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Scott ntakes 
the best receiver 

you can buy 
for under $400 

In fact, Scott makes the best receiver you can buy, period. 
No matter what you plan to spend for an AM-FM stereo 
receiver, H.H. Scott, Inc. has a value-for-the-price leader to 
satisfy your highest expectations for flawless sound, 
convenience in use, and trouble-free long life. 

Consider the top-of-the-line model477, shown above, as 
an example. It's got IHF sensitivity of l.9fLV and puts out 
70 conservatively rated Scott watts into 8 ohms with both 
channels driven. Separate signal strength and center chan­
nel tuning meters provide maximum convenience in tuning. 
Up to three stereo speaker pairs may be connected and 
switching flexibility allows any two to be used simul­
taneously. In addition to all the necessary front panel 

controls, jacks for headphones, microphones 
and tape recorder inputs/outputs are 
located up front for maximum accessibility. 
Naturally, the Scott 477 AM-FM stereo receiver 
includes all the time honored Scott design fea­
tures such as FET front end, silver plated tuner, 
full complementary silicon output stage, trouble­
free, solderless ''tension wrap" connections, and 
one of the most powerful amplifiers ever built 
into an integrated receiver. At $399.90 it outpoints 
its competition acr:oss the board. 

Scott also ntakes · 
the best receiver 
oucanbuy 
or under $200 

If you'd like to spend aJittle less, consider one of our 
middle line models as shown at the lower right. The 

model387, which has received more favorable 
reviews than any other AM-FM stereo receiver in 

recent times, offers 55 watts per channel and most of 
the features of the 477 for a price of $359.90, also out­
pointing its competition on value for the price. Its look 

alikes, the 377 and 367, deliver 40 and 32 watts per channel 
at $319.90 and $259.90 respectively, and include the same 

Scott quality and major design features. If you're just 
getting started in really high quality stereo or replacing 

older equipment, try the Scott 357, shown at the right 
above. It produces 25 watts per channel for $199.90. 
It's the first truly high fidelity American made stereo 

receiver to sell at a price under $200.00. 

All these value-for-the-price leaders are available, along 
with matching Scott controlled impedance speaker 
systems, at your Scott dealer's. Ask him to demonstrate 
the Scott line before you make any 
AM-FM stereo receiver 
purchase. 

CD 
H.H. Scott, Inc., 111 Powdennill Road, Maynard, Mass. 01754 

Check No. 100 on Reader Service Card 
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True Tangent Tracking 
First time in an automatic turntable! 
The diagram over the photograph sho'ws how 
the tone arm articulates , constantly adjusting 
the ang le of the cartridge, and keeping the 
sty lus perpendicularly tangent to the grooves 
throughout the record. Space-age pivotry and 
computerized design have made it possible to 
play the record at exact ly the same angle as 
it was cut. Reproduction is truer, distortion 
sharply reduced, record life lengthened. 

Consider that there are 3,600 seconds of 
arc in a degree- and that a conventional 
tone arm will produce up to 4 degrees tracking 
error-or 14,400 seconds at full playing radius. 
Compare this to the Zero 100 tracking error, 
calculated to measure a remarkable 90 sec­
onds (160 times lower!) and you will see why 
this Garrard development obsoletes the arm 
geometry of every other automatic turntable. 

D Test reports by some of the industry's most 
respected reviewers have already appeared, 
expressing their enthusiasm. These reports are 
now available with a 12-page brochure on the 
Zero 100 at your dealer. Or, you can write 
to British Industries Company, Dept. L 11, 
Westbury, New York 11590. 

Mfg. by Plessey Ltd . Dist. by British Industries Co. 
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Special Receiver Issue 
D. Recklinghausen and Len 
Feldman take a look at Receiver 
and Tuner specifications, design 
problems etc. 

A Tone-burst Generator-Part Ill 

Equipment Reviews Include: 
Dual 1 21 8 Recordchanger 
Telex 2/2 Tape Deck 

About the cover: Look, I said to 
the Artist (capital A) this issue is 
mainly devoted to headphones; 
it is also Christmas time, but 
please not Santa wearing the 
things-we had that last year! 

The headphones are Beyer DT 
480' s, the stocking size 1 3 . Both 
low impedance. Merry Christmas . 

Audioclinic 
Crystal Pickups 

Q. What is a crystal pickup? Is it 
made from glass?-Name withheld. 

A. A crystal pickup is one device 
employed to play phonograph records. 
Such devices produce rather high out­
put signals, in the vicinity of a half a 
volt or even more. This is contrasted 
with the 4 or 5 thousandths of a volt 
produced by magnetic pickups. In 
addition to its high output, a crystal 
pickup requires no equalization in 
order to obtain a respectable playback 
of RIAA equalized records. (All record­
ings made these days are made in ac­
cordance with a particular equaliza­
tion curve, standardized by the Record­
ing Industry Association of America.) 

Because of the high output and its 
ability to reproduce discs quite well 
without equalization, fewer parts are 
needed with such a pickup than for 
magnetic pickups. Thus, they find 
application in inexpensive sound equip­
ment. However, their reproduction is 
poor compared to the best magnetic 
pickups. Further, their · compliance 
is quite a bit lower, and this means 
greater record wear. 

A crystal pickup does not have glass 
in it. The material of which it is made 
is Rochelle salts. The word "crystal" 
stems from the structure of the mole­
cules rather than being related to glass. · 

Rochelle salts as well as some other 
materials have the interesting property 
(Piezzo-Electric effect) of producing 
electrical output when a crystal made 
from this material is twisted. Hence, 
the crystal is mounted in such a way 
that the stylus's motion twists the crystal, 
thereby producing a voltage in ac­
cordance with the modulation im­
pressed on the record grooves. 

Tuner Alignment 
Q. I have a tube-type tuner which 

is about six years old. Should this tuner 
be aligned? How can I tell if the tuner 
requires alignment?-Harry G. New­
comer, Baltimore, Md. 

A. I cannot say whether or not your 
tuner needs to be aligned. It stands to 
reason that it is not as well tuned as 
it once was, but it might be out so little 
that the change is of no consequence. 

How can you tell? Well, if your 
weak-signal reception is not what it 
once was or it simply does not sound 
just right, lack of "cleanness" or lack 
of stereo separation, these are good 
indicators that it should be checked. Of 
course, poor alignment is not the only 
cause of these conditions. New tubes 
will often restore a tuner to proper 
working order. Sometimes aging com-

Joseph Giovanelli 

ponents make a tuner operate poorly. 
no matter what is done by way of 
alignment. If you suspect that your 
tuner is not performing as well as it 
should, the unit should be sent either to 
its manufacturer or to a competent 
service center. 

Noisy Volume Controls 
Q. There is a noisy volume control in 

my six-year-old tube-type amplifier. 
What can be done to correct this besides 
spraying the control with a contact 
cleaner? Shall I replace the control? 
Is this an expensive procedure?-Harry 
G . Newcomer, Baltimore, Md. 

A. If you sprayed all sections of your 
noisy volume control with a good con­
tact cleaner and it is still noisy, this 
noise might indicate that the control 
must be replaced, but not necessarily. 
If this control is fed from a coupling 
capacitor, and if coupling capacitor is 
leaking, d.c. will appear across the con­
trol. That d.c. will make the control 
noisy. Use a VTVM to check for d.c. 
voltage at the "hot" side of the control. 

If the control has several sections, 
it might cost five dollars or more to 
obtain a new part, in the event that this 
is required. If you need someone to in­
stall it for you, labor must be added 
to the cost of the actual part. The amount 
of difficulty required to install the pot 
will determine that charge. The difficulty 
will depend on the particular amplifier: 

Mike Cable for Stereo? 
Q. Is there any reason why two-con­

ductor mike cable cannot be used for a 
stereo connection rather than two sep­
arate audio lines; the ground is common 
anyway? Will such use introduce cross­
talk?-Harvey W. Kunz, Old Tappan, 
N.J. 

A. I the use of two separate 
audio lines rather than one two-con­
ductor line for stereo installations . There 
could indeed be some cross-talk as a 
result of the capacitance between the 
two inner conductors and it possibly 
could be a significant amount. However, 
why take chances? Dual conductor 
cable is fine when you are using balanced 
lines or when the shield is not used to 
return the signal to ground. This prac­
tice is often followed in an effort to 
reduce hum. 

If you have a problem or question on 

audio . write to Mr. Joseph Giovanell i at 

AUDIO, 134 North Thirteenth Street, 

Philadelphia , Pa. 19107 . All letters are 

answered . Please enclose a stamped self­

addressed envelope . 
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Stanton quality is 
a very special quality ... 

in heaC:Iphones too. 
The headphone is, after all, a 

speaker system for the head. 
And the new Stanton Dyna­

phase Sixty is an advanced two­
way speaker system designed for 
heads instead of shelves. Its 
unique, extremely wide-range 
two-way dynamic reproduction 
system is acoustically mounted 
with a separate woofer and 
tweeter. A special crossover net­
work precisely channels the highs 
and lows into each ear, creating a 
truly breathtaking feeling of 
presence. 

In keeping with the high 
quality approach to the design of 
the Stanton Dynaphase Sixty 
headphone, the fully adjustable 
headband and softly cushioned 
earpieces are stitched (not heat­
sealed). Stanton even 
improves convenience 
in amplifier connec­
tion and discon­
nection by pro­
viding a 

larger and specially designed 
plug. A simple blue-black and 
chrome color scheme adds the 
quality finished touch. $59.95. 

Stanton Dynaphase Forty, a 
high -performance economy ver­
sion of the Dynaphase Sixty with 
wide range single speaker sys­
tem is also available. $39.95. 

ACCESSORIES 
Stanton Model 5741 control 

unit- The most convenient in-

line control unit ever developed 
for headphone listening. Works 
with Stanton Dynaphase head­
phone systems as well as with 
other headphones. Lets you con­
trol listening at your location by 
providing separate volume and 
tone controls and a stereo-mono 
switch. Complete with 17-foot 
coiled cord, it acts as a perfect 
extension accessory. $19.95. 

Model 57 42-Separate 25-
foot coiled extension cord 

works with all headphones. 
$7.95. 

For complete tech­
nical data write 

Stanton Mag­
netics, Inc., 
Terminal 
Drive, Plain­
view, N.Y. 
11803 

STaNTOn 
Manufacturers of the world fa.mous Stanton Cal.ibra,tion Cartridges and the renowned Isophase Electrostatic Headset Systems. 

Check No. 4 on Reader Service Card 
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Tape Guide 
I 

Scope As VU M eter 
Q. Can you refer me to any written 

source which will explain how the vertical 
axis of an oscilloscope may be used in 
place of a VU meter in tape recording?­
C. J. Woodlock, Chicago, Ill. 

