose Teleprogram Center makes 
them our largest software customer, 
Davis & Geck, Shell, A.T.&T., Province 
of Ontario, and many more. The flow 
of cassettes is picking up rapidly, al­
though we are still far from capacity. 
We are beyond the stage of running 
in our equipment and advancing towards 
our goal of full production this year. 

Full production can be from two to 
three million cassettes, depending on 
the speed with which we realize our 
plan and another factor harder to mea­
sure, actual depth of new customer 
cassette orders. We are satisfied that 
we are close to original projections and 
expect to have gone from one-shift to 
two-shift operation by the time this is 
read. 

On days when equipment malfunction 
plagued us, we had a great consolation 
to support our efforts. Everyone else 
aspiring to a position in the "video 
cassette revolution" has all these prob­
lems still ahead of them. They're behind 
us. And with EVR production gaining 
every day, our lead looks better every 
day. 
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They sound a lot like our speakers. 
KLH? 
In the headphone business? 
That probably comes as a 

surprise to you. 
But ask yourself this question: 

what could be more logical than for a 
major loudspeaker company to also 
have headphones? 

That's the question we asked 
ourselves. And we think you'll love 
our answer. 

The KLH Model Eighty 
Professional Headphones. 

We call them "professional " 
tSugges ted retail price . 
*A trademark of The Singer Company 

because you can actually plug them 
into a 600 ohm studio line, as well as 
use them w ith practically any home 
music system. Also, you can wear 
them for hours without any strain 
because they are much lighter ar.d 
sleeker than conventional headphones. 

But what really makes our 
Model Eighty Professional Headphones 
so unique is their sound. If you can 
imagine headphones that sound more 
musical than electronic, you've got 
a pretty good idea of what ours are all 
about. Stated simply, they sound like 

Check No. 17 on Reader Service Card 

our loudspeakers. And that has got to 
make them the most unique 
headphones you've ever heard. 

The Model Eighty Professional 
Headphones cost $49.95.t They're 
at your KLH dealer now. Hear them 
soon. We think you'll be as excited 
about them as we are. 

For more technical information 
on the Model Eighty, write to 
KLH Research and Development, 
30 Cross St., Cambridge, Mass. 02139. 
Or visit your KLH dealer. 

II lL llU 
A Division of The Singer Company 



Testing High Qualit y 
Loudspeakers 

Distortion and Overload 
This is a subject on which most authors are silent, though 

not without reason. Total harmonic distortion figures of small 
fractions of one percent are gaily quoted by amplifier and 
equipment manufacturers and are expected by the customers, 
but figures as to the distortion generated by the loudspeaker 
and therefore actually heard, are few and far between. The 
problem divides itself into two parts, the difficulty of making 
meaningful measurements and the interpretation of the results. 

A loudspeaker has a number of sources of distortion, viz. 
voice coil amplitude, spider, surround, and of course, the cone. 
The latter can be regarded as a transmission line, open circuited 
at one end and only roughly terminated at the other, having 
differing velocities of propagation in the radial and circum­
ferential directions. In the latter case the fundamental fre­
quency for a straight sided 12 in. cone will be between 50 and 
100 Hz with frequent overtones above this. Radial modes do 
not usually set in before 400 Hz but the surround can cause 
trouble in this frequency region too. Even the spider will 
resonate and have standing waves causing an irregular fre­
quency distortion curve, and the only item which has a smooth 
curve in this respect is the voice coil-magnetic field system. 

It is therefore not surprising that the frequency distortion 
curves are extremely irregular, much more so than those of 
the fundamental. In order to obtain meaningful results, there­
fore, it is even more essential than it is for the fundamental to 
employ a method of measurement giving the various orders of 
distortion as a continuous function of frequency. 

There are three such methods of measurement available. One 
due to Olsen and Pennie [9] employs a series of high pass 
filters which are switched in automatically as the test frequency 
is increased so removing the fundamental and allowing the 
sum of all harmonics and noise to be measured. Although 
better than nothing, it will be shown later that this measure­
ment of total harmonic distortion is not very meaningful. 

The second method is due to Bruel and Kjaer who use 
their 113rd octave band-pass filters, again switched in auto­
matically, to measure the second and third harmonics as a 
function of frequency. This is better but of course we would 
very much like information on the higher harmonics, which 
is not possible with this set-up owing to the comparatively 
wide bandwidth of the filters. What we really need is an 
'BBC, London, England. 

Part two H. D. Harwood* 

instrument which measures harmonic distortion up to about 
the eighth order as a continuous function of frequency. Since, 
by definition, this order harmonic cannot be measured at a 
higher fundamental frequency than three octaves below the 
upper cut-off frequency of the loudspeaker, these curves 
should be supplemented by intermodulation tests, again as 
a continuous function of frequency, which of course can extend 
right up to the cut-off frequency itself. Since no such instru­
ment was available one was designed by the author for use at 
the BBC [10]. This is not the place to enter into details of its 
·design, which is described in the reference given, but by means 
of . heterodyne methods, this versatile instrument enables 
both harmonic and intermodulation distortion curves to be 
taken as described above. It is a pity that although the patent 
is available for exploitation, no i.nstrument firm has produced 
it for use by other organizations. A typical set of curves is 

given in Figs. 6 and 7 for a high quality monitoring loud­
speaker taken at a sound level of IN+ m2 at five feet in a 
free-field room. Note not only how low the average distortion 
is but also that the higher order distortion curves are very 
irregular and that the frequency at which one harmonic is 
a maximum may even by a minimum for another. For ex­
ample, if we look at the difference between the sixth and the 
eighth harmonics at 55 and 59 Hz, at the lower frequency 
the eighth is at least 22 dB above the sixth, whilst at the higher 
frequency it is 19 dB below, a relative change of at least 40 
dB in 4 Hz! Between 250 and 260 Hz, there is a correspond­
ing difference of · over 25 dB. In fact the figures are even 
greater than these but the curves have been cut off at -90 dB 
as they cannot be guaranteed below this level. 

The intermodulation curves are comparatively smooth in 
this case as they largely relate to the tweeter which in this 
design moves almost as a rigid piston up to the highest fre­
quencies, and therefore does not break up into resonance 
modes. 

The interpretation of these curves needs some care. In the 
first place, although we can see that the general trend of the 
curves for such a high quality loudspeaker is smooth, on the 
other hand, because of the irregular detail as described above, 
it is not possible to get the average separation of the curves 
by means of measurement at a few spot frequencies. The next 
most important point is that a simple rms sum of the levels is 

10,000 
frequency, Hz 

Fig. 6-Harmonic distortion curves of three-unit monitoring loudspeaker in free-field room . Sound level 1 N + m 2 at five 
feet from loudspeaker. 
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quite inadequate. No one would seriously that one 
percent of seventh harmonic is far more ObJeCtiOnable. than 
the same level of second harmonic. As long ago as 1937 It was 
demonstrated by the R.M.A. [ 11] that to get . a reasonable 
subjective assessment, level of should be 
weighted at least accordmg to then order. then two 
papers [12, 13] have clearly indicated that the should 
be according to the square of the order, that IS, I.nstead 
using the rms sum of the each harmomc level .Is 
multiplied by n2 + 4, where n the order of the harmomc, 
before taking the rms sum. In this. way the level of second 
harmonic remains unchanged. It ts the need for this type of 
weighting which shows the inadequacy of the simple rms figure 
measured by the first of the tests described earlier. . 

