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yÇ — fJÍ j 2-Channel 
j J Digital Audio Recorder 

Experience the 3rd dimension of sound-
Presence. 

Record with the Mitsubishi X-80 
2-channel digital recorder. Then sit 
back, close your eyes and listen. 
You'll swear you're right in there 
with the players. You'll feel the 
depth. The presence. The true 
existence of the sounds you've 
captured. You'll experience three 
dimensional sound. No hiss. No 
print through. No drop-outs. No 
deterioration through generations. 

It's as simple to use 
as a standard analog recorder. 

It's the only digital recorder that 
requires no special editing 
equipment. It's the culmination of 

years of refining and perfection. 
The X-80 is available now. (Also 
available in console model: X-80A) 
Above and beyond our warranty. 

We stand behind every unit with 
a 1 year parts and labor warranty. 
We've also established a service 
line, designed to put our staff to 
work for you any time you need us. 
For any reason. We guarantee 24 
hour reaction time to any problem. 

Experience the X-80. 
Come to our rooms, 697 and 699, 
at the AES Show, New York City, 
October 31 — November 3,1980. 
Talk to Kunimaro Tanaka, the Chief 

Designer of this incredible machine. 
Be there for the unveiling of the 
X-800, 32-channel digital recorder. 
If you can't be there, call us at 
800-323-4216 (outside Illinois), or 
312-982-9282 (within Illinois) for 
more information on Mitsubishi 
Digital Audio Recording Systems. 

Experience the 
3rd dimension of sound. 

MITSUBISHI 
DIGITAL AUDIO SYSTEMS 
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IF YOU THINK DIGITAL IS JUST AROUND THE CORNER, 
YOU’RE ALREADY A STEP BEHIND. 

These days, most people agree that digital is the recording technology of the future. Unfortunately thev're also under 
the impression that it won't be available until then. 

There are. however, some notable exceptions to that philosophy. Like Warner Bros. Records. Record Plant. Westlake 
Audio, A/V Rents and Sound Ideas. Along with some of the most successful studios in England. Germany-Japan and France. 
You see, they’ve all installed the multi-track digital system that's available right now. 

3M s 30-channel Digital Mastering System. 
Already, it s been instrumental in the production of more than 60 records. Because digital captures all the pure, 

full-range highs and lows and surrounds them with clean, no-hiss silence. The result is transparent, distortion-free sound 
itself. Whether it's the first generation or the twentieth. All of which adds up to the real reason why these and other 
outstanding studios are using 3M Digital equipment. Whether it s our 4.15, or 30-channel recorders, or our sophisticated 
electronic-editing and digital preview units. 

They like to stay a step ahead. 
Write: Digital Mastering/3M. Building 223-5E/3M Center. St. Paul, MN 55144. 

3M DIGITAL MASTERING. WE DIDN’T INVENT SOUND. JUST THE PUREST WAY TO RECREATE IT. 

Circle 11 on Reader Service Card 3M 



if we had chosen to develop 
a recording console that would 

precisely meet those needs... 

If we had known in 
advance the economic and 

technical needs of 1980... 

we couldn't have done better 
than this... 

now more than ever 

88 Harrison 
HARRISON SYSTEMS, INCORPORATED 
P.O. Box 22964, Nashville, Tennessee 37202 

(615) 834-1184, Telex 555133 
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COMING 
NEXT MONTH 
• In December we will have a dou¬ 
ble-barrelled issue. Main theme will 
be the recording studio with three 
articles specially devoted to this 
topic. 

Don Davis has written a paper 
that describes the methods and ad¬ 
vantages of Acousta-Voicing Studio 
Monitors. 

New Concepts in Studio Equip¬ 
ment Design by R. N. Andrews 
details devices developed to make 
the lot of the recording engineer at 
RCA easier. 
A picture/text interview with 

John Eargle, chief engineer of Mer¬ 
cury Records gives the reasons why 
an Audio Designs' multi-channel 
console has been added as the main 
control unit for Mercury in New 
York. Included will be a series of 
photos that show the tribulations of 
placing a giant pre-built console 
high in a modern office building. 

The Teldec video disc has burst 
like a bombshell on the audio/vi-
sual-home entertainment scene. We 
have commissioned columnists 
Arnold Schwartz and Martin Dick-
stein to take detailed looks at the 
system in their respective columns. 
In addition, writer Edward Tatnall 
Canby discourses on the implica¬ 
tions of this exciting development to 
the professional audio community. 

And there will be our regular 
other columnists: George Alexan¬ 
drovich, Norman H. Crowhurst, 
and John Woram. Coming in db. 
The Sound Engineering Magazine. 

THE SOUND ENGINEERING MAGAZINE 

NOVEMBER 1970 

26 TAPE DUPLICATING A STATUS REPORT 
Norman H. Crowhurst 

30 A GUIDE TO HIGH-VOLUME TAPE 
DUPLICATING 

32 A MINI FAIR COMES TO NEW YORK 
Martin Dickstein 

39 PICTURE GALLERY NEW YORK 
AES CONVENTION 

2 LETTERS 

4 AUDIO ENGINEER’S HANDBOOK 
George Alexandrovich 

10 THE FEEDBACK LOOP 
Arnold Schwartz 

16 THE SYNC TRACK 
John Woram 

20 theory and practice 
Norman H. Crowhurst 

21 NEW PRODUCTS AND SERVICES 
42 BOOKCASE 
43 CLASSIFIED 
44 PEOPLE, PLACES, HAPPENINGS 

ABOUT 
THE COVER 
• This view along a tape-duplicat¬ 
ing facility has been created from 
an original photograph kindly sup¬ 
plied by GRT Corporation. It's all 
by way of telling you that this is¬ 
sue’s special theme is Tape Duplica¬ 
tion and the story begins on pg. 26. | 
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a note from 
the publisher 
Many of our readers with a keen eye 
for graphics will note that this issue 
contains a number of changes. Our 
Art Director, Bob Laurie, has com¬ 
pletely redesigned the cover format 
with an eye to a contemporary, ex¬ 
citing presentation that is in keeping 
with the feel and flow of the audio 
world. We hope you like this design 
concept and the ones that follow. 

Internally we have made other 
changes in headlines, type faces and 
other details which bring an overall 
improvement to our general appear¬ 
ance. 

We hope that our readers find 
these purely mechanical changes 
make their reading of db more 
pleasant and enjoyable. 

Due to a sudden and completely un¬ 
foreseen wildcat strike at our print¬ 
ers, our October issue was delayed 
about two weeks before reaching the 
Post Office. This unavoidable delay 
is most regrettable and we have 
made strenuous efforts to get back 
on schedule with alternate sources of 
printing. We now have this under 
control and henceforth should main¬ 
tain our regular schedule—and with 
some luck improve upon it. 

Robert Bach, publisher 

advertisers 
index 
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CBS Labs. 11 
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letters 
A number of correspondents have 

had difficulty in locating the inte¬ 
grated circuit mentioned in Walter 
Jung’s September article, An IC 
Line Amplifier. Mr. Jung writes: 

The manufacturers and their re¬ 
spective part numbers (for the TO-5 
style, industrial temperature range 
unit) are as follows: 
U5R7723393 (uA723C) Fairchild 
S5723L Signetics 
SG723CT Silicon General 
VA5R72339 (VA723C) Varadyne 
RC723Q Raytheon 

Check your local distributors for 
stock on the above. If not available 
locally, you will surely be able to 
obtain units through one of the large 
national industrial distributors. You 
may have to ask for the 723 regula¬ 
tor, however. 

Walter G. Jung 
Rockville, Maryland 

you write it 
Many readers do not realize that 
they can also be writers for db. We 
are always seeking good, meaning¬ 
ful articles of any length. The sub¬ 
ject matter can cover almost any¬ 
thing of interest and value to audio 
professionals. 

Are you doing something original 
or unusual in your work? Your fel¬ 
low audio pros might want to know 
about it. (It’s easy to tell your story 
in db.) 

You don't have to be an experi¬ 
enced writer to be published. But 
you do need the ability to express 
your idea fully, with adequate detail 
and information. Our editors will 
polish the story for you. We suggest 
you first submit an outline so that 
we can work with you in the devel¬ 
opment of the article. 

You also don't have to be an art¬ 
ist, we’ll re-do all drawings. This 
means we do need sufficient detail 
in your rough drawing or schematic 
so that our artists will understand 
what you want. 

It can be prestigious to be pub¬ 
lished and it can be profitable too. 
All articles accepted for publication 
are purchased. You won’t retire on 
our scale, but it can make a nice 
extra sum for that special occasion. 

Robert Bach 
PUBLISHER 
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EDITOR 
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The best hand a bridge 
player can get. 

It’s a Bridgeveryone hand and it will make you a 
better bridge player. 

Bridgeveryone is a revolutionary new way to 
learn bridge. 

There are no bocks to plcwthrough. No lectures 
to sleep through. 

You learn bridge by playing bridge. 
The unique 

“Automatic Dealer” can 
deal out 40 different games, 
160 different hands, and 
set up over 1000 bidding 
s tuations and 500 play 
situations. 

And every time you 
make a bid or play a card, 
you practically have 

Charles Goren coaching overyourshoulder. 
Mr. Goren supervised the preparation of the 

18 Bridgeveryone lessons that taxe you play-by-play 

from opening bid to final trick. 
The first lessons are simple. You learn things 

like what a trick is, and a trump. 
If you already know, fine. Start on a later lesson. 
The final lessons get into things like signaling, 

end plays and other subtleties that’ll benefit anyone 
who plays bridge. 

When you finish the 18th lesson, you’ll play 
better bridge than 90% of those now playing. 

More than one person can take a lesson at 
one time. 

You can learn at your own speed. 
You play as you learn. 
And Bridgeveryone has another advantage over 

otherforms of bridge instruction. 
Price. 
It costs $29.95. That’s not cheap. But as Alan 

Truscott, Bridge Editor for the New York Times, says, 
“Bridgeveryone is an ingenious device that provides 
a comprehensive bridge course.. .The product retails 
at $29.95. which is substantial. But it provides the 
equivalent of a course from an expert teacher that 
would cost considerably more.” 

We're sure you’ll think Bridgeveryone is worth 
the money too. So sure, in fact, we’ll make you the 
following guarantee. 

If you complete all 18 Bridgeveryone lessons, 
and don’t feel you’ve improved your game and 
become a better bridge player, we'll give you your 
money back. 

You can order Bridgeveryone with the coupon 
below. 

Or if somebody beat you to it, send a check for 
($29.95 plus $1.95 p.p. and hdlg.) to: 
Timekeeper 
P.O. Box 762, Mineola, N.Y. 11501 

And learn why Charles Goren calls 
Bridgeveryone "the greatest bridge-teaching 
breakthrough I have ever seen.” 

Timekeeper 
P.O. Box 762 
Mineola, N.Y. 11501 

Please send me_.set(s) 
of Bridgeveryone @ 
$29.95 each (plus $1.95 postage & hdlg.). 
N.Y. State residents add 5% sales tax. 
I enclose payment of $_ 

Name_ 
Street_ 
City_State_Z i p_ 

Bridgeveryone includes the "Automatic Dealer", two decks of 
Bridgeveryone playing cards, 18 bridge lessons with Charles Goren 
(plus a special introduction for beginners) and the most complete bridge 
reference source book you'll ever need (including a history of the game 
and the Complete Laws of Bridge). 
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George Alexandrovich 

If you can't and you don't 
see the hear the 

difference difference-

the long-lasting 
quality will 
tell you— 

IT’S A QUAM! 

The Quality line 
for every speaker need 

QUAM 
Quam-Nichols Company 
234 East Marquette Road 
Chicago, Illinois 60637 
Phone: (312) HU-8-5800 

THE AUDIO ENGINEERS 
HANDBOOK 
• The advent of solid-state tech¬ 
nology radically changed the think¬ 
ing of circuit designers. Amplifiers 
shrank to the size of a match book 
with performance exceeding that of 
their vacuum-tube counterparts. 
Circuits and design approaches 
changed accordingly. Appearance 
on the scene of the operational am¬ 
plifier with its extremely high input 
impedance and low output imped¬ 
ance all but made obsolete imped¬ 
ance matching between amplifier 
stages. Contrary to classical text¬ 
book examples which use transform¬ 
ers almost everywhere, today’s cir¬ 
cuits are especially thought of to 
eliminate as much iron as possible. 
After all, transformers and imped¬ 
ance matching don't lend to micro¬ 
miniaturization techniques in manu¬ 
facturing circuit assemblies. It is 
simpler to put hundreds of tran¬ 
sistors on a single chip than to re¬ 
duce the transformer to half size and 
maintain its performance. Besides 
transformers continue to rise in cost 
while integrated circuits cost less 
and less. 

The subject of using transformers 
was brought up because textbook 
mixing networks (and many in actu¬ 
al use) are designed to transfer max¬ 
imum power by matching imped¬ 
ances. However, modern operating 
techniques of sound mixing demand 
mixing-network performance that is 
not possible using matching tech¬ 
niques. As an example: in multi¬ 
track recording you may want to 
split signal between two channels 

MIXING SUS RESISTANCE 

Figure 1. A conventional mixing circuit. 

without increasing crosstalk between 
them. In matching the circuits you 
will experience level loss due to divi¬ 
sion of available power. This is a 
serious drawback with modern mix¬ 
ing techniques. It is not uncommon 
to find systems where more than 
twenty mies are being used, and 
with capabilities to handle many 
more. This means that the mixing 
network should be capable of com¬ 
bining some thirty inputs. Thirty 
sources mean insertion loss of the 
mixing network of 29.7 dB. If one is 
lucky enough to have zero level 
feeding his mixing network then the 
output of the mixer is high enough 
not to worry about noise. But most 
of the time output of the mic 
preamp which is zero is reduced to 
-15 or -20 dB level by the mic fader. 
This signal is then fed into the 
mixer. Now your level is -50 dB. 
Add a few inputs and slightly lower 
the gain with the fader and you have 
a noise problem. It’s not that noise 
will start bothering you, but your 
mixing network booster amp will be 
the limiting factor in generation of 
noise. 

Before we get to methods of cor¬ 
recting this condition I should re¬ 
mind you that, whether you use 
600-ohm mixing resistors in the 
network or I megohn, the insertion 
loss is the same -only combined im¬ 
pedance of the mix changes. For ex¬ 
ample ten 600-ohm resistors will 
produce a bus resistance of 60 ohms 
while IO k ohm resistors will pro¬ 
duce I000 ohms. The difference be¬ 
tween these two values is that you 
can connect several IO k resistors to 
the same source to feed several mix¬ 
ing networks while it would be im¬ 
possible to do this with 600-ohm 
mixing resistors. 

In order to eliminate any possibil¬ 
ity of the mixing network worsening 
our s/n figure, we must find a way 
to prevent signals from dropping too 
low. Our first reaction might be to 
put a booster amp after each input 
fader, so as to feed zero level into 
the mixing network. This is fine, but 
for thirty inputs it means thirty 
booster amps. Why not split the 
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Announcing 
the recorder with 
10 times normal 

head life. 

How the Norelco Pro 36 
Studio Recorder keeps its 
heads when all about 
are losing theirs. 
(And their sound quality too.) 

Conventional recording and playback heads wear out within a couple 
of thousand hours of use. But long before then, their electrical 
characteristics change ... so your sound changes too. With the Pro 36 
studio tape recorder, these problems are non-existent. 

Reason: Norelco's exclusive glass-bonded Ferroxcube heads. 
Made of material almost diamond-hard, they take 10 times the wear of 
conventional heads. But that's not all. The unique glass-bonded 
construction maintains precise gap width and electrical characteristics in 
spite of wear. Amplifier adjustments are virtually never needed. And 
precision head mounting also makes azimuth adjustment a thing 
of the past. 

The rest of the Pro 36 lives up to the heads. It’s the only professional 
tape recorder with 3 speeds. You get 15, 7Vz and 3% IPS. Electroni¬ 
cally switchable. 

Then there's the new ultra-stable Servo tape transport control. A 
photocell counts capstan revolutions, compares them to line frequency, 
(or external 1 volt reference source) and provides instantaneous 
speed-correction signals. To this, Norelco adds constant capstan 
loading. Plus automatic tape tension control. All together, they hold 
wow and flutter down to 0.04% maximum. 

Other features: total remote control, push-button semiconductor 
switching, NAB and CCIR equalization, provision for fourth head, 
controlled tape lifters, horizontal or vertical operation, and much 
more. 

Every broadcast studio, production studio, and sound studio 
deserves the tape recorder that keeps its head...so you won’t lose yours. 
The Pro 36! Contact Norelco for all the technical data now. 

PERFORMANCE SPECIFICATIONS 

Wow and Flutter: 
weighted peak vafue at 15 in/s: max. 0.04% 

Overall Frequency Response (NAB Specs): 
at 15 in/s: 30 . . . 15,000 Hz ±2 dB 
at 7% in/s: 30 . . . 15,000 Hz ±2 dB 
at 3% in/s: 50 . . . 10,000 Hz±2 dB 

Signal-to-Noise Ratio: NAB unweighted (reference 
standard operating level) 
62 dB at 15 in/s 
60 dB at 7% in/s 
56 dB at 3% in/s 

Glass-bonded Ferroxcube heads 
make possible an incredibly precise 
gap width and hold that precision 
throughout a wear life 10 times 
longer than conventional heads.The 
Pro 36 is the only studio tape 
recorder that has them. 

Norelco 
PHILIPS BROADCAST EQUIPMENT CORP. 

A NORTH AMI RICAN PHILIPS COMPANY 

One Philips Parkway, Montvale, N.J. 07645 (201) 391-1000 
Circle 16 on Reader Service Card 
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NOW... 
A TAPE 

DUPLICATOR 
FOR CHAMPAGNE 
TASTES & BEER 
POCKETBOOKS 

Ever wanted a slice of the bil-
lion-dollar-a-year tape dupli¬ 
cating market? Here’s your 
chance. The new, high-fidelity 
Gauss 800 16:1 Tape Duplica¬ 
tor is designed for high speed 
tape dubbing — 16 times the 
original recording speed. Let’s 
you duplicate dozens of cass¬ 
ettes in minutes. It’s a gold 
mine for any enterpreneur, 
music organization or group to 
duplicate and sell original 
music to a music-hungry mar¬ 
ket. Convenient front panel 
controls permit easy operation 
by anyone. It’s the finest, 
fastest machine ever devised 
for Champagne Tastes ... and 
Beer Pocketbooks. A quality 
product . . . built by Gauss . . . 
the leader in high speed tape 
duplicating. Send for complete 
information today. 

Gauss Electrophysics 
An MCA Tech. Division 
11822 W. Olympic Blvd. 
Los Angeles, California 90064 
(213) 478-0261 

Figure 2. This is the method for the reduction of 
mixing losses. 

mixing network into groups of ten 
inputs. Each group will now have its 

I own booster amp which feeds into a 
I combined mix of three boosters. 

Each booster—with a gain of 35 dB 
will bring the level to 0 dB, then in 
mixing it with other two levels loss 
will only be 9.5 dB. This level is just 
high enough to feed into the sub¬ 
master fader where another 15 dB 
loss is generated. Output of the 
fader (submaster) is now -24.5 dB 
just right for the line amp (or pro¬ 
gram amp). See Figure 2. 

When you mix so many signals 
from so many sources into one 
channel, crosstalk between channels 
is of no consequence. All signals 
meet anyway in the same bus. But 
what if you have to split signal be¬ 
tween the two channels while main¬ 
taining interchannel leakage down 
to -60 or -70 dB. In matching net¬ 
works crosstalk is at -26 dB below 
the level of the source (for ten 
inputs) and 36 dB for thirty inputs. 
There are basically two ways of 
solving this problem without using 

i an isolation amplifier for each split 
I feed. 

One way is to apply active mixing 
using a summing amplifier. This de¬ 
vice, available as an i.c., is adjusted 
for unity gain by applying heavy 
negative feedback. Input impedance 
(apparent source resistance) is very 
low. As seen from Figure 3, con¬ 
nections to the input are made in the 
conventional way—with one excep¬ 
tion: when switching out any or all 
inputs, dummy load resistors are not 
needed to keep the impedance of the 
bus constant (such as in Figure 1) 

because amplifier input impedance is 
usually much lower than bus imped¬ 
ance. 
As the number of inputs in¬ 

creases, mixing resistors have to be 
made larger than shown, if amplifier 
input resistance is fairly high, other¬ 
wise good crosstalk figure will not 
be realized. If mixing resistors are 
10 k each and the op amp input is 
100 ohms then crosstalk is about 60 
dB regardless of the impedance of 
the sources. Making the mixing re¬ 
sistors larger would affect mixing 
losses of the network. One has to 
strike a happy medium for optimum 
operation of the circuit. 
There is also another way to 

achieve low crosstalk -a bridging 
mixing network. This circuit resem¬ 
bles conventional mixing network 
but uses a fairly large value of mix¬ 
ing resistors. It could be used only 
in systems that are physically com¬ 
pact and properly laid out, with 
levels feeding a mixing network of 
not lower than -10 dB. Although 
this network produces mixing loss 
typical to a conventional network, it 
offers cross-talk levels exceeding 80 
dB regardless of the impedance of 
the source or mixing amplifier input. 
The only requirement is that any 
inputs disconnected from the source 
should be grounded. Because mixing 
resistors are usually in the 100 k 
ohm range, and whether they are 
connected to a source with resis¬ 
tance of 0 or 600 ohms or not, (only 
0.5 per cent of the total resistance) 
does not change the impedance of 
the mixing bus. All inputs in this 
mixing network are truly bridging 
their respective sources, so even if as 
many as twenty channels are fed 
from one source, combined loading 
on this circuit is only 5 k ohms. 
Again, loss of this network depends 
on the number of inputs the circuit 
is designed for. But the most impor-
tank aspect of this combining net¬ 
work is the ability to offer channel 

Figure 3. A block diagram of an op amp mixer. 
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The only thing you’ll ever get from 
a bent horn is a sour note. 
Unless you’re using the best in tape, you can expect a lot of sour notes 
among the sweet. 