A The October, 1968 installment of 
the Tape Guide in AuDIO discusses 
the use of a 'scope as a record level 
indicator. 

Head Replacement 
Q. Not long ago I bought a tape deck. 

While the instruction manual does give 
recommended maintenance procedures, 
there is no mention of replacing the heads 
due to wear. I have been replacing my 
magnetic cartridges yearly, and I would 
assume the tape heads also need replac­
ing. What is your opinion?-Arnold J. 
Kiner, Newark, N.J. 

A. It is quite difficult to formulate 
rules based on usage for replacement of 
tape heads. Heads can last anywhere 
from a few hundred hours (if that much) 
to a couple of thousand hours or so be­
fore new ones are needed. Much 
depends on the quality of the head and 
on design ·of the transport in terms of 
the way the tape passes across the heads 
(pressure pads, tape tension, wrap angle, 
etc.). The best- procedure may be to 
have performance of the tape recorder 
checked periodically, say once a year, 
and to. replace heads in accordance with 
what the performance check indicates. 
On the other hand, there may be times 
when your ears can indicate replace­
ment is needed, for example if treble 
response on playback becomes poor; 
this suggests that the gap of the play­
back head has widened and the head 
must go. First, however, make sure 
that treble loss isn't due to dirty heads, 
magnetized heads, or poor tape- to-head 
contact. 

Parallel Record ing 
Q. Several of my friends and I get to­

gether often to copy each other's records 
and tapes. We were hooking up our 
source to the input of tape deck # 1, the 
output of deck # 1 to the input of deck 
# 2, etc. But we found that successive 
decks produced tapes with more and more 
hiss. I went home and soldered up a wire 
harness which would take five decks at 
one time in parallel. Now will each deck 
draw so much signal as to cause the 
signal to deteriorate? We all have Sony 
355 decks.-George B. Moore, APO 
Seattle. 

A Inasmuch as the output of your 
tape machine is low impedance while 
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Herman Burstein 

the inputs are high impedance, you can 
probably connect several recording 
decks at once to the output of the play­
back deck. If there is interaction, you 
can isolate the recording decks from 
each other by putting a resistance of 
something like 100,000 ohms between 
each recording deck and the signal 
source. 

Bias Adj ustment 
Q. My questions concern the use of a 

1 KHz signal generator to obtain an 
optimum bias setting for a particular 
tape on a tape recorder having external 
bias level controls. According to what 
I have read, the I KHz signal is recorded 
and, with the VU meter set to read output, 
the bias is adjusted for the maximum 
output signal; then the bias is backed 
off I db from maximum. But these 
accounts have all been less than per­
fectly clear about the last step. 

1. How should the back-off of I db 
from maximum output be achieved? 

(a) By setting the VU meter to the 
"bias read" position after maximum 
output in playback is achieved, and 
then lowering the bias level I db? 
(b) By changing the bias until the 
tape output is reduced I db from 
maximum? 

2. If I(b) is the correct answer, how 
should the 1 db reduction in tape output 
below maximum be achieved? 

(a) By decreasing the bias level? 
(b) By increasing the bias level? 

What is ± 1 db as read off a VU meter 
- ± 1 VU?-Ernest Lumer, Brooklyn, 
N.Y. 

A. To adjust bias in accordance with 
your procedures, the correct answer 
consists of your statements 1(b) and 
2(b) . That is, adjust bias until you ob­
tain maximum playback output at 
1 KHz. Then further increase bias until 
the playback level drops. Sometimes it 
is suggested that bias be increased until 
playback level drops 1h db; and others, 
like your manufacturer, suggest a 1 db 
drop. The optimum course depends on 
what happens to treble response. If a 
rise in bias that causes 1 db drop in 
output at 1 KHz results in excessive 
treble loss, then use slightly less bias. 

On a true VU meter, a change of 1 
VU corresponds to a change of 1 db. 

If you have a probfem or question on tape 

recording. write to Mr . Herman Burstein at 
AUDIO . 134 North Thnteenth Street. 
Philadelphia. Pa 19107_ All letters are 

answered Please enclose a stamped, self­

addressed envelope 
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Sound like the pro you'd be 
if you were recording for money 

instead of love. 
If you're serious about tape, the TEAC 3300 is a tape 

deck you can take seriously. 
It'll accept 1 OV2-inch reels, like a professional deck, 

for up to 6 hours of recorded material. And it has profes­
sional features you won't find on any other tape deck for 
the price. $499.50. 

Like the new Front Panel Bias Switch for the proper 
selection of bias current and recording 
equalization for either conventional 
tapes or the new low noise/high 
output tapes. 

And expanded scale 
professional-type VU meters 
for each channel. The wide 
excursion scales simplify 
recording at higher 
(up to 6dB) signal levels, 
a must when using the 
new tapes, assuring 
better signal-to-noise 
ratio and an expanded 
dynamic range. 

Another is 
TEAC's unique Edi-Q, 
an electronic pause 
control; it interrupts 
taping but keeps the 
recording amplifiers on 
and ready, eliminating 
recording clicks and 
tape bounce during quick­
start operation. 

Of course the 3300 has 
the kind of professional specs 
you'd expect from TEAC (after 
all, we make the professional 

Check No. 29 on Reader Service Card 

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

systems too)- S/N: 58dB, wow and flutter: 0.06% and 
frequency response: 25-24,000Hz (± 3dB; 30-20,000Hz) 
at 7Y2 ips. 

Before you spend your money 
on any tape deck, spend some 
time with the TEAC 3300. 
At your dealer's. 

Various head configurations and speeds are available to fit every need . 



What's New in Audio 

Pioneer QM-800 amplifier 
This four-channel power amplifier has 
four independent level meters, the sen­
sitivity of which can be adjusted in three 
stages, 0 dB, -10 dB, and -20 dB. Output 
is claimed at 25 watts rms per channel 
with a bandwidth of 10 to 50,000 Hz. 
Damping is specified at 70, while hum 
and noise are better than -90 dB. THD 
and IM distortion are both rated at bet­
ter than 0.5 per cent. Price: $299.95. 
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Ampex 220 cassette accessory 
This combination head cleaner and de­
magnitizer performs both functions on 
any normal cassette player in 30 seconds 
without abrasive tape-head contact or 
electrical connection. Price: $4.95. 

Check No. 8 on Reader Service Card 

Literature 
Folkways I Scholastic Records offers its 
catalog of music, foreign language, social 
studies, and language arts records, to­
gether with a listing of audio-visual 
equipment. 

Check No. 10 on Reader Service Card 

Revox with Dolby system 
The A 77 Rev ox tape recorder is now 
offered with a built-in Dolby B noise 
reduction system. Speeds are 71h and 
33-4 ips, while claimed frequency re­
sponse is 20 to 20,000 Hz + 2 -3 dB. 
Wow and flutter is specified at 0.08. 
Two VU meters are standard as is 10V2-
in. reel capacity. Price: $799.00. 

Check No. 11 on Reader Service Card 

Sony SS-4200 loudspeaker 
This three-way acoustic suspension sys­
tem combines an 8-in woofer with an 
8-in. mid-range driver and two 3-in. 
dome-cone tweeters. Frequency response 
is said to be 50 to 20,000 Hz+5 dB. Di­
mensions of the oiled walnut cabinet 
are 133-4 x 23 1-4 x 11 Ys in. Price: $95.00. 

Check No. 9 on Reader Service Card 

Bruel & Kjaer has released its 1971/1972 
short-form catalog of acoustic measure­
ment instruments. Included are artificial 
ears and voices, audiometer calibrators, 
filters, frequency response tracers, noise 
generators and monitors, plus a wide 
variety of transducers and instruments. 

Check No. 16 on Reader Service Card 
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New Classic disc storage unit 
This anti-warp record storage unit holds 
discs upright with a system of spring­
loaded pressure pads, which keep pres­
sure accurate within 1-4 oz. Already 
warped discs can be straightened in a 
special position of the rack, and up to 
100 records can be stored safely. Size is 
15 3-4 x 131,4 x 131/4 in. Price: $19.95. 

Check No. 12 on Reader Service Card 
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Dear Editor 
Out, Out Damned Scratch 

Dear Sir: 
I have long been dissatisfied with the 

ease with which LP discs scratch. There 
must be a solution to this problem with­
in our technological and commercial 
reach. I have given , some thought to 
this problem and would like to put forth 
the following suggestions. 

There are two approaches to making 
a surface scratch resistant. One approach 
is to make the surface harder than 
the scratching substance. To apply 
this to record surfaces would probably 
result in an LP that would be both 

. fragile and expensive. The second ap­
proach would be to employ a surface 
material that is relatively soft but 
resilient of elastic. Perhaps polyethylene 
or another type of plastic would do. If 
the plastic used on the surface was too 
flexible to support its own weight (i.e. 
drooping on the spindle), then a 
composite structure could be designed 
with a central rigid core. Why not? 

Francis C. Lowell 
Huntington, N.Y. 

London's Golden Barrel 

Dear Sir: 
I have been reading again the 

February review of London's opera 
reissues on their Richmond label. I do 
not question Mr. Freed's obvious 
knowledge of the subject, but I feel 
that his finely-honed sensitivity re­
sulted in recommendations by him that 
I am rather glad I disregarded-pre­
ferring to put my faith in London's 
reputation. So many of us are unaware 
of all the fine points that take the 
pleasure out of Mr. Freed's listening. 
This fact is a boon to the survival of 
music performance before audiences all 
over the world. , 

If these Richmond recordings were 
poor-sounding hash-ups of original 
so-so engineering-a consideration with 
AuDio readers-one could go along with 
Mr. Freed's advice to pass m·any of 
them by. But technically, London has 
always led the field, and here we have 
finely disced, full-bodied stereo record­
ings of often s.tirring performances by 
very good professionals. The repertorie, 
moreover, is an infrequently performed 
sector of the best Grand Opera. And 
Mr. :freed would "kill the goose that 
laid the golden egg." 

Until these records came along I had 
not had the opportunity of hearing 
Khovantchina, Prince Igor, Pique Dame, 
Eugen Onegin, or Alceste. I did have a 
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Flying Dutchman and Die Frau Ohne 
Schatten, but I found the Richmond re­
leases quite superior. My library has 
been enriched without making too great 
a dint in the pocketbook. Another con­
sideration. 

With soaring production costs limiting 
the making of classical records, it . 
could be years before these works are 
recorded again. But if it ever happens, 
there will probably be some critic who 
will refer back to these as a preferred 
choice. 