It should be noted here that some nonlinearities can be 
highly nonlinear, that is to say that they even increase 
rapidly with input level and then decrease as a percent.age 
of the fundamental. The surround is particularly suscepttble 
to this both near the half wave resonance point and in the 
bass. the first case owing to resonance, the amplitude may 
increase rapidly with increasing input until the hi.ghly non­
linear region is reached. Distortion is then at a and 
cannot increase . However, as the input voltage 1s mcreased, 
the output from the cone will still increase and the. 
percentage distortion will therefore be reduced. A sumlar 
case occurs at the bass end, particularly at the vent resonance 
frequency of a vented cabinet. Here, when the. cone 
say, inwards there is a very high back pressure m the cabmet 
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pushing the surround outwards a.nd, if it is 
the surround may actually move m the oppos1t.e to 
the cone until the elastic limit is reached. Thus 1t will execute 
almost a square wave in antiphase with again as 
the input power is increased the total dtstortwn will reach a 
peak and then be reduced. Note tha.t in each case high orders 
of harmonics may well be produced m the process that the 
maximum distortion may actually be at low or medmm sound 
levels. . 

The overload level is related to the distortion level m a 
complex way. The two variables are the peak to. rms 
of the program and the spectrum concerned, as m practlce 
amplifier/loudspeaker systems overload on peaks well before 
they burn out. For example solo piano will overload loud­
speaker systems at much .lower loudness than an 
and organ pedal notes w11l show up any excessive bass 
zation. Thus to arrive at a stable figure, we use bands of pmk 
noise. It may seem surprising that the overload point of 
can be heard in view of the nature of the spectrum but m 
practice it can be determined by ear within ± 1 dB. 

Transient Response 
The transient response of a loudspeaker be measured 

by placing it in a free-field room and determmmg the response 
to a sudden impulse such as a square wave or by the response 
to bmsts of tone. In theory the former test contains all the 
desired information but in practice it is difficult to analyze, 
particularly because, as will be shown later, it is necessary 
to measure transients well below the steady state level. 

In practice therefore only the chopped tone . method is 
useful. In this test the input to the loudspeaker ts gradually 
changed in frequency the is chopped at the 
input of the power amphfier (so mamtammg the correct damp­
ing at the terminals of the loudspeaker) at a rate of about 
five times per se<;ond, so that the burst of tone lasts !or about 
100 mS and the off period for similar length of. time. 
repetition rate is a cross between a high value allowmg a rap1d 
frequency glide and a s.low enough rate t? allow steady state 
conditions to be established. For very high Qs even slower 
repetition rates are necessary. During the off peri?d output 
of the loudspeaker is examined for resQnance whtch show 
up as a "tail" on an oscilloscope. to whtch the 
level of the ·commencement of the ta1l IS below the steady 
state is measured; this is known as the dilution of the resonance. 
The Q and the frequency of resonance are also noted. At one 
time it was customary, at the BBC, to take delayed response 
curves, that is curves of the output from the loudspeaker at 
intervals of 5, 10, 20, 30, etc. mS after the tone had been cut 
off. This gives a very good picture of the transient response 

5L0--------10L 0 _________ 
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frequency, Hz . 

Fig. 8-Axial frequency response curves of two two-un1t 

loudspeakers; (a) first design , (b) second destgn. (Curves 

arbitrarily displaced .) 
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but is a rather lengthy procedure and the present practice is 
merely to glide throughout the frequency range noting the 
parameters given above. 

refined conditions of measurement, particularly in terms of 
standing waves in the free-field room. 

The measurement of transients is another aspect of loud­
speaker testing which reveals our ignorance on the subjective 
side. The importance of the transient response generaUy seems 
to be badly underestimated for it is no exaggeration to say 
that with modern high quality units the coloration caused by 
a poor transient response is the main factor in determining the 
sound quality of the loudspeaker. A good example is shown in 
Fig. 8. This shows the axial response of two loudspeakers of 
similar size, and as a matter of imerest, designed by the same 
engineer when he was at two different firms. The top curve 
shows the axial frequency response curve of his first design 
and the lower curve his second, both curves taken by the 
present author. The progress made in smoothing out the axial 
response is commendable but the awful fact is that the first 
loudspeaker sounds very much better than the second. This 
latter has severe coloration centered around 500 Hz just where 
it will be seen that the axial response curve is specially smooth, 
whereas the irregularity in the upper curve near this frequency 
is relatively innocuous. This amount can be capped by the 
behavior of a middle frequency unit designed by us for a 
three-way monitoring system [14] and which also had a nicely 
smooth axial frequency response characteristic. On completion 
of the loudspeaker, listening tests showed a marked coloration 
in the 1500 Hz region even though the middle frequency unit 
had passed our u<mal tests. Still more careful measurement 
with chopped tone, however, showed up three resonances 
close together in frequency which had a dilution of no less 
than 40 dB, but a Q of about 500! Two things are noteworthy 
here. Firstly the effect of such resonances on the steady state 
is only 0.1 dB peak if they are in phase with the steady state 
response and very much less still if they are in quadrature. 
Secondly it is rather surprising that a material which in flat 
sheet form has a Q of much less than 1 should, when formed 
into a hyperbolic cone, have such a high Q. It is clear that a 
smooth steady state curve, whilst obviously desirable, is not 
in itself a guarantee of absence of coloration. It is here that 
the German DIN standard No. 45 500 falls down. In an attempt 
to define conditions necessary for a good loudspeaker from 
the transient aspect, a maximum slope is laid down of 12 dB 
per octave over any portion of the axial frequency response 
curve. Whilst, incidentally, this rules out a vented cabinet with 
its bass slope of 18 dB per octave, it is quite impossible to 
cope with the case cited above, of a maximum disturbance of 
0.1 dB, in these terms. Whilst theoretically the information 
is indeed in the steady state curve, in fact it is too oblique 
a measurement of this parameter to be useful and the chopped 
tone technique is the only possible approach. 

Several attempts have been· made to record automatically 
the energy in the tail of the transient but in practice the re­
quired parameter is by no means clear. Experiments to deter­
mine the subjective correlation between frequency, Q, phase, 
and dilution are at present being conducted here but an indi­
cation of the difficulties in the way of instrumentation lies 
in the fact that subjectively a suppressed zero seems to be 
involved and preliminary results suggest that two resonances 
close together in frequency may add, not on an rms basis, i.e. 
3 dB as do pure tones, or even arithmetically, i.e. 6 dB, 
but possibly to the tune of 10 dB. At the moment there­
fore we cannot predict the effect of a resonance; all we can 
do is to listen to program material or to pink noise through 
the loudspeaker, measure with chopped tone those resonances 
in the vicinity of a coloration, and increase either the dilution 
or damping or both until the resonance is inaudible. In the 
meantime it is clear we must examine at least 50 dB below the 
steady state and look for Qs up to 500 or more. This calls for 
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Phase Frequency Response Characteristics 
With few exceptions [ 15] the phase frequency response 

characteristics of loudspeakers are usually regarded as un­
important, and this accords with our experience. Measure­
ments of phase response have been made here with the test 
loudspeaker in the free-field room by employing a wide range 
capacitor test microphone, a delay line and a phase meter of 
the zero crossing type connected to a level recorder. Except in 
the region of crossover such measurements have not been 
found to provide useful data and even in this restricted case 
equally useful information can be obtained by observing the 
individual contribution of the two units concerned and the 
way they add together. 

One organization does go as far as to displace the various 
loudspeaker units one behind the other in order .to be able to 
reproduce a square wave well, but it should be noted that this 
will only apply on the axis and leads to a complicated ex­
pensive 'cabinet system. We have found that by approximately 
adjusting the crossover network, the outputs can be made to 
add simply even when the units are in the same plane so that 
it is impossible to detect from the axial frequency response 
curve at what frequency the crossover is. Furthermore this 
will hold over the whole horizontal plane containing the axis. 
We have not found any further attention to · phase to be 
necessary. 