Dept. DB-1,501 Fifth Avenue, New York, N. Y. 10017 

For details on all Maxell professional tapes, write 

maxEll ® Maxell! Corp, of America 

One way to tell which is best is to look at the guarantee. The best 
goes the limit. Ours is guaranteed, unconditionally. Maxell tapes 
must perform to your standards or we’ll replace them, pronto, 
with no questions asked. 
That’s just one of the reasons more and more record and dupe 
makers specify the advanced Maxell F-20 magnetic tape. It’s 
the one for high frequencies, capturing every note on the 
scale. 25 to 18,000 Hz. 10% greater tensile strength than 
conventional tapes. Plus an exclusive, our closely-guarded 
Hush-Hush process that practically wipes out hiss, permits 
fullest, truest fidelity for mono or stereo, recording and playback. 
Maxell F-20. The bulk tape made specifically for duplicating and 
recording cassettes. For the sweetest sounds you ever heard. 

• For general recording purposes, Mlaxell bulk tapes for 
C-60, C-90 and C-120 cassettes. 
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Figure 4. The crosstalk 
between channels. 

isolation. Let’s see what it takes for 
signal from one channel to reach an¬ 
other. 

Let us say that a source of 600 
ohms feeds a mixing resistor of 100 
k (See Figure 4). The mixer is de¬ 
signed for twenty inputs. Level of 
the mixing bus is at -26 dB. In order 
to reach another channel, signal has 
to travel through the mixing resis¬ 
tor, forming a voltage divider with 
the source impedance feeding the 
second channel. Since this path 
offers a loss of 46 dB, combined 
crosstalk is at -72 dB. If we were to 
assume that source impedance may 

be lower than 600 ohms when using 
(for example) an amplifier with out¬ 
put impedance of 10 ohms, then 
crosstalk would be 86 dB. 

True value of a mixing network 
offering little or no crosstalk shows 
in the monitoring circuits, where it 
is desirable to have a mix of all 
channels at once. Communication 
circuits found in multipath mixers 
benefit greatly from bridging mix 
nets. 

In contrast to what has been dis¬ 
cussed is the subject of broadcast 
production consoles. The time has 
come when designers of boards have 

This is the old 
EMT-140st This is the 

Reverberation Unit. new one. 

What’s the difference? 
We’ve made the amplifier unit solid state. And you can now obtain an inexpensive 
decay period remote controller. 

Nothing else has changed in this superb unit. The EMT-140st is still the world 
standard in the recording and broadcasting industries. Its renowned steel plate 
device gives you the same unmatched stereo/mono performance. And increased 
fringe area reception for AM broadcasts. And unusual flexibility—its decay period 
can be varied from 0.5 to 5.0 seconds. (Try that with an echo chamber!) 

These are just a few of the reasons why every major record company and in¬ 
dependent recording studio owns at least one EMT-140st Reverberation Unit. Right 
now, more than 1000 are in use from coast-to-coast; more than 2000 throughout 
the world. 
For the complete story, write to- | 

dayforourfree8-pagebrochure.lt audio corporation 
can make quite a difference for you. 2

to take a hard look at the techniques 
used in mixing. Most stock consoles 
cannot accept more than one chan¬ 
nel without changing the impedance 
of the mixing bus, thus affecting the 
level at the same time. This was ac¬ 
ceptable for many years when pro¬ 
duction techniques did not require 
anything more elaborate. But for the 
cost of a few resistors and attendant 
assembly time, the same boards can 
double up as recording and produc¬ 
tion consoles, thus saving money. 
How many boards are there that 
don’t use any mixing resistors? If 
someone decides to use modern 
transistorized amplifiers with the 
same circuit he is in for a surprise. 
The first time he will switch in two 
channels, signals from both channels 
will be shorted out, because of the 
low output impedance of the am¬ 
plifiers. 

It is my feeling that within a few 
years we will be working with 
boards using not only the latest sol¬ 
id-state devices but that new trends 
in active summing of signals will 
develop into equally new technol¬ 
ogy, perhaps using multiple stages 
of mixing and amplification and iso¬ 
lation—so to be able to mix any 
number of circuits with no degrada¬ 
tion of signal or increase in noise. ■ 

db binders 
only $4.95 postpaid 

Heavy-weight binders are now 
available to hold the thirteen issues 
of Volumes 1 and 2. Rich brown 
leather-grained virgin vinyl, with 
our name printed in black on the 
spine and front cover, is electroni¬ 
cally sealed over rigid board to give 
your volumes of db lasting protec¬ 
tion. Keep your copies preserved in 
perfect condition, protected from 
dust and damage. 

! Please send me_copies of 
i the db Magazine binder. My 
i check for $_is enclosed 
i (sorry, no c.o.d.). 
i Name_ 
i Address_ 
1 number and street 

I _ 
I city state zip 

I (New York State residents 
i please add 5% sales tax). 
i 

Mail to: db the Sound Engineer-
! ing Magazine, 980 Old Country 
! Road, Plainview, N.Y. 11803. 
i_I 
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CALMS TAPE TENSION. 
Headache? Take aspirin. 

Tape tension trouble? Take TEAC. 
For instance, take the A-6010U stereo tape deck here — with its unique tape tension 

control system: an inertial flywheel and compliance arm for precision record/playback 
running speeds and smooth, fast winding. This system helps reduce external factors 
contributing to wow and flutter, such as warped reels and splices. 

TEAC offers fast relief for other common complaints, too: unique phase sensing auto 
reverse operates electronically at any chosen point on the tape, or takes a sensing foil 
if you’d rather. Separate heads permit source- or off-the-tape monitoring while recording 
for easy A/B comparisons. And our exclusive symmetrical control system makes tape 
handling logical and easy-fast or slow, forward or back, at a flick of the finger. 

This tape deck can’t cure everything that ails you, but you’re bound to feel 
better once you own one. 

TEAC 
TEAC Corporation of America • 2000 Colorado Avenue • Santa Monica. California 90404 
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TIMEKEEPER 
P.O. Box 762 Mineola, N.Y. 11501 
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ARNOLD SCHWARTZ 

THE FEEDBACK LOOP 
• Recent trends in speaker system 
design have indicated an increasing 
awareness of the problem of direc¬ 
tional characteristics. Virtually all 
realistic speaker response curves 
published are on-axis, anechoic mea¬ 
surements. The prospective buyer in 
the high-fidelity show room usually 
stands directly in front of, and quite 
close to the speaker he is evaluating. 
This position enables him to hear 
the on-axis response, and the closer 
he gets to the speaker the more he 
tends to eliminate room character¬ 
istics from consideration. When the 
speaker system is in use at its ul¬ 
timate location, whether in the stu¬ 
dio, listening room, or at home, 
directional characteristics have a 
profound effect on sound quality. 

DIRECTIONAL 
CHARACTERISTICS 
Directional characteristics deal 
with the radiation of the higher fre¬ 
quencies as a function of angle. 
These characteristics are also re¬ 
ferred to as the high-frequency dis¬ 
persion characteristic. We can dem¬ 
onstrate directional characteristics 
by considering the action of a speak¬ 
er mounted in an infinite baffle. In 
practice, in the high-frequency range 
that we are considering, a closed 
box is a close enough approximation 
to an infinite baffle. Figure 1 shows 
a speaker with an effective radiating 
surface of 2.5 inches diameter 
mounted in a closed box. The zero 

Figure 1. Path length difference and 

speaker directional characteristics. 

axis is the center line perpendicular 
to the plane of the baffle upon which 
the speaker is mounted. 

ON AXIS 
We will now observe the effect of 
two symmetrically placed segments 
of the speaker’s radiating surface on 
a listener situated on the zero axis 
(on axis). The acoustical energy 
from each segment will travel the 
same distance to the listener and ar¬ 
rives there in phase (see Figure 1). 
The energy from each segment will 
then add directly. This in phase con¬ 
dition will hold true for all frequen¬ 
cies. 

OFF AXIS 
We now locate the listener the 
same distance from the speaker but 
at an angle of 45 degrees off the zero 
axis (see Figure /). The acoustical 
energy from the left hand segment 
arrives slightly later than the energy 
from the right hand segment due to 
the longer path length of the former. 
This delay corresponds to a phase 
shift of approximately 147 degrees 
when we drive the speaker at a fre¬ 
quency of 4,400 Hz. Now when the 
energy combines the total acoustical 
power will be -II dB down relative 
to the power found on the zero axis. 
By integrating the effect of all the 
segments comprising the total area 
of the speaker diaphragm we would 
be able to find the acoustical output 
at 45 degrees relative to the zero 
axis. Of course, the simple and 
direct way of measuring output is to 
use a microphone. Figure 2 shows 
the 45 and 60 degree outputs (as a 
function of frequency) of the speak¬ 
er relative to the zero axis output. 
We can see the high frequency at¬ 
tenuation at these angles, amounting 
to -5 dB at 10 kHz, and -II dB at 60 
degrees at the same frequency. 

POLAR RESPONSE 
Directional characteristics are 
usually displayed in the form of 
polar response. In this type of dis¬ 
play we select a single frequency and 
plot the relative output as a function 
of angle (see Figure 3). The polar re¬ 
sponse provides a “picture” of the 
speaker radiation pattern. As fre-



Howto 
record on a higher 

level ! 

With automatic peak control 
The CBS Laboratories’ Recording Volumax Model 420 
automatic peak controller for recording: 

• permits higher recording levels without 
overloading. 

• eliminates the distortion of clippers and the 
thumping and pumping of conventional limiters. 

• provides the maximum peak output at all 
frequencies even as a function of record diameter. 

The completely solid-state Model 420 Recording 
Volumax is unconditionally guaranteed. 

• Stereo model also available. 

With automatic level control 
Unconditionally guaranteed to outperform ordinary 
compressors, or AGCs, the solid-state Audimax III 
offers the ultimate in automatic level control for 
recording engineers. 

The exclusive Gain Platform principle permits gain 
to remain on a stable plateau over a wide range of input 
levels rather than the continuous rise and fall — with 
consequent distortion, thumping and pumping, and 
audio “holes” — so frequently encountered with 
ordinary AGC amplifiers. Its unique Gated Gain 
Stabilizer acts to bridge through program lapses and 
thus eliminates “swish-up” of background noise. 

A special Retuirn-to-Zero feature returns gain to normal 
during standby conditions. In short, the Audimax reacts 
to any gain situation in exactly the same manner as 
an engineer. Price: $625. Stereo model also 
available — $1,250. 

With the world’s first 60 dB-wide 
linear scale meter 
The Model 600 Wide Range Program Monitor is the first 
monitor to combine the latest developments in audio 
technology with the reliability of solid-state design for 
accurate audio measurement and analysis on a single 
60 dB-wide scale. 

Where the standard Volume Indicator measures only 
the top 23 dB of signal level logarithmically, this new 
Program Monitor displays information from +3 to 
-57 dB on a single linear, decibel scale, thus permitting 
accurate reading of low level audio material as well as 
line noise during program pauses. The 0 dB reference 
settings are adjustable from +18 to -22 dBm. 

The 600 is also equipped with a separate DC output 
for graphic logging over the full 60 dB range or to drive 
a second meter for remote monitoring. 

While not intended as a replacement for the standard 
Volume Indicator, the 600’s meter ballistics are such 
that its readings are compatible with VU indications. 
It's a practical program monitor as well as a valuable 
measuring tool 

It is also available in a standard 19-inch mounting 
rack from which it can be easily removed for portable 
use. Price: $505. Rack mounted: $550. 

FOR FURTHER INFORMATION, WRITE: 
PROFESSIONAL PRODUCTS 

CBS LABORATORIES 
A Division of Columbia Broadcast ng System. Inc. 227 High Ridge Road, Stamford. Connecticut 06905 
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we call our cartridge 

“groovy” 

you should read 
Cartridge design is no joke 
with our talented, imaginative 
Danish designers. When they 
say ' groovy ', they're talking 
about the Bang & Olufsen 

laugh! 
SP-12 cartridge and its high compliance, excellent 
frequency response, and amazing channel separation. 
□ They call it “groovy" because an ingenious, exclusive 
Micro-Cross mount for the stylus allows the solid one-
piece diamond to float freely in the record groove, 
reach the most sensitively cut undulations. The result is 
crystal clear reproduction of every tone hidden in a 
record. □ Your hi fi dealer knows the story of Bang & 
Olufsen cartridges and the Micro-Cross design that is 
carefully created in Denmark, presently earning rave 
notices from European hi fi experts, and now available in 
the United States for the first time. Ask him about us. 
Or write for details now. 
SPECIFICATIONS ■ Stylus: Naked Diamond (5x17) n Elliptical (LP). Fre¬ 
quency response: 15-25,000 Hz ±3 dB 50-10,000 Hz ± 1 % dB Channel separa¬ 
tion: 25 dB at 1.000 Hz 20 dB at 500-10.000 Hz Channel difference: 2.0 dB 
Compliance: 25 10 ' cm/dyne Tracking force: 1 0-15 grams Output: 1.0 mV/ 
cm/sec. 5.0 mV average from music record Recommended load: 47 K ohms 
Vertical tracking angle: 15 Weight: 85 grams Mounting: V2" Standard 5 
Terminal connection incl. separate ground pin Balanced or unbalanced. Re¬ 
placement Stylus: Original (5x17) /r El iptical :LPi. type: 5430 or 15 M Spheri¬ 
cal (LP). type 5429. ■ MODEL SP-12 S69 95 

Bang&Olufsen of America. Inc. 
525 EAST MONTROSE • WOOD DALE. ILLINOIS 60191 

quency increases the pattern be¬ 
comes progressively narrower for 
our 2.5 inch diameter speaker. 

In the typical speaker system the 
high-frequency radiation is assigned 
to a small speaker which has, 
among other advantages, a broader 
radiation pattern at high frequencies 
than larger diameter speakers. Nev¬ 
ertheless. even relatively small 

I speakers have polar patterns that 
I become narrow at high frequencies 
I because of the phase shift due to 

path length difference, it should be 
noted that when more than one 
tweeter is mounted in the same 

' plane, a common practice with some 
manufacturers, the polar response 

I becomes even narrower than it 
would otherwise. 

DIRECTIONAL 

CHARACTERISTICS AND 
THE LISTENER 

How does the narrowing of the 
i radiation pattern affect the listener? 

When he is located very close to the 
speaker, as is the case of an engineer 
at a console where the monitor 
speakers are within a few feet direct¬ 
ly in front, he is in the near field. He 
hears mainly the directly radiated 
sound. Energy that is reflected off 
the walls and other surfaces is only 
of secondary importance. Now, if 
the speakers are directed towards 
the listener he will hear the zero-axis 
response, and will not notice any 
losses due to deficiencies in the polar 
response. If the listener moves off 
the zero axis he will notice a change. 
Since woofer and mid-range speak¬ 
ers, by virtue of their size in relation 
to their operating range, usually 
have broader polar characteristics 
he will not notice any change in the 
low and mid frequencies. High fre-

! quencies, however, will be attenuat¬ 
ed due to the relatively narrow polar 
patterns. 

When the listener is located at 
some distance from the speaker, as 
might happen in a studio listening 
room or at home, he is in the jar 
field. Regardless of his position with 
respect to the zero axis, what he 
hears will be determined mainly by 
the total polar output of the speaker 
system. The room characteristics 
will average out the total energy ra¬ 
diated at each frequency, and what 
the listener hears may be at some 
variance from the near field-zero 

Circle 25 on Reader Service Card 
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© 1970 Superscope, Inc. 

The best 
microphone money 
can buy. 

The Sony C-500 Studio-Standard Con 
denser Microphone is the only studio I 
microphone able to surpass the technical j 
capabilities of all other equipment in 1 
today’s advanced recording studios. Its I 
dynamic range —in excess of 130 dB— I 
permits distortion-free recording of I 
extremely dynamic works of music. No I 
other microphone even approaches its I 
distortion-free performance — less than I 
0.1% (I. M. or T. H. D.) at or below 134 I 
dB SPL, and its maximum sound pres- ■ 
sure level is a devastating 154 dB, with- II 
out significant increase in distortion, fl 
All other performance' characteristics K 
are equally impressive, thus justify-
ing the C-500’s title: STUDIO- B 
STANDARD. $395.00. B 

The best 
microphone buy 
for the money. 

Now Sony enhances studio capabil¬ 
ity with the new incredibly low-oriced 
ECM-377 cardioid condenser micro¬ 
phone—the outstanding successor to 
the popular Sony C-37A. The ECM-377 
surpassed the performance of all exist¬ 
ing condenser microphones except 
Sony's newC-500. It is compatible with 
all “phantom power” systems or may 
be powered by an internal battery. You 
cam use it anywhere. Outstanding per¬ 
formance at a remarkably low price — 
$195.00—The Sony ECM-377. 

The Sony ECM-377 and the Sony 
C-500 are available at select Sony/ 
Superscope dealers. For their names, 
as well as complete details and 
specifications, please write Special 
Application Products Division, Sony/ 
Superscope, 8207 Vineland Ave.., Sum 
Valley, Calif. 91352. sOnyé»i 
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FREQUENCY IN HERTZ 

axis response. Once again the nar-

Circle 26 on Reader Service Card 

AIISIbs.ofM 

exclusively by 

90° 90° 

SkJUvcX 

nates 
pends 
other 
room. 

and "Synchrotone" for stereo sync recording! 
Then there's our lOVa" real adapter. It gives you 

more recording time than any portable ever. 
Plus: hands-off automatic stereo level control, 

dual peak indicating meters, internal powering for 
two condenser mikes, external AC supply and bat¬ 
tery charger, and an internal quartz generator. 

We expect this tiny Stellavox Sp7 to live up to 
the highest hopes of the industry. Because you 
don’t have to be big to be a giant. 

Up till now, perfect stereo location recording 
meant lugging unportable portables. 

So we've come up with a rugged precision in¬ 
strument, the Swiss-made Sp7. It’s small—8"xl0"x 
3". It's light—only 8 lbs. with batteries. And, 
despite its size, Sp7’s features measure up to any 
portable you’re now using.. 

Plus giving you several advantages you’ll get 
nowhere else, regardless of size. 

like four standard tape speeds. 3%, 7Vz, 15 
and 30 ips. It is also continuously variable from 
0-30 ips. 

Another exclusive: Our many tape head assem¬ 
blies with up to four heads. They plug in. Are 
quickly exchanged in the field. And each one con¬ 
tains the components to equalize the electronics 
precisely for a particular tape speed, track config¬ 
uration and tape oxide. With Neo-pilot for mono 

rower polar pattern of the high-
frequency speaker, as compared to 
the broader patterns of the low and 
mid range speakers, will cause an 
over-all loss of high frequencies. 

The distance from the speaker to 
where the reverberant field predomi-

MODEL 870 
FEATURES 
□ 70 Watts RMS 
□ Low Distortion 
□ Plug-in Driver Circuit 
□ High Camping Factor 

For complete details write today to • 

over the direct radiation de-
upon the dimensions and 
acoustical properties of the 
Use of room equalization 

AUDIO CORPORATION 
2 West 46th Street, New York. NY 10036 (212) 265-4111 

1710 N. LaBrea Avenue. Hollywood, CA 90046 (213) 874-4444 

Figure 2. The re¬ 
sponse of a 2 1/2-

inch speaker at 45 

and 60 degrees re¬ 

lative to zero de¬ 

gree output. 

Figure 3. The polar response of a 2 

1/2-inch diameter speaker. 

MODEL 610 
FEATURES 
C 10 Watts RMS 

Low Distortion 
Flat Frequency 
Response 
Self-contained 
Power Supply 
Bridging Input 

Proton 
Performance 

Power 
Amplifiers 

from 

Fa irch i hl! 

The new Stellavox Sp7 will become 
a giant in the recording industry. 

now current is more closely related 
to compensating for irregularities in 
total power output of the speaker at 
various frequencies than to the room 
response. 
Speaker system designers use 

different approaches to overcome 
the narrow polar patterns at high 
frequencies. Included in these ap¬ 
proaches are tweeter design, tweeter 
mounting in more than one plane, 
use of reflected sound to disperse 
high frequencies, and acoustical net¬ 
works. A somewhat different ap¬ 
proach to the problem involves the 
use of auxiliary high-frequency 
speaker systems which have broad 
or omni-directional patterns. They 
utilize a number of high-frequency 
speakers mounted in different planes 
so that the polar responses are com¬ 
bined to provide an omni-directional 
radiator. 