If this is "scraping the bottom of the 
barrel" by London, to quote Mr. Freed, 
I hope the bottom is wide and many 
more such "scrapings" remain. 

Norman D. Taylor 
San Rafael, Calif. 

How We Really Test 

Dear Sir: · 
Why don't you really test the equip­

ment you print reviews on? 
Van Trafton 
York, Pa. 

Heart-Felt Issue 

Dear Sir: 
Being an ardent AUDIO subscriber lo 

these many four years (and an avid 
AuDio reader even longer), I was 
thrown into panic when I did not re­
ceive my February, 1971 issue. I 
changed my address about that time, 
and . . . well, you know, anything can 
happen when one changes one's address. 

I love my AUDIO so much that I have 
been taking them to a bindery to pre­
serve them in book form. Well, sir, if 
I don't get that February issue some­
how, then someone someday is going to 
be angry when he looks on the library 
shelf for the February 1971 issue, sees 
that it is missing, and then looks on the 
inside cover of these bindings and sees 

that some idiot named Paul McGregor 
donated these magazines to the library 
back in '91. The library will get a bad 
name, my memory will live in infamy, 
. . . libraries have been sacked and 
burned with lesser justification than 
that. 

In addition, I am genuinely interested 
in the contents of the missed issue. 
Please advise as to whether I could 
obtain it and at what price. 

Paul M. McGregor 
Clarksville, Tenn. 

We;d hate to have anyone think you 
were an idiot or to have your name live 
in infamy, and we pale at the thought of 
libraries being sacked and burned. But 
worst of all would be an angry, frustrated 
AuDio reader, searching for a copy of 
the February, 1971 issue. 

Sir, you have melted our stony heart. 
We are enclosing a copy of that issue at 
no charge and we hope that you like it 
as well as the others. 

Incidently, though it isn't generally 
known, we do sell bound volumes and 
they can be ordered around year's end 
from our Subscription Manager, Mrs. 
Jean Davis.-Ed. 

Kudos for Whyte 

Dear Sir: 
I recently spent one of the most 

pleasant days of my career in high 
fidelity, listening to a variety of tapes 
at the home of Bert Whyte. I was mes­
merized by the naturalness of the sound 
and by his eloquence and profes­
sionalism. 

Bert is truly one of the most exciting 
people in this industry. His knowledge 
of music, recording techniques, and all 
aspects of high fidelity is overwhelming. 
He is truly the dean of audiophiles, and 
now that I know him personally, I will 
read his articles with even more en­
thusiasm than in the past. 

To The Editor 

Dear Sir: 

Leon Kuby 
Harman Kardon, Inc. 
Plainview, N.Y. 

AUDIO is extremely informative and 
worth its weight in gold. 

James H. Sauer bier 
(U.S.A.F.) 
Portsmouth, V a. 

According to our calculations, this 
would be $208.53 at the present price of 
gold. Checks should be made payable to 
North American Publishing Co., Inc. 
-Ed. 
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The best 
of both whirls 

For manual play, experts and hi-fi enthusiasts agree the most esteemed name in transcrip­
tion turntables is Thorens. Among automatic turntables, PE offers unparalleled value. 
Perfection in performance. At better hi-fi dealers everywhere. Distributed exclusively by: 
Elpa Marketing Industries, Inc., New Hyde Park, N.Y. 11040/Scottsdale, Ariz. 85253 
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Behind The Scenes 

EVERY FALL in New York we get 
two things . . . a touch of Indian 
summer and the annual conven­

tion of the Audio Engineering Society. 
Unfortunately, these events usually 
coincide to the day, and in the stuffy 
confines of the New Yorker Hotel 
exhibit space, the affair turns into a 
soggy saga of too many people and too 
little air conditioning. 

Ah, well! For anyone interested in 
professional audio this convention is 
a must, which transcends the inconve­
niences of weather and the paucity of 
creature comforts. Everyyearthe product 
exhibits seem to expand. The mezzanine 
was crowded with booths, as was the 
grand ballroom, part of the third floor, 
and an "overflow" on the seventh floor. 
In various hospitality suites "behind the 
scenes" (no plug intended) one could 
view prototypes of new equipment, while 
bending a convivial elbow. It would be 
nigh impossible to mention all the new 
equipment at the show, so I'll just cover 
the highlights which I found of par­
ticular interest. 

Rupert Neve Co. of England (and now 
of Connecticut too), builder of fan­
tabulous . studio mixing consoles, had 
the prize-winning exhibit of the show. 
The Neve people had built one of the 
first quadraphonic mixing consoles for 
Vanguard Records several years ago. 
At the show they installed the latest 
version of their four-channel mix con­
sole, plus an Ampex MMIOOO 16-track 
recorder, plus 16 Dolby 361 noise re­
duction units and a pair of Koss head­
phones. Presiding over this intimidating 
array was John Woram, the affable 
mixmaster and manager of Van guard 
Records studio operations. Previous to 
the show John had done a 16-track re­
cording of about a 40-piece group, doing 
some rather avant garde pop/rock 
music. After threading the two-inch-wide 
tape into the Ampex, John invited people 
to sit down at the Neve console and 
have a go at a mix. Shades of Walter 
Mitty! Here you are confronted by this 
gleaming array of controls. Channel after 
channel of sliding faders . . . multiple 
echo send and return .. . equalizers and 
VU meters. The strings, brass, wood­
winds, piano, bass, guitars, percussion 
and voices are all assigned specific 
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tracks. The 16 faders are in the off po­
sition, and while nominally you can mix 
8 tracks to the left and 8 to the right, 
you can intermix at will, and of course 
with pan-potting can make a four-chan­
nel mixdown. In fact had there been 
a four-channel recorder added to this 
set-up, this could have been accom­
plished. As it was, one randomly selected 
track number 2 and increased the gain 
with the smooth-as-silk sliding pot. In 
the left earphone a guitar is heard. Now 
we bring up the gain on track 14 and 
a trumpet sounds out in the right ear­
phone. We select track 6 and some 
strings join the guitar on the left. Track 
11 yields some percussion on the right. 
Soon you are utilizing all 16 tracks and 
some 40 musicians are playing for you. 
Each track is beautifully isolated and 
totally controllable. With the Dolbys 
there isn't a smidgen of noise. It sud­
denly occurs to you what tremendous 
flexibility is available to today's re­
cording engineers with such consoles and 
multi-channel recorders. You also have 
a heightened appreciation of the skill 
of a John Woram for his positioning of 
the various instrumentalists and his 
selection and all-important placement 
of microphones. As you can imagine, 
hundreds of people enjoyed playing 
"engineer" on the Neve console, in­
cluding my wife. All in all, a unique 
experience and a tip of the hat to all 
involved. 

Strolling down the exhibit hall, I come 
to the Crown International booth. There 
is the familiar . DC300 amplifier, but 
what is this hulking brute next to it? 
Oh, no! Gadzooks chaps, would you 
believe the Crown M600 featuring 600 
watts rms at 8 ohms and 1000 watts rms 
at 4 ohms? Or it's bigger brother (not 
shown) the M2000 with 2000 watts rms 
at 4 ohms? These are mono amps with 
delivery slated for April of next year. 
Why such massive power? Who needs 
it? The significant thing is that both 
amplifiers have high voltage output (70 
V for the M600, 140 V for the M2000) 
for distribution lines to drive multiple 
speaker loads. Needless to say, these 
will find use in discotheques and out­
door functions. Can such brutes be used 
in the home? Certainly unlikely in the 
average situation but in certain circum-

Bert Whyte 

stances, and approached with a healthy 
admixture of respect and trepidation, 
they might prove useful and interest­
ing. Being a sportin' type, I may have 
a go at them one of these days! Diag­
onally across from Crown I spot the 
N agra booth which has large signs 
proudly proclaiming the advent of a 
stereo version of their famous portable 
recorder. The standard Nagra has been 
the workhorse for synchronous motion 
picture recording for many years. Now 
the unit has been updated for stereo, 
possibly in response to the Stellavox 
recorder I reported on in April, 1970. 
The Nagra 4-S features its well-known 
closed loop servo drive, with 15, 71/2 

and 3% ips available. There are such 
nice touches as phantom powering for 
Neumann, Schoeps and Sennheiser 
mikes, a pushbutton 1KHz square wave 
reference oscillator to check azimuth, 
and a limiter to handle an extra 6 dBs 
input level. There are other goodies too 
numerous to mention here. If you have 
ever seen a N agra recorder, you know 
it epitomizes what is meant by "Swiss 
precision." I expect to have one of these 
Swiss jewels before long and have some 
dandy recording ideas in mind. Tan­
talizing thought .. . two Nagra units 
can be coupled together for continuous 
recording. Now if there was some way 
of keeping the two units in sync, we 
could make such things as outdoor four­
channel stereo recordings! 

In the Gotham Audio exhibit, the 
highlight was a demonstration of the 
Delta T delay unit. This completely 
solid state device accepts analog sig­
nals, converts them to digital and stores 
them in a memory core, and then lets 
them be retrieved as analog signals with 
delays ranging from 5 to 320 millisec­
onds in 5 mS increments. There are 
many studio and public address appli­
cations for such a device , but much 
more fascinating as far as I am con­
cerned is its use in the synthesis of four­
channel sound. Based on the Haas pre­
cedence effect, you can take regular 
two-channel stereo recordings, feed them 
into the unit, delay them somewhere 
between 10 to 50 mS, and then feed 
the delayed signals to two more ampli­
fiers and a pair of speakers in the rear 
of your room, or in some circumstances 
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How we saved our 
new $139 speaker 
from medium-priced 
boredom 
and conformity. 

Ordinarily, there's nothing more bor­
ing than a medium-priced speaker 
system. 

Low-priced speakers can be exciting 
because a few exceptions sound better 
than they have the right to . And high­
priced speakers are, of course, end­
lessly fascinating because each ex­
presses a different designer's concept 
of the "state of the art." 

But bookshelf speakers in the $110 to 
$150 range? When you've heard one, 
you've heard them all . 

That's why, having already created 
some of the world's finest low-priced 
and high-priced speakers, we decided 
that something distinct ly new and dif­
ferent should be done for the music 
lover with a middle-sized stereo budget. 
The result was the Rectilinear XII. 