Doppler Effect 
This falls into a similar category to the effects of phase in 

that while it must exist, we have never been able in practice to 
attribute any ill effects to this cause. This may partly be due 
to the fact that all serious listening at the BBC is done on 
loudspeakers with at least two units, and this of course will 
greatly reduce the Doppler effect. Even however with such 
wide range single-unit loudspeakers as the author has examined, 
it can be said that other faults have at least been far more 
important, but it is of course possible that with further progress 
the Doppler effect will become noticeable on program material 
as a small residual. No tests are therefore made for this effect. 

Subjective Testing 
This is the touchstone and none of our previous work is 

adequate if this test fails . It may be asked how this is possible 
in view of all the measurements we have taken, and some indi­
cations have been given in the sections concerned but it will 
not hurt to repeat them here. To start with, for a monitoring 
loudspeaker the quality of reproduction must be that of the 
original in all its stark reality, with no pandering to a "pleasant 
sound." In this it is assumed that we start with a microphone 
having a perfectly flat frequency response curve. But in spite 
of .this we are still not sure what the optimum frequency re­
sponse characteristic of the loudspeaker is, how much colora­
tion we can ·stand, or what the best directivity is. Since the 
final result is subjective, we can only determine these conditions 
by subjective experiments and then lay down the objective 
results. Finally for a monitoring loudspeaker the results must 
hold for any type of program material. Thus a loudspeaker 
which obtains a very high degree of diffusion pleasant for 
reproducing an orchestra will not do for speech if a com­
mentator appears to have a mouth six feet wide ! The desired 
listening conditions must also be laid down. For a broad­
casting organization it is assumed that the majority of listeners 
will be in their own homes, probably, for serious listening, in 
a living room. To this end a very large number of measure­
ments have been made in listeners' homes and an average 
reverberation time of 0.4 seconds arrived at [ 15]. Listening 
rooms are therefore made to have this value of reverberation 
whenever possible . 
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One of the best forms of test material is also, strangely 
enough, the easiest to obtain, of known male voices 
speaking from dead It IS a fact th.at we are 
particularly sensitive to nuances m voice, a vast 
number of differing voices can be distmgmshed, and a well 
known voice is excellent test material. It has. often been 
observed here that a loudspeaker which is balanced to re­
produce the male voice is also excellent, over frequency 
range, on music and other types of program matenal while the 
reverse does not necessarily hold at all. A 
of the speech test is that the person whose voice IS bemg 
reproduced can stand behind the loudspeaker concerned and 
alternate live with reproduced speech. 

For music tests it is necessary to have a studio at one's 
disposal together with an adjacent listening room, to listen 
to a wide range of instruments, solo as well m a. full 
orchestra. Furthermore it is essential to use a smgle micro­
phone pickup rather than multimike or is 
not possible to listen directly to what the mtcrophone IS ptckmg 
up. Recordings are a poor second to a real 
as it is not possible to know the microphone 
the reverberation, or even how the orchestra was playmg 
day. The latter point is quite important, as on one occasiOn, 
for example, the author thought the sound of the violins 
harsh over an experimental loudspeaker and was very relieved 
on entering the studio to find that harshly was exactly how 
they were playing at that moment. . . . . 

Finally for outside broadcasts the hstenmg condttlons are 
often fai from ideal and the loudspeaker has to be able to cope 
with these too. Generally the fault with such conditions is 
there is not enough acoustic treatment present, a trend wh1ch 
is also becoming apparent in some modern homes, where the 
old type of deeply cushioned furniture is replaced with more 
sparcely upholstered types. such the sound 
tends to be harsh and so will emphasize any such tendency 

in the loudspeaker. It is a truism t? say that any exc_ess is 
objected to more than a degree of 
The experimental loudspeaker IS therefore sent_ on fteld t:Ial 
under differing listening conditions a_nd diffenng studiOs. 

It should be mentioned under this headmg that one very 
convenient form of subjective test when an alteration is to be 
carried out is to make an instantaneous changeover between 
the two conditions. Now this is not always possible directly, 
as for example when the amount of damping compound on ·· 
the cone is to be changed. It is not usually satisfactory to have 
one loudspeaker in one condition and one in another, as 
generally the difference between loudspeakers even .of the same 
type is audible. The ':e have IS to 
test material such as pmk nmse on the axis . a specified 

- distance in the free-field room under each condition, one on 
either track of a two-track tape recorder. On replay on a 
monitor, switching be tween the two tracks can be instantaneo_us 
and the effect of even small changes can be made qmte 
obvious and a record of them held. 

Tolerances 
When the design of a loudspeaker is fixed the only three 

parameters likely to change in production are the frequency 
response characteristic, the crossover and the 
coloration. Other factors such as the directivity, overload, 
etc., are usually constant. For a monitoring l?udspeaker ?ne 
essential goal is that all units should sound ahke, so that If a 
producer records program material in one studio using one 
loudspeaker and edits the tape elsewhere, the balance should 
be identical. As all makers of loudspeakers know only too 
well such a condition is extremely hard to achieve and until 

would have been thought The 
which the user will fix will therefore be tight as posstble but at 
the same time must be realistic or no loudspeakers will pass 
the test. The response of paper pulp cones has been notoriously 
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difficult to control in the past, particularly the thinner cones, 
for after all they are merely an exercise in statistics the 
pulp fibers as the variable! The position has been 
improved with the use of 
materials. With the right matenals can be exceptiOnally 
free from coloration and give repeatable freqvency response 
characteristics. 

This leaves the crossover network components as the re­
maining variable. In order ?btain the sort of 
response required of momtormg loudspeakers, crossover 
networks for the last quarter of a century in BBC designs also 
act as equalizers for the units themselves. The tolerance on 
components for these two purposes is fixed ± 2 percent 
to maintain monitoring standards, and for this reas?n paper 
dielectric capacitors and gapped mductors 
must be used to maintain the reqmred stability over a long 
period. . 

For the studio monitoring loudspeaker type LS 5/5 the 
tolerance over the whole frequency band for the general 
trend of the frequency response characteristic is ± 1 dB with 
respect to the standard laid A further_ small 
is made for · minor local deviatiOns from this standard. It IS 
found to . be much more satisfactory to divide the tolerance 
in this manner than if, for example, the two tolerances were 
added to give,, say ± 2 dB overall ins would. allow 
larger deviations in the general trend, whtch IS not desuable. 

As may be expected from these tolerances, the of 
uniformity of performance is very good. It is rarely possible 
to be able to detect differences between loudspeakers even on 
a direct changeover and certainly not by walking between 
differing studios. It also means that any two loudspeakers 
can be used as a stereo pair and provide an excellent sharp 

image. . . - fi 
It is of some satisfactiOn that we can state that the rrst 

production batch o[ these all passed this 
test without any failures thus md1catmg the degree of preclSlon 
now possible in the loudspeaker field. For comparison it should 
be noted that the tolerances on the frequency response charac­
teristic of the best grade of capacitor microphones is 5 ?B 
at the middle and high frequencies and 7 dB at the bass. With 
careful design, monitoring loudspea,kers can at last be re­
garded as precision instruments. 
Conclusions 

It has been shown that many objective measurements are 
necessary during the design and testing of loudsp7akers 
it is true to say that the time has passed when a high quahty 
loudspeaker co.uld be constructed without their aid. On the 
other hand there is still a good deal of ignorance as to the exact 
design goal defined in objective terms, further 
should be carried out to elucidate these Items, especially m 
the field of coloration. In the absence of such information 
we still have to fall back on a subjective test as the final assess­
ment. 
9 . H. F. Olson and D. F. Pennie, "An Automatic Nonlinear Analyser, 

RCA Review, Vol. XII , No . 1, Ma r , 1954, pp . 35-44 . 