To the critical listener, whether he 
is evaluating a recording in the stu¬ 
dio, or at home, speaker directional 
characteristics can have significant 
effect on sound quality. ■ 

FAIRCHILD 
Sound Equipment Corporation 

110-40 45th Ave.,L.I.C., N.Y. 11101 

16,000 Hz 

8,000 Hz 

1600 Hz 
30° 
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PROFESSIONAL 
STUDIO 
EQUIPMENT 

3 speeds ■ 15, 7'4 & 
3%ips; hysteresis syn¬ 
chronous drive motor 

torque reel motors 

"capable of providing 
the most faithful re¬ 
production of sound 
through the magnetic 
recording medium . . . 
to date" -Audio mag 
azine, 4/68 

optional Trac-Sync 

Specs 15ips 7l>ips 

w. & fl. 0.06% 0.09% 

individual 
equalizers 

channel 

third head monitor 
with A/B switch; 
meter monitoring of 
source, tape, output 
and source+tape; 
sound - with • sound, 
sound-on-sound and 
echo 

2 mixing inputs per 
channel 

mag¬ drops" -Audio 
azine, 4/68 

individual channel 
adjust 

"construction 
rugged enough to 
withstand parachute $1790 for basic rack 

mount half-track stereo 
deck, about $2300 with 
typical accessories; 
Formica floor console 
$295, rugged portable 
case■$69 

RECORDERS & 
REPRODUCERS 

SX711 Claimed by its pro audio owners to 

as shown, $995 
for half-track stereo deck 

for automation 

be the finest professional tape recorder value on 
the market today price versus performance 
■ Frequency response at 7'/?ips ±2dB 20Hz-20kHz. 
at 314 ips ±2dB 20Hz 10kHz ■ Wow & flutter at 
7'/zips 0.09%, at 3%ips 0.18% ■ S/N at 7'/zips-60dB. 
at 314ips -55dB ■ Facilities: bias metering and 
adjustment, third head monitor with A/B switch, 
sound-with-sound, two mic or line inputs, meter 
monitoring same as CX822, 6OOÍ7 output ■ Remote 

systems ■ Meets or exceeds all 

start/stop optional, automatic stop in play mode 
■ $895 for full-track mono deck 

- - - NAB standards 
■ Remote start/stop optional, automatic stop in 
play mode ■ $595 for half-track stereo reproducer 

SP722 Ideal reproducer 

Crown tape recorders and reproducers 
are available in 42 models with almost 
any head configuration, including 4 chan 
neis in-line. Patented electro magnetic 
brakes maintain ultra-light tape tension 
and never need adjusting. They are made 
by American craftsmen to professional 
quality standards, with industrial-grade 
construction for years of heavy use 

All Crown amplifiers are warranteed 
three years for parts and labor. They 
are 100% American-made to profes¬ 
sional quality standards. All are fully 
protected against shorts, mismatch and 
open circuits. Construction is indus¬ 
trial-grade for years of continuous 
operation. 

For more information, write CROWN, 
Box 1000, Elkhart, Indiana 46514 

I. resp 
+2dB 

S/N 

40Hz to 
30kHz 

■60dB 

20Hz to 
20kHz 

■60dB 

computer logic con¬ 
trols for safe, rapid 
tape handling and 
editing; full remote 
control optional 

any angle 

CX822 

STUDIO MONITOR 
AMPLIFIERS 

Delivers 40 watts RMS per channel at 
4fi ■ Takes only P4” rack space, weighs 
8'/z lbs. ■ IM distortion less than 0.3% 
from l/10w to 30w at 8Í2 ■ S/N lOOdB 
below 30w output ■ $229 rack mount 

D150 
Delivers 75 watts RMS both channels at 
8Í2 ■ IM distortion less than 0.1% 
from 1/lOw to 75w at 8Q ■ S/N lOOdB 
below 75w output ■ Takes 5'4" rack 
space, weighs 16 lbs. ■ $439 rack mount 

Delivers 300 watts RMS per channel at 
4Q ■ IM distortion less than 0.1% 
l/10w-150w at 8Í2 ■ S/N lOOdB below 
150w output at 8Q • Lab Standard per 
formance and reliability ■ "As close 
to absolute perfection as any amplifier 
we have ever seen" ■ Audio magazine. 
10/69 «$685 rack mount ui 
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For complete details 
write today to: 

Model 
□A415-8 

■ 8 independent amplifiers 
which can be connected to 
one or more sources. 

■ Self-contained Power Supply. 
■ Bridging Inputs. 
■ Maximum Output: +15 DBM. 
■ S/N Ratio: 90 DB 

at maximum output. 
■ Compact Size: 
3WxW 

Now! 8-Channel 
Audio Distribution 
Amplifier from 
FAIRCHILD! 

Only 
$245 

FAIRCHILD 
Sound Equipment Corporation 

10-40 45th Ave..L.I.C.. N.Y. 11101’ 

Position 
Open 

Chief 
Engineer 
Prerequisites are a background 
in the development of success¬ 
ful electro-acoustical products 
and the ability to manage a going 
department consisting of an R & D 
Section and a Production 
Engineering Section. 
Top Salary plus benefits. 

Box I IB 
db Magazine 
980 Old Country Road 
Plainview, N.Y. 11803 

John M. Woram 

THE SYNC TRACK 
• In the last month’s column. Fig¬ 
ure 6(B) showed that, as the pro¬ 
gram level feeding a limiter de¬ 
creases, the system gain increases. 
Since low-level program is accom¬ 
panied by tape hiss, the listener may 
be distracted by the sudden increase 
in hiss as the system gain rapidly 
rises during the quieter passages of 
music. 

Obviously, the less hiss, the less of 
this type of distraction which is 
just one more argument for a noise 
reduction method such as the Dobly 
system. With a Dolby’d tape, sudden 
changes in system gain will not be 
quite so distracting. Another Dolby 
dividend is that you probably won't 
need as much limiting in the first 
place, since the quieter passages are 
now more audible, due to the lower 
noise level. 

Although the Dolby system is a 
great tool, it does not make musical 
decisions, and if the musical content 
suffers because of sudden gain in¬ 
creases, other steps must be taken. 
For one thing, a longer release time 
may be selected on the limiter. (Un¬ 
less otherwise noted, all references to 
limiting, or limiters, apply equally 
to compression and vice versa.) Re¬ 
lease time is generally defined as the 
interval required for the system to 
return to constant gain (on many 
commercial units to about 2/3 re¬ 
covery) once limiting ceases. The 
longer the release time, the more 
gradual (and therefore less apparent) 
the gain increase. A disadvantage of 
a longer release time is that when an 
occasional short percussive sound 
causes limiting, the system will take 

a relatively long time to recover 
when the percussive sound ceases. In 
selecting a release time, the musical, 
and hiss, content must both be 
considered to determine the proper 
setting. 

EXPANSION 
Some units have a so-called expan¬ 
sion feature in addition to limiting 
and compression. Expansion might 
be defined as a compression ratio of 
less than I, such as shown in Figure 
I. In the expansion mode, the dy¬ 
namic range of the output is larger 
than that of the input just the op¬ 
posite of compression. As a comple¬ 
ment to limiting, expansion may re¬ 
store some sense of dynamic range 
to the program. However, care must 
be taken so that expansion does not 
begin below the residual hiss level. 
As input level increases, expansion 
ceases, and limiting begins. 

To digress a little further into 
hiss, Allison Research demonstrated 
their KEPEX system at the recent 
Audio Engineering Society Conven¬ 
tion in New York City. Among 
other things, it seems the KEPEX 
may be set up as a gating device. 
Once a signal falls below a predeter¬ 
mined level, the KEPEX shuts that 
microphone or track off, thereby 
eliminating extraneous low-level 
noise in the case of a mic, or hiss on 
a finished tape. This feature might be 
considered as a possible complement 
to fast release times on a limiter. 
Once the program level falls below a 
pre-set level, the KEPEX should 
turn the system off, thereby prevent¬ 
ing the limiter from raising the hiss 

Figurei. Expansion 
can be defined as a 
compression ratio of 
less than 1. 



Neve 
SOUND 
CONTROL 
EQUIPMENT 

One of the recent examples of Neve craftsmanship designed and built to the requirements of 
Cine Tl Studios Ltd., London. 

This console incorporates 26 full mixing equalized input channels each with microphone and line 
inputs. There are eight output tracks with three mixed down groups for stereo and mono mastering, 
six echo groups, studio foldback, and an impressive list of built-in equalizers, compressors and other 
signal processing devices. A comprehensive communications system links the Studio floor, balance 
engineer, projection room and the producer. 

▲ y The Neve organisation specialises in the design and installation of complex professional control 
consoles and systems for clients throughout the world. 

Telephone 076 386 776 (Ten lines) Telex 81381 

Rupert Neve & Co. Ltd. Cambridge House, Melbourn, Royston, Herts. 
Circle 30 on Reader Service Card 

TM 
APPLICATION NOTES FOR KEPEX * 

Gentlemen: 

O ló 

Dear Mr. Bitt up: 
We suggest you move. 

However, yes, KEPEX can 
definitely help you, as well 
as perform many other use¬ 
ful functions. Please listen 

to the enclosed 
■ free demo-tape. 

lup 
Respectfully, 
Prof. Malcolm 

“. .. . I have a problem. I do a lot of live reaording of nar¬ 
rative educational material in my home apd use; top-quality 
recording equipment. My particularpaifuation is wholly 
unsatisfactory as ambient background noise ends up 
on my tapes and distracts thé'attention of my stu¬ 
dents from the more serious nature of the pro-
grarn material I wish to retain. . . . Could I use I 
your KEPEX to eliminate my neighbor’s 
loud|flushiñg toilj^in that its unpleasing 
sound l pen e trates my thin livingroom J 
-Walls? Ik \ 

ALLISON RESEARCH. INC. 
7120 SUNSET BOULEVARD 
HOLLYWOOD. CALIE 90046 

Circle 32 on Reader Service Card 
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BACKGROUND 

Figure 2. One problem in tape mastering 
is keeping the vocalist in proper perspec¬ 
tive to the instrumental background. 

level. (The KEPEX seems to have a 
multitude of other applications too, 
which 1'11 try to uncover for a future 
column.) 

SELECTING A 
LIMITER/COMPRESSOR 
Readers in the market for a limiter 
or compressor are referred to the 
guide published in last month’s is¬ 
sue on pages 33-35. Remember that 
compression ratios must be referred 
to their various thresholds before 
they can be compared to each other. 
On a more practical note, find out if 
the controls you will be using are 
conveniently located. Some units 
have one or more controls on the 
back. If these controls are important 
in your application, you’re going to 
be in big trouble if you rack mount 
the units. 

Most of the newer limiter/com-
pressors have a stereo interconnec¬ 
tion, which is important in tape-to-
disc work, as well as in tape copy¬ 
ing, etc. This provision allows two 
limiters to be coupled together so 
that when one track of a stereo tape 
requires limiting, the other track is 

limited by the same amount. With¬ 
out this feature, a sudden limiting 
action on one track would cause an 
apparent shift in sound towards the 
other track if its level remained un¬ 
affected. 

One recurrent problem in tape 
mastering is keeping the vocalist in 
proper perspective to the instrumen¬ 
tal background. Consider the typical 
situation pictured in Figure 2. Levels 
have been adjusted so that the vocal¬ 
ist remains somewhat above the in¬ 
strumental background. At certain 
times however, the singer rises still 
further above the background, and 
the maximum safe level is exceeded, 
as at (A) in Figure 2. Now if the vo¬ 
cal track only is limited, it may be¬ 
come buried in the background at 
these points. Yet it may not be mu¬ 
sically desirable to limit the entire 
program by x dB. 

An arrangement such as shown in 
Figure 3 may be possible, if three 
limiters are available. One of them 
(X) is inserted in the vocal track; the 
other two (Y) and (Z) are stereo in¬ 
terconnected and inserted in the 
mixed-down background tracks. The 
control voltage from limiter (X) is 
brought out to potentiometer R 1. 
Varying R 1 will cause different 
amounts of limiting at the vocal lim¬ 
iter and the stereo pair. For ex¬ 
ample, a voltage that will cause 6 dB 
of gain reduction at (X) will only re¬ 
duce (Y) and (Z) by 3, dB, and so 
on. 

Note that the control voltages 
from the stereo pair regulate a volt-

Figure 3. This arrangement, using three limiters can solve the problem brought up in Fig¬ 
ure 2 and the text. 

00 

VOLTAGE CONTROLLED AMPLIFIER 
(UNITY GAIN.PLUS GAIN PROPORTIONAL 
TO CONTROL VOLTAGE) 

age controlled amplifier in the vocal 
track, as well as their own gain re¬ 
duction sections. With proper regu¬ 
lation, an increase in instrumental 
level will cause gain reduction in the 
stereo pair, and amplification in the 
vocal track. Yet, if the vocal track 
approaches maximum permissible 
level, the vocal/instrumental combi¬ 
nation is reduced according to the 
R 1 setting. 

Experimenters are warned that I 
have not yet tested this set-up, since 
it is a little on the involved side. 

NEW DEVELOPMENTS 
In a recent AES paper 1 a limiter 
is described that features a delay 
line in the signal chain. By delaying 
the program (imperceptibly, about 
150 microseconds) the limiter has 
time to react and cause gain reduc¬ 
tion before the arrival of the signal 
at the gain-reduction section. It is 
claimed that this innovation elimi¬ 
nates the distortion problems as¬ 
sociated with limiters having some 
finite attack time. 

And in a Philips technical bulletin 
describing the PYE 5752 limiter, 
another unique control system is 
described. Grossly oversimplifying 
their description, the unit features a 
high-speed switching (on-off) device 
operating on the duty-ratio prin¬ 
cipal. The greater the off-time, the 
more energy is removed from the 
original signal. Further processing 
removes the switching pulses, leav¬ 
ing an attenuated output that pos¬ 
sesses the same wave shape as the 
input. 

These are but two new approaches 
to creating the definitive limiter/ 
compressor. In the future, I hope to 
be able to discuss the recent progress 
in automation (once I figure it out— 
don’t wait up). Some of this prog¬ 
ress utilizes advanced limiting con¬ 
cepts—some of it minimizes the 
need for extensive limiting. In any 
case, it should go a long way toward 
reducing some of the problems that 
have so far attended wide dynamic 
range programs. 

REFERENCES 
1 A Wide Dynamic Range Limiter 
and Program Conditioner: David E. 
Blackmer (consultant) and Saul A. 
Walker, Automated Processes, Inc. 
AES Preprint Number 757 (M-4). 
-Sound Sense PYE 5752: Philips 
Broadcast Equipment Corp., One 
Philips Parkway, Montvale, New 
Jersey 07645. 



let .. 
audi® 
meet all your ta pe 
production needs 

We offer w nders and automatic 
splicers which have become the 
industry standard the world over. 

The Electro Sound 100-48C, 
for both cartridges and cassettes, 
is the most widely used tape 
winding unit. 

The Model 200 automatic tape 
splicer (shown here mounted on 
the winder for cassette opera¬ 
tion) is tops in popularity because, 
at modest cost, it greatly increases 
production and makes uniform, 
perfect spl ces. 

Audio offers a full program to put 
you in the tape duplicating busi¬ 
ness. We can set up a fully oper¬ 
ating plant with the remarkably 
versatile ES 4000 high speed 
duplicator system. 

Write or call 
Milton Gelfand 

for the finest 
in tape production 

equipment 

AUDIOMATIC CORPORATION 
237 West 54th Street 

NY NY 10019 
(212) 582-4870 

Cable: AUDIOMATIC 
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THEORY AND PRACTICE 
• Input matching, particularly of 
microphones or pickups to amplifi¬ 
ers, has been discussed before, if not 
in this column. From the profession¬ 
al viewpoint, where each component 
is viewed as an entity, the matter is 
usually confined to that of selecting 
ideal impedances, or at least ones 
that match or correspond. 

Thus, from this viewpoint, a line¬ 
impedance microphone needs an 
amplifier with a line-impedance 
input, and enough gain for micro¬ 
phone, rather than merely the cor¬ 
rect impedance, which could be in¬ 
tended to accept a telephone line 
level as input. A high-impedance mi¬ 
crophone must be connected to a 
high-impedance microphone am¬ 
plifier input, and a low-impedance 
mic to a corresponding low-im¬ 
pedance input. 

That is a simple matter of match¬ 
ing by numbers that does not re¬ 
quire any knowledge of the circuits 
involved inside the microphone or 
amplifier, to achieve the desired end. 
Here we plan to discuss the “inside” 
details a little more. There is also 
the question of ideal impedance for 
various purposes, including the 
method of connection used with 
each, such as concentric cable, 
shielded twin, etc. 

Back in the days of tube am¬ 
plifiers, the input that mattered to 
the tube amplifier was voltage input 
to the grid. A high impedance mi¬ 
crophone or pickup would be con¬ 
nected directly between grid and 
ground, using a single shielded (con¬ 
centric) input cable (Figure I). Any 
other impedance would yield lower 
voltage output for a unit of the same 
power-conversion efficiency. So to 
achieve maximum gain, as well as 
the best possible signal-to-noise 
ratio from the tube, an input trans¬ 
former was used to step the imped¬ 
ance up to a high value to suit the 
grid. 

Figure 1. The old tube circuit provided a 
voltage input to drive the grid. 

I he advent of transistors changed 
this. The important input is no 
longer signal voltage, unless the 
transistor is of the field-effect type. 
In the latter case, the situation is not 
unlike that discussed for tubes. 

But the other, ordinary type tran¬ 
sistor essentially amplifies current. 
True, operated grounded base, it can 
be considered a voltage amplifier, at 
constant current, but this is still 
different from the tube or let situa¬ 
tion, in which the impedance pre¬ 
sented by the input is high: the emit-
ter-to-base impedance of a tran¬ 
sistor is quite low. 

However, most transistor circuits 
use the base as input, not the emit¬ 
ter, for a variety of reasons, not the 
least of which is a supply problem 
for grounded base: emitter and col¬ 
lector need supplies of opposite po¬ 
larity. Using base as input can have 
either the emitter or collector essen¬ 
tially grounded, with the other as 
the output electrode of the input 
stage. 

Grounded collector (Figure 2) 
provides zero voltage amplification 
(with apologies to those persons who 
tell us that various standards do not 
acknowledge the term voltage am¬ 
plification -how else would you say 
that?), but amplifies current, thus 
changing impedance as well as pro¬ 
viding gain. This is the emitter¬ 
follower circuit, analogous to the 
old cathode follower of tube days. 

There are differences from, as 
well as similarities to, this older cir¬ 
cuit, that we have discussed before. 
The main one is the fact that the im¬ 
pedance connected in the emitter 
output from the stage is presented at 
the base input, multiplied by the 
current gain of the stage. 

Figure 2. A transistor circuit using ground¬ 

ed, or common collector, provides only cur¬ 

rent gain, like the cathode follower of tube 
circuits. 

Thus, if the emitter-connected im¬ 
pedance is 1,000 ohms, the base 
input impedance looks like beta 
times this. If beta is 100, base input 
impedance is 100k, unless the bias¬ 
ing arrangement upsets the value. 

The other input configuration is 
grounded emitter or something 
closer to that than grounded collec¬ 
tor. Usually, the emitter will have a 
much lower resistance value con¬ 
nected between it and supply than 
that between collector and the other 
supply terminal (Figure 3). 

Now comes the question of op¬ 
timizing this circuit. The input stage 
has to meet two requirements that in 
some degree conflict: it must provide 
a satisfactory input load for the mi¬ 
crophone or pickup connected to it; 
and it must provide the maximum 
possible gain, to raise signal as rap¬ 
idly as possible above a level where, 
from circuits and other sources, 
noise constitutes a hazard. 

Idealized theory tells us that max¬ 
imum power -and thus by implica¬ 
tion level transfer occurs when 
source and load impedance match. 
Thus, the microphone or pickup im¬ 
pedance should be identical with the 
input impedance provided by the 
base-to-ground connection of the 
transistor circuit, in its operational 
condition. But practically, it is never 
as simple as that, whatever your 
professor may have told you in 
school. 

In the old tube circuit, we could 
never match the grid input imped¬ 
ance in the power-matching sense, 
because the grid takes virtually zero 
power, requiring a voltage at no cur-

( continued on page 251 

Figure 3. An essentially grounded emitter 

circuit uses a much lower value emitter re¬ 

sistance than collector resistance, and 
takes the output from the collector. 



NEW PRODUCTS AND SERVICES 
Stereo Ribbon Mic Amplifier/Preamp 

• This well-known ribbon micro¬ 
phone is once again available in the 
United States since the Danish 
manufacturer is now directly repre¬ 
sented in this country by a subsidi¬ 
ary. Model BM5 is two separate 
microphones plugged together to 
make a stereo unit characterized by 
wide dynamic range, low distortion, 
and smoooh extended response. The 
two elements can be rotated up to 
90 degrees relative to each other 
with the angle indicated on a cali¬ 
brated scale. A music/talk switch is 
included for close work because of 
the inherent tendency of ribbon 
mies to over-emphasize low fre¬ 
quencies when used at distances less 
than 3 feet. A table stand is includ¬ 
ed. 
Mfr: Bang & Olefsen 
Price: $99.95 
Circle 42 on Reader Service Card 

• Model 1109 is the vanguard of a 
new series of amplifier and equaliz¬ 
er modules. The 1109 is 600/150 
ohms bridging input with dual 600-
ohm outputs. Gain is adjustable 
through a 20 dB range and, depend¬ 
ing on input strapping and termina¬ 
tion will range from 30 to 56 dB. 
Output power of each of the outputs 
is +24 dBm and if they are paral¬ 
leled, + 27 dBm can be achieved. 
Noise is within 2 dB of the theoreti¬ 
cal limit. Power requirements are 
either +24 to 30 V d.c„ or 15 V 
d.c. The board is a 2 3/< by 6-inch 
glass epoxy card with gold plated 
contacts that mate with a standard 
15-pin connector. 
Mfg: Universal Audio (UREI] 
Circle 2 on Reader Service Card 

Audio Control Center 

0000 Fl 
• The M63 Audio Master is a fre¬ 
quency-equalizing audio control cen¬ 
ter for both recording studio and 
broadcast applications. The unit 
will convert the output device to a 
remote amplifier—with equalization 
—in broadcast stations, it will 

' equalize music and program mate¬ 
rial in broadcast and recording stu¬ 
dios, function as a frequency shaper 
to reduce feedback and enhance 
sound quality in reinforcement sys¬ 
tems, and provide audio control and 
monitoring facilities in multiple 
mixer applications. Bass and treble 
controls along with variable high-
pass and low-pass filters and a vol¬ 
ume control give the unit its capa¬ 
bilities. It accepts two high-level 
inputs, and has outputs for head¬ 
phones, 600-ohm balanced line, 
high/low impedance mic level, and 
auxiliary high impedance, high lev¬ 
el. For monitoring applications, the 
unit has an illuminated vu meter. 
Mfr: Shure Bros., Inc. 
Prcce: $160.00 
Circle 40 on Reader Service Card 

Program Equalizer 

9 0 0 0 © V f 
..*00 00 00 « 

Monitor Speaker • The A-50 aperiodic loudspeaker 
has dual-spectrum damping a new 
design that is claimed to both ex¬ 
tend low frequencies while provid¬ 
ing eliective damping. These dual 
benefits are achieved by using two 
high-compliance woofers and two 
airtight cabinet compartments con¬ 
nected through an acoustical resist¬ 
ance. A non-inductive crossover 
network directs frequencies above 1 
kHz to a separate hemispherical 
soft-dome tweeter. The cabinet it¬ 
self is free-standing and slim-line 
with dimensions of 28 by 21 !ó by 
10-inches deep. The grill clotch is 
Velcro secured. 
Mfr: Dynaco, Inc. 
Price: $179.95 
Circle 36 on Reader Service Card 

• Low frequency shelf boost and 
cut is variable up to 15dB at 30, 60, 
80, 120, 150, 200, 300, and 500 Hz. 
Mid range peak boost and cut is 
variable up to 10 dB and covers the 
discrete frequencies of 250, 350, 
500, 700, 1000, 1400, 2000, and 
3000 Hz. At the high frequencies, 
boost and cut is again 15 dB and 
the frequencies are 2.5, 4, 5, 6.5, 8, 
10, 12, and 15 kHz. Input and out¬ 
put is 600-ohms transformer isolat¬ 
ed. Noise is 80 dB below +4 dBm. 
Distortion is 0.2 per cent at +23 
dBm maximum output. The unit fits 
a standard rack mount, is a.c. pow¬ 
ered (20 watts 50 or 60 Hz), and 
takes 3 V2 inches of panel height. 