First of all, we d id something about 
efficiency. Unlike the conformist acous­
tic - suspension speakers in this price 
range, the Rectilinear XII is a high-effi­
ciency tube-vented bass reflex system. 
All you need is 10 clean walls to drive 
it to ear-shattering levels. So you won't 
need a high-priced amplifier or re.ce iver 
to enjoy your medium-priced speaker, 
even if you like to feel those bottom 
notes right in your stomach. 
Then we did something about time 

delay distortion. The Rectilinear XII 
reacts faster to an input signal (it 
"speaks" sooner, with less time delay 
between electrical input and acoustical 
output, and wi th less lag between driv­
ers) than any other cone-type speaker 
system except our own higher-priced 

models. Recti linear seems to be the only 
speaker manufacturer to be concerned 
about this type of distortion, but the dif­
ference it makes is easily audible to any 
critical listener. 

A nonconformist approach to cross­
over design is largely responsible for 
the superior time delay characterist ics 
of the Rectilinear XII . The 10-inch high­
excursion woofer is crossed over to the 
"fast," low-inertia 5-inch midrange 
driver at 350 Hz, a much lower fre­
quency than is conventional in three­
way bookshelf systems; the 3-inch 
tweeter takes over at 4-000 Hz. To com­
pound the unorthodoxy, we abandoned 
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the customary parallel-type crossover 
network in favor of a very elegant 
series con figuration, wh ich gave us 
vastly improved phase response. 

Finally, as our ultimate defiance of tra ­
dition, we listened objectively to our 
own speaker. Did it really sound as 
different as we had set out to make it? 
To our ears (which, after all, have a 
good track record), it did. The 
Rectilinear XII seems to reproduce mu­
sic with a clarity and authority that few 
speakers, at any price, can even ap­
proximate. And certa inly r)One at $139. 

But this is something that each pros­
pective buyer must decide for himself. 
So, if you're shopping in this price 
range, listen carefu lly to the Rectilinear 
XII. And, please, be cynical, jaded and 
hard to please. 

For your $139, you 're entitled not to 
be bored. 
Stop in at your local high fidelity 

dealer for a demonstration of the 
Rectilinear XII or any of our other 
speaker systems, priced from $79.00 to 
$299.00. For more information, includ­
ing detailed literature, write to 
Rectilinear Research Corp , 107 Bruck­
ner Blvd., Bronx, N.Y. 10454. Canada : 
H. Roy Gray Co. Ltd. , Markham, Ont. 
Overseas: Royal Sound Co., 409 N. 
Main St., Freeport, N .Y. 11520. 

Rectilinear 

Redilinear 
Research 
Corporation 

- - ____________________ ...,..... 



two speakers abeam of you on each side. 
I am expecting a Delta T unit within 
a few days and will ultimately give 
you a full report on my experiments. 

In the Presidential Suite of the New 
Yorker (no less), 3M was showing a 
prototype of a new 16-track recorder. 
There is quite obviouslya trend towards 
smaller, less physically intimidating 
units, considerably more compact than 
present multi-track recorders. Among 
many features, most notable was the 
use of solid state switching instead 
of the conventional relays, a "fail-safe" 
track monitoring system wherein if a 
malfunction occurs in a particular track, 
a warning light .comes on at the specific 
track pushbutton. In the bottom of the 
recorder console, are 16 Dolby modules, 
exactly the same size as standard Dolby 
modules, and the recorder's VU meters 

are used for calibration purposes. 3M 
has acquired the Micom Company, well­
known manufacturer of flutter bridges, 
and is now offering new improved 
models of this important measuring tool. 

On the seventh floor I was. on my 
way to visit the AR room when the 
wall next to me shuddei:ed and thrummed 
with a tremendous outpouring of sound. 
The sound emanated from the room of 
Vega sound systems (not to be confused 
with the Vega wireless mike people). 
On entering the room, I found myself 
in the lair of a manufacturer of loud­
speaker systems for use by rock groups 
and in discotheques. By gad, Harry, you 
wouldn't believe what they have put 
together! Standing close to six feet high 
each were two speaker systems, util­
izing special 18-inch woofers in a back­
loaded folded-horn configuration, horn­
loaded mid-range, and exponential horn 
tweeter. These highly efficient speakers 
were driven with amplifiers also man-
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ufactured by Vega and rated at 500 
watts rms per channel (Gasp!) Now 
these cats had some rock music on tape, 
featuring a really heavy Fender bass and 
when they turned that monster loose, 
it was beyond belief. They claim the 
speaker is capable of 500 watts con­
tinuous duty, and I can tell you that this 
lad is not about to refute them. The 
sheer gut-thumping acoustic output was 
STUPENDOUS!! You literally can have 
your suit dry-cieaned just standing in 
front of it. Furthermore, this elephan­
tine sound is reproduced quite cleanly. 
No one in his right mind could stand 
more than 20 or 30 seconds of this sonic 
assault . . . especially if he makes his 
living with his ears! However, I under­
stand more than a few nuts have ordered 
them for their homes. Presumably they 
live in the Kalahari desert. If in this 

EVX-444 Decoder 

power-mad rock world, this unit should 
be found wanting . .. Vega is ready for 
them, as they . showed a prototype 24-
inch woofer, a battleship gray unit built 
along the same lines. The mind not only 
boggles at this ... it simply gives up! 

At the AR room they were playing 
their new professional model the LST, 
which contains the same cubic footage 
as the standard AR3a, but is configured 
in a different manner. A bit "squatter" 
than the AR3a, there are panels on each 
side of the main section, angled at ap­
proximately 30 degrees to the rear. At 
$600.00 each, the hoped-for market is 
for professional monitoring in studios 
at high levels, but as you can well 
imagine, many AR enthusiasts are 
ing them for home use. In any case the 
speakers were very clean and smooth 
and gained greatly in projection with 
their higher output. 

At the huge Ampex display, they 
were showing a prototype of a new 16-

track recorder. Here too, the trend is to 
smaller units. For one thing the doghouse 
containing amplifiers and VU meters 
as used in the MM 1000 is gone. Now 
the VU meters are directly in front of 
the unit, level with the top plate, and 
in the production model will be tilt­
able, to accommodate both remote 
control recording and recording at the 
unit. Amplifiers in modular form are 
in the bottom of the console. The new 
unit is really "under wraps" so other 
details are hard to come by. More info 
when I can squeeze it out of my friends 
at Ampex. Ampex was also showing a 
neat link-up between a movie projec­
tor and an MMIOOO 16-track recorder. 
Absolute sync is established, but there 
are manual vernier type controls so that 
minor adjustments can be made, espe­
cially when dealing with lip-sync in 
foreign language overdub prints. 

Teac was showing their new SL line 
of recorders, with the 7030 of most inter­
est to the pros. The top-of-the-line Dolby 
box was also shown, but alas, this model 
has been sitting in the holds of ships 
on the West coast because of the dock 
strike ... thus no samples for test. 

I've saved the Electro-Voice exhibit 
for last, because it will lead into the 
next story. At E-V they were playing 
records with their four-channel matrix 
system ... BUT this-time, with the ad­
dition of a new logic circuit developed by 
Peter Scheiber, who as you probably 
know has joined forces with E-V. Peter 
demonstrated the system switching the 
logic in and out. As far as I am con­
cerned, this form of sophisticated gain­
riding, or manipulation, certainly en­
hances the degree of separation be­
tween the four-channels. The matrixed 
four-channel stereo sound field when 
the logic is operating would satisfy a 
great many people as a reasonably close 
approximation of discrete four-channel 
stereo. 

As noted there were many other things 
at the AES show which reflected the 
growth and increasing sophistication 
of audio, and I am sorry that space does 
not permit a more detailed presentation. 

Close on the heels of the AES con­
vention, a meeting ofNARAS (National 
Academy of Recording Arts and Sci­
ences) was held at the Columbia Rec­
ords 30th Street studio in New York. 
The purpose of the meeting was a pres­
entation by CBS and Electro-Voice of 
their respective four-channel stereo disc 
matrix systems. Some called the demon­
strations more of a confrontation, than 
a presentation or "entertainment," and 
as it turned out, there was an element 
of truth in this. Understand now, the 

(Continued on page 72) 
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Editor's Review 

Y ou MAY have noticed that headphones are 
getting more and more popular as amplifier 

power is creeping up. This is not really cause 
and effect and I suspect that the main reason for 
increased sales of headphones is due to the tre­
mendous improvements which have taken place 
over the past · few years. Not so long ago head­
phones were cumbersome, heavy and the sound 
quality was pretty poor. Usually no bass and an 
enormous peak in the upper midrange! No 
doubt about it, present day models are a plea­
sure to wear (some weigh less than eight ounces), 
and frequency response and distortion are com­
parable with the best loudspeakers. In fact, some 
say better! 

Quadraphonics 
The October issue probably annoyed a few 

readers who are not now interested in four­
channel sound-but it did inspire many favorable 
comments. John Eargle, now of Altec, said it 
performed a great service for the industry and 
this sentiment was echoed by several others. One 
of the objects of publishing details of the various 
matrix systems was to help in a small way to­
wards standardization. As we go to press, E-V's 
Larry LeKashman announced a modified ver­
sion of their Stereo-4 decoder which will permit 
it to be used with CBS SQ records-without 
switching. A step in the right direction. 

The Berliner Award 

Congratulations 
Congratulations to Garrard for winning the 

1971 Berliner "Maker of the Microphone" 
award. As most people will probably guess, the 
product concerned is the new "Zero 100" turn­
table with its ingenious tonearm. The Award was 
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established in 1963 in memory of the great 
pioneer, Emile Berliner, and it is given annually 
"for an outstanding contribution to the world of 
sound." Recipients include Roland Gelatt (1963), 
Dr. Olsen (1965), and AuDIO magazine (1967). 
It was fitting therefore, that among the speakers 
at the ceremony which took place at the N.Y. 
Statler-Hilton was Charles McProud. The award, 
incidentally, was presented to George Thompson­
Gordon of Garrard by Emile Berliner's grand­
son, Oliver. 
New York Audio Society 

Next meeting will be held on December 15 at 
the Dragon Seed Restaurant, 37th Ave., Jackson 
Heights, N.Y. and the time of 8:00 p.m. is 
underlined in the note! The speaker is Bill 
O'Connor of TEAC who will demonstrate vari­
ous tape recorders, including the new cassette 
unit with built-in Dolby system. Address of the 
Society is 215 Adams St., Brooklyn, N.Y. 11201. 

For Manufacturers 
Makers of hi-fi equipment wishing to export 

to Great Britain will find a great deal of useful 
information in a recently published comprehen­
sive survey called "Audio in Transition: A finan­
cial assessment of the British Industry and 
Market." It can be obtained from Finnresearch, 
Ltd., 30 Baker St., London, Wlm 2DS. Price is 
$45.00. 