10. H. D. Harwood, " Apparatus for Measurement of Nonlinear Distortion as 

a Continuous Funct ion of Frequency," BBC Engineering Monograph, No . 49, 

July , 1963. 

11 . Radio Manufacturers Assn. Specification for Testing and Expressing 

Overall Performance of Radio Broadcast Receivers, Part 2 , Acoust ic Tests, 

Dec., 1937, p . 5 . 

12. D. E. L. Shorter , "The Influence of High Order Products in Nonlinear 

Distortion," Electronic Engineering, Apr. , 1950, Vol. 22 , p. 1·52 . 

13. E. R. Wigan, " New Distortion Cri terion ," Electronic Technology, Apr., 

1961 , P- 128. 

14. H. D. Harwood, " New BBC Monitoring Loudspeaker," Wireless World, 

Mar., Apr ., May , 1968 , p. 77. . 

15 . R. C. Heyser , " Loudspeaker Phase Character istics and Time Delay Dls­

tortion,"JournaloftheAudioEng. Soc., Vol. 17 , No . 1. 1969, p. 30 . 

1 6 . c. L. S. Gilfo rd, "The Acoust ic Design of Talks Studios and Listening 

Rooms," Proc . I.E.E , Vol. 106. pt . B. Supplement No. 27, 1959, p. 254. 
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T HE THIRTEENTH annual product directory follows, 
as is the usual custom in the September issue. 

The specifications presented are the tabular form which 
was first used in 1965 to facilitate comparisons. 

Note that letter codes are employed in some instances 
for purposes of clarity or to simplify listings. For in­
stance, the symbol (B) preceding an amplifier listing 
indicates that it is a basic power amplifier, (K) indicates 
a kit, and tape speeds are similarly indicated by letter 
codes which are shown on the respective charts. 

Note also that amplifier power measurements are 
given in rms or continuous power figures only as this 
rating is more realistic than fictitious music power and 
peak power figures. · 

AR amplifier 

MODEL 

Readers should also bear in mind that the specifica­
tions are those supplied by the manufacturers-they are 
not the result of our tests or measurements. Measure­
ment methods may differ from manufacturer to manu­
facturer, but in general the performance may be con­
sidered to be as shown. 

For more information on any product, or on any other 
products which ate not listed, the reader may write the 
manufaCturer directly at the company addresses listed 
on pages 26 and 27. . 

Obviously, not all the products of every manufacturer 
are listed, due to space limitations, and no listings of 
microphones are included as a comprehensive five-page 
listing was published in our July issue. 

.. -.;;.")'.'>".J.{'.;," .. ':..."- . ,_ . .... 
r o • • • • 

JBL SA-660 

SPECIAL FEATURES 

ACOUSTIC 
RESEARCH 

AR so <0.5 <0.15 <0.25 <0.1 14·44K 20-20K 57 
±1 

2-5 100 0.2 4·16 16-
40 

15% X 

10 X 

19 $250.00 Wood case opt., $15.00. 

AKA I AA6100 
4-Chan. 

BIC LUX 7J/4A 

ALLIED SA-900 
RADIO SHACK 

CROWN 

DUNLAP 
CLARKE 
ELECTRONICS 

D-40 

D-150 

DC-300 

DREAD­
NAUGHT 
81600 

15 

75 

22 

80 

200 

400 

450 

DYNACO (B) Stereo 60 
120 

SCA-80 
4-Chan. 

40 

0.5 

0.3 0.15 0.4 

0.2 0.4 

0.05 0.05 0.25 

0.04 0.01 0.1 

0.03 0.008 0.05 

<0.075 <0.075 <0.1 

0.5 0.5 

0.5 0.5 

SCA-35(T) 17.5 1.0 0.2 1.0 

EICO 3070 20 0.7 0.15 

3150 50 0.15 0.1 \ 0.6 

22 

0.4 

0.25 

0.12 

0. 1 

0.02 

<0.1 

0.2 

0.6 

0.2 

20-22K 70 
±3 

15-10K 10·50K 80 

20-20K 30-20K 55 
±3 

5·40K 
±I 

5-20K 
± I 

1·20K 
±0.1 

5-5 0K 

5-100K 105 
±0.5 

4-lOOK 115 
±1 

0-lOOK 115 
±0.5 

5-IOOK 
±0.6 

5·IOOK 
±0.5 

100 

B·50K 15-50K 60 
± 0.5 

(ad j.) 

2.0 
8.0 

2.5 

3.0 80 

500 150 8 
mV 

100 1.8 0.1 8 

0.2 8 

50 

0.68 4-16 400 

1.2 4-16 400 

1.75 4-16 400 

1.65 -

1.5 8 40 

0.13 8 40 

20-20K 60 4 100+ 2.5 1.0 8·16 10 
±0.5 

20-30K 10·50K 60 
±2 

20-30K 12·40K 65 
±2 

4.2 90 0.27 4-16 30 

4.2 90 0.28 4-16 50 

16%x 
4x 
9Yz 

18 Yz X 

12Yz X 

5 

3Yz X 

14Yz X 

11 

19 X 

7% X 

1% 

17 X 

9x 
5\11 

19 X 

X 

7 

17 X 

15 X 

6 

13 X 

10.5 X 

4 

13f) X 

10 X 

4\11 

19 

17 . 

8Yz 

16 

40 

45 

20 

337.00 

129.95 

229.00 

429.00 

685.00 

850.00 

(K) 159.95 
(W)199.95 

2 and 4-channel opera tion, universal 
A.C. selector, 29 silicon trans istors. 

Var. tone-<:ontr., turnove rs, Jo and hi 
fill., 2-pos; 2 spd. tape-head inputs. 

JC; inputs for 2 recorders; wa lnut 
case. 

Front pane l headphone jack. 

Only A.C. fuses; opt. 5-D cabinet, 
$33.00. 

Direct couples; short and mismatch 
proof . . 

Mode / 500 similar but with 200 watts 
rms/chan., $499.00. 

Basic Power Amplifier 

16 (K) 169.95 Special input may be wired for several 
(W)249.95 choices of extra functions. SCA·80Q, 

4-Chan., $169.95(K), $249.95(W). 

13f) x 20 (K) 99.95 
10 X (W)IV/A 
4\11 

12 X 

7%x 
31. 

7Yz 

14'!, X 16\11 -
85f..x 
31. 
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Phase Linear 

Kenwood KA- 7002 

,. -

0 .... --- 0 0 0 
·.- I ·. . 

JVC Model 5107 Rolecor RA-314 

O' 
/"' 0<:; ..). ,,. 

"' ,:;.• q"> <!> ..). (b,., ,, 
... · <1.".<' "'' .<'"' .,. .,t.· ... <J-<i." •\• '>' , .. ,<:;<i. <} >:-' ,<;> o"" ..:J> ""' ,.» .. ,.t. ,:;.• ll' 'bb '<" 

SPECIAL FEATURES 
,., .. ,. .. '>"' .,o .. '\<' ;.,,o + c.,' <!' 

.,. c 
<:J e,;f 

.,. 
.,t. . ·'-"' 

MODEL "-'" <1. .,, 
q·<t ...... <:;,"' l' fi'<i. 

q'' ,$? '<.''lJ x;· o"' <;) o"> Q 

"' " <1. 

ELECTRO- EV-1244 18 1.0 20-20K 20·30K 70 3.0 - - 0.25 4,8, 8';.x 18 132.30 
VOICE ±1.5 16 J0\11 X 

3';. 

EV-1244X 12 <1.0 - - - 20-20K 20·30K 4,8, 8';.x 18 149.95 4-<: hanoel; us ing E-V Stereo-4 

4-Chan. ±1.5 16 10\11 X circuitry. 
3'1, 

FISHER TX-2000 50 0.5 0.2 0.8 0.2 22-24K 20·40K 90 2.0 40 1.8 0.2 4 >10 1511. X 24 349.95 Mic., tape hd. inputs; Hi filter I & 2; 
±1.5 7.0 12%x low fil ter. 