- Mfr: Marlin Audio Corp. 
I Price: $575.00 
I Circle 39 on Reader Service Card 
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Portable Anechoic Chambers 

• This new line of portable cham¬ 
bers has been designed to facilitate 

the study of the acoustic properties 
of small mechanical equipment, 
devices, as well as the calibration of 
microphones. These series P cham¬ 
bers offer performance that is 
achieved within a sound attenuating 
cabinet (including the access door) 
that is lined with pre-tested An-
Eck-Oic wedges. In addition, the 
floor system is non reflecting. Cabi¬ 
net section joints are splined to pre¬ 
vent acoustic leaks. A sound ab¬ 
sorption level of between 99 and 
100 per cent therefore is easily 
maintained within the chamber. 
Eight standard models are offered 
with free-held volumes ranging 
from 25 X 25 X 25 inches to 69 x 69 
X 69 inches. Cutoff frequencies are 
150, 200, or 250 Hz. 
Mfr: Eckel Industries, Inc. 
Circle ! on Reader Service Card 

Strip Chart Recorders 

• These new recorders use a linear 
servo motor pen drive to achieve 
utmost reliability. They are only 3 
Vi - inches high so they conserve 
rack space, yet have a versatile 
chart drive and viewing system. 
Adapting the linear motor to a 
chart recorder results in a drive sys¬ 
tem that has only one moving part 
—the motor/slider/pen assembly. 
Because the entire radial field of the 

motor is produced by a permanent 
magnet, the motor consumes little 
power and has virtually no internal 
temperature rise. The motor can be 
driven continuously off scale with 
no noise and no damage to the re¬ 
corder. The slanted chart viewing 
system provides easy access to the 
chart as it is either rolled up or torn 
off. Two models are available: The 
model 7123A/B uses 10-inch chart 
paper and has a less than ‘/ 3 sec’ 
ond full-scale response, while the 
model 7143A/B takes 5-inch paper 
and has a full-scale response of less 
than % second. Input ranges from 
1 mV to 100 V, single span, are 
specified by option. Chart speed is 
also determined by option choice 
as is the option of electric writing. 
Mfr: Hewlett-Packard Co. 
Price: Model 7123—$750: 
Model 7143 A—$695. 
Circle 4 on Reader Service Card 

Modular Compressor 

• Model Auto-Mix 2B offers the 
two most useful compression ratios 
for modern music recording and 
dialogue. These are the ratios of 2:1 
and 4:1. Continuously variable at¬ 
tack time is provided. This permits 
deliberate use of slow attack times. 
There are also ten curves of de-ess-
ing which function on either ratio. 
Separate input and compression 
controls achieve a 90 dB s/n at all 
compression conditions. For custom 
installations, all controls may be 
remotely controlled. Power require¬ 
ments are 28 V d.c.bi-polar regulat¬ 
ed. At full rated putput 30 mA are 
required. A 36-pin p.c. connector is 
provided. 
Mfr: Quad-Eight Electronics 
Price: $250.00 

! Circle 5 on Reader Service Card 

Equalizers 

• These are two models, similar 
looking, of a new equalizer designed 
to work with this company’s EM-7 
echo mixer. Model PEQ-7 is a four¬ 

ni channel peaking type equalizer. It 

features two low-frequency peak 
frequencies (40 and 100 Hz) and 
live high frequency peak frequencies 
(1.5, 3, 5, 10, 20 kHz). Boost or cut 
at the selected frequency can be in¬ 
serted in steps of 2, 4, 6, 9, and 12 
dB. The unit has integrated circuits 
and has zero insertion loss. It plugs 
directly into the EM-7 system. The 
second model, EQ-7B is an i-c ver¬ 

sion of this company’s EQ-7 
shelling type equalizer, it features 
zero insertion loss, extremely low 
noise ( 86 dBm) and an equaliza¬ 
tion cabability of 15 dB at each of 
the frequency extremes. This unit 
also can be plugged directly into the 
EM-7 mixer. 
Mfr: Gately Electronics 
Circle 43 on Reader Service Card 



Boom Boon. 

We’ve taken our most versatile, best-performing unidirectional studio micro¬ 
phone, the Shure SM53, and made it even more versatile by developing a 
complete boom accessory system that equips the SM53 for every conceiva¬ 
ble boom and “fish-pole” application! Shure design engineers started with a 
major breakthrough in design: a small, lightweight, extremely effective 
isolation mount. They developed a super-flexible isolation cable, a pair 
of highly-efficient front-and-rear windscreens, and a 20" boom extension 
pipe. Finally, they developed a complete boom assembly that com¬ 
bines unusually small size with superb control and noise isolation. 
Result: an accessory lineup that makes every Shure SM53 studio 
microphone a complete microphone 
system! Write: Shure Brothers Inc., 222 
Hartrey Avenue, Evanston, Illinois 60204. 

Circle 27 on Reader Service Card 
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Spectrum Analyzer 

• This sophisticated audio measur¬ 
ing device is basically a swept fre¬ 
quency spectrum analyzer operating 
from 10 Hz to 50 kHz with a 10 Hz 
resolution. A 1.0 volt signal is avail¬ 
able on the front panel which tracks 
the local oscillator and permits fre¬ 
quency-response measurement of 
amplifiers, filters, loudspeakers, and 
microphones, as well as attenuation 
and isolation in circuits and compo¬ 
nents. The local oscillator and the 
sweep generator can be swept either 
in a linear mode for display on the 
7x10 cm crt or in a log frequency 
display for expanded lower-frequen¬ 
cy analysis. The model 710/801 is 
battery-operated and covers the fre¬ 
quency range of 10 Hz to 50 kHz. 
Mfr: Systran Donner Corp. 
Price: $3250.00 
Circle 37 on Reader Service Card 

Record Preamp 

• Model RP-84 is a versatile pro¬ 
fessional record and playback 
preamplifier specifically designed 
for magnetic tape recording and 
playback with standard NAB cali¬ 
bration. The all solid-state unit can 
be used with either two or three-
head tape transports and includes 
an a-b monitor switch. An equaliza¬ 
tion selector switch and a slow/fast 
speed switch match the unit to any 
tape transport operating from I 7/» 
to 15 in./sec. Bias adjustment pro¬ 
vides optimum record level and an 
over-all frequency response of 30-
18,000 Hz, 3 dB at 7 V2 in./sec. 
The preamp can be used with quar¬ 
ter-, half-, and full-track head 
configurations and provides mixing 
of mic and line inputs. It has a 
high-impedance phone jack, vu 
meter, record light, and record in¬ 
terlock. The bias oscillators of sev¬ 
eral preamps can be synchronized 
for multi-channel applications. 
Mfr: Telex Communications Div. 
Price: under $145.00 
Circle 44 on Reader Service Card 

Effects Catalog 
• One of the wildest, most interest¬ 
ing catalogs to come to our atten¬ 
tion is the 120 page catalog entitled 
World Wide Sound and Music Li¬ 
brary of Cinema/Sound Interna¬ 
tional of New York City. 

We guarantee that you won’t put 
it down once you start leafing 
through its contents of sounds. It is 
rich in its completeness. As an 
example there are 39 types of Farm 
Animal Sounds ranging from pig¬ 
lets snorting to a cattle stampede 
complete with hooves, rumble, 
moos, and bellows. There must be 
over 400 automobile sounds of ev¬ 
ery description and this is only 
through A! 

Also included is a series of tapes 
of Fairs, Festivals and Celebrations 
recorded around the world from 
Northern Ireland to Nigeria, from 
Norway to Singapore. A large 
number of American events are also 
covered—such important holidays 

cn as the International Brick and Roll¬ 

ing Pin Throwing Contest in Stoud, 
Oklahoma and the always touching 
Watermelon Festival held in Hamp¬ 
ton, S.C. But don’t go away. A sec¬ 
tion is devoted to News Events, 
Historic Voices, Campaign Songs 
plus Musical Listings. The news 
events date from original wax re¬ 
cordings of pre-1910 vintage (Rob¬ 
ert Peary and William McKinley, 
etc.) to the present. You can select 
the only known recording of Lenin, 
or hear All' Landon, or Princess 
Elizabeth saying good night to Brit¬ 
ish children, etc. This section is 
topped off with a Library of Cam¬ 
paign Songs, Incidental Music and 
Historic Voices. All in all it is a 
most imposing task, well done, ex¬ 
tremely well documented and in¬ 
dexed and probably the world’s 
largest sound library. 
We suggest you write Cinema I 

Sound Ltd. 56 West 45 St. New 
York, N. Y. 10036 for your copy. If 
you can't wait the phone is 212-799-
4800. Tell them db sent you. 

Ready-To-Use Console 

• Up to 28 inputs and 16 outputs in 
a console measuring only four feet 
in width are provided by this new 
entry. It is delivered fully wired and 
ready to operate. The concept be¬ 
hind the design is a fully modular 
console using plug-in components 
that will never become obsolete as 
the studio’s requirements grow. The 
console can be expanded in capabil¬ 
ities through the simple expediency 
of addint this company’s plug-in 
wired modules. Modulite volume 
level indicators are used that offer a 
virtually instantaneous following of 
the audio envelope with a sequen¬ 
cial pattern of colored lights. 
Mfr: Altec Lansing Div. 
Circle 38 on Reader Service Card 

Power Transformers 

• A new line of power transformers 
features miniaturization and plug-in 
capability. The “E” line ranges in 
nine different case sizes from 1 to 
10 cubic inches. They are designed 
for use in low to medium power 
supplies, control and isolation cir¬ 
cuits, small lighting, etc. A choice 
of voltages ranging from 6 to 115 V 
in fourteen increments is available 
in each of the nine case styles with 
delivery capabilities of from V2 
watt to 26 watts of continuous pow¬ 
er. 
Mfr: Decco, Inc. 
Price: 100 pieces—$4.00—$7.00 ea. 
Circle 41 on Reader Service Card 



(continued from page 20) 
rent -or so little as to be meaning¬ 
less as a measure of power level. In 
that condition, the objective was to 
achieve the best, or maximum volt¬ 
age transfer, consistent with achiev¬ 
ing a satisfactory frequency re¬ 
sponse or other performance criteri¬ 
on. 

In the transistor circuit, similarly, 
the objective becomes that of 
achieving the maximum current 
transfer consistent with similar 
other criteria. While the transistor, 
admittedly, comes nearer to being a 
power amplifier than does the tube, 
because it can amplify both voltage 
and current components of signal, 
pure matching theory does not apply 
without modification. The fact re¬ 
mains that the transistor is basically 
a current amplifier it uses essen¬ 
tially current input, just as the tube 
uses voltage input. 

As the tube achieves matching by-
assigning an impedance to the grid, 
which may be realized by use of an 
external grid resistor, so the tran¬ 
sistor achieves matching by modify¬ 
ing the base input impedance to suit. 
When the emitter is actually 
grounded (no resistor between emit¬ 
ter and ground) the base input im¬ 
pedance is low and quite non-linear. 
So an emitter resistor is needed to 
linearize base input impedance. 

Thus, if the transistor of Figure 4 
has a beta of 100, using a collector 
resistor of 1,000 ohms, and a bias 
resistor of 100k from collector to 
base, bias is stabilized so collector 
current maintains a collector voltage 
close to half supply voltage as 
operating point. If the following 
stage input impedance is 500 ohms, 
the collector load is 333 ohms (1,000 
in parallel with 500). 

So the feedback fraction, for sig¬ 
nal, is 333/100,000, or 1/300. With 
a beta of 100, this reduces gain to 

Figure 4. Detailed consideration of this cir¬ 

cuit illustrates relationships in transistor 
input circuits. 

3/4, or 75, of which 2/3, or a cur¬ 
rent gain of 50, reaches the follow¬ 
ing stage. This is virtually fixed, re¬ 
gardless of the emitter resistor 
value, which will merely change the 
input impedance. 

As the working gain of the stage 
is 75 (this transistor has no means of 
knowing that only 2/3rds of this 
reaches the next one) the impedance 
reflected by the emitter resistor into 
the base circuit will be 75 times the 
value of the resistor chosen. This is 
what determines matching. 
Now assume that a microphone 

has a purely resistive impedance of 
600 ohms: an emitter resistor of 8 
ohms will cause the amplifier input 
to match this. Current gain will be 
50, and voltage gain 41.7. Assume 
the microphone, for a certain sound 
input, generates 6 mV signal, open 
circuit. It will deliver 6/1,200 = 5 
microamps input signal which, mul¬ 
tiplied by the current gain of 50, will 
pass 250 microamps signal to the 
second stage. 

Now, halve the emitter resistor, to 
4 ohms: now the input current from 
the same signal will be 6/900 = 6.67 
microamps, to produce 333 mi¬ 
croamps at the second stage. Clearly 
the maximum signal will occur when 
the emitter resistor is removed al¬ 
together (zero value) so the micro¬ 
phone feeds into a short-circuit. 

Then the only linearizing effect on 
the base-emitter input impedance 
will be the resistance of the micro¬ 
phone itself. In other words, the am¬ 
plifier will provide fairly linear cur¬ 
rent amplification, but quite non¬ 
linear voltage amplification, under 
this condition. If this is good enough 
then it is the condition that achieves 
maximum gain. 

The emitter resistor will serve to 
linearize input, so the microphone 
feeds into a more linear load resis¬ 
tance, instead of a very non-linear 
(almost short-circuit) impedance, 
but it will reduce power gain a little. 

For the same reason encountered 
in earlier input matching problems, 
it may be desirable to make the load 
impedance higher than the theoreti¬ 
cal ideal match. The microphone or 
pickup impedance may include an 
inductive component, in which case 
matching into too low a load value 
results in loss of higher frequencies. 

This loss is not irretrievable and it 
is predictable, based on the relative 
inductive component of the micro¬ 
phone’s internal impedance. So it 

may be possible to achieve higher 
gain, and better signal to noise level, 
by matching into something close to 
a short-circuit, and then using a 
carefully designed high-frequency 
boost later, to equalize for the high-
frequency loss. 

This must be offset against any 
possible non-linearity that occurs 
due to operating the transistor with 
zero input impedance (or close to 
it). True, at the low levels utilized by 
microphones (or even pickups), the 
distortion produced by this non¬ 
linearity will be low. 

The choice will be—or should be 
dictated by working dynamic range. 
Low-level pickup will mean that dis¬ 
tortion is less likely to be a problem, 
which noise is more likely to be. So 
short-circuit matching (or something 
approaching it) will achieve best re¬ 
sults for this purpose. 

High-level pickup will mean that 
distortion assumes greater impor¬ 
tance, while noise is less likely to be 
a factor. So an appreciable value of 
emitter resistor will help linearize 
input, with our prejudicing signal-to-
noise ratio, in this case. 
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NORMAN H. CROWHURST 

Tape Duplicating 
—A Status Report 
Tape duplicating for the mass market has become big business. 
In this state-of-the-art report, the author limits his look to that 
equipment designed for high-output production of tapes. A future 
report on small-run duplicators is in preparation. 

THE UPSURGE IN AUDIO today is tape- particularly 
cassettes and cartridges. And by upsurge, I mean 
mass market, not the small-time high-fidelity fan 
thing that has gone on for decades.This kind of 

market inevitably attracts entrants, for in such quan¬ 
tities there is money to be made. 

The basic engineering problem attached to producing 
inexpensive tape cartridges and cassettes in quantity is 
quite different from the problems that plagued the de¬ 
velopment of the disc industry a few decades ago. The 
disc record always was a natural for setting up dies and 
knocking them out by the million. The problem with 
tape is that virtually every copy has to be made an inch 
at a time from the master however fast the inches may 
be made to pass. 

Before this became a problem, tape needed material 
that would allow at least reasonable quality recordings 
to be compressed into a smaller space/time relationship, 
which is analogous to the progress made from the early 
78s to modern LPs of various speeds, all much lower 
than 78, and with many more grooves to the inch, in 
disc recording. With each medium, that advancement 
came through development. 

To get a mass-produced, inexpensive tape package, 
the problem remained to find a means to impress pro¬ 
gram on the copy tapes at a cost commensurate with the 
materials. For commercial output has now become a 
quantity/time problem. Return on investment, and con¬ 
sumer price, inevitably reflects the answer to the ques¬ 
tion, “How many can we turn out, within a given time?” 

Primarily this was a matter of transferring the pro¬ 
gram to the copy tapes, from a master or sub-master re¬ 
cording. But as this process was accelerated, by making 
a greater number of copies at a faster rate of transfer, 
the cost bottle-neck quickly moved down the production 
line. Next thing, more people were needed to package 
them in cassettes and cartridges: this became the new 
limiting cost factor. 

Speeding up the transfer of program onto the copies 
required basic technological development. But packag¬ 
ing was more in the production engineer's customary 
field. However, another problem, still related to this fact 

Norman H. Crowhurst is an engineer, an author, and a 
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that the program must be transferred, inch by inch, in¬ 
stead of at one “bump”, as discs are, was quality con¬ 
trol: getting and keeping the reject rate low and, above 
all, keeping the rejects off the market, as far as possible. 
For nothing has a worse effect on future sales potential 
than an appreciable percentage of duds getting out! 

A disc can be given reasonably good visual inspection 
in a few seconds, to achieve virtually 100 per cent quali¬ 
ty control. To thoroughly check individual tapes equiva¬ 
lently would necessitate someone sitting and listening to 
every tape sold, all through: an obviously non-economic 
requirement! 

Those are the basic problems of the tape producer. 
But to produce, he needs duplicating equipment, and 
that is what this article is all about, along with questions 
of philosophy of the people and companies in the busi¬ 
ness, how they go about solving the problems, and so 
forth. 

Of course, duplicating is not new. The first physical 
problem is how to get more than one copy made each 
time the master tape is run through the playback heads, 
in the purely mechanical sense. The electronics end is 
relatively simple. The master tape output can always 
feed a bus (at whatever level, that is a matter of choice) 
that in turn energizes any desired number of recording 
heads for making copies. But how do you make sure all 
the tape speeds are correct identical as the transfer is 
made? 

In the early days, the late Robert Marshall developed 
a very fine machine that solved this problem purely me¬ 
chanically: a machine used by Dubbings Electronics for 
many years. It had a single master capstan, that rotated 
solidly, driving master tape and all the copy tapes on the 
same shaft. It was a solidly-locked mechanical synchro¬ 
nization. 

Bob had his problems making all the transports work, 
to avoid subsidiary problems such as tape flutter and its 
associated ills, but he was a fine mechanical engineer, 
and he finished up with a good machine, that occupied 
much less floor space than the newer master-slave sets 
that have since monopolized the field. So why is every¬ 
body using these master-slave sets, electrically or elec¬ 
tronically coupled, today? 

The basic reason for this choice is similar to the prob¬ 
lem the airlines have: the planes are only earning their 
keep - amortizing their cost—when they are in the air; 



The problem with tape is that virtually every 
copy has to be made an inch at a time. . . 

in the same way a duplicator is only paying when it is 
running, actually transferring program from master 
tape to copy tapes. 

The time taken to load the system up is virtually 
down time. So is time taken to rewind the master, ready 
to make another run. True, the latter operation can be 
performed on a separate machine, freeing the duplicator 
for only forward motion. But even that involves extra 
handling. 

A vital step, and one now universally accepted for du¬ 
plication of tapes for cassettes and cartridges, is the use 
of an endless tape bin for handling the master. By this 
means, as soon as one pass is completed, the beginning 
is there ready to start the next, with absolutely no wait¬ 
ing. The master can run through and through and 
through, endlessly, without wasting any more time than 
is needed to provide leaders on the finished tapes, accord¬ 
ing to the type of container -cassette or cartridge—used 
for the finished product. 

Looking at the tape in a bin, running, it seems a mir¬ 
acle it does not get hopelessly tangled all those loops, 
wriggling and squirming, as it goes in one side and 
comes out the other. While it operates well most of the 
time, variation in bin design shows that problems have 
occurred. 

Design of the bin varies. Some use glass fronts so the 
tape can be seen at a glance at any time. Some are ver¬ 
tical, some sloping. Some use suction or air pressure to 
keep tape from bunching so it jams round the intake, 
where it passes through the transport. 

Loading the bin uses slightly varying procedure, from 
machine to machine, but is basically simple and essen¬ 
tially the same. The lead end is anchored at the point 
where it enters the transport, while live tape from the 
storage reel is fed through the transport into the bin, 
until the whole program to be duplicated is in the bin. 
Then the two leader ends are spliced together, and the 
master is “ready to go”. 

When a run is finished, the splice is undone (it uses a 
tape to facilitate this) and the master is once again 
wound onto its storage reel. 