* * * 
I see that I referred to Gene Fiebich of 

Heathkit as "Chief Engineer." In fact he is 
Director of Engineering*. There is a difference as 
this position has a much wider responsibility. 
It can be said that a company president must 
plan for five years ahead, a director of engineer­
ing four, a chief engineer two, and a project 
engineer one. Unlike the old British Indian civil 
service, it is not just a matter of prestige; in that 
elite group, promotion was indicated by office 
size, carpet area, then the allocation of a mahog­
any toilet seat, and finally at the topmost rung­
a flagstaff in the garden! 

A Merry Christmas and Happy New Year 
from all of us at AUDIO. G. W. T. 
• And Vice-President. 
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Choosing the wrong 
cartridge for a record player 

is like putting 
low octane gas in a high­

performance car. 
Here's how to choose the right cartridge. 

Matching stereo cartridges to 

turntables and record changers is as 
important as putting the right kind 
of gas in your car. Low octane gas 
just won't work in a high perform­
ance car. And high octane gas in an 
economy car is a waste of money. 
It's the same with cartridges. In 
fact, a cartridge that's great for one 
system could be disastrous for 
another. 

So, we've developed a simple 
way for you to precisely match one 
of our XV-15 cartridges to what­
ever kind of record player you have 

or plan to buy. It's called the 
Dynamic Coupling Factor-DCF 
for short. 

DCF is a numerical index, 
like an octane rating, that our 
engineers have assigned to the 
XV -15 cartridges by pre-analyzing 
all the electrical and mechanical 
specifications of all major record 
changers and turntables. The more 
sophisticated the record player, the 
higher the DCF number. 

But how we devised the DCF 
rating system isn't as important to 

you as knowing what it does . Using 

our DCF chart to choose your 
XV -15 makes sure that you get 
optimum performance when you 
play your records. And that you can 
walk intp your high fidelity dealer and 
know just which XV-15 to ask for. 

After all, you don't just drive 
into a gas station and ask the man 
to "fill 'er up", do you? 

_:;> ) , 
101 Sunnyside Blvd., 
Plainview, N.Y. 11803 

Cut out this handy DC F Guide. · 
.IF YOU OWN 

Acoustic Research 

Benjamin Miracord 

Dual (United Audio) 

Garrard (British Industries) 

Lenco 

McDonald ( BSR) 

Pioneer 

Perpetuum-Ebner 

Sony 

Thorens 

MODEL NUMBER 

XA 

50H, 750, 770H 
40H, 40A, 40,630,620,610, ISH, 10, 10F, 10H 

1219,1209,1019,1215,1015, 1015F 
1009SK, 1009F,l009 
1212, 10 lOA, 1010 

SL95B,SL95,SL75B 
SL75, LAB80MK11, LAB80 
SL72B, 70MK11, A70, 60MK11, SL65B, SL65, SL55B, 
SL5 5, SP20B, SP20, A, AT60, AT6 
40, 40B, 50MK11, 50, 40MK 11, 40Autoslim, 
Autoslim/P, Tll, RC98, 210, 4HF, 301, RC80, RC88 

L-75 

600,610, 500A 
510, 500, 400, 310 

PL-30 
PL-25, PLA-25, PL-41C, PL40F, PL-41A 

PE-2018, PE-2038, PE-2020, PE-2040 

TTS 3000, PS 1800A 

TD 125 
TD 150AB, TD 124 

Use a Pickering XV-15 cartridge 
with this DCF Number 

ELLIPTICAL SPHERICAL 

750,400 350 

750 350 
400 

750 350 
400 
200 150 

750,400 350 
400 350 
200 150 

140 100 

750,400 350 

200 150 
140 100 

750 350 
400 

750,400 350 

750,400 350 

750 350 
400 

Elliptical styli, because of the way they rest in the record groove, track with less radius distortion, and therefore are capable of playing records in 
good condition with less overall distortion. 

Spherical styli are more rugged and can be used with higher tracking forces. Check No. 17 on Reader Service Card 
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S ANTA CLAUS swore softly and, jumping up 
from his Danish Modern teak chair, he 

switched off the Heath AR-15, which died with 
a burst of static and a peevish growl from the Bose 
speakers. "Not a damn FM station within miles," 
he muttered as he brushed a reindeer hair off his 
elegant Shaffner, and Marx suit. (If you 
thought Santa Claus always went around in that 
old red cloak-:-you must be out o_f your mind!) 
Pouring himself a generous helping of Johnny 
Walker Black, he pressed a button and in a few 
moments his miniskirted secretary came in. 

c.Sit down, Miss Kahn, and tell me what my 
engagements are for this week." 

uWell, yes," said Miss K., crossing her shapely 
legs. "Nothing much today. It just says 'S' 
in my note book and I really can't remember ... 
but tomorrow"-she brightened visibly-"to­
morrow you have a Bar mitzvah. The Grossmans, 
of West, um, Westchester." 

"Yes, I know," said Santa, raising his glass. 
"I promised and I will be there. Remind me 
to pick up a New York map at the gas station. 
"How about Wednesday?" 

"Yes," said Miss Kahn. "You have a man 
from IBM coming to sell you a 370 computer." 

"Right," said Santa. "The four we have now 
are overloaded. Thursday I know; I have the 
Japanese trade delegation, but how about Friday?" 

ui have Mr. Bernie Brown, the attorney for 
Santa Claus Franchises, Inc. -10:00 a.m." 

uum, better put him off until Monday, I 
have a lot to do Friday. I want to wire up a new 
quadraphonic system at home." Stretching 
out his long legs, he gazed at his size 13 Flor­
sheims and then looked at the blank TV screen 
on the wall. "I wonder," he began ... but he 
was interupted by Miss Kahn. 

"I know what 'S' is-it's your son." 
"Yes, yes, ." said Santa (who always talked that 

way). "I want to see that young man. Check those 
tax figures. I'll be back later." 

And so Santa heaved himself up and with a brief 
nod to a signed photograph of Paul KJipsch, he 
went out into the corridor. Frowning slightly be­
hind his beard, he walked past the walnut doors 
marked "Production Control," "Public Relations," 
''Accounting," "Dr. Kuby-Psychiatrist," and 
several inscribed in Chinese, Swahili, and other 
languages he couldn't remember. Then, opening a 
large steel door right at the end, marked "STORES, 
Sect. xv-655-B," he passed 
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and a smaller section; 
and making a left hand turn to a door 
inscribed in gold letters, uSanta Claus, Jr." Two 
seconds after he knocked, this same door was 
flung open and a disheveled blonde rushed out 
and disappeared behind a huge pile of cartons 
labelled "Stereo Headphones, Clarke-Koss." 

"Hullo, Dad," said Junior. "I was just checking 
the Harvey invoices and . . . " 

"Yes, yes," said Santa testily, waving his hand 
towards the door. "I saw you were, but I want to 
have a serious talk with you." 

"Not that again!" said Junior, who was dressed 
in a Gimbel's Young Man of the Seventies 
Ensemble in violent purple and yellow. Santa 
looked puzzled. "You know, the old birds and the 
bees jazz," mumbled Junior. 

"No, no," said Santa. "I want you to get more 
involved." 

"Involved?" was the reply. "Don't I wear a 
Peace badge, didn't I scuff the bottoms of my 
pants, didn't I carry a protest . . . ?" 

"No, no," said Santa. "I want you to get more 
involved in the business. I want to retire." 

"Retire? What will you do?" 
"Never mind that," answered Santa, as he 

picked up a copy of Rolling Stone and hastily put . 
it down again. 

Junior scratched at an egg stain with his beads 
and finally asked, ''When do you want me to take 
over?" 

"November," was the reply, "before the busy 
s'eason. We will have staff meetings next week to . 
discuss all the details." And as an afterthought, 
"I will be available as a consultant for a year or 
two." 

Pausing to look at his son's downturned mous­
tache, which looked even sadder than usual, 
he averted his eyes from the purple and yellow and 

· went out. Picking up an E- V Stereo-4 unit from 
a shelf, he slowly returned to his office, happily 
whistling the slow movement from Tchaikovsky's 
6th into his beard 

So, in due course, Junior took over the reins 
(and reindeer) and presumably the change is work­
ing out without undue strain. As for Santa, well, 
he is now the proud owner of a hiJi store some­
where between Syosset, N. Y. and Tenafly, N.J. 
The exact address? No, I'm keeping that to myself; 
after all, where else can I get Pioneer, Sansui, 
and Fisher components at 30 per cent o_ff! Merry 
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DIVISION OF LTV L1NG ALTEC, INC 

The AJtec 714A AM/FM stereo receiver 
delivers 44/44 watts o·f RMS power at less 
than 0.5% distorHon (180 IHF rnus ic power). 
And for high Ffvl sensitivity, it features 
3 FET's and a 4 gang tUning condenser. 
Plus, 2 prealigned crystal filters and the 
newest IC's for better seJectivity and 
more precise tuning. 

The Altec 714A seHs for Hear it 
at your Altec de;aler. Or, write for a complete 
Attec catalog and copies of available test 
reports. Altec Lansing, 1515 S. Manchester 
Ave., Anaheim, California 92803. 
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eoncert GJ-Iall 
at GJ!ome 

I N THE PAST headphones were looked upon as strange de­
found only on board ships in the wireless operators' 

cabm or draped over the head of the captain of an air­
liner. To use headphones for high fidelity reproduction was 
unthinkable! With the desire to achieve the best in reproduc­
tion, coupled with an ever-increasing amount of research in 
acoustics, headphones have come a long way from the wire­
less cabin and can be found today in the living room of many 
penthouse apartments. With little detail and skipping all the 
fancy mathematics, I will try to show why this strange phe­
nomenon has taken place. Initially the question may be asked, 
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why use earphones when there are so many very good loud­
speaker systems available? What may not always be apparent 
to the general public, and something that has plagued engi­
neers for many years, . is that in a given room acoustics can 
be either good or bad and are usually very bad. It is under­
standable that most of us could not afford to design our liv­
ing room around our sound system or go to the extreme of 
listening in an anechoic chamber. 

Our home listening area is by no me arts a concert hall, · and 
again, because of the differing levels of background noise, 
children running back and forth, the wife vacuuming, we end 
up with what engineers call poor signal-to-noise ratios. Be­
cause of all this, we start looking for some other way to re­
produce our favorite classics or jazz in total realism and hope­
fully undisturbed. 

·Before we go any further, let's note one other little problem 
which has crept in, channel separation. Here some skeptics 
will say we go too far with earphones, in that we leave the 
so-called "hole in the middle" without any sound. To this we 
could reply that the opposite can easily take place in the liv­
ing room when using standard speakers, since with all the 
varying acoustics, we may well end up with good or bad stereo 
separation. In fact, if we were able to see some of the fre­
quencies, we would say that separation was very poor. 