4% 

TX-420 15 0.5 0.2 0.8 0.3 30-20K 20·25K 65 - - - 0.2 >10 299.95 Includes 4-chan. 8-track 

4-Chao. ±2 11% X matr ix decoder. 
4% 

HARMAN- Citation 60 0.2 0.01 0.1 0.009 10-40K 1-lOOK 105 1.5 4,8, 50 57f. 6 X 30 295.00 w Overload protectipn; thermal mechaoi-

KARDON B12 ±0.5 16 1ZSf., X 225.00 K cal, fuse; twin power suppl ies. 
IZS!, 

HEATH AA-15 50 0.5 0.2 0.5 0.2 6-30K 8·40K 60 2.2 155 - 0.2 4,8, 45 W;.x 21.5 (K) 179.95 

±1 16 X 

4% 

AA-29 35 0.25 0.1 0.2 0.1 5-3 0K 7·60K 65 2.2 155 0.18 4,8, 50 16%x 22 (K) 149.95 
±I 16 X 

5'!, 

HITACHI IA·IOOO 55 0.1 - - - - 10·100K 65 0.25, 2 0.9 8 50 17'i,x 319.95 2 VU meters; 3 dB tone control. 

±1 HiZ 13 X 

5'' ,, 
IA-1200 30 0.1 - - - - 20-50K 90 1,5, 1.5 1.0 8 40 J6JS X 26\11 595.00 Quasi complementary SEPP ITL-OTL; 

4·Chan. ±I 5 12•;.x 3-way channel selector. 
5Yz 

INTEGRAL B-1000 500 0.1 0.05 0.1 0.05 8-60K 5·100K 100 - - 1.5 4-16 !50 !9 X 55 1000.00 Provides either 2-or 4 independent 

SYSTEMS 4-Chan. ±1 18 X channels of amplification; electronic 
8 power level display. 

JBL SA660 60 <0.2 <0.1 <0.2 <0.15 10-30K 20·20K 72 4.0 250 0.25 4,8, 32 17 X 27 435.00 
±0.75 16 14 X 

5 

JVC 5012B 60 0.5 0.3 0.5 0.5 10-100K 15·50K - - 8 80 19 X 36 599.95 Bu ilt-in VU meters, SEPP-OTL 

±1 J3fl X circuit. 
6 

51 118 50 0.5 0.4 0.15 0.15 20-30K 18·45K 8 0.5, 8!1z X 249.95 Bui It-in VU meters, variable 

±0.5 5, or 12';.x damping. 
50 6 

MCAV7E 12.5 0.2 - - - 30-30K 25-35K 75 1 - - - 8 50 17 X 22' 199.95 Complete 4-<:hanne I control amp. with 

4-Chan. ±3 12 X 4 meters and phase inverter 
scatter circu it. 

KENWOOD KA-7002 50 0.5 0.1 0.3 0.1 2-SOK 20-50K 77 0.06 90 0.2 4-16 45 16\11 X 22 299.95 Direct coupling main amp and 2-stage 

±1 or Jlx differential amps, 3 spkr. sys. 

2.5 511 
'8 

KA-5002 30 0.5 0.1 0.3 0.1 5-SOK 20-50K 77 0.06 90 0.2 4·16 45 X 20 219.95 Oirect coupling main amp and 2 

±I or 11 X stage differentia I amp. 

2.5 5'!, 

LAFAYETTE LA-44 25 0.8 0.07 <I - 15-30K 20-20K 60 3 - - 0.25 4,8 - - 20 219.95 Discrete 4·chan. w. circuit for 

4-Chan. ±1.5 4-cha n. derived sound from stereo 
sources. 

/ 
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M arantz M odel 250 

MODEL 

MARANTZ 

NIKKO 

PIONEER 

PANASONIC 

PHASE 
LINEAR 

REVOX 

SAE 

SANSUI 

SCOTT 

24 

1200 100 

1060 30 

(B)250 125 

(B) 500 250 

TRM-1200 45 

SA·IOOO 57 

SA·800 34 

SU-3604 50 
4-Chan. 

(8)700 350 

ASO 40 

ROTEL 32 
RA-610 

ROTEL 10 
RA-214 
4-Chan. 

(B) Mark Ill 120 

AU999 70 

AU555A 33 

.15 

0.5 

0.1 

0.1 

0.3 

0.3 

0.5 

0.2 

<0.1 

0.1 

0.1 

0.5 

0.1 

<0.4 

<0.5 

490 70 0.5 

495 25/50 0.5 
4-Chan. 

499 40 0.5 
4-Chan. 

.04 

0.2 

.03 

.03 

0.1 

0.5 

0.1 

<0.1 

0.1 

0.1 

0.4 

0.1 

0.1 

0.2 

.15 .15 

0.5 0.5 

0.1 0.1 

0.1 0.1 

0.3 0.1 

0.2 0.2 

0.5 0.2 

0.2 

<0.1 <0.1 

0.3 

0.15 0.15 

0.7 0.5 

0.1 0.1 

<0.4 0.1 

<0.5 0.2 

10·40K 

15·40K 

20.20K 
±.1 

15·40K 
±2 

100 

67 

5·45K 20·20K 106 
±.1 

3·60K 20·20K 110 
± .1 

15·30K 13·50K 85 

5·50K 5·80K 80 
±1 

1.3 100 

1.8 100 

2.0 

2.9 80 

5·50 K 5·80 K 80 3.0 80 
± 1 

5·50K 5·1 00K 73 15 
±1 dB 

0·40K 0·250K 100 
±0.1 

I 0·40K 20·20K 80 
±1 

2.0 

3-55K 3-IOOK 80 2.5 
±3 

30·30K 20·70K 60 2.5 
±3 

8-SOK 20·20K 100 
±0.1 

10·30K 5·100K >100 2.0 
±1 

20·40K 20·40K > 100 2.0 
±1 

15·40K 65 4.0 

15-40K 65 3.0 

15·40K 65 3.0 

100 

30 

0.1 100 

.18 50 

1.5 8 100 

1.5 8 500 

t { 

Sony 11 30 

15'/, X 
14 X 

5 

14\i X 

12 X 

4% 

15'/, X 

9\t X 

6';. 

17"1, X 

16 X 

7 

37 

22 

34 

78 

595.00 

189.00 

495.QO 

1200.00 

220 0.2 30 15\i X 

12\i X 

4\t 

20 249.95 

- 0.2 4·16 65 17 X 

13\i X 

5'X, 

29 229.95 

2.0 

1.5 

1.0 

0.23 4·16 65 17 X 23 2.39.95 
13\i X 

5'X, 

0.1 4·16 100 16\t X 27 \t 309.95 
14% X 

5';. 

0.008 1000 19 X 

10 X 

7\t 

0.25 4-1 6 20 16'!, X 
9'1, X 

6\1 

0.12 4,8, 
16 

0.1 2 4,8, 
16 

1.0 4·1 6 

0.2 4·16 

- 4·16 

0.55 4,8, 
16 

0.55 4,8 

0.55 8 

35 !6\i X 

8% X 

4% 

20 

150+ 17 X 
15 X 

5% 

45 18 X 

ll%x 
6 

50 15\1 X 
ll x 

30 

30 

30 

5 

1751, X 

15 X 

6 

17';. X 

17 X 

6 

18Yz X 

12 X 

6 

45 749.00 

18 

13.2 179.95 

- 159.95 

45 700.00 

38Yz 299.95 

17Yz 169.95 

34 299.90 

32 349.90 

36 459.90 

TEAC AS-201 

SPECIAL FEATURES 

Ha If power switch, automatic protec­
tive circu itry, direct coupled outputs, 
Isolated preamp/ amp inputs/outputs. 