With this procedure available, it becomes merely a 
matter of making sure that, for most of the time at 
least, this endlessly repeating master is making a max¬ 
imum number of copies. To achieve this, the tape load 
in the slaves, each of which receives program from the 
same master, can be reloaded, one at a time, without 
stopping all the other slave machines. Down time is 
fractionalized. 

Say it takes an expert reloader 20 seconds to remove 
a finished roll of tape, with however many copies on it, 
and reload the machine with a fresh roll of tape. And 
suppose the one master is feeding a dozen slaves. This 
way, each slave machine is down for only 20 seconds, 
every so many copies. The other way, where the master 
is stopped and restarted, assuming only one operator, 
all the slaves are down for 12 times as long, or 4 min¬ 
utes, plus any time needed to prepare the master for an¬ 
other run. 

What this 4 minutes means, of course, is relative. If 

the reload was needed only once an hour, it is not bad. 
But if a reload is needed every 10 minutes, the 4-minute 
break time begins to represent a considerable loss. And 
this relationship depends on how many copies are run at 
a time, and how fast. 

Most of the tapes made play at 1-7/8 or 3-3/4 
in./sec. Let’s assume a particular tape plays 30 minutes 
per track, some are longer than that. They can be re¬ 
corded at 30, 60, 120 or 240 in./sec., which represent 
16, 32, 64, or 128 times the slower playing speed of 
1-7/8 in./sec. This means the tape will take just under 2 
minutes, 1 minute, half a minute, or 15 seconds, respec¬ 
tively, to record each cassette- or cartridge-full of tape. 

The master tape may or may not be physically the 
same as the copies made from it. Most master tapes are 
wider, such as 1 inch, allowing wider tracks and better 
signal/noise ratio than can be achieved on the copies. 
Many masters also play at higher speed, 7-1/2 or 15 
in./sec., for copies that will play at 1-7/8 or 3-3/4 
in./sec. This means that the master machine must run 
at from 2 to 8 times the speed of the slaves in making 
the transfer, so the ratio of the transfer speeds is the 
same as the ratio of the normal playing speeds. 

For example, if the master plays at 7-1/2 in./sec. and 
the copy at 1-7/8 in./sec., the master machine may run 
at 240 in./sec. and the slave at 60 in./sec., both 4:1. Or 
speeds of 120 and 30 in./sec. would serve. Table I shows 
available speeds on equipment shown to the writer by 
six manufacturers when he was collecting information 
for this article. These should not be taken as final, be¬ 
cause this is a rapidly changing field, and the table 
merely shows the state of the art a few months ago, as 
you read this. 

A dozen or so such units of recorded track may be 
transferred onto a continuous roll of tape by each slave 
machine at one loading, later to be divided and put into 
individual cassettes or cartridges. Assuming an even 
dozen are made in each roll, the loading will take from 
24 minutes down to 3 minutes, according to the transfer 
speed used. This begins to put the whole transfer opera¬ 
tion into perspective. 

That covers the mechanics of transferring tracks from 
master to a number of copies, via slave machines. It 
does not yet get down to the details of how 4- or 8-track 
tapes are produced, whether all at once, or in successive 
passes through the machine. Both methods are used, by 
different people Nor does it resolve many minor prob¬ 
lems, both mechanical, electronic, and a combination of 
both, that can arise. 

Some of the slave machines come with inter-change¬ 
able heads and electronics to go with them, so that 
various types of tape can be made on the same set of 
machines, after appropriate modifications. While the 

TABLE 1 

Maker Master Speed Slave Speed 

240 120 60 30 240 120 60 30 

Ampex XXX XX 

Electrosound X XX 

Gauss XXX XXX 

GRT X XX 

Otari XX XXX 

Vega XX XX 

Table 1. Transfer speeds on current model tape duplicators 
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Speeding up the transfer of program onto 
the copies required basic technological de¬ 
velopment . . . the program must be transferred, 
inch by inch, instead of at one "bump", as 
discs are. A problem was quality control: 
getting and keeping the reject rate low and, 
above all, keeping the rejects off the market, 
as far as possible. 

usual practice will be to run as long a run as possible of 
one type, or catalog number, before changing to an¬ 
other, in order to reduce down time while such changes 
are being made, for many operators of duplicating 
equipment, working under pressure of customer orders, 
flexibility at high speed is an asset. 
Some machines make a feature of being able to 

switch from one type of production to another in a mat¬ 
ter of seconds. Of course, the precise time depends on 
the simplicity of the operation involved, the familiarity 
of the operator with the necessary operation, and the de¬ 
gree of readjustment, if any, needed to align the new 
mode. 

This discussion leads to the choice of philosophy for 
integrating the record heads with the electronics that 
drive them. Some prefer to have a high-level (power) 
bus that provides enough energy, both audio and bias, 
which must be in the region of several megacycles to 
correspond with normal bias at playing speed, to feed 
all the slaves that will be used, in such a way that dis¬ 
connecting individual slave units does not influence the 
level fed to those remaining connected. 

Others prefer packages with an attached printed-cir¬ 
cuit board so that the electronics for driving the heads 
can be pre-adjusted to suit the particular head on which 
they are assembled, and fed from a line-level bus. 

Still others prefer to have separate electronics for 
each head in the system, but to mount all the electronics 
at a central adjustment location, rather than having 
them distributed in proximity to individual heads. 
There are pros and cons for each method. For one-

person operation, it would seem that the choice rests be¬ 
tween the power bus or the integrated package arrange¬ 
ment. In either case, the adjustment is local to the indi¬ 
vidual heads, and need not interfere with the setting of 
any other slave machine. These methods have the fur¬ 
ther advantage that the transmission level avoids suscep¬ 
tibility to spurious pickup, such as hum. 

The foregoing comments apply to producing quantity 
outputs of tape in cassettes and cartridges. However, 
reel-to-reel tape is not dead, by any means, nor is it like¬ 
ly to be. So all duplicating machines make provision for 
reel to reel, by eliminating the master bin and they 
need the reels for loading and unloading the bin, anyway 

and providing regular, rather than bulk reels on the 
slaves. 

On the other hand, reel to reel can also be made by 
bulk process, using the bin and making a number of 
runs on each slave using bulk size reels, the tape from 
which is later cut up for individual market size reels, 
just the same as for cassettes and cartridges. 

Having transferred program from the master tape to 
<n however many slaves are working at once, each produc¬ 

ing however many runs of the program at a loading, you 
have spools and spools of multiple-unit tapes coming off 
the duplicator, and needing to be packaged in cassettes 
or cartridges at corresponding handling speed, if a bot¬ 
tle neck is to be avoided. 

This leads to various approaches to automation in 
loading the section of prerecorded tape into their cas¬ 
settes or cartridges and packaging them, on down the 
line. Few if any production lines are yet completely au¬ 
tomated, as this is being written. But the ingenuity of 
the more progressive designers is rapidly moving in that 
direction. In complete automation, ideally, raw tape 
would feed in at one end, and packaged cartridges or 
cassettes would come out the other, already quality 
checked and packed, ready for shipment. 

Automatic loading of cassettes or cartridges can be 
performed very quickly by using tape markers that trig¬ 
ger the machine when a run of program is completed. 
These markers are inserted by the master, between the 
end of one run and the beginning of the next. 
These markers are inserted by the master, between the 
end of one run and the beginning of the next. 
A 250 Hz tone, for example, recording at 240 

in./sec., will be just about 2 Hz at 1-7/8, and thus inau¬ 
dible at playing speed: the tape player just will not am¬ 
plify such a frequency. The audio being recorded is 
transferred at 128 times the playing frequencies, which 
will be in the kHz range and up, and thus inaudible, or 
well beyond the audio range, when run through a head 
at 240 in./sec. 

Thus a 250 Hz or similar keying tone can easily be 
picked up in a high-speed winding operation, and at the 
same time it will be completely inaudible on the finished 
tape, when it runs at its normal playing speed. The tone 
triggers an automated cutting device and/or whatever 
else is needed, with or without an operator’s aid, to start 
another cartridge or cassette being loaded with the next 
run of tape. 

Quality control can mean various things. One thing to 
look for is drop-outs on the tape. This can occur, due to 
weak spots in the tape coating, or due to failure to 
maintain absolutely uniform contact pressure while the 
tape crosses the recording head at the high transfer 
speed. 
To minimize the latter, several duplicating machine 

manufacturers use two capstans, one before and one 
after the heads, with the shortest possible linear distance 
between them. As well as eliminating drop-outs due to 
varying tape pressure against the heads, this also mini¬ 
mizes scrape flutter. 

Gauss Electrophysics employs an interesting method 
of maintaining uniform tension through this short but 
important distance of high-speed moving tape: both cap¬ 
stans are driven by synchronous motors, but the lead 
capstan is very slightly larger than the following one. 
This causes the lead motor to be dragged slightly below 
synchronous speed, while the trailing one is pulled 

Looking at the tape in a bin, running, it 
seems a miracle it does not get hopelessly 
tangled—all those loops, wriggling and 
squirming, as it goes in one side and comes 
out the other. 



slightly ahead of synchronous speed, the force created 
by this (electrical, not physical) slip controlling the ten¬ 
sion of the tape as it passes over the heads. 

Other aspects of quality control need to check for 
drop-outs due to variations in tape quality, perhaps, or 
to verify that recording quality is up to snuff. Variations 
in tape quality, for effective control purposes, must be 
checked continuously, virtually 100 per cent at least 
on sample runs. 

One way to do this is to provide the slave(s) with 
playback heads, that monitor the program impressed 
continuously, checking its level against the recording 
level a split second earlier, when the same point on the 
tape passed the recording head. This is only a level 
check, but it can be made highly reliable. 

Checking for quality of recorded program involves 
listening to spot checks on the tape, and can only really 
be performed as a sampling operation. Of course, the 
more other checks that are provided, the less likely is 
any variation in quality of recorded program to escape 
detection. 

As in any recorder, change of bias setting, or any 
other deviation, electrical or electronic, can interfere 
with quality. So output from each recording slave 
should be quality checked every so often. 

Another quality control check concerns cartridges 
particularly, where a fault can occur that will impair the 
running of the tape, not necessarily due to any defect in 
the recorded program or associated with it. This could 
cause the tape to hang up at some point in its rotation 
through a playing machine. 

One test for this performs a 100 per cent check on 
cartridges in batches, without listening to them. It uses 
the sub-audio key tone to determine when the whole 
tape has gone by and alerts the operator if any cartridge 
in the batch fails. 

Practically all the manufacturers have made flexibility 
a key feature of design, so that each machine can be 
rigged to do the maximum variety of jobs. However, 
while one manufacturer aims at flexibility with his own 
line, to achieve change you need different units from 
that manufacturer’s line; others aim at maximum com¬ 
patibility, so individual units from that manufacturer 
can be used in combination with as many of his compet¬ 
itor’s systems as possible. 
Some manufacturers have devoted their attention to 

producing a duplicating system, or some particular part 
of it, for sale to people in the duplicating business. Some 
of these have designed improved cassettes or cartridges, 
yielding better handling of the tape, primarily intended 
for use in their own facility, but having it available, they 
find a market for that too, to other duplicating houses. 

The name with the background in the business is, of 
course, Ampex. Their machines were successful, from 
the first, because of their solid design: they are durable. 
As several of the newer companies were started by, or 

There are pros and cons for each method. 
For one-person operation, it would seem 
that the choice rests between the power 

bus or the integrated package arrangement. 

Automatic loading of cassettes or cartridges 
can be performed very quickly by using tape 
markers that trigger the machine when a 
run of program is completed. 

else hired, personnel formerly with Ampex, it is only 
natural that most of them perpetuate the same notion of 
ruggedness in design. That is as the fundamental prin¬ 
ciple taught in the school from which they graduated. 
One might even say they are over-engineered. 

Of course, over-engineering for this kind of work is a 
good “fault”. Failing to hold up can be a far more cost¬ 
ly fault, so it is better to have a truly great margin of 
safety—a machine that will produce good, though not 
perfect output, even when it is persistently abused- than 
to try to engineer for some sort of economic optimum. 
The economics come in the time/material relationship 
of production materials, not in the tools used the 
equipment. 

We referred earlier to the choice between making 4 to 
8 tracks (or even more, when they can squeeze more 
onto the tape) all at once, and making them tracks 
(that’s for stereo) at a time, requiring more than one 
pass through the machine. Doing the whole operation at 
once, putting on all the tracks in one pass, saves time, 
but requires more electronic equipment and greater pre¬ 
cision in the total adjustment, for perfect alignment, al¬ 
though most of this precision is cared for in the multi¬ 
track head. 

On the other hand, making more than one pass en¬ 
ables greater focus to be placed on individual track 
quality, minimizes cross-talk problems within the head 
assembly, but imposes another problem: that of getting 
all the tracks to start and finish coincidentally, or close¬ 
ly enough so that parts of one or other run do not get 
chopped off in the packaging. This can be achieved by 
using the same keying codes, put on during the first run, 
as control to synchronize the starts on successive runs. 

This connects with the problems of start and stop, 
mostly the starts. How soon can the machine come to 
speed, and synchronize with the master machine, al¬ 
ready running? This depends on the type of drive, and it 
also sets requirements: the tape transport handling 
mechanism must control tape movement to correspond. 
Different machines use different types of mechanism to 
absorb speed changes and settle the whole mechanism 
down to uniform movement. 

Different kinds of motor are used for all purposes, by 
different manufacturers. For the synchronous drive, 
some use serve motors, that enable all the slaves to be 
phase-locked to the master, with the theory that any de¬ 
viation from synchronism, or any speed change due to 
supply variations will, in this way, affect every capstan, 
master and slave, in identical fashion. 

Others use synchronous and closely identical drives 
for master anc slaves, so that uniformity depends on 
this identity. 

Then for the feed and take-up spools (which are in¬ 
volved on the slaves but not in the master bin) again 
different types of motor may be used. A high-slip induc¬ 
tion motor can provide fairly constant torque, and thus 
close to uniform tape tension. On the other hand, a d.-c. 
motor offers some advantages in controllability. co 
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Some manufacturers have devoted their at¬ 
tention to producing a duplicating system, 
or some particular part of it, for sale to peo¬ 
ple in the duplicating business. Others are 
themselves in the duplicating business. 

For quality recording, head quality and the elec¬ 
tronics that feed the heads are important. Otari has in¬ 
troduced a unique design using heads of ferrite material, 
which they claim to be superior and much longer wear¬ 
ing than conventional heads. Most of the manufac¬ 
turers, who do not use a power level bus, have switched 
to the use of etched-circuit boards attached to or closely 
associated with the heads they serve, on which are 
mounted amplifiers, equalizers, and necessary trimming 
features. 
These are just some of the facets of the ongoing re¬ 
search and development in the field. Far more things 
can happen to magnetic tape than meet the eye. For ex¬ 
ample, have you ever noticed that tapes deteriorate with 
keeping, quite apart from such obvious defects as print-
through? 

For some time, it has been felt that magnetic tape can 
be made wear-proof. Mechanically it can. Disc records 
can wear out, but tapes (even master tapes) can deterio¬ 
rate by being stored for a long time. Apparently a slow 
longitudinal demagnetization occurs, especially at high 
frequencies, where wavelength is short. 

For this reason a new recording sounds brighter, 
sharper, than one that has been stored for some time. 
This cannot happen to discs, unless they are played, to 
wear the high frequencies off. However, tape and other 
research is being conducted, to find ways of overcoming 
this problem. Meanwhile the more immediate problem 
is that of issuing the best possible new tapes, to which 
there are many more problems than we have space here 
to treat in depth. 

One reason for versatility, and for different emphases 
in the design philosophies used, is the increasing variety 
of uses for tape. Car stereo, home stereo (which may 
use the same cassettes or cartridges interchangeably), 
and various portables, all use conventional program 
material, of the entertainment variety. 

However, there are big customers with nationwide 
distribution and little customers not so widely known, 
who may require correspondingly big and little runs on 
their catalog numbers. So choice of quipment may vary, 
according to whether the duplicating facility is likely to 
be making all short runs, all long runs, or a mixture. 

For short runs, versatility in making the necessary 
changes in minimum time is as important as producing 
quantity at maximum speed, or maybe more so. For 
long runs, which means large quantities, maximum 
operating speed, saving every second on the production 
line, is probably the most important single criterion, 
with many facets. For mixed runs, the best of both is 
sought, or maybe some compromise will be needed. 

But entertainment media of one kind or another are 
far from the only uses for recorded tape today. Talking 
clocks, language and other teaching tapes, functional 
tape units for an almost endless variety of process con¬ 
trols, the field is endless. ■ 

A Guide to 
High-Volume 
Tape Duplicating 
Systems 

T|HE following list and specifications should not 
be taken as a total guide to the market. Rather, 
this represents information available to us at press 
time on models and manufacturers. In this rapidly 

developing industry, it is to be expected that new equip¬ 
ment and manufacturers exist beyond this list. We will 
report on them in subsequent issues. 

GAUSS ELECTROPHYSICS 
Series 1200 -is a high-speed system with the master us¬ 
ing reels of tape operating in a closed-loop system using 
a dual capstan drive with two direct-drive synchronous 
capstan motors. Servo systems control tape tension. Up 
to eight tracks are fed from 14-, lá-, or I-inch wide 
tapes. The slaves take 14-inch reels and '4-inch or 150-
mil wide tapes. Circle 92 on Reader Service Card. 

The Gauss eight-track assembly showing the meters and the elec¬ 
tronic part of the controls. In the top view of the transport the 
closed-loop double capstan system is clearly seen. 



PLAY-CHECKERS 
FOR GAUSS FIDELITY 

Gauss Electrophysics 
An MCA Tech. Division 
11822 W. Olympic Blvd. 
Los Angeles, California 90064 
(213) 478-0261 

Tape duplication fidelity was just a buzz word until the Gauss 
1200 Series made the scene. Gauss’ Model 1250 Reproducer 
offers strict quality control verification of tapes duplicated in 
either 1/7" or 1/4" widths. It permits examination of the tape in 
real time. 
Gauss’ Model 1270 permits visual functional measurement of the 
tape duplicator throughout the duplicating process, thus per¬ 
mitting examination of the tape at duplicator speed. As play¬ 
checkers, they’re necessary all the time. 
They’re quality standards set by Gauss. 

Circle 29 on Reader Service Card 
GO 
GO 
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called on the talents of Paul Seiz, currently director of 
the Museum of Performing Arts at Lincoln Center in 
N. Y., as associate designer. The total past record of 
this combination of talents includes such formidable 
design projects as the U. S. Pavilions at each of the 
N. Y., Montreal, and Osaka World’s Fairs. 

The concept that the visitors are entering a fair-like 
exhibit begins as they mount the steps at the front of 
the building. A modern fountain, built in what looks 
like a tree of pipes in a square-shaped pool, creates a 
ball of spray which falls into the pool, which in turn 
empties continuously into a lower and larger square 
pool. 
The audience enters through a revolving door in a 

front wall of glass to the entry lobby of the exhibit. 
Here, on one wall, is a Burlington family tree made up 
of hundreds of cones of yarn and indicating, on discs 
within the spool arrangement, the names of products 
or divisions of Burlington . . . such well known names 
as Lees Carpets, Klopman Fabrics, Adler Socks, and 
Globe Furniture. The entire display is white on white. 

The visiting guest then walks under six large rotating 
psychedelically painted (black and white) fabric pat¬ 
tern rollers onto a slowly moving “sidewalk," which 
will carry him through the rest of the exhibit. This 
moving walkway is 208-feet long and is the longest of 
its kind east of the Mississippi River. 

The first exhibit area presents the sources of 6 of the 
raw materials—wool, cotton, rayon, nylon, polyester 
and glass fiber. The sound heard through ceiling speak¬ 
ers located over the ramp is electronic music creating 
the effect of gurgling liquids as though to indicate that 
the next step is a chemical process leading to materials 
for the manufacturing machines to use in their phase of 
the mill operation. 

From here, the visitor is led into the largest section 
of the exhibit areas, the manufacturing plant. Produc¬ 
tion machinery is set up on three levels to demonstrate 
spinning the rewinding of packages of yarn onto bob¬ 
bins; dye vats- for quantity dying of yarn spools; warp¬ 
ing winding yarn from a number of yarn packages 
onto a large beam for the weaving or warp knitting 
processes; circular doubleknit machines for produc¬ 
tion of doubleknit fabrics from natural and man-made 
yarns; hosiery knitting producing pantyhose, wom¬ 
en’s hosiery, men’s and children's socks; hosiery board¬ 
ing -a process for shaping hosiery and socks under high 
temperature and pressure; Jacquard /oom -weaving of 
tapestries, brocades, damasks, etc. from a punch-card 
programmed system; Sulzer loom -weaves fabrics at 
high speeds without a shuttle; Raschel knitting machine 

produces warp knit fabrics with lacy and open effects 
as well as smooth surface patterns; and tufting pro¬ 
duction of loop and cut pile fabrics for carpets, rugs, 
and bedspreads. 

To enhance the effect of size of the mill area (40-feet 
high), the walls of this area are all mirrored so that the 
expanse of the actual size, as viewed from the moving 
ramp, is an illusion of immense proportions. 

Mirror-walls also permit the viewing of rear sections 
of the machinery as well as the machines located on the 
lower level and also under the moving ramp. 

As each of the machines makes its own sound and 
the total din of the area, under normal circumstances, 

m would be almost unbearable, each of the machines is 

Figure 2. The control programmers for the slide projectors. 

damped to decrease the sound it makes during move¬ 
ment as much as possible. Some of the units were mod¬ 
ified to reduce the actual sound made to almost a com¬ 
plete silence. The true sound of each machine is then 
reproduced through specially selected sound columns 
for the high frequencies and bass speakers for the lower 
frequencies, both of which are located in the vicinity 
of the machines but disguised. The sound is then pro¬ 
grammed so that only one machine sound is heard at 
any one time and a flashing arrow indicates which ma¬ 
chine’s sound is being reproduced. 