But when we come to earphones, we have a means of es­
tablishing a standard of separation. For some listeners this 
may be too much; for others it may be perfect. For those who 
find the separation too great, we can use one of the either 
simple or very complex networks of which there are many on 
the market. These blend portions of the left and right chan­
nels, and thereby fill in the hole in the middle to a greater 
or lesser extent. (See Improved Headphone Listening by Link­
witz in this issue.) 

With all the advances which have been made in acoustical 
research, engineers have found it possible to produce a smooth, 
crisp sound from well below 20 Hz to well over 15,000 Hz. 
One extremely important reason for being able to reproduce 
below 20 Hz is the development of liquid earseals, which 
properly seal the phones to the side of the head. Added to 
this are the large cup design, special cavities, and special sound 
absorbing materials from the plastics field. Taken together, 
we have a means of developing a headphone which will re­
produce sound and reject ambient noise to an extent that could 
only be dreamed of a few years ago. 

In Fig. 1, I have shown the frequency response of an average 
pair of six cc headphones. To control the accuracy of mea­
surement, standard acoustical Bruel and Kjaer equipment and 
an ASA 6 cc artificial ear were used. Figure I also shows us 
what happens when a number of subjects wearing the 6 cc 
·sharpe Audio Div. , Scintrex, Inc . 
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headphones listen to various frequencies with a constant am­
plitude. From evidence shown here, we can see why the use 
of headphones to reproduce high fidelity sound was very un-
popular. · 

Simply stated, with the standard type of headphone the low 
frequencies could not be retained, which in fact was the same 
as removing the bass section from an orchestra. Additionally, 
many of these standard phones were of the magnetic driver 
design, which at best limited reproduction to below 7,000 Hz 
and in most instances to only 5,000 Hz. Lastly, we were still 
subjected to an extremely high amount of ambient noise, since 
there was no means o( reducing it. 

Tackling the problem of ambient noise rejection first, it is 
apparent that some means must be used to either completely 
plug the ear, or at least enclose it. Since completely enclos­
ing the ear is more practical, we are left with the large cir­
cumaural-type cup assembly, fitted with the liquid earseals. 
This provides us with some control over the rejection of am­
bient noise and we also have a large cavity which can be used 
as a portion of the reproducing system. 

Figure 4 shows what evolved from many hours of research 
and development. Examining our drawing, you will note that 
we have the earseals, the large outer cup, dynamic driver, a 
plate called the cavity divider, driver cavity, earplate, high 
frequency resonance attenuator, and medium frequency damp­
ing material. Looking at the driver first, we see this is en­
closed in the driver cavity and mounted on the cavity divider, 
which in turn is mounted on the earplate assembly- this is 
what we call our driver-cavity assembly. The rear portion of 
the driver is airtight in its seal, via the mounting of the driver 
cavity. The driver cavity serves to prevent any out-of-phase 
low frequency cancellations. In addition, the driver cavity has 
its internal space so calculated as to establish a particular re­
sonance which can here be loosely called our crossover fre­
quency. 

The dynamic driver appears to , be nothing more than a min­
iature loudspeaker, though it is apparent that a considerable 
amount of engineering skill has gone into the mechanical 
shape, the choosing of the magnet strength, and more par­
ticularly into the shape, density, and composition of the cone 
used on this driver. I might add here that the free air response 
of this driver is 500 Hz to 14,000 Hz. 

Inside the driver cavity we note also that some of the med- . 
ium frequency damping material is employed to damp out 
reflections within this area itself. In addition some control of 
the resonance of this assembly is provided by this damping 
material. 

Going further, we see the cavity divider is a ported type 
assembly. The port openings did .not simply evolve from a 
mathematical equation, but required in addition a consider­
able amount of trial and error. Were it not for the medium 
frequency damping cushions, all the frequencies emitted by 
the driver would be permitted to circulate in the area of the 
large cup by means of the ports. This of course would be a 
disadvantage in that certain frequencies would be enhanced 
and others would deteriorate. Through careful selection of the 
medium frequency damping material, we are able to effectively 
control the internal volume of the large cup. In simple terms, 
we can look at this foam damping material as appearing or 
disappearing, depending on the frequency. 

Now let us examine the area closest to the ear, where we 
note the high frequency damper and, directly in front of our 
driver, another high frequency resonance attenuator. To some 
it may be obvious that these two are selected so as to damp 
out reflection. That is, when listening to music, certain sounds 
will be reflected from the side of our head or portions of our 
ear and these reflections will change the phase r_elationship 
of the sound. This phase relationship can serve to strengthen 
or to reduce certain frequencies, which would appear on a 
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swept fre't)_uency response curve as dips and peaks. The acous­
tical damping material is of course selected with an eye towards 
further reduction of these reflections. 

One could say this development is all well and good, but 
how do we know these figures are correct or at least reason­
ably correct? I would like to state here that an absolute means 
of measuring the frequency response of a headphone still lies 
in the distant future. But thanks to the scientists' work, we 
do have some means of correlating figures. In the design and 
construction of our headphones, we use two methods in mea­
suring frequency response. The first is what we call the flat 
plate coupler and the second is a probe tube microphone. 

The probe tube microphone is a small, Ysin. diameter micro­
phone, mounted on the end of a probe and inserted between 
the headphone and our ear. This then gives·us a relative mea­
surement of overall frequency response. The overall frequency 
pressure response of this microphone extends to well above 
40,000 Hz, varying just fractions of a decibel over the total 
spectrum. 

The question may arise, why not use the ASA 6 cc, (cubic 
centimeter) coupler since we refer to the human ear in terms 
of 6 cc? If we look very closely at the design of the head­
phone in terms of acoustic volume area, we find that the area 
varies from approximately 12 cc to as much as 120 cc. There-

Cavity divider 

Ambient noise attenuation 
cup 

Inner medium frequency 
damper 

Driver cavity 

High frequency damper 

Acousl ic sealing ring 

High frequency resonance 
atlenuator 

Glycerin (or foam) 

Medium frequency damper 

Earplale 

Liqu•dsealpad 

;...----- Cord strain re lief 

Fig. 4-Construction of a modern high fidelity headphone. 

fore any measurement which we might make on a 6 cc coupler 
would be incorrect. The combination of the flat plate and the 
probe tube approach permits us to design our headphones with 
a reasonably flat frequency response. Again, I refer to the 
curve in Fig. 2. 

For the reader's information, Fig. 2 is standard for various 
models by Scintrex. Additionally I have shown an ambient 
noise attenuation curve for the large cup-type circumaural 
phone. 

I must apologize to our more technically inclined readers 
for not having delved more deeply into the theories and math­
ematical equations involved in the design of these headphones. 
I would like to refer these readers to "Acoustics of Circu­
maural Earphones" by Drs. E.G. Shaw and G. J. Thiessen. 
Both these gentlemen are with the Division of Applied Physics, 
National Research Council of Canada, Ottawa, and were in­
strumental in the development of the liquid earsea1s and the 
dual cavity system used in the headphones described in this 
article. Special thanks are due to the laboratory staff at Scin­
trex Limited and to Mr. Stan Rose of Foamade for his help 
in developing some of the acoustical material, and to Mr. E. 
Kawaguchi of Fujiki Electric for his help in the development 
of the driver used in this headphone. 
References: Acoustical Engineering, by Olsen. Acoustics of Circumaural Ear­
phones, by Dr . E.G . Shaw, Dr. G.J . Thiessen, National Research Council, . 

Ottawa, Can. 
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We proved it with the 
Elac-Miracord SOH. 

Now we've improved it. 

Announcing ... 
the50HII 

The original ELAC/Miracord 
50H hasn't just proved itself. 
It's proved to be a classic. 

So we've improved it. With 
the new 50H IT. 

We gave it new flexibility in 
speed control. Not just by 
letting you adjust your 
records' speed and pitch by 
6% (a semitone), but also 
by building in an illuminated 
stroboscopic speed indi­
cator that lets you return to 
absolute pitch accuracy at will. Because without 
that stroboscope, a pitch control wowld have 
you I istening more often at the wrong speed 
than at the right one. 

And we improved the rack-and-pinion 
counter-weight adjusting system to make it even 
more convenient and easy to adjust. 

But when we added these improvements, we 
kept everything else that had a classic 
of the originai50H: 

The Papst hysteresis-synchronous/ motor, 
proved in thousands of 50H's-and in more 
thousands of professional studio tape recorders 
around the world. Because hysteresis motors 
keep their speed up even when the power goes 
down (in brownouts, for instance). 

The metal cam that holds its precision, 
unchanged, through thousands of hours of play. 

And the leadscrew tracking-overhang adjust­
ment, still the simplest and easiest in the field. 

The 50HII is priced at $199.50. 
And for those who still cherish it, the original 

50H is still available at $175. 
Another quality product from Benjamin. 
ELAC Division, Benjamin Electronic Sound 

Corp., Farmingdale, N.Y. 11735. A division of 
Instrument Systems Corp. Available in Canada. 

Check No. 18 on Reader Service Card 



Dynarnic and 
Electrostatic 
Headphones 

W:ILE THE SUBJECT of this dis­
ourse concerns listening 
hrough headphones, to under­

stand the subjective significance of their 
performance we must employ compar­
isons with the perception of musical 
sounds in real existence. Further, we 
will help this effort by contrasting head­
phones perception to that obtained from 
loudspeakers. Additionally, we will elab­
orate on the differences "between the 
listening modes-monaural, binaural, 
stereo and, yes, even "sur­
round" .sound. · 

The earliest reproducer was a single 
earpiece, which included a small electo­
magnet consisting of a coil of wire and 
an iron core with a 2- or 3-inch steel 
plate suspended over the end of it. The 
electrical counterpart of the signal pass­
ing through the coil winding induced 
varying amounts of magnetism in the 
core. This in tum vibrated the suspended 
steel plate, moving the air and making 
sound. The quality of these early phones 
was poor because the musical range was 
quite restricted. However, these phones 
served in communications work for many 
years, the present telephone receiver 
being a not so improved version. 

Monaural Sound 
The sound from early phones was 

characterized as monaural, and even 
when two earpieces were combined into 
a headset, the sound had no dimension 
nor depth. The best description of the 
effect would be that of listening to the 
music through a window, or, perhaps, 
listening with one ear at the microphone 
location. 

Binaural Sound 
When two microphones are employed, 

spaced and separated as are one's ears 
and each microphone feeds its own 
headphone, a tremendous effect of re­
alism is obtained, although the sound 
*Vice President-Engineering, Koss Corporation 
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seems to be realized "in the middle of 
the head" and slightly above the median 
line of the ears. The effect is pleasing, 
although reality is not duplicated, since 
there is no movement of the head per­
mitted relative to the sound source. 