Front Mic/aux inputs , isolated pre· 
amp/ amp outputs/ inputs, quick 
terminals , 3 zone tone controls. 

Two output meters/ range switching, 
automatic protective circuitry and 
curre nt limiting, direct coupled 
outputs . 

Power mon itor ing meters/ range 
switch ing, automatic protect ive/ cur· 
rent limiti ng circu itry direct coupled, 
rnstant overload recovery. 

2 ICs; 2 Mic jacks ; 2 spkr. sw.; tone 
f lat sw.; time-de lay muting. 

Direct-coupled output; 2-tape mtr .; 
pre-amp and amp separable ; includes 
wood cabinet. 

Direct-coupled output; 2-tape mtr .; 
pre-amp and amp separable ; includes 
wood cabinet. 

Direct coup ling amp; bui lt-in 4 Ch. 
decoder; pre-set volume; 3-step bass 
and treb le tu rnover; wa lnut cabinet 
included. 

Direct coupled ; i lium. VU meters ; 
turn-on time de lay. 

Stepped tone controls , separately 
adjustable inputs. 

Spl it power suppl y; direct coupl ing; 
pre-ma in amplif ier. 

4·chan,d iscre te and matrix system; 
pre-main amplif ier. 

Separate power supplies, 2 meters, 
2 level controls, 12 output tr ansi stors . 

Triple tone controls; step contro ls; 
3 spkr . sys.; 11 inputs; 7 outputs. 

Tr iple tone controls; step controls; 
N F amp. cir .; 7 inputs ; 5 outputs. 

Discrete or ma trixed 4-chan. 

Discrete or matrixed 4.tchan. 
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. THE SANSUII}S-1 
I}UADPHDNIC SYNTHESIZER® 

SANSUI QS-1 

4-CHANNEL SOUND FROM ANY 2·CHANNEL SOURCE 
Senses and recovers the ambient information 

hidden in your discs, tapes and broadcasts 
After having discovered that the ambient components of the orig inal total sound field are already contained in hidden form, in conventional stereo records, tapes 
and broadcasts, Sansui engineers developed a method for sensing and 
recovering them. These subtle shifts and modulations, if re-introduced, 
breathtakingly recreate the total of the original sound as it existed' in the 
recording or broadcast studio . 

The heart of the Sansui Quadphonic Synthesizer* is a combination of a unique 
reproducing matrix and a phase modulator. The matrix analyzes the 2-channel information to obtain separate direct and indirect components, t hen redistributes 
these signals into a sound field consisting of four distinct sources. This type of phase modulation of the indirect components, applied to t he additional speakers, adds another important element. It sets up a complex phase interference fringe in the listening room that dupl icates the multiple indirect-wave effects of the original field. The result is parallel to whatwould be obtaind by using an infin ite number of microphones in the studio (Ml through Mn in the accompanying illustration) and reproducing them through a corresponding number 
of channels and speakers. 

The startling, mu ltidimensional effect goes beyond the four discrete sources used in conventional 4 -channel stereo, actually enhancing the sense of spatial distribution and dramatically expanding the dynamic range. Also, the effect is evident anywhere in the li stening room , not just in a limited area at the center. And that is exactly the effect obtained wit h live musi.c! Th is phenomenon is one of the true tests of the Quad phonic system. 
The Sansui Quad phon ic Synthesizer QS-1 has been the talk of the recent high-fidelity shows at which it has been demonstrated throughout the country. You have to hear it yourself to believe it. And you can do that now at your Sansui dealer. Discover that you can hear four channels plus, today, with your present records and present stereo broadcasts. $199.95. 

*Patents Pending 

SANSUI ELECTRONICS CORP. 
Woodside, New York • Gardena, Californ ia 
SANSU I ELECTRI C CO., LTD., Tokyo , Japan • Frankfurt a M., West Germany 
Electronic Distr ibutors (Canada), British Columbia 

Check No. 25 on Reader Service Card 
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. SHERWOOD S9500C 45 0.9 0.1 5 

SONY TA-1130 65 0.1 0.0 5 

TA 11 44 30 0.2 0.05 

TA-3200F 108 ! 0.1 0. 03 
IBI i 

STANDARD PM403 15 0.8 0.2 

TEAC AE·201 50 0. 1 0.1 

I AS-201 50 0. 5 0.1 

i 

I 
YAMAH·A CA5DO 22 0.5 0.05 

CA700 60 0.1 0.05 

ADC (See Audio Dynamics Corp.) 

AKG (See Norelco) 

Acoustic Research, Inc. 
24 Thorndike St. 
Cambridge, Mass . 02141 

Advent Corp. 
377 Putnam Ave. 
Cambridge, Mass. 02139 

Akai America Ltd. 
2139 E. Del Amo Blvd . 
Compton, Calif . 90220 

Allied Radio Shack 
261 7 W. Seventh St. 
Fort Worth, Texas 76107 

Altec Lansing Corp. 
1 51 5 So . Manchester Ave. 
Anaheim , Calif. 92803 

Ampex Corp. 
2201 Estes Ave . 
Elk Grove Village, Ill. 60007 

Astatic Corp. 
Conneaut, Ohio 44030 

Astrocom-Marlux 
Oneonta, N.Y. 13820 

Audio Dynamics Corp. 
230' Pickett District Road 
New Milford, N.Y. 06776 

Audionics 
8600 N.E . Sandy Blvd . 
Portland, Ore . 97216 

26 

0.6 0.2 8·351\ 20·20!\ 
±0. 5 

0.1 o.n5 7·30K 10·200K 
±0-2 

0.2 0.05 15-35K IO·IOO K 
±0·2 

0.1 0.03 5·35K 5-200K 
10-2 

0.5 0.6 30-30K 20-40K 
±3 

0.2 0. 1 10-40K 8-120 K 
I 0 
- 1 

0.5 0.1 20·30 K 20 BO K 
10 
-1 

0.8 0.1 20·30K 20-40K 
f 0.3 

0.3 0.1 20·50 K 15·50K 
t 1 
-3 

Aztec Sound Corp. 
2140 S. Lipan St. 
Denver, Colo . 80223 

65 

110 

90 

liD 

60 

N.'A 

70 

95 

95 

BIC LUX (See British Industries) 

B&O of America 
525 E. Montrose 
Wooddale , Ill . 60191 

Bell & Howell 
7235 N. Linder Ave . 
Skokie, Ill . 60076 

Benjamin Electronic Sound 
40 Smith St . 
Famingdale, N.Y. 11735 

Bogen Communications 
P. 0 . Box 500 
Paramus, N.J. 07652 

The Bose Corp. 
East Natick Industrial Park 
Natick, Mass. 01760 

R. T. Bozak M fg. Co. 
P. 0 . Box 1166 
Darien , Conn. 06-821 

British Industries Corp. 
So. Service Road 
Westbury, N.Y. 11591 

BSR-McDonald 
Route 303 
Blauvelt, N.Y. 1091 3 

David Clark Co., Inc. 
360 Franklin St. 
Worcester , Mass . 01604 

1.8 

1.2 

1.2 

-

2.5 

-

2.0 

3.0 

3.0 

100 - 0.18 4-1 6 30 14x 
I011 X 

4 
90 - 0.13 - 100 153, X 

12', X 

5', 
90 - 0.15 - 70 16', X 

12' 8 X 

534 

- - - - - 1534 X 

1234 X 

5' , 

- - 0.1 B 30 131z X 

7',x 
3\6 

- - 0.7 4-16 - 814 X 
13 X 

5" ' '" 
- - 0.13 4-16 30 Wz x 

1Jl4 X 

6 

90 - 0.2 8 40 -

90 - 0.2 8 50 -

Concord Electronics Corp. 
1935 Armacost Ave. 
Los Angeles, Calif . 90025 

Craig Corp. 
921 W. Artesian Blvd. 
Compton, Calif . 90.220 

Crisman Speaker Co. 
Salina Star Route-Crisman 
Boulder, Calif. 80302 

Crown of America 
P. 0 . Box 1000 
Elkhart, Ind . 46517 

Delta-RET 
P. 0 . Box 10734 
Houston , Texas 7 7018 

Denon-Nippon Columbia 
6 East 43rd St. 
New York , N.Y. 10017 

DUAL (See United Audio) 