It was found to be unfeasible to stop and start the 
individual machines as the sound was heard, and the 
method presently being used is quite effective, in spite 
of the fact that all the machines are moving continuous¬ 
ly but only one sound is heard. The only machine not 
programmed for sound reproduction is the dye vat unit. 
This machine operates independently. As the cover low¬ 
ers and the spools descend into the dye, steam (created 
by dry ice being lowered into water) rises from the in¬ 
side of the unit and as the lid hits a microswitch on the 
way down, a hiss sound is heard. 

The next part of the exhibit is most as what would be 
expected at a modern fair display. The entire length of 
the wall of this diorama is made up of a total of 69 

Figure 3. The control relays located in the programmer rack be¬ 
hind the four projector control units. Above the relays you can see 
the motors for the programmer units as seen in Figure 2. 



rear-screens (Figure 1) ranging from about the size of a 
small TV set to about 4 lá by 6 feet and extending from 
slightly below the walkway all the way to the ceiling. 

The screens are placed so that some are at the wall 
surface, others are slightly in front and others still far¬ 
ther forward toward the viewers. The display is divided 
into several sections. One segment, shows figures made 
of different parts of the body dressed normally but ar¬ 
ranged to create a human that is quite unreal but amus¬ 
ing. Another section shows a chair with diverse cover¬ 
ing material patterns while adjacent screens show var¬ 
ious patterns or blowups of the material. Still others 
show windows with patterned curtains or athletic activi¬ 
ties in which material is used for different purposes. 
The last section displays logos or labels of Burlington 
or subsidiary companies. For a more dramatic effect, 
each segment is programmed separately to change 
projectors that carry related images in a uniform pat¬ 
tern. The music, is called Mill Rock and is distributed 
through three specially-designed speakers placed at ear 
level on the moving ramp and spread across the width 
of the exhibit area and hidden in the black wall between 
screen boxes. 

The exit area has 6 more “fabric” rollers revolving 
over the heads of the visitors as they step off the mov¬ 
ing sidewalk. In the lobby, visitors are shown a map 
with pins indicating the locations of Burlington offices 
and plants, facts and figures about Burlington and its 
divisions on continuously rotating closed-loops of ma¬ 
terial moved by revolving rollers to simulate the opera¬ 
tion of computers. 

The total result of the Mill presentation is the multi-
sensory experience of following the production of tex¬ 
tile and related materials from source through manufac¬ 
ture to final use in every-day existence. The techniques 
used to present this brief (8 'á minutes) tour of the mills 
are modern and unique. The rear screen projection area 
is the latest and largest industrial application for a per¬ 
manent exhibit since the technique was first used at a 
recent World’s Fair. 

Figure 4. These lamps pin point a projector lamp that has failed. 
Switches below the lights are to preset programmers for continu¬ 
ous (normal) operation, or for one cycle after which the program¬ 
mer is automatically stopped by a punch in the tape in the last 
channel. 

□ □ □ □ □ C QBQBnE|B]an 

? 

Figure 5. The author is seen starting one of four amplrfiers/tape 
decks. Each amplifier has a monitor speaker which can be cut off 
by the switch below it. During the check-out period at down time, 
test levels are set. 

As the visitor leaves the rear of the exhibit, and walks 
around the building on the side street, he is presented 
with a further experience, visible only from outside the 
building. Nearly 200 different colored fabrics are 
mounted in 175 squares, each four feet by four feet, and 
with a total of over 1,000 blinking lights bordering the 
squares. The center of this wall of fabric is left open so 
that persons looking into the exhibit area can see the 
machinery. The solid portions of the wall are used to 
block off the light from the outside from the raw ma¬ 
terials and end-use areas of the exhibit. 

The Mill opened on Sept. 10, and will remain open 
indefinitely. The display is open to the public each Tues¬ 
day through Saturday, from 10AM to 7PM. Admission 
is free. 

All the control and sound amplification equipment is 

Figure 6. Backstage at the Mill in the projection area. Note 
the perforated steel platforms on which the projectors are 
mounted. 
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Figure 7. One off the standard projectors. Note the microswrtch 
mounted at the zero position on the unit. At the right is the con¬ 
trol box 

Figure 8. A projector modified 
source. The added blower and 
mote of the power supply 

by the addition of a Xenon Eight 
projector are mounted on the re¬ 

Figure 9. Technical director Stan Goldstein is shown adjusting the 
alignment of a projector with an SMPTE slide. 

housed in six metal racks located in a small room ad¬ 
jacent to the rear-projection area. Two of the racks con¬ 
tain the six projection and sound distribution control 
programmers (Figure 2). Behind the four programmers 
in one of the racks are the relays used in the projector 
and sound control system (Figure 3) including the larg¬ 
er T-Bar relays at the top of each of the rows of smaller 
relays. The hinged door on the other programmer rack 
has mounted on it indicator lamps (Figure 4) which 
show when a slide projector has lost its source of illu¬ 
mination. 
The other four racks contain all the audio equipment 
(Figure 5) which originate and amplify the sound and 
music for all the display areas. 

As the machines are quite large, and each working 
part of the unit created a different sound, it was decided 
to record the sound in two parts, one take for the 
operating sound and one for the motor or chain drive. 
The recordings, made by Frank Lewin of Demeter 
Music, Inc., were made with a directional microphone 
on a full-track Nagra at 7 Vá in./sec. 

The tricky part came in the dubbing of the original 
single track sounds to two-track tape for use at the ex¬ 
hibit. The rhythm of each sound for each machine had 
to be matched carefully with the other half of the total 
audio of the working machine. In the playback, the high 
frequencies are fed to a sound column located close to 
the machine, and the lower frequencies are fed to a bass 
speaker hidden near the part of the machine which 
created that sound originally. The level of each sound is 

Figure 10. A line diagram (simplified) showing typical projector, 
sound, and indicator-arrow control circuits. 

( EACH PROJ. CABLE CONTAINS WIRES FOR 

REAR-PROJ. 8 MANUF. 
CONTROL ROOM 

AREAS 



balanced against the other so that the composite sound 
effect is as realistic as possible. In the projection portion 
of the exhibit, modern rock music written and recorded 
by Entermedia Futures. Inc. is distributed through Hat 
response speakers as shown in Figure 13. 

As in all public display areas, emergency precautions 
are required for the safety of the visitors, and, inciden¬ 
tally, to assist in preventing damage to any of the dis¬ 
play items. For this purpose, a page system was in¬ 
stalled with push-to-talk microphones in each of the lob¬ 
bies. These use relays and the existing amplifiers in the 
first and third areas, and a separate amplifier and speak¬ 
er in the machinery area. 

Schools, church groups and other organizations are 
invited to schedule guided tours of the Mill. For this oc¬ 
casion, a wireless microphone system, with speakers 
overhead directly over the moving walkway, permit a 
guide to stand at the machinery and describe the opera¬ 
tion of a typical mill. 

It is Burlington’s hope that they have provided the 
visitors to the exhibit with an entertaining and interest¬ 
ing display of how a mill works. Creation of good will, 
greater interest and closer association of the audience 
for the various subsidiaries and products of Burlington 
as well as a brighter aspect of the outside of a big busi¬ 
ness building on a busy side street are also among the 
desires of Burlington. The company that does more with 
fabrics than anyone else in the world has also created 

Figure 11. Projector control and lamp indicator circuits typical of 
incandescent lamp slide projectors. 

STEREO 

CASSETTE AMPS. SPEAKERS 

the latest and largest spectacle of its kind anywhere, and 
right in the center of fun city. 

We wish to express thanks to Mr. Larry Carr of Bur¬ 
lington; Mr. Gene Demick of Bergen Expo Systems, au¬ 
dio-visual supplier and now maintaining the operation 
of the exhibit's a-v facilities; Mr. Bill Merrill of Porto-
Vox Enterprises, Inc., audio and control equipment sup¬ 
plier; Mr. Bob Vogel, audio-visual engineer; Mr. Ron 
Gold of Rinzier/Arden Agency and the technical staff 
and guides of the Mill for their invaluable assistance. 
Photographs are by Burlington, Joseph Getzoff, and 
Leo Lowenthal. 

Figure 12. A simplified single-line diagram of the sound operating 
system. The wireless microphone system is not shown. 
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(continued from page 31 ) 

AMPEX 
Series 3200 Uses a flexible building-block principle. 
It starts with a master unit/console and one slave and is 
expandable to a maximum of ten slaves. The master 
uses tape on reels (no bin) which may be run backwards 
for no-rewind copies. Up to 14-inch reels can be used, 
'4-inch tape, for duplicating full, half, or two-track 
mono tapes. Two-track and four-track stereo versions 
are available. Circle 90 on Reader Service Card. 
Series BML-200 is a high-speed duplicator system for 
multichannel cartridges, cassettes, and reels. The end¬ 
less-loop bin master can drive ten to twenty slaves. 
These slaves are field-convertible between cartridge and 
cassette formats. The master takes eight tracks on 1-
inch wide tape; the slaves will reproduce these eight on 
250-mil wide ( 14-in.) tape or 150-mil wide tape (cas¬ 
sette) with four tracks. The slaves tape 14-inch reels, 
while the master bin will hold 1200 feet (about 30 min¬ 
utes playing time per program track. Circle 91 on Read¬ 
er Service Card. 

ELECTROSOUND 
Series 4000. High speed duplication from a reel-type 
master and slave system that takes up to 14-inch reels 
on either master or slave transports. The masters also 
have a bin for endless-loop operation. Plug-in head as¬ 
semblies facilitate the shift from cassette to cartridge 
duplication operation. A complete line of tape process¬ 
ing accessories is also available. Circle 94 on Reader 
Service Card. 

The Electro Sound master's bin permits the tape to be seen. 

VEGA ELECTRONICS 
Model 5000 Continuous loop master (up to 1200 feet 
in the bin) uses I-inch tape for four- or eight-track op¬ 
eration. Reels for storage can be up to 10 U -inch in 
diameter. The slaves take % -inch tape for eight-track 
recording (cartridge) and 150-mil wide tape for four-
track cassettes. Up to ten slaves may be ganged for op¬ 
eration. A special bin is available for up to 1800-foot 
master operation. Circle 96 on Reader Service Card. 

The Ampex BML-200's bin slopes and has a transparent front, 
æ Electronics are below, including a pump and the power supply. 
CO The slave unit deck can have guides and heads interchanged. 

A Vega master, electronics rack, and five slaves. The tape-loop 
rack is below the transport, while the master electronics are in 
the adjoining rack. 



Picture Gallery 
N.Y. AES Convention 
This and the following pages contain the new 

and almost new products found at the New York 
AES Convention’s exhibition. The Hotel New 
Yorker was host to this largest convention between 

October 12th and the 15th. 

Each photo is keyed with a reader service number. 
Simply circle the appropriate number(s) on the reader 
service card at the back of this issue and you will re¬ 
ceive further information directly from the manufactur¬ 
er. 

Audio Designs' RMC-1721 remote 
console is priced at $14,750. Circle 
76 on Reader Service Card. 

In a table-top rack, the Fairchild 
659A Reverbertron 11 system. Cir¬ 
cle 73 on Reader Service Card. 

Westrex has a console that fully con¬ 
trols their Diskmaster mastering 
system. Circle 75 on Reader Service 
Card. 

Kepex had a far-out demo booth in 
which they demonstrated their key¬ 
able program expander. Circle 87 on 
Reader Service Card. 

Gately Electronics put this console 
together with their modules. Circle 
50 on Reader Service Card. 

Suburban Sound components com¬ 
bine to form “instant consoles.” Cir¬ 
cle 89 on Reader Service Card. 

This Langevin console has nine chan¬ 
nels in and four out. Circle 78 on 
Reader Service Card. 

Quad-Eight came to the show with 
this new console. Circle 85 on Read¬ 
er Service Card. 

The Spectra-Sonics console has 20 
channels in for 8 channels out. Circle 
88 on Reader Service Card. 

Electrodyne’s most recent console 
has 16 channels in and 8 out. Circle 
86 on Reader Service Card. 
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From Scotch, a new mastering tape, 
type 207 with improved characteris¬ 
tics of noise. Circle 53 on Reader 
Service Card. 

For sound reinforcement, JBL 
showed their model 6015 150-watt 
amplifier. Circle 68 on Reader 
Service Card. 

UREI had the model 1109 amp/pre-
amp card unit among its many items. 
Circle 70 on Reader Service Card. 

A tiny condenser microphone, Sony-
Superscope’s ECM-50 tie-tack mod¬ 
el. Circle 61 on Reader Service Card. 

ReVox A-77 machines can now be 
ordered with plug-in adjustable 
drive speed control. Circle 64 on 
Reader Service Card. 

Scully the new 16 track model 100-
16, available for the low price of 
$13,750. Circle 55 on Reader Service 
Card. 

A first showing of the Norelco pro¬ 
fessional 3% in./sec. cassette recor¬ 
der. Circle 57 on Reader Service 
Card. 

The little battery-portable stereo 
Stellavox with big 10'/2-inch reel 
adapters. Circle 79 on Reader Serv¬ 
ice Card. 

The new thin Dolby 360 tape noise 
suppression system fits between 
Scully modules. Circle 52 on Reader 
Service Card. 

Four tracks on 'A-inch tape from 
Ampex on their new AG-500-4 mod¬ 
el. Circle 71 on Reader Service Card. 

Automated Processes showed a radi¬ 
cally new limiter, compresser, ex¬ 
pander system, model 500. Circle 84 
on Reader Service Card. 

Shure dramatically demonstrated the 
effectiveness of their isolation mounts 
for microphones. Circle 58 on Read¬ 
er Service Card. 

Pentagon showed the Cl20 system 
for cassette-to-cassette small-run du¬ 
plicating. Circle 74 on Reader Ser¬ 
vice Card. 

Caddco has a large variety of studio 
console accessories in plug-in config¬ 
urations, “A Series.” Circle 81 on 
Reader Service Card. 



How do you pick up 
sound without noise? 

Pick up the new RE50 
and the new RE85 
quiet microphones. 

Model RE50 omnidirectional dynamic $120 list. Mode. RE35 lavalier dynamic S133 list. Less normal trade discounts. 

Introducing two microphones that 
aren’t “microphonie”. That are 

unexcelled for hearing air-borne sounds, 
but shrug off contact noises. The new 
hand or stand RE50 and the lavalier 
RE85 dynamics. 

of mass and resonance have been worked 
out (with the aid of our computer) so 
that contact noises and cable rustling 
never reach the Acoustalloy* diaphragm. 

The result is remarkable isolation from 
all but air-borne sound, even in hand-held 
applications where microphone movement 
is uncontrolled. And when you add the 
extra protection of the built-in Acousti-
foam* blast and pop filter, this is one of 
the quietest omnidirectional microphones 

you can find. Yet response, 
output level, and polar pat¬ 
tern are essentially the same 
as the 635A (one of the most 
popular professional micro¬ 
phones of all time). 

Small, light, and just barely larger than 
the smallest microphones of their type. 
Yet both use a unique double-wall con¬ 
struction that is more effective in reduc¬ 
ing microphone noise than any other we 
have tested. 

Let’s look into the RE50 first. A cut¬ 
away shows that inside each RE50 nestles 
the familiar 635A, case and all. It’s shock¬ 
mounted at top and bottom to the outer 
case. Even the connector is isolated from 
the actual microphone. And the problems 

But if noise can be a problem with 
hand-held and stand microphones, it is 
a plague to lavalier types. Clothing rustle, 
cord noise, and accidental contact with 
hard surfaces are common troubles. Ex¬ 

cept with the new RE85. Again, we have 
created a microphone within a micro¬ 
phone. But we’ve gone even farther. A 
special low-noise grille, for instance. And 
even the hard, smooth paint finish was 
chosen to reduce small rubbing noises. 

The result is virtually noise-free opera¬ 
tion even with inexperienced performers. 
And at no expense to sound quality. Like 
all E-V lavaliers, output of the RE85 is 
peak-free and natural. Each RE85 comes 
complete with neck cord, tie clip, and a 
belt clip to help control the cable. The 
RE50 is supplied with a Model 300 stand 
clamp. 

Both the RE50 and the RE85 are now 
available at your E-V microphone head¬ 
quarters. In this noisy world, it’s a relief 
to know that help has quietly arrived. 
•E-V Trade Mark 

ELECTRO-VOICE, INC., Dept. 1101BD 
686 Cecil Street. Buchanan, Michigan 49107 

high fidelity systems and speakers • tuners, amplifiers, receivers • public address loudspeakers 
• microphones • phono cartridges and stylii • aerospace and defense electronics 

Circle 15 on Reader Service Card a GULTON subsidiary 

7 • 
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BOOKCASE 
As a service to our readers we are 
pleased to offer these books from 
prominent technical publishers All 
prices listed are the publishers' net 
Shipping charges are included 
Use the coupon at the bottom of the 
page or give the complete title, author 
and coupon number. Be sure to indi¬ 
cate quantity on the special instruc¬ 
tions line if more than one copy of a 
title is wanted Full payment must ac¬ 
company your order We cannot ship 
c o d Checks or money orders should 
be made payable to Sagamore Pub 
Hshing Company. Inc. Because of the 
time required to process orders, allow 
several weeks for the receipt of books 

Radio Transmitters 
Gray and Graham. Provides, in a logi¬ 
cal, easy-to-understand manner, a 
working knowledge of radio transmit¬ 
ters for quick solution of problems in 
operation and maintenance. 

1961.462 pp $16.00 
Circle 40 on Coupon Below 

Electronic and Radio 
Engineering, 4th Ed. 
Terman. A thorough coverage, in 
easy-to-understand terms, of those 
principles and techniques which are 
the basic tools of the electronic and ra¬ 
dio engineer 1955. 1,078 pp. $19.50 

Circle 39 on Coupon Below 

Handbook of Broadcasting, 4th Ed. 
Abbott and Rider. This non-technical 
handbook sets forth clearly and thor¬ 
oughly the fundamentals of radio and 
television broadcasting. Over 100 il¬ 
lustrations amplify the text. 

1957. 531 pp. $9.50 
Circle 38 on Coupon Below 

Television Broadcasting 
Chinn. A practical, compact technical 
guide to the equipment, systems, facil¬ 
ities. good engineering practices, and 
operating techniques of television 
broadcasting 1953. 695 pp. $17.00 

Circle 37 on Coupon Below 

Radio Engineering Handbook, 
5th Ed. 
Henney. Prepared by a staff of special¬ 
ists. this working manual of radio sci¬ 
ence provides information on each of 
the branches of radio engineering, with 
emphasis on working practice, final 
working formulas, dimensions, and ac¬ 
tual useable circuits. 

1959. 1,800 pp. $31.50 
Circle 36 on Coupon Below 

An Alphabetical Guide to 
Motion Picture, Television, 
and Videotape Production 
Levitan. This all-inclusive, authorita¬ 
tive, and profusely illustrated encyclo¬ 
pedia is a practical source of informa¬ 
tion about techniques of all kinds 
used for making and processing film 
and TV presentations. Gives full tech¬ 
nical information on materials and 
equipment, processes and techniques, 
lighting, color balance, special effects, 
animation procedures, lenses and fil¬ 
ters, high-speed photography, and 
much more 1970. 480 pp. $24.50 

Circle 35 on Coupon Below 

Intermodulation and 
Harmonic Distortion 
Handbook 
by Howard M. Tremaine. A complete 
reference guidebook on audio signal 
intermodulation and harmonic distor¬ 
tion. 1 72 pages; 5 14 x 8 ló ; softbound. 

S4.25 
Circle 9 on Coupon Below 

Sagamore Publishing Company, Inc. 
980 Old Country Road, Plainview, N. Y. 11803 
Please send me the books I have circled below My full remittance in the 
amount of $.is enclosed. N.Y. State residents add 5% sales tax. 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 
18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 
33 34 35 36 37 38 39 40 

Name . 

Street Address. 

City.State.Zip. 

Special Instructions. 

Canada and foreign: Add $1.00 per book 

Practical PA Guidebook: How 
to Install, Operate and Service 
Public Address Systems 
by Norman H. Crowhurst. 1967. This 
book gives all the basics needed to be¬ 
come a successful PA operator, in any 
situation where the reinforcement, re¬ 
lay. or distribution of sound can pro¬ 
vide a service. 136 pages; 6x9; illus; 
softbound. $4.50 

Circle 1 5 on Coupon Below 

Basic Bibliography of 
Science and Technology 
McGraw-Hill Important to the re¬ 
searcher, librarian, or student, this ref¬ 
erence book lists and describes over 
8,000 outstanding books in every sci¬ 
entific and technical field. A topical 
index organizes all subject headings 
into about 100 general categories en¬ 
abling the reader to locate quickly the 
listings which pertain to his field of 
interest 1966. 738 pp. $19.50 

Circle 34 on Coupon Below 

Noise Reduction 
Beranek. Designed for the engineer 
with no special training in acoustics, 
this practical text on noise control 
treats the nature of sound and its 
measurement, fundamentals of noise 
control, criteria, and case histories. 
Covers advanced topics in the field. 