Ordinarily, recordings are not made 
with this microphone spacing, for to 
achieve dramatic spatial effects with 
loudspeaker playback, a different pickup 
technique must be invoked. 

Stereo 
In stereo recordings microphones are 

widely spaced to favor instrument 
groups. Stereo listening through speakers 
is as different from "binaural" as bi­
naural is from real life listening. 

The finest loudspeakers reproduce 
about 8Y2 octaves of the musical range 
out of a possible 10. When one speaker 
is placed to the right and the other to 
the left, the directional effects of the 
concert field are simulated in the liv­
ing room. Even the sound emanating 
from the center of the field is synthe­
sized by the blending of the sound from 
two speakers. 

A cross-referencing center in the brain 
of the listener evaluates the intensity, 
quality, and arrival time of the sound 
from two sources in ·an instantaneous, 
composite and unconscious function. 
This allows him to determine that the 
sounds come from the left, the center, 
or the right. According to the loudness 
and reverberant quality, the listener also 
perceives whether the sounds are from 
the near distance or from far away. 
These things give three dimensions to 
the music and place the listener in the 
same position as the audience to pro­
duce a powerful effect of realism. 

The art and science of acoustics pro­
vides tools and techniques which can 
enhance reality. It was Leopold Stow­
kowski who once said, "If I had a 
thousand bass viols, I could use them 
all." This points up one of the many 

Howard Souther* 

limitations of real existence-and now 
we suggest something better. 

The exclusion of distracting sounds, 
coupled with the proximity of the mu­
sical information received is only a part 
of the improvement over speakers and, 
yes, over real life listening too. 

The plan (Figure 1) shows that how­
ever preferential his listening position, 
the conductor is too close to some in­
struments and too far from others, so 
that he must interpret, rather than hear, 
the actual musical balance. He com­
pensates partially by bringing the soft 
playing harp in close, so that he can 
detect the delicate plucking. The inef­
ficient violins are adjacent, with the con­
certmaster only arm's length away. Not 
so the bass viols. Their physical size 
and number demand a distant situation, 
in spite of their weak, but important 
low, grave tones . . 

The best efforts of the most famous 
maestro are vastly improved upon by 
the recording engineer when the phono­
graph record is produced. The recordist, 
using individual microphones placed in 
each orchestral section, augments and 
monitors the dim harp. He moderates 
the over-intensity of the clamorous 

FINER THAN REAL LIFE 

Fig. 1-This diagram illustrates the 
manner in which the headphone listener 
receives balanced sound levels from 
all parts of the orchestra. 
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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 places 
on the dial. (The passive input stage can't generate any hiss, 
either) . By the time the signal 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 uniform response over the entire FM 

·2.6 u V (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. 

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: 

....... J; 

Price is not a dirty word either. It's inexpen­
sive. In this day of rising prices, it's just 

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

' ) 
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·SONY®6045 
*I H F standard constant supply 
method at 8 ohms. 



brass. He increases the normally de­
ficient bass section,_ thus accomplishing 
a musically balanced performance almost 
impossible to achieve in real life. 

Through stereophones we gain the 
finest listening position, that of the con­
ductor himself, and through disc record­
ings bypass his problem of interpreting 
proper balance of the instruments over 
near and far distances. 

Here, then, through stereophones, 
and the scientific wizardry of the acous­
tics engineer, is the means of appreciat­
ing music far beyond the composer's 
most impossible desire. 

Sound 
Currently there is extreme interest, 

not to mention controversy, in four­
channel sound, where left, right, left rear, 
and right rear signals are recorded and 
played back from the four corners of 
the room. Peculiarly, if the listener faces 
the center front and holds his head very 
still, there is no certainty that sound 
comes from the rear, although the am­
bience effect has been enhanced, per­
haps because the two extra speakers 
have assisted high frequency dispersion. 
Movement of the head, of course, 
permits rear directional effects. The 
illustration may disclose why increased 
"surround sound" effects are achieved 
with speakers, and suggest that maybe 
headphone stereo listening has had the 
"surround" effect right along. 

Observe in the illustration (Figure 2) 
that if the listener is blindfolded and 
faces the center between two speakers 
while the head is held steady, the virtual 
sound originating 20 degrees to the 
right cannot be differentiated from 
sound at 167 degrees, or from be.hind 
the listener! (I) 

If, while listening to four channels 
with four speakers the head is moved 
30 to 40 degrees to the right, the right 
rear channel becomes the "right" chan­
nel, and the left rear channel the right 
rear channel. Thus, a new localization 
of the sound to the front is achieved, 
but the origin of the rear sounds re­
main in question. It may be interpreted 
that in real life a visual clue is required 
to determine front and rear sounds 
unless the head is rotated. It has also 
been shown that visual clues are re­
quired for determining· "up" and 
"down" sounds. While the two ears do 
a creditable job of establishing left, 
center, and right, and the brain eval­
uates intensity and reverberation to 
determine near and far distances, to 
hear rear sounds (without head move­
ment), and to hear sound from "up" 
or "down," we may need a total of six 
ears situated on each plane of the head! 

Because the headphones turn with 
the head, movement does not assist in 
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REAR SOUND 

YOU CANT 
TELL THE 
DIFFERENCE 

Fig. 2- When a blindfolded listener holds his head steady, rear sounds cannot be 
differentiated from front sounds . In this case a source 20 degrees off the axis also 
may be localized at 167 degrees. 

ANA LOGIES HELP DESIGN 
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Fig. 3-Mechanical, electrical, and acoustical analogies. Mass is the mechanical 
element which opposes a change in velocity . Inductance is the element which op­
poses a change in current. Resistance is the electrical dissipative element. Fric ­
tion is the mechanical dissipative element. Capacitance is the electrical element 
which opposes a change in the applied force . is the mechanical element 
which opposes a change in the applied force. It should be noted that in a mechanical 
or acoustical system, the capacitive element always must have one side grounded . 

determining "rear" sounds. However, 
the superior ambience effects, which 
lend so much to pleasing listening, 
have always been present in headphones 
with two channel recordings and now 
show possibilities of enhancement with 
the ambience added by four channel 
techniques. 

Tools for Design 
The design of headphones is as much 

an art as it is a science. However, the 

art is ably assisted by the body of know­
ledge in mechanics and electricity. If 

. this exposition serves as intended, the 
reader can become an expert and him­
self execute a good headphone design. 
Using as a tool the table of analogies 
illustrated in Figure 3 and by employing 
the considerations to follow as a base, 
a creditable headphone will result. 

Before designing a headphone we 
must choose the method of operation. 
There are two of these, velocity and 
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THERE WAS A MISSING LINK IN 
OUR LINE, TOO Actually we found 

there was something missing in everyone's 
line. No one had a really high powered, 
high sty led receiver for a reasonable price. 

And you asked for one. So we did 
the only human thing. We built the S ... 7JOO 
AM/FM stereo receiver. The Missing Link. 

The S.-7300 has 160 watts (lHF)-
42 + 42 watts R.M.S. 
at 8 ohms, both channels driven, with 
only 0.6% distortion. Plus, solid state ceramic 
FM IF filtering and 1..8 p.V FM sensitivity. 
We included inputs -for two phonos plus 

mikes,. and, 12rovision 
!II! for up to four 

tape recorders. There 
are illuminated 
selector 
indicators, and one 
special feature: an 
oiled walnut cabinet 

at no extra charge. 
Normally, it 

costs up to $400 to 
get all these features. 

But we wanted a truly 
evolutionary receiver. 

So we priced the 
S.-7300 at just $319.95. 

It's priced just above our best 
selling s ... 7100,just belowourtop.­
rated S--8900. But in the $300 price 
range, no other receiver has more 
power, features and styling than 
our new s ... 7300. 

Ask your audio man to 
demonstrate our Missing Link. 
The evolutionary s .. 7300 AM/FM 
stereo receiver. 

Or, write us for complete 
specifications. Sherwood Electronic 
Laboratories, Dept. A, 4 300 N. 
California Ave., Chicago, Ill. 60618. 

SHERWOOD SOUNDS 
EXPENSIVE 
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pressure, and we will explain the advan­
tages of both. (See Fig. 4.) 

The velocity design is light in weight, 
and defined as "supra-aural," which 
means that it rests on the ear. This class 
of phone is smooth in response and 
gives good sound. It does not exclude 
outside sounds, and thus lacks the virtue 
of complete involvement with the per­
formance because of the inclusion of 
ambient noise. 

The pressure operated headphone is 
"circum-aural." This means that the 
headphone cushion surrounds and seals 
the aural cavity. It rests on the head 
arou_nd the ear and scarcely touches the 
sensitive "pir.ma" or cartilagenous parts 
of the external ear. The circum-aural 
feature excludes outside noise and is 
very comfortable, although it makes 
for a somewhat heavier headset than 
the velocity type. The response range 
of pressure phones can be very wide, 
and for this reason they may be pre­
ferred. 

How Velocity Phones Work 
It is a nature of all physical things 

to vibrate at a fundamental frequency 
more easily than at any other. For ex­
ample, a 3-inch disc of aluminum, 2 
mils thick, suspended from a string in 
free space, if struck a sharp blow will 
resonate at about 1 kHz. (See Fig. 5). 
The mass, or inductance, and the com­
pliance, which is analogous to electrical 
capacity, forms a resonant circuit re­
sulting in high efficiency. If the disc 
were infinitely light and infinitely stiff 
(the "ideal" loudspeaker membrane 
operating in free space), the response 
would be weak at low frequencies (zero 
capacity or compliance) and increase 
at 6 dB per octave without limit as the 
frequency went up (zero inductance or 
mass). Under these circumstances, the 
sound would be shrill, just like that of 
a magnetic or velocity phonograph cart­
ridge plugged into the auxiliary ampli­
fier input instead of the velocity equal­
ized cartridge input. The remedy in a 
velocity design is to apply mechanical 
equalization to our headphone to offset 
the shrill sound. Here is the way we 
go about it: 

First, we select a diaphragm of the 
proper thickness, say 2 mils, and intro­
duce thereby a certain amount of mass, 
or inductance. This mass behaves just 
like a coil of wire in an electrical cir­
cuit and rolls off the shrill high end. 
Next, we make our diaphragm com­
pliant by having previously selected a 
limp material, like polyvinyl chloride, 
so that we add "capacity" to our equiv­
alent electrical circuit. If we make this 
selection judiciously, the diaphragm will 
resonate where we lacked energy, or 
be very efficient at 200Hz. By using foam 
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o ON THE EAR 
o VERY LIGHT 
o "HEAR THROUGH" 
o GOOD SOUND 

PRESSURE 

o AROUND THE EAR 
o COMFORTABLE 
0 NO OUTSIDE NOISE 
o BEST SOUND 

Fig. 4-Comparison of the main features of velocity and pressure type headphones. 
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Fig. 5-A, The response of a 2-mil aluminum disc in free space when struck. B, 
The "ideal" diaphragm is infinitely light and infinitely stiff . C, The mass and com­
pliance of a velocity headphone are chosen so that a large primary resonance oc­
curs at about 200 Hz. 

on the frontal area of the earpiece, we 
introduce resistance which lowers the 
height of the resonant 200 Hz "hump" 
and controls it. This foam, or felt, dis­
tributes the pressure on the ear and gives 
comfort, too. 