Dunlap Clark Electronics 
44 River St. 
Framingham, Mass . 01701 

Dynaco, Inc. 
3060 Jefferson St. 
Philadelphia, Pa. 19121 

Eastman Sound 
126 Gill Ave . 
Paulsboro, N.J. 08066 

Eico Electronics 
283 Malta St. 
Brooklyn , N.Y. 11 20 7 

16 

2834 

30'. 

B 

15 

21 . 

-

-

199.95 Wa l. case . $2 8.00; meta l case . S9.00; 
two aux . inputs . 

359.50 

219.50 

349.50 Bas ic amp. 

94 .95 Speaker sys. A & B; ldns. and tape 
moni tor con trol; mag. and Xtal sw.; 
inc ludes wood cab inet. 

199.50 Differential, direct coupled output cir· 
cu 1t; thermal overload breakers; speaker 
phas ing switc hes; L-R stereo balancin£ 
switch. 

349.50 Different ial , direct coup led output 

-

-

circu it ; FET preamp; 2 tape mon itor s; 
tape copy fu nction; thermal over load 
breakers. 

Electro-Voice 
602 Cecil St. 
Buchanan, Mich . 49107 

Electrostatic Sound 
1823 20th St . 
Sacramento, Calif. 95814 

Elektra-Ampl idyne Research 
P. 0 . Box 698 
Levittown, Pa. 19058 

ELAC (See Benjamin) 

Elpa Marketing 
Thorns & Atlantic Avenues 
New Hyde Park, N.Y. 11 040 

EM I (See Benjamin) 

EPI, Inc. 
One Charles St . 
Newburyport, Mass . 01950 

Ercona Corp. 
2121 Belmore Ave. 
Bellmore; N.Y. 11710 

Fa irfax Industries, Inc. 
900 Passaic , Ave . Bldg . 18 
East Newark, N.J . 07029 

FERROGRAPH (See Elpa) 

Fisher Radio Corp. 
11-40 45th Road 
Long Island City , N.Y. 11101 

Frazier, Inc. 
1930 Valley View Lane 
Dallas, Texas 75234 
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GC Electron ics 
Rockford, Ill. 611 01 

GARRARD (See British Industries) 

American GELOSO Electric 
251 Park Ave. South 
New York, N.Y. 10010 

GOLDRING (See IMF) 

Gotham Audio Corp. 
2 W . 46th St . 
New York, NY. 1 0036 

Grado Laborat ories, Inc. 
461 6 Seventh Ave. 
Brooklyn, N.Y. 11 220 

Grundig Electronic Sales 
· 355 Lexington Ave. 

New York, N .Y. 10017 

Harman-Kardon, Inc. 
55 Ames Court 
Plainview, N.Y. 11803 

Harmony House 
197 E. 76th St . 
New York, N .Y. 10021 

Hartley Products Corp. 
Box 68A 
Hohokus, N.J . 07423 

Heath Co. 
Hill Top Road 
Benton Harbor, Mich . 49022 

Hegeman Labs 
176 Linden Ave. 
Glen Ridge, N.J . 07028 

Hitachi Sales Corp. 
48-50 34th St. 
Long Island City, N.Y. 11101 

I MF Products 
7616 City Line Ave. 
Philadelphia , Pa. 191 51 

Infinity Systems, Inc. 
20940 Knapp St. 
Chatsworth , Calif . 91311 

Integral Systems Corp. 
253 Lexington St . 
Woburn , Mass . 01801 

James B. Lansing, Inc. (JBL) 
3249 Casitas Ave 
Los Angeles, Calif . 90039 

Janszen 
7516 42nd Ave. No. 
Minneapolis, Minn . 55427 

Jens·en Sound 
5655 W. 73rd St. 
Chicago, Ill. 60638 

JVC-America, Inc. 
50-35 56th Road 
Maspeth, NY 11378 

Karlson Research 
114 Austin Blvd . 
Island Park , N.Y. 11558 
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Kenwood Electronics 
15777 S. Broadway 
Gardena, Calif. 90248 

KLH Research 
30 Cross St. 
Cambridge, Mass . 021 39 

Kl ipsch & Assoc. 
P. 0 . Box 280 
Hope, Ark . 71801 

Koss Electronics 
2227 No. 31st St. 
Milwaukee, Wise. 53208 

Lafayette Radio Electronics 
111 Jericho Tpke . 
Syosset, NY 1 1 7 9 1 

LWE Div. ACOUSTRON 
2418 Bartlett 
Houston, Texas 77006 

3M Company 
2501 Hudson Road 
St . Paul , Minn . 55119 

Marantz Co. 
81 50 Vineland 
Sun Valley, Calif. 91352 

Martell Electronics 
2339 So. Cotner Ave . 
Los Angeles, Calif . 90064 

Mart in (See Eastman Sound) 

Matsushita Electric 
200 Park Ave. 
New York, NY. 10017 

Maximus Sound Corp. 
5 South St . 
Garden City, N.Y. 11530 

Micro/ Acoustics Corp. 
Box 302 
White Plains, N.Y. 10602 

M icrotran, Inc. 
145 E. Mineola Ave. 
Valley Stream, N.Y. 11582 

Mikado Electronics 
1072 Bryant St. 
San Francisco, Calif . 94103 

MIRACORD (See Benjamin) 

Nikko Electronics 
5001 Lankershim Blvd 
No. Hollywood, Calif . 91601 

North American Philips Corp. 
(Norelco) 
100 E. 42nd St . 
New York, N.Y. 1 0017 

OHM 
208 Classen Ave. 
Brooklyn, N.Y. 

ORT OFON (See Elpa) 

PANASON IC (See Matsushita) 

PE (See Elpa) 

PML (See Ercona) 

Phase Linear 
19555 23rd N.W . 
Seattle, Wash . 981 7 7 

Pickering & Co. 
Sunnyside Blvd 
Plainview, N.Y. 11803 

Pioneer Electronics 
178 Commerce St . 
Carlstadt, N .J. 07072 

Premier Electronic Labs 
382 Lafayette St . 
New York, NY. 1 0003 

QRK Electronic 
1568 N. Sierra Vista 
Fresno, Calif. 93703 

QUAD (See Harmony House) 

RTR Industr ies 
811 6 Deering Ave. 
Canoga Park, Cal if . 91304 

Recti l inear Research Corp. 
107 Bruckner Blvd 
Bronx, N.Y. 10454 

Rek-0-Kut 
1568 N. Sierra Vista 
Fresno, Calif. 93703 

Revox Corp. 
212 Mineola Ave. 
Roslyn Heights, N.Y. 11577 

Roberts Electronics 
59 22 Bowcraft St. 
Los Angeles, Calif. 9001 6 

Rolecor of America 
2642 Central Ave. 
Yonkers , N .Y. 10710 

Sansui Electronics 
34-43 56th St . 
Woodside , N.Y. 11377 

Schober Organ Corp. 
43 W. 61st St. 
New York , N .Y. 10023 

Scientif ic Audio Electronics 
(SAE) 
P. 0. Box 60271, 
Terminal Annex 
Los Angeles, Cal if. 90060 