1960. 752 pp. S19.50 
Circle 33 on Coupon Below 

The Audio Cyclopedia 
(2nd edition) 
by Dr Howard M. Tremaine. New and 
updated, here is the complete audio 
reference library in a single volume It 
provides the most comprehensive in¬ 
formation on every aspect of the audio 
art. This new edition includes the lat¬ 
est audio developments including the 
most recent solid-state systems and 
integrated circuits. It covers all subjects 
in the fields of acoustics, recording, 
and reproduction with more than 3400 
related topics. Each topic can be in¬ 
stantly located by a unique index and 
reference system. More than 1600 il¬ 
lustrations and schematics help make 
complicated topics masterpieces of 
clarity. 1760 pages; 6'/$ x 9-3/8, 
hardbound. $29.95 

Circle 20 on Coupon Below 

Acoustics—Room Design 
and Noise Control 
by Michael Rettinger 1968. The enor¬ 
mous problems and hazards presented 
by noise are dealt within an order¬ 
ly and practical manner With many 
charts, graphs, and practical examples, 
the text covers the physics of sound, 
room acoustics, and design, noise 



and noise reduction. 392 pages; hard¬ 
bound $17.50 

Circle 21 on Coupon Below 

The Technique of NEW 
the Sound Studio EDITION 
by Alec Nisbett. This, is a handbook on 
radio and recording techniques, but 
the principles described are equally ap¬ 
plicable to film and television sound. 
264 pages; 60 diagrams; glossary; in¬ 
dexed; 5 14 x 8 !4 ; clothbound $13.50 

Circle 1 on Coupon Below 

Passive Audio Network Design 
by Howard M. Tremaine A complete 
and comprehensive guide to the de¬ 
sign. construction, and testing of all 
types of attenuators, equalizers, and 
wave filters for the practicing audio 
technician or engineer. 288 pages; 5 '4 
x 8 !4 ; softbound. $5.50 

Circle 5 on Coupon Below 

Transistors for Audio 
Frequency (Audio-Frequency 
Amplification) 
by Guy Fontaine 1967 This systematic 
and detailed treatment of the applica¬ 
tion of transistors in audio-frequency 
amplifiers shows how the published 
transistor characteristics are related to 
the principles of design. An ideal text¬ 
book or reference on the subject for 
engineers and advanced technicians. 
384 pages; 5 !4 x 8; illus.; clothbound. 

$7.95 
Circle 1 2 on Coupon Below 

Circuit Design for Audio, 
AM/FM, and TV 
Texas Instruments Texas Instruments 
Electronics Series. Discusses the latest 
advances in electronic design and ap¬ 
plication which represent the results of 
several years research and develop¬ 
ment by Tl communications applica¬ 
tions engineers. Emphasizes time- and 
cost-saving procedures throughout. 

1967. 352 pp. $14.50 
Circle 32 on Coupon Below 

Solid-State Electronics 
Hibberd. A Basic Course for Engineers 
and Technicians. An extremely practical 
reference book for anyone who wants 
to acquire a good but general under¬ 
standing of semi-conductor principles. 
Features questions to answer, prob¬ 
lems to solve 1968. 169 pp. $9.95 

Circle 31 on Coupon Below 

Integrated Circuits 
Motorola This complete, authoritative 
volume of design and construction 
techniques for modern integrated cir¬ 
cuits covers theory, thin-film tech¬ 
niques, diodes, transistors, thermal de¬ 
sign. and other vital aspects. 

1965. 373 pp. $13.75 
Circle 30 on Coupon Below 

CLASSIFIED 
Closing date is the fifteenth of the second month preceding the date of is¬ 
sue. Send copy to: 
Classified Ad Dept. 

db THE SOUND ENGINEERING MAGAZINE 
980 Old Country Road 
Plainview, New York 11803 

Rates are 50c a word for commercial advertisements. Non-commercial and 
employment offei;ed or wanted placements are accepted at 25c per word. 

FOR $ALE 

Ampex 440-8-C RECORDER. MINT 
CONDITION: $8950. Ampex 440-2-C 
with additional 1/4 track play head: 
$2200. Ampex 300-2-C: $1750 All 
guaranteed. Joe Tarsia, 212 N. 
12th Street, Philadelphia, Pa. 
19107. (215) 561-3660. 

BACK l$SUES OF AE$ AND SMPTE 
Journals. Good condition. State needs. 
$1.00 each, prepaid. Motor and 45/ 
33 3 rpm pulley for Scully lathe 
$100.00 Shipping extra Boyd Re¬ 
cording, 801 Core Street, Dallas, 
Texas 75207. 

SCULLY TAPE RECORDERS — one 
to twenty-four track and model 270 
auto players, many models in stock for 
immediate delivery. SCULLY LATHES 
- Previously owned and rebuilt. Vari¬ 
able or automatic pitch. Complete cut¬ 
ting systems with Westrex heads. 
MIXING CONSOLES — Custom de¬ 
signed using Wiegand Audio Lab mod¬ 
ules. From $7,000.00. Wiegand 
Audio Laboratories, 3402 Windsor 
Road, Wall, New Jersey 07719. 
Phone: 201 681-6443. 

SOLID-STATE AUDIO PLUG-IN OC¬ 
TAL (1" Dia x 2" H) modules. Mic 
preamps, disc & tape preamp¬ 
equalizers, tape bias osc. & record 
ampl.. power amps & power supplies. 
Send for free catalog and audio appli¬ 
cations Opamp Labs., 172 So. Alta 
Vista Blvd., Los Angeles, California 
90036. 

MODULES FOR ALL TYPES of appli¬ 
cations. Discrete to thick film IC de¬ 
vices, Preamplifiers to power am¬ 
plifiers. New Catalog with schematics, 
$1.00. PM Electronics, Inc., Box 
46204, Seattle, Washington 98146. 

FOR SALE 

ELECTROVOICE 642 with 356 mount. 
$135 or exchange for MD421 $enn-
heisser. I. Kaufman, 730 5th Ave¬ 
nue, New York, N.Y. (212) PL 7-
6440. 

WANTED 

AMPEX PR10-2, 3 3/4—7 1/2 ips 
Late model Viscom, Inc., 630 Harvey 
Street, Baltimore, Maryland 21230. 

EMPLOYMENT 

PROFESSIONAL RECORDING PER¬ 
SONNEL SPECIALISTS. A service for 
employers and job seekers. Call today! 
Smith's Personnel Service, 1457 
Broadway, N.Y.C. 10036. Alayne 
Spertell 212 Wl 7-3806 

SELECTED MANUFACTURER'S REP¬ 
RESENTATIVES TERRITORIES AVAIL¬ 
ABLE A major manufacturer of re¬ 
cording, professional, and broadcast 
products is seeking manufacturer's 
representatives for their broad line au¬ 
dio products in selected major market 
territories. 

This established line offers a single 
source of extremely high quality studio 
equipments including tape recorders, 
mixing desks, microphones, signal pro¬ 
cessing equipment, and other accesso¬ 
ries. 

Our agents will receive full home of¬ 
fice and field support from the factory 
and through our own local field offices. 

Qualified individuals and/or M.R. 
organizations interested must show 
solid sales experience in the field and 
must have an established rapport with 
the users of recording, professional, 
and broadcast audio products. 

For further details, write: Box 
11 A, db Magazine, 980 Old Country 
Road, Plainview, N. Y. 11803. 

db November 1970 
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PEOPLE, PLACES, HAPPENINGS 

• Two announcements from BASE 
Systems tell of the opening of a new 
distribution center for the use of 
central warehousing and shipping. 
The location is their present Crosby 
Drive site in Bedford, Mass. The re¬ 
cently completed 40,000 square foot 
building features special air-condi¬ 
tioned storage for temperature sen¬ 
sitive tape, an office area, and six 
loading docks. The second an¬ 
nouncement tells of the election of 
Thomas Dempsey as vice president 
of marketing and sales. Mr. Demp¬ 
sey has been with BASF for the past 
six years. He was named marketing 
manager in 1969, after having 
served as national sales manager for 
BASF audio magnetic products. 

• Emanual Weintraub, executive 
vice president of Sterling Electronics 
has announced that Albert J. Mar¬ 
ron is the newly-appointed president 
of Magnetic Windings Company of 
Easton, Pa. The present president, 
Bernard J. Beauregard, is retiring. 
Mr. Marron brings to Magnetic 
Windings the experience of being 
the recent president and a director 
of Hamilton Industries, Inc. of At¬ 
lanta, Ga. Prior to this he was the 
general manager of Teleflex. Mag¬ 
netic Windings manufactures elec¬ 
tronic transformers and coils. 

A new exchange visit of profes¬ 
sionals in the audio/music field is 
now being organized for a May 1971 
trip to the Soviet Union and other 
Eastern countries. The exact date of 
leaving is May 8th. You will visit 
these countries and meet your work 
counterparts. You will see studios 
and broadcast facilities that do 
things differently from your way. 
The sponsors of the trip are the Cit¬ 
izens Exchange Corp, (a non-profit, 
non-political organization). Co¬ 
sponsors are db Magazine and Bill¬ 
board. It is expected that the Editor 
of db, columnist John Woram, and 
Radcliff Joe of Billboard will be 
along. 

What does it cost? How long will 
it be? Present cost is established at 
$1068 which will be held until 
March 30th. This is an all-inclusive 
cost- air transport, hotels, meals, 
etc.—you will need very little pocket 

3- cash unless you are a souvenir grab¬ 

ber of large proportion. (It is antici¬ 
pated that there will be a $100 in¬ 
crease in cost after March 30th so 
it pays to subscribe early.) The du¬ 
ration of the trip, starting from New 
York, will be three weeks, with re¬ 
turn to New York. 

Write to the Editor for more de¬ 
tails on this exciting Audio/Music 
Exchange Trip. Write: The Editor, 
db Magazine, 9X0 Old Country 
Road. Plainview, N.Y. 11803. Or 
you may contact the CEC directly 
at 10 West 46th Street, New York, 
N.Y. 10036. 

• CCA Electronics Corp, has pur¬ 
chased its present headquarters and 
manufacturing facility in Gloucester 
City, according to the announce¬ 
ment by Bernard Wise, CCA presi¬ 
dent. In his statement, Mr. Wise 
said that the purchase of the build¬ 
ing increases the company’s poten¬ 
tial to 50,000 square feet of manu¬ 
facturing, warehouse, and executive 
office space in a single, economic lo¬ 
cation. Heretofore, the company 
had been using only about half the 
building. In this facility, the compa¬ 
ny manufactures its complete line of 
professional broadcast transmitters. 
CCA also manufactures, through 
two subsidiaries- QRK and Rek-O-
Kut. both in Fresno, California, am¬ 
plifiers, tonearms, and turntables. 

• Ralph Gittleman has been ap¬ 
pointed vice president-commercial 
products at Melcor Electronics 
Corp., a subsidiary of Newton Elec¬ 
tronic Systems. Inc. In this new po¬ 
sition he will be responsible for the 
Melcor line of professional broad¬ 
casting and recording studio compo¬ 
nents and new commercial products. 
Mr. Gittleman, a co-founder of 
Melcor, was previously vice presi¬ 
dent of marketing. Prior to founding 
Melcor he was computer section 
manager of the Maxson Electronics 
Corp, in New York. He also held 
various engineering positions with 
the American Bosch Arma Corp. 

• Carl Holder has been appointed 
to the new position of new products 
development manager for Audio De¬ 
vices according to an announcement 
from William Goldstein, v.-p. mar¬ 

keting and sales. In his new posi¬ 
tion, he will be responsible for the 
conception of new product develop¬ 
ment, from the exploration of new 
ideas, products, and applications— 
through technical development. He 
has been with Audio Devices for 
three years and was previously in re¬ 
search and development engineering. 
Prior to joining Audio Devices he 
was with RCA in their magnetic 
products division. 

• At the recent meeting of the Na¬ 
tional Council of Acoustic Consul¬ 
tants, the following officers were 
elected: president -Vincent Salmon 
(Menlo Park, Calif.); vice-president 

Kenward S. Oliphant (San Fran¬ 
cisco, Calif.); secretary-treasurer 
O. L. Angevine, Jr. (East Aurora, 
N. Y.). Three directors were also ap¬ 
pointed. They are Vincent D’Aprile 
(Kingston, Ñ. Y.); Robert Lindahl 
(Trenton, Mich.); and Darial C. 
Fitzroy (San Rafael, Calif.). 

• Robert D. Carrell has been ap¬ 
pointed director of Superscope’s new 
tape duplicating division, according 
to Joseph S. Tushinsky, company 
president. Carrell will be responsible 
for organizing and managing the 
new facility located in San Fernan¬ 
do, California and will report direct¬ 
ly to the president. The division’s 
primary function will be to duplicate 
in all configurations the total output 
of Superscope’s recording division. 
Special educational material and 
custom duplicating services are 
planned for a later date. 

• Peploe, Inc. has announced the 
purchase of the Janszen speaker di¬ 
vision from Neshaminy Corporation. 
The Minneapolis, Minnesota based 
electronics firm will continue and 
augment the speaker line, including 
the electrostatic elements found in 
most models. Peploe also owns 
Electronic Industries, Inc., a firm in 
the music field; and RTR Industries, 
Inc. a westcoast speaker manufac¬ 
turer. Peploe itself manufactures 
prototype printed circuitry and com¬ 
mercial airline products. Neshaminy 
Electronics will continue in its man¬ 
ufacture of components for the com¬ 
puter market. 
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Revox Corporation 
212 Mineola Avenue, 

' 1721 N. Highland Ave., Hollywood, Calif. 90028 
ii In Canada: Tri-Tel Associates, Ltd., Toronto, Canada 

Electronic music synthesis 
Noise analysis 
Film synchronization 
Radio telescopy 
Language laboratory 
Machine tool control 
Phonetic analysis 
Radio telemetry 
Industrial research 
Information retrieval 
Electrocardiography 
Making calibration tapes 
Tape mastering with SELFSYNC 
Data storage from digital computers 

And that’s a simple statement of fact. 
From the moment it was introduced, 

the Revox A77 was hailed as a 
recording instrument of unique quality 
and outstanding performance. The 
magazines were unanimous in their 
praise. Stereo Review summed it all up 
by saying, “We have never seer a 
recorder that could match the perform¬ 
ance of the Revox A77 in all respects, 
and very few that even come close.” 

So much for critical opinion. 
Of equal significance, is the fact that 

the Revox A77 rapidly found its way 
into many professional recording 
studios. 

But what really fascinates us, is that 
the A77 has been singled out to 

specially adapted A77’s for electro¬ 
cardiographic recording. 

We could go on and on (see accom¬ 
panying list), but by now you probably 
get the point. 

No other VC tape machine combines 
the multi-functioned practicability, 
unfailing reliability, and outstanding 
performance of a Revox. 

If you have a special recording 
problem that involves the use of MT 
tape, write to us. We’ll be happy to 
help you with it. 

And if all you want is the best and 
most versatile recorder for home use, 
we’ll be glad to tell you more about 
that too. 

IF YOU DO ANYTHING 
WITH 14TAPE .YOU 
CAN D 01T BETTtR 

perform some unusual and highly 
prestigious jobs in government and 
industry. The kinds of jobs that require 
a high order of accuracy and extreme 
reliability. 

Take NATO (tne North Arantic 
Treaty Organization) for example. 
When they wanted a machine to stand¬ 
ardize on, a machine that would lend 
itself to use in a wide variety of circum¬ 
stances. And most importantly, a 
machine that was simple to use, the 
logical choice was the Revox A77. 

Or take the governmental agency 
that wanted an unfailingly reliable tape 
machine to register anc record 
satellite bleeps. The choice? Revox. 

Or the medical centers that use 

DELIVERS 
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THE REST 
. ONLY PROMISE. 

H Automated 
b ■ b ■ gTi ■ B w B ■■i av 
aHh S H BU B H bl 
^B Be H B ■ H H ■ B__ Bn ■■ . 



FOR HIGH SPEED DUPLICATING: 

PLAY THE UPDATNG GAME 

If your tape duplicating system is over one year 
old, the tape industry’s burgeoning demands have 
passed it by. Parts (or all) of it are obsolete—either 
in yield, or quality, or both. Chances are excellent 
that you can replace the weak links with Otari State-
of-Art Modules* and bring it up to performance 
capabilities significantly beyond its original specifi¬ 
cations, while retaining the overwhelming bulk of 
your expensive hardware and special custom com¬ 
ponentry—usually without special alterations. For 
instance, a combination Otari 16:1 and 32:1 deck 
would enable you to replace your present deck and 
allow you to operate at your present capabilities 
now, and convert to 32:1 on a gradual basis. 
In One Fell Swoop — If, on the other hand, your 
equipment is hopelessly outclassed by growing 
competition, or if you’re growing on the crest of the 
tape explosion, we can supply you with a complete 
package of the fastest, highest performance, and 
most reliable 4-track, 8-track, cassette, reel-to-reel, 
or compatible system in the world—at a price that 
is below what the specifications would lead you 
to estimate. 

* Tape heads, head assemblies, electronics, Quality Con¬ 
trol Monitors, etc. For personal consultation and profes¬ 
sional analysis of your requirements, write or call OTARI 
of America, Ltd., 8295 S. LaCienega Blvd., Inglewood, 
California 90301. Tel: (213) 678-1442. 

Í r 8 
High Speed Tape Duplicating Systems ! 
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But that's not all. We are the 
only single source manufacturer of 
duplicators, loading racks, quality 
control reproducers, mastering re¬ 
corders, cartridge and cassette 
winders and splicers. And we pro¬ 
vide on-site engineers for equip¬ 
ment installation and employee 
training. 

Whether you duplicate retail 
music, broadcast syndications or 
“spoken word" formats, Electro 
Sound has a system for you. After 
all, the giants who pioneered the in¬ 
dustry, as well as those just joining 
it, are using Electro Sound systems. 

Sure we use state-of-the-art 
techniques. A unique servo constant 
tension system, electronic cue tone 
injector and a 2,000’ capacity verti¬ 
cal loop bin that guards against tape 
edge curl are examples of our skills. 

Plug-in heads let operators 
change tape width or formats in 
seconds. Speeds of 120, 240 or 60 
ips means production flexibility. 
Endless loop or auto rewind handles 
any duplicating job. But so what? 

It’s the ability to efficiently pro¬ 
duce a finished tape of unques¬ 
tioned high quality that pays off in 
operating profits for our customers. 

That's why we at Electro Sound 
design our professional tape dupli¬ 
cating system to be both durable 
and versatile. Long lasting hard¬ 
ware. 

ELECTRO SOUND’ 

ELECTRO SOUND, INC. 
725 Kifer Road, Sunnyvale, CA 94086 
(408) 245-6600 Telex: 34-6324 LECTROSND SUVL 

Exclusive International Distribution By: 

AUDIOMATIC CORPORATION 
1290 Avenue of the Americas, New York, NY 10019 
(212) 582-4870. Cable: AUDIOMATIC. Telex: 12-6419 
European Office and Showroom 
4, rue Ficatier, 92400 Courbevoie, France (Paris). 
333.30.90 Cable: AUDIOMATIC. Telex: 62282 

Circle 10 on Reader Service Card 



20. The Audio Cyclopedia (2nd ed.). Dr. 
Howard M. Tremaine. New and updated, 
here is the complete audio reference li¬ 
brary in a single volume. It provides the 
most comprehensive information on every 
aspect of the audio art. This new edition 
includes the latest audio developments in¬ 
cluding the most recent solid-state systems 
and integrated circuits. It covers all sub¬ 
jects in the fields of acoustics, recording, 
and reproduction with more than 3400 re¬ 
lated topics. Each topic can be instantly 
located by a unique index and reference 
system. More than 1600 illustrations and 
schematics help make complicated topics 
masterpieces of clarity. 1760 pages; 67? x 
9% hardbound. $29.95 

1. The Technique of the Sound Studio. 
Alec Nisbett. This is a handbook on radio 
and recording techniques, but the princi¬ 
ples described are equally applicable to 
film and television sound. 264 pages; 60 
diagrams; glossary; indexed; 57z x 87?; 
clothbound. $14.50 

13. Acoustic Design & Noise Control. 
Michael Rettinger. 1973. NEW, revised 
and enlarged edition covers physics of 
sound, room acoustics and design, noise 
and noise reduction, plus noise and its 
problems. Many charts and graphs. A 
practical and useful book. 562 pgs. $22.50 

16. Magnetic Recording. Charles E. Low-
man. Reference guide to the technology 
of magnetic recorders used in audio re¬ 
cording, broadcast and closed-circuit TV, 
instrument recording, and computer data 
systems. Includes latest information on 
cassette and cartridge recorders; TV re¬ 
corders; direct and FM signal electronics 
from low to wideband; servo-control and 
signal record/playback circuitry; cap¬ 
stan, reel, and head-drum servos for 
longitudinal, rotary, helical-scan, and 
disc recorders. Glossary, index, biblio¬ 
graphical information. 274. pp. $14.50 

28. Environmental Acoustics. Leslie L. 
Doelle. Applied acoustics for those in envi¬ 
ronmental noise control who lack spe¬ 
cialized acoustical training. Basic informa¬ 
tion in comprehensible and practical form 
for solving straightforward problems. Ex¬ 
plains fundamental concepts; pure theory 
minimized. Practical applications stressed, 
acoustical properties of materials and con¬ 
struction listed, actual installations with 
photos and drawings. Appendixes illustrate 
details of 53 wall types and 32 floor plans 
and other useful data. 246 pgs. $18.50 

39. Reference Data for Radio Engineers. 
ITT Staff. 5th Ed. The latest edition of one of the 
most popular reference books for radio and 
electronics engineers as well as libraries and 
schools. Complete, comprehensive reference 
material with tables, formulas, standards and 
circuit information. Contains 45 chapters, 1196 
pages with hundreds of charts, nomographs, 
diagrams, curves, tables and illustrations. 
Covers new data on micro-miniature elec¬ 
tronics, switching networks, quantum elec¬ 
tronics, etc: S20.00 

24. Basic Electronic Instrument Handbook. 
Edited by Clyde F. Coombs, Jr. Hewlett-
Packard Co. A basic reference background 
for all instruments. Offers saving in time 
and effort by having complete information 
in one volume on how to get the most bene¬ 
fit from available devices, how to buy the 
best instrument for specific needs. Reduces 
chances of costly errors. Ideal reference 
book, it is an excellent source for the be¬ 
ginner, technician, the non-electrical en¬ 
gineering man, or general non-engineering 
scientific and technical personnel. 800 
pages. Hardbound. $29.50 

25. Operational Amplifiers-Design and 
Applications. Burr-Brown Research Corp. 
A comprehensive new work devoted en¬ 
tirely to every aspect of selection, use, and 
design of op amps—from basic theory to 
specific applications. Circuit design tech¬ 
niques including i.c. op amps. Applica¬ 
tions cover linear and non-linear circuits, 
A/D conversion techniques, active filters, 
signal generation, modulation and de¬ 
modulation. Complete test circuits and 
methods. 474 pages $15.00 

33. Noise Reduction. Beranek. Designed 
for the engineer with no special training 
in acoustics, this practical text on noise 
control treats the nature of sound and its 
measurement, fundamentals of noise con¬ 
trol, criteria, and case histories. Covers 
advanced topics in the field. 1960. 752 pp. 