The diameter of the diaphragm deter­
mines the frequency of the reflection 
from the rim back to the center. Gener-

ally this causes a reinforcement in the 
treble range and is designated as the 
second resonance in the diagram. If a 
major reflection returns to the center 
out of phase, a bad cancellation of the 
signal energy can take place. 

At this point in the design, art enters 
in and science leaves the scene. The 

(Continued on page 78) 
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REAL 4-CHANNEL 
STEREO IS EXPENSIVE. 

BUT NOW IT DOESN'T HAVE 
TO BE VERY EXPENSIVE. 

Introducing our expensive, 
but not very expensive,4-channel receiver. 

The Fisher 601. 
Last year, Fisher brought out the 

world's first true 4-channel receiver, the 
Fisher 701 . The price was $699.95. 

Now, you have to understand that 
a true 4-channel receiver requires nearly 
twice the electronics of an equally good 
2-channel receiver. 

And since the 701 was to be the 
world's first 4-channel receiver, we 
pulled out all the stops when we de­
signed it. Which resulted in a piece of 
equipment that was very expensive. In­
credibly good, but very expensive. 

But now we think it'.s time to bring 
out a top-quality 4-channel receiver that 
more people can afford. One that doesn't 
cost a lot more than the best 2-channel 
receivers. So we're introducing the 
Fisher 601 4-chanr)el AM/FM receiver. 

Meet the Fisher 601. $599.95. 
Even though the 601 is not the top 

of the Fisher 4-channel line, it's a no­
compromise piece of equipment. 

It's got everything: power, sensi­
tivity, versatility, and wonderfully clean 
4-channel sound . 

200 watts is a lot of power. 
The Fisher 601 has 200 watts of 

clean power. It's fully capable of driving 
two sets of speakers-four main, four re­
mote. And it will drive them at concert 
levels with no sign of strain. 

The FM tuner section has 1.8 
microvolts sensitivity, which is on a par 
with the tuners in the finest 2-channel 

receivers Fisher makes. You'll get clear 
reception on stations that non-Fisher 
tuners pick up as static. 

A full complement of controls. 
The new 601 receiver is equipped 

with bass and treble controls, of course. 
They're of the Baxandall variety, which 
is a little more expensive than the kind 
other makers like to use. But they're also 
better. (They leave the midrange alone 
while you adjust the bass or treble.) 

A muting switch quiets the noise 
between FM stations. There's a high 
filter so you can cut out unwanted high 
frequencies on the front channels, if you 
choose. There's a balance control, loud­
ness contour and tape monitoring 
switches for front and rear channels. 

Of course, the 601 has controls for 
mode, selecting speakers, and selecting 
a sound source. And the front and rear­
channel volume controls slide like pro­
fessional sound-studio faders. 

The Fisher 2+2 matrix system. 
4 channels out of 2. 
Not only does the Fisher 601 give 

you fantastic sound with true 4-channel 
program material, it also incorporates a 
switch to activate a special circuit that 
lets you create 4 channels out of 2-
channel material. The circuit extracts 
ambiance information from the chan­
nels that you otherwise couldn't hear, 
and feeds it into the two rear channels. 
This information, which represents the 

sum of the reflected signals from the 
original recording source, enhances the 
stereo effect. The result is as close as 
you can get to true 4-channel sound, 
without actually starting with four sep­
arate signals. 

So now you can hear your entire 
library of stereo LP's, tapes, and even 
FM-stereo broadcasts in 4-channel. And 
even more important, Fisher's2+2 mat­
rix system will let you play the various 
different stereo records and tapes that 
have been encoded with 4-channel in­
formation fo.r playback on a 4-channel 
system. 

That's planned non-obsolescence. 

r--------------, 
Only 25¢! $2 value! 
Send for your copy of The Fisher 
Handbook, a fact-filled 80-page guide 
to high fidelity. This full-color reference 
book also includes complete information 
on all Fisher stereo components . 
Enclose 25¢ for handing and postage. 

Fisher Radio 
11 - 35 45th Road 
Long Island City, N.Y.11101 

Name 

Address 

City State Zip 03T2 711 L;__ _____________ _J 

Fisher[m 
We invented higt1 fidelity . 

FISHER RADIO, 11·35 45TH ROAD, LONG ISLAND CITY, N.Y.lllOl.OVERSEAS AND CANADIAN RESIDENTS PLEASE WRITE TO FISHER RAD IO INTERNATIONAL, LONG ISLAND CITY, N.Y.lllOl. 

PRICES SLIGHTLY HIGHER IN THE FAR WEST. 
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l1a11·t II: Htt\\' it a111tll1tt\\' ttt l111iltl it 

H A VING DISCUSSED the general 
theory behind our IC tone 
burst generator last month, 

this month we will get down to specifics; 
namely a working schematic, details of 
circuit operation, and a parts list. 
The complete generator with all its 
options is an extremely flexible instru­
ment. However there are a number of 
circuit features which can be deleted 
if you don't need all the performance 
of the full-blown version. At any rate, 
here it is in its entirety-you may carry 
your own version as far as you desire 
or your electronic larder permits. 

Figure I is a functional block dia­
gram which illustrates how the unit 
is laid out, the input/output signals, 
and the signal flow path. The input 
signal is first buffered after entering the 
instrument, then branched · into two 
paths; one via the synchronizer and one 
via the switch itself. The processed out­
put of the synchronizer gates the switch 
ON-OFF to establish a tone burst, and 
an output amplifier buffers this signal 
to feed the outside world. An internal 
power supply feeds the various circuits 
regulated ± 12 volts and + 5 volts, also 
unregulated plus and minus potentials 
of about 20 volts. 

The actual circuitry which accom­
plishes these functions can be segregated 
into three main areas, the switch and 
its associated circuits, the synchronizer 
and its details, and the power supply. 
Let's look at them now in that order. 

The MC1496G Electronic Switch 
The heart of the tone . burst elec­

tronics is the balanced modulator switch, 
the MC1496G, which we discussed 
last month. Figure 2 shows how it is 
used in this application. The details 
differ slightly from our general model 
of last month, but the basic idea is still 
the same. 

Beginning at the input of the instru­
ment (JI) the signal is buffered by ICl, 
an op-amp connected as a unity gain 
voltage follower. The input impedance of 
this connection is very high due to the 
100% voltage feedback, so the 47K 
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resistor Rl serves as the sole determin­
ant of input impedance. The low im­
pedance buffered signal at ICI's output 
splits into two paths; the route through 
the switch itself and the synchronizer 
path (output AA) . For the moment we'll 

not regard the synchronizer ·signal and 
follow the signal flow through the switch. 

The signal from ICl is applied to IC2 
by two paths. REa or channel A drives 
IC2-Q5's emitter on pin 3. Likewise 
REb or channel B drives IC2-Q6's 

SYNCHRONIZER 
(FIG. 3 & 4) 

MODE 

OFF 
LEVEL 

117V 

POWER 
SUPPLY 
(FIG. 5) 

• 

Fig. 1-Biock diagram of IC tone burst generator. 
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Fig. 2-Schematic diagram of input amp ., switch, and output amp. 
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the bare Fax 
Meet the Wall of Sound, the super­
speaker from Fairfax. In fact, look 
into it. What you see is what you hear, 
and every feature is a performance 
advantage. 

Our unique multiple driver system, 
for example. You can see the complex 
electronics, but you'll have to hear 
how it reproduces the widest possible 
range of sound with less distortion. than 
ever before possible. Outperforming 
speakers selling for two or three times 
the price, this unique parallel series 
network has crossover frequencies of 
550, 1500, 5500 and 9000Hz. And 
that's range. 

You can see the unusual height, too. 
Because of it1 the baffle board is so big 

we call it the infinite baffle. You'll hear 
that advantage in the fantastic sound 
dispersion. 

Then there's the unique "integrated 
cyclone'' labyrinth system. You can't 
see it behind the speakers, but it's 
responsible for our superspeaker's 
remarkably low distortion, increased 
bass arid improved transient response. 
To develop it, we redesigned the entire 
principle of horn-loaded speakers for 
side-to-side instead of front-to-back 
expansion. It's just one example of the 
engineering that makes the Wall of 
Sound the ultimate in speaker systems. 
You can put your money on that. 

We did. 
A limited number of franchised dealer-
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ships is available for the hi fi dealer 
who wishes to provide his customers 
with the utmost in value at any price. 

900 PASSAIC AVE . EAST NEWARK, N.J. 07029 

MORE IN THE 1972 FAIRFAX SUPERSOUND LINE 
When it comes to more features· and greater quality for 
your dollar, we have the proof, model for model. To see 
how an independent testing laboratory rates the Fairfax 
line against other leading speaker systems, send for your 
free, highly informative copy of our comprehensive test 
report. 

SPECIALLY FABRICATED 
DOME TWEETERS 
Two ultra-high frequency 
dome tweeters for clean, true 
highs-even with the high­
energy harmonic structures 
that go beyond audibility. 
Listen to brushed cymbals. 

SUPERIOR DIFFERENTIATION 
Two 3Y:!' mid-high speakers, 
perfectly balanced within our 
complex system for the smooth 
sound of clear, stable stereo . 
images that let you pick out one 
instrument from another. 

GREATER RESPONSE 
Two 5" mid-range speakers for 
twice the response in the area 
most critical for "presence." 
No peaking. No "canned" 
sound. But wait 'till you hear 
those vvoodwi nds. 

MORE WOOFERS FOR YOUR MONEY 
Six, yes, six heavy-duty 8" 
woofers instead of the con-
ventional single 12" or 15". 
For good reason. True funda-
mental sound is reproduced 
with greater efficiency and 
less distortion with our 
unique multiple driver design. 

SIX SEPARATE SOUND CHAMBERS ... 
extending behind these three 
ports make a difference you'll 
have to hear to believe. 