H. H. Scott, Inc. 
111 Powder Mi ll Road 
Maynard, Mass . 01754 

Sennheiser Electronics 
500 Fifth Ave. 
New York , N .Y. 10036 

Sharpe Instruments 
Amherst Industrial Park 
Tonawanda, N.Y. 141 50 

Sherwood Elect ronic Labs 
4300 N. California 
Chicago , Calif . 60645 

Shure Bros., Inc. 
222 Hartrey Ave. 
Evanston , Ill. 60201 

Sony Corp. of America 
47-47 Van Dam St. 
Long Island City , N.Y. 11101 

Inc. 
8150 Vineland Ave. 
Sun Va lley, Calif. 91352 

Sou ndcraftsmen 
P. 0 . Box 2361 
Santa Anna, Calif. 92707 

Sound Industries 
18727 Napa Drive 
North Ridge, Calif . 91324 

Standard Radio Corp. 
60-39 39th Ave. 
Woodside, N.Y. 11377 

Stanford Internat ional 
569 Lawrence St . 
San Ca rlos, Calif . 94070 

Stanton Magnetics 
Terminal Drive 
Plainview, N.Y. 11803 

Superex Electronics Corp. 
1 51 Ludlow St. 
Yonkers, N .Y. 10705 

Tandberg of America 
8 Third Ave 
Pelham , N.Y. 10803 

Tannoy (America), Inc. 
. 17 56 Ocean Ave. 

Bohemia, N.Y 11 716 

Teac Corp. of Amer ica 
2000 Colorado Ave. 
Santa Monica, Calif . 90404 

Telex Communications 
9600 Aldrich Ave. South 
Minneapolis, Minn . 55420 

THORENS (See Elpa) 

Toyo Radio Co. of America 
1 842-B West 1 69th St. 
Gardena, Calif. 9024 7 

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

University Sound 
1515 S. Manchester 
Anaheim , Calif. 92803 

Utah Electronics 
1124 E. Franklin St . 
Huntington , Ind . 46750 

V-M Corp. 
37 5 Main St . 
Benton Harbo r, Mich. 49022 

W HARFEDALE (See Br\tish 
Industries) 

Yamaha 
7733 Telegraph Road 
Montebello, Calif. 90640 
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CROWN IC-150 3-IOOK 2.5 0.01 80 0.8-8* 33-330* 0.22 
±0.6 

- 600 17 X 8'1, 10 269.00 Cascade; remote control muting; panorama control reverses 
X 5';. sound; wal. cab. $33.00. *Adjustable. 

DYNACO (T) PAS-3X 10-40K 2.0 <0.5 <0.5 1.5 zoo+ 1.5 0.15 131, X 9 11 (K) 79.95 
±0.5 

X 4'f. (W) N/ A -
PAT-4 10-lOOK 2.0 <0.5 <0.5 3.0 80 1.5 0.15 - 131, X 9 10 (K) 89.95 

±0.5 
X 4'/, (W) 159.95 

ELECTRA HSP-1 20-20K 5.0 <0.01 <0.01 85 5 100 0.5 
AMPLIDYNE ±0.25 

- 16'1, X 10'1, 16 299.95 All IC construction with low noise, high accuracy 
X 4'1, phono section. 

HARMAN Citation II 1-125K 6 0.01 0.01 85 1.5 115 0.2 161,, X 4';. - 295.00 Aud io equalizer tone controls, two low-end headphone KARDON ±0.5 X 12 receptacles, speaker selector sw1tch, two tape monitors. 
INFINIT¥ SPC 1·230K 7.0 0.002 0.005 74 13 X 8'1, - 650.00 9 octave filters, separately variable per channel; aii iC ± 1.5 X 4.5 amps throughout. 
INTEGRAL 10 10-100K 2. 5 0.05 0.05 75 2.0 200 0.2 600 17 X 10 18 300.00 Three section active tone controls can be switched into SYSTEMS ± 0.25 lOOK X 6 tape record circuits. 
JVC 5011 10-100K 3 84 3+ 170 mV 19 X 13'1, 24 599.95 7 pos. SEA tone controls. 

±0.5 1 X 6 

5110 18-50K 1 0.3 0.1 80 1.2 120 120 mV 17 X 11'1. 18'!, 249.95 Bu i It-in pink noise generator, 7 pos. SEA tone controls. ±0.5 X 5'1, 

MARANTZ 33 5-!00K 3 0.02 0.02 100 1 100 1 0.2 600 15'/, X 8';. 17 395.00 Integral headphone amp/control; graphic controls; four switchable ±0.5 X 5'1. filters; variable center channel output; 1 dB tracking. 
PIONEER SC- JO(f 5-SOK 5.0 0.2 0.2 70 1.5 80 1.2 0.08 1K 17 X 12 14 375.00 Stepped tone and volume controls; muting switch. ±1 X 7 

SC-700 !0-60K 4.0 0.5 0.2 80 4.0 90 0.25 1K 12 X 10 13 129.95 Stepped tone contro l; muting switch; headphone output. ± 1 X 41, 
QRK Ultimate I 25-!SK 0.8 0.1 75 50 - - 3x9x3 2'!, For monophono applications. Ultimate II, stereo. ELECTRONIC ± 3 

RADFORD SC-24 15-SOK 2.0 <0.02 <0. 02 >70 2 200 80 mV 150 16'1. X 4Y, 17 345.00 Graphic controls, midrange controls, graphic sens itivity controls (AUDIONICS) ± 1 x a•;, on rear . 
SAE MARK I 10-lOOK 2.5 0.02 0.02 75 2. 0 240 2.0 0.25 600 17 X 10.5 18 550.00 Step type contro ls; tape copy fac i lily; equalizers. 

±0.25 X 5% 
SINCLAIR ST60 20-25K 250 mV < 0.05 <0.1 3 50 mV 3 mV HiZ 8 X !'!, 1 29.95 RIAA input; tape output; 2 high level inputs; module form; (AUDIONICS) ± 1 X 4 15-35 V d.c. or Sinclair power supply. 
SONY TA·ZOOOF 10-100K 4.5 0.03 0.05 90 1.2 300 0. 11 153

/. X 12'1, 19 549.50 Solid state, 2 VU meters, simultaneous recording on two +0-Z 
X 5% tape recorders. 
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AR COMPONENTS ARE USED BY 
EXECUTIVES AT ANGEL RECORDS TO HEAR 
FIRST PRESSINGS OF NEW RELEASES. 

A new Angel record is the sum of the creative 
efforts of many individuals. Orchestra, solo­
ists, and engineers must be scheduled many 
months in advance and are frequently brought 
together over great distances to make the re­
cording. Engineering at the recording session 
and during the transfer from tape to disc re­
quires great care and precision. Each stage of 
the process, and the way in which it is carried 
out, influences the musical values in the re­
cording finally released. 

As responsible executives at one of the 
world's largest recording organizations, the 

, men who conduct Angel's operations can af­
ford any equipment except that which distorts 
or falsifies the quality and content of a record­
ing. The executive conference room at Angel 
Records is equipped with AR high fidelity 
components. 

Suggested retail prices of the AR components shown: AR amplifier, $250; 
AR turntable, $87; speaker systems, $225-$250, 

depending on cabinet finish. 

-----------------------------------------------------------------------------------------

Acoustic Research, Inc. 
24 Thorndike Street, Cambridge, Massachusetts 02141, Dept. AU- 9 
Please send a free copy of your illustrated catalog, as well as 
specifications of AR components, to 

Address--------------------------------------------------------------

Check No. 29 on Reader Service Card 