$21.75 

32. Circuit Design for Audio, AM/FM, and 
TV. Texas Instruments. Texas Instruments 
Electronics Series. Discusses the latest ad¬ 
vances in design and application which 
represent the results of several years re¬ 
search and development by Tl communica¬ 
tions applications engineers. Emphasizes 
time- and cost-saving procedures. 1967. 
352 pp. $15.00 

31. Solid-State Electronics. Hibberd. A 
Basic Course for Engineers and Techni¬ 
cians. An extremely practical reference 
book for anyone who wants to acquire a 
good but general understanding of semi¬ 
conductor principles. Features questions 
and answers, problems to solve. 1968. 
169 pp. $10.25 

35. An Alphabetical Guide to Motion 
Picture, Television, and Videotape Produc¬ 
tions. Levitan. This all-inclusive, authorita¬ 
tive, and profusely illustrated encyclopedia 
is a practical source of information about 
techniques of all kinds used for making and 
processing film and TV presentations. 
Gives full technical information on mate¬ 
rials and equipment, processes and tech¬ 
niques, lighting, color balance, special 
effects, animation procedures, lenses and 
filters, high-speed photography, etc: 1970. 
480 pp. $24.50 

40. Radio Transmitters. Gray and Graham. 
Provides, in a logical, easy-to-understand 
manner, a working knowledge of radio 
transmitters for quick solution of problems 
in operation and maintenance. 1961. 462 
pp $16.00 

37. Television Broadcasting: Systems 
Maintenance. Harold E. Ennes. Covers 
maintenance of the tv broadcasting system 
from switcher inputs to antenna. Theory and 
operation of systems, tests and measure¬ 
ments, including proof of performance for both 
visual and aural portions of the installation. 
Many illustrations. A thorough treatment of 
modern television maintenance practice. 624 
pgs. $14.95 

41. Modern Sound Reproduction. Harry F. 
Olson. A basic text covers amplifiers, mic¬ 
rophones, loudspeakers, earphones, tape sys¬ 
tems, film sound, tv and sound reinforce¬ 
ment—the significant elements and systems of 
modern sound reproduction. Employs simple 
physical explanations which are easily under¬ 
stood without special engineering training. 
Highly recommended text and reference. 328 
pages. $17.50 

As a service to our readers we are pleased to 
offer books from prominent technical pub¬ 
lishers. All prices listed are the publishers' 
net. Shipping charges are included. 

To order use the coupon below. Indicate 
quantity on the special instructions line if 
more than one copy of a title is wanted. Full 
payment must accompany your order. We 
cannot ship c.o.d. Checks or money orders 
should be made payable to Sagamore Pub¬ 
lishing Company, Inc. Because of the time 
required to process orders, allow several 
weeks for the receipt of books. 

Sagamore Publishing Company, Inc. 
980 Old Country Road, 
Plainview, N.Y. 11803 

Please send me the books I have circled 
below. My full remittance in the amount 
of $_ is enclosed. N.Y. State resi¬ 
dents add 7% sales tax. 

1 23456789 10 11 
12 13 14 15 16 17 18 19 20 
21 22 23 24 25 26 27 28 29 
30 31 32 33 34 35 36 37 38 
39 40 41 42 43 44 45 46 47 

Name_ 

Address_ o 
City_ 

State_ Zip_ 
Special 
Instructions_ 

Canada and foreign: Add $1.00 per book 

38. Television Broadcasting: Equipment, 
Systems, and Operating Fundamentals. 
Harold E. Ennes. An extensive text covering 
fundamentals of the entire television broadcast 
system. Excellent for new technicians and 
operators and as a source of valuable refer¬ 
ence data for practicing technicians. Discusses 
NTSC color systems, camera chains, sync 
generators, recording systems, mobile and re¬ 
mote telecasts, TV antenna systems. Tables, 
glossary, exercises and answers. 656 
pqs. $14.95 

26. The Design of Digital Systems. John 
B. Peatman. Textbook for students desiring 
to develop a creative approach design capa¬ 
bility through digital systems approach 
Answers these question: Under what cir¬ 
cumstances it is desirable to implement a 
system digitally? What are some of the 
components available for implementing 
the system? How do we go about design¬ 
ing it? 448 pages. $16.50 



Parabolic Microphone 
What is it? 
The Dan Gibson EPM Parabolic Microphone is a device 
designed to gather high-quality sound from a distance. 
The EPM is to sound recording what the telephoto 
lens is to film. 

What models are available? 
The EPM comes in two basic versions: the Electronic 
and the P-200. For ultra-critical sound recording such 
as music recording, the Electronic is recommended. 
For less critical work, such as surveillance or nature 
photography, the P-200 is the most economical route. 

What are the general features of both EPMs? 
Both the Electronic and P-200 EPMs feature a 1Zi"-20 
mounting thread in the handle. This allows easy adapta¬ 
tion to tripods or camera mounts. The “dish” size is 
18% ". The recordist can easily see his "target” 
through the transparent shield and a built-in 
sight is provided to accurately pinpoint sound. A 
What are the features of the « 
EPM Electronic? 
The Electronic operates from two easily obtain¬ 
able 9 volt transistor radio batteries. Its built-in modular 
circuitry produces amplification of the signal and a feed 
to the high-efficiency monitoring headset which is 
included. Virtually flat response from 250Hz. to 18,000Hz. 
is accomplished by the internal electronics. The effec¬ 
tive recording range, under ideal conditions, is up to 
% mile. The EPM Electronic comes with its shielded 
output cable “pigtailed.” 

Output impedance of the Electronic is a nominal 150 
to 600 ohms (low-impedance). An equalization switch for 
“speech” and “music" effectively changes the roll-off 
characteristics for recording under different conditions. 
A low frequency built-in tantalum wind filter eliminates 
unwanted sounds below 150Hz. 

How does the P-200 differ from the Electronic? 
The physical characteristics of the P-200 are identical 
to the Electronic. The P-200 has no electronics. Sound 
output from the specially designed and focused micro¬ 
phone module is fed directly to the “pigtailed” output 
cable. The P-200 may be wired for high or low imped¬ 
ance. Sound monitoring from the P-200 must be done 
from the input device, since there is no provision for 
direct headset monitoring as in the Electronic. 

What are the best input devices? 
Any high quality tape recorder may be used wtth either 
the Electronic EPM or the P-200 EPM. A simple 
cassette unit will adequately record all but the most 
critical sound. For super-critical motion picture 
recording, a location syncronous recorder, such as a 
Nagra, Arrivox-Tandberg, Stellavox, etc. is recom¬ 
mended. Dut to susceptability to acoustical feed-back, 
the EPM Parabolic Microphones are not recommended 
for public address system use, unless the audience 
is isolated from the sound source. 

What are some of the applications of the EPM? 
The EPM may be used for feature and commercial films, 
interviews, press conferences, etc. It eliminates the need 
for lavalier mikes, microphone booms and the clutter of 
microphone cables. All film applications, of course, 
apply equally to VTR, CCTV and radio. 

EPM’s are ideal for school and training applications. 
The subject is more at ease, more confident and less 
inhibited without the distracting presence of close 
or moving equipment. 

In the industrial or commercial fields, EPM Parabolas 
can be used in conference rooms, in research and 
development situations, and in industrial equipment 
analysis. Surveillance and security are prime uses. 

The Gibson Parabolic Microphones were originally 
designed for environmental recording. In addition to 
the above applications, they are unsurpassed for 
nature and wildlife recordings. 

Specifications 
Microphone: Controlled dynamic with large diaphragm. 

Frequency response: Electronic: 250-18,000Hz. * 5dB. P-200: 300-
10,000Hz. 5db. 

Cable: High quality, 100% shielded. Terminated in “pigtail.” May be 
wired for balanced or unbalanced output as required by user. 

Shield: Diameter 18%". Made of non-resonant transparent, high-
impact plastic. Temperature range —10°F to 104°F. 

Headset: (Electronic model only) High quality, lightweight, high effi¬ 
ciency. Cushioned earcup to seal out extraneous noise. 

Carrying case: High density styrofoam. Vinyl covered. Temperature 
range —10 F to 104°F. 

Weight: Electronic: 514 lbs. P-20C: 3'4 lbs. 

Send check or M.O. to: 

TIMEKEEPER 
P.O. Box 35, Great Neck, N.Y. 11021 

Please send me Model P-200 @ $139.50 and/or Elec¬ 

tronic Model Parabolic Microphone @ $299.00. N.Y.S. residents add 

7% sales tax. 1 enclose $_ 

Name _ __ 

Address 

City _ State _ Zip_ 



COMING 
NEXT 
MONTH 
• Equalization in Magnetic Re¬ 
cording describes a method used to 
evaluate recording non-linearity by 
means of modulation characteristic as 
well as data concerning amplitude dis¬ 
tribution over the audio spectrum. It 
was written by a Bulgarian and orig¬ 
inally appeared in a Russian publica¬ 
tion. The author is M. Boyanova and 
the article has been translated by 
George Alexandrovich. 
Short but interesting, describes James 

W. Burlingame's Almost Something-
For-Nothing Power Supply. When you 
need a negative voltage when only a 
positive 12 V car battery exists, you 
will be glad to have saved this circuit. 

What happens to balances when a 
live symphony orchestra must be com¬ 
bined with magnetic tape sound and 
other electronic effects? Stephen H. 
Lampen has the answer, at least in¬ 
sofar as a performance of the San 
Francisco Symphony is concerned, in 
Amplifying an Orchestra. 

And there will be our regular col¬ 
umnists: Norman H. Crowhurst, Mar¬ 
tin Dickstein, and John Woram. Com¬ 
ing in db, The Sound Engineering 
Magazine. 
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• The parabolic mic has been around 
for a long time but it is only now 
coming into its own as a serious re¬ 
cording tool. Here are two in field 
use, a function they serve well. 
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Stanton creates 
the new calibration 
standard.... 
the 68ITRIPLG-G... 

A definite need arose. 
The recording industry has been cut¬ 

ting discs with higher accuracy to achieve 
greater definition and sound quality. 

Naturally, the engineers turned to Stan¬ 
ton for a cartridge of excellence to serve 
as a primary calibration standard in re¬ 
cording system check-outs. 

The result is a new calibration standard, 
the Stanton 681 TRIPLE E. Perhaps, with 
this cartridge, the outer limits of excel¬ 
lence in stereo sound reproduction has 
been reached. 
The Stanton 681 TRIPLE E offers im¬ 

proved tracking at all frequencies. It 
achieves perfectly flat frequency response 
to beyond 20 Kc. It features a dramatically 
reduced tip mass. Actually, its new nude 
diamond is an ultra miniaturized stone with 
only % the mass of its predecessor. And 
the stylus assembly possesses even 
greater durability than had been previously 
thought possible to achieve. 

The Stanton 681 TRIPLE E features a 
new design of both cartridge body and 
stylus; it has been created for those for 
whom the best is none too good. 

Each 681 TRIPLE E is guaranteed to 
meet its specifications within exacting 
limits, and each one boasts the most mean¬ 
ingful warranty possible: an individual 
calibration test result is packed with each 
unit. 

Write today tor further information to 
Stanton Magnetics Inc., Terminal Drive, 
Plainview, New York 11803. 

STHNTOn 
All Stanton cartridges are designed 

for use with all two and four-channel 
matrix derived compatible systems. 

WORAM AUDIO ASSOCIATES 
Consultants in Studio Systems 

Engineering, Design and Installation 

—offering— 

A COMPLETE CONSOLATION 
SERVICE FOR STUDIO 

PLANNING AND 
CONSTRUCTION 

FREE-LANCE RECORDING 
SERVICE IN THE 
NEW YORK AREA 

212 673-9110 
64 University Place 

New York, N.Y. 10003 
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Recorder/Reproducers 
When you’ve got more talent 

than money 
TASCAM Series 70 recorder/reproducers 
were designed for people who’ve outgrown 
high-end consumer audio products but can’t 
afford full professional studio gear. 
Whether you need single, two or four chan¬ 
nels, you define the Series 70...it doesn’t 
define you. Your choices are expanded in¬ 
stead of restricted without paying a per¬ 
formance penalty. 
The versatile Series 70 electronics come in 
two versions, one for direct recording and 
one for use with a mixing console like our 
Model 10. Either way you’ll find uncommon 
quality and reliability. 
Series 70 recorder/reproducers. When 
you’ve got more talent than money. 

□ ■ TUSCAN! CORPORATION 
5440 McConnell Avenue 

À Los Angeles, Calif. 90066 
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professional 
sound measuring 
set for under $400 
The Scott 4521 sound measuring set lets you make the full range of profes¬ 
sional sound measurements in the office, studio, field, auditorium, street, or 
factory. The sound level meter is our Model 452, which meets ANSI type 2 and 
OSHA requirements. Its low scale reading of 35 dB lets you monitor background 
noises other meters miss, and it goes up to 140 dB with A, B, and C weighting. 

Its flat response ceramic microphone is removable so you can take remote 
readings up to 200 feet away from the sound source without sacrificing accu¬ 
racy. Its output connector drives recorders, analyzers, headphones, or other 
accessory equipment. Its drawn metal case, glass epoxy circuitry, and rugged 
taut band meter movement let you safely ignore the rigors of continuous rough 
handling which breaks other instruments. 

You also get our Model 456 precision acoustic calibrator which lets you 
calibrate to within ±14 dB accuracy on a day-to-day basis in the field. The 
whole works comes in a deluxe carrying case with calibration screwdriver and 
extra batteries and costs you a lot less than what you would pay elsewhere for 
equivalent functions. 

The 4521 sound measuring set is available at $398.00 from authorized Scott 
distributors. For full product information and list of 
stocking distributors circle reader service number or 
write to Scott Instrument Laboratories, 30 Cross Street, 
Cambridge, Massachusetts 02139. 

Scott 
Instrument 

Laboratories 
Division of Eastern Air Devices 

30 Cross Street 
Cambridge, MA 02139 Sil 

letters 
The Editor: 

In two recent advertisements1’2 in 
your magazine, statements are made 
in regard to multi-pattern microphones 
which may be misleading to some read¬ 
ers. Under the heading, The Truth 
About Patterns is the following: “It is 
true that all of the switchable charac¬ 
teristic microphones also have an omni¬ 
directional pattern position, but it is 
formed through the electrical combi¬ 
nation of two cardioids and therefore 
largely behaves like a directional mic¬ 
rophone.” 

While the statement may reflect un¬ 
desirable properties of some multi¬ 
pattern microphones, the limitations 
cited are certainly not true for all 
multi-pattern microphones. Those mic¬ 
rophones in which the omni-directional 
pattern “. . . largely behaves like a di¬ 
rectional microphone” are manufac¬ 
tured after the design disclosed in the 
Grosskopf patent.3 In this design, the 
pattern change is achieved by the elec¬ 
trical switching (phasing) of two car¬ 
dioids. The system has been described 
by Bauch4 and Eargle.5

The condenser microphones manu¬ 
factured under the Shoeps patents” do 

Copies of db 
on Microfilm 

Copies of all issues of db—The 
Sound Engineering Magazine start¬ 
ing with the November 1967 issue 
are now available on 35 mm. micro¬ 
film. For further information or to 
place your order please write di¬ 
rectly to: 

University Microfilm, Inc. 
300 North Zeeb Road 
Ann Arbor, Michigan 48106 
A subsidiary of Xerox 

Corporation 

In addition to Microfilm Copies 
available through University Micro¬ 
film. we have a limited number of 
regular back issues available. You 
may order these copies at $1.00 
each from: 

Circulation Department 
db—The Sound Engineering 

Magazine 
980 Old Country Road 
Plainview, New York 11803 
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Flexibility en route. 
The Philips MP4 portable 4 channel mixing unit has 

been specially designed for flexible operation on location. 
If you are looking for studio quality and a reasonably-

priced, small flexible unit that complies with professional 
specifications, then the MP4 is what you need. 

Not only can the MP4 be used as a portable unit but 
it can also be integrated in existing studio-installations. 

You need more information? Contact Mr. Jan Gerrits or 
Mr. Bram Potappel, N.V. Philips’ Gloeilampenfabricker 
Electro-Acoustics (ELA) Division, Broadcast Equipment, Building 
SAQ 11, Eindhoven-The Netherlands. 

Tel. 040-733793 or 732646,Telex 51121. 

PHILIPS 
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Still 
The Two 
Limiter 
Leaders 
For over four years now our 1176 LN limiter and LA-3A leveling amplifier 
have been No. 1 in performance and No. 1 in popularity. 

■ The versatile Universal Audio 1176 LN peak limiter has ultra-fast attack 
time; push-button selection of compression ratios for every program require¬ 
ment; and adjustable attack and release times. 

■ The LA-3A Leveling Amplifier is a no fuss RMS limiter/compressor with a 
patented electro-optical attenuator; Just set it and forget it. Half rack 
size, 3-1/2" inches high. 

They both offer a bonus of no increase in price! Solid-state circuitry and 
packaging have been value engineered to keep the 1176 LN under $500.00 
and the LA-3A under $400.00. UREI quality, of course. 

Available through your UREI dealer. 

11922 Valerio Street, No. Hollywood, California 91605 (213) 764 1500 
Exclusive export agent: Gotham Export Corporation, New York 

not have these limitations. In the 
Schoeps microphones, not only does 
one have the advantage of acoustically 
pure cardioid and figure-eight pat¬ 
terns, but also the advantage that the 
omni-directional pattern is a pure pres¬ 
sure transducer and is therefore . 
completely free of the proximity ef¬ 
fects such as popping, low end boost, 
and high-end edginess . . associated 
with the pressure-gradient transducers. 
The principal on which the Schocps 
microphones change patterns is the 
mechanical switching of the acoustical 
chambers behind the diaphragm. The 
capsule is basically a pure pressure 
omni which is modified to a cardioid 
and to a figure eight. Both of the 
Schocps patents describe methods by 
which these acoustical pattern changes 
can be achieved by electrical switching. 

REFERENCES: 
1. db Magazine— December. 1973, p. 6. 
2. db Magazine—January, 1974, p. 6. 
3. H. Grosskopf—U.S. Patent #2678967, as¬ 
signed to Nordwestdeutscher Rundfunk, Ham¬ 
burg, Germany 
4. Bauch, F. W. O.—“New High-Grade Con¬ 
denser Microphones,” J.A.E.S., Vol. 1. No. 
3, July, 1953. 
5. Eargle, J.—-“How Capacitor Mies Produce 
Cardioid Patterns,” db Magazine, April, 1971. 
6. K. Schoeps. Willy Kusters—U.S. Patent 
Nos. 2852620, 3190972. Karlsruhe-Durlach, 
Germany. 

Albert B. Grundy 
Director, Institute of Audio Research 
New York, N.Y. 

Response hy Stephen F. Temmer, presi¬ 
dent of Gotham Audio Corporation. 

The ads referred to were all about 
Neumann microphones and were 
strictly directed toward helping Neu¬ 
mann clients to select the proper model 
from among our twelve different ones. 
While Mr. Grundy’s remarks about 
the microphones which he had repre¬ 
sented for some years are true, we had 
never really felt that the word switch¬ 
able referred to the positioning of a 
mechanical lever. We will in future 
use the adjective electrically switchable 
to avoid confusion. 

It might also be interesting to note 
that the mechanically switchable pat¬ 
tern capsule was also invented by the 
same Mr. H. Grosskopf of the Insti¬ 
tute for Broadcast Technology (I.R.T.) 
under U.S. Patent #2,787,671, who 
also invented the electrically switch¬ 
able directional pattern. The Gross¬ 
kopf patent referred to above was as¬ 
signed to Schoeps, while the electri¬ 
cally switchable patent (2,678,967) 
was reassigned to Neumann by NWDR. 
The Kusters patent referred to by Mr. 
Grundy outlined only design and op¬ 
erating improvements on the basic 
Grosskopf patent. 
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PROFESSIONAL 
AUDIO 

EQUIPMENT 
STUDER, a standard of excellence. 

From initial design to final checkout Studer 
Audio equipment is subjected to rigorous 
quality demands that insure continuing “Swiss" 
performance. 

For information on our tape mastering 
equipment (from one to twenty-four track), 
condenser microphones and quadraphonic 
conso'es, contact WILLI STUDER AMERICA 
INC., 3916 Broadway, Buffalo, N.Y. 14227 — 
phone 716 681-5450. (In Canada: WILLI 
STUDER CANADA LTD. 416 423-2831) 

WILLI 

STUDE R 
AMERICA 
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oOOOHhAX 
RUSSCO'S 
the owe 

^FOR ^OU! 

We just feel like singing about RUSSCO's 
New STUDIO/MASTER 505 Audio-Mixer 
— LOOK! 5 mixing channels, 4 channels 
with built-in Preamps! Each adjustable 
for mic, phono or hi-level! Channel 5 has 
5 hi-level push-button balanced inputs! 
Built-in Monitor Amp, cue-speaker, head¬ 
set amplifier! Push-button key switching 
with LED indicators! Allen-Bradley Mod 
Pots! FET monitor muting and much more! 
Available in attractive cabinet or as a 
rack mount (in 5'h” space) model. Mod 
colors — maroon & black face, blue-grey 
cabinet! PRICES THAT START AT $650! 

You get the most “headroom" for the money 
( + 18 DBM) with RUSSCO's New "FIDELITY-
PRO" and "FIDELITY-MASTER" phono pre¬ 
amps. 8 models stereo or mono to fit your 
needs, self-powered and featuring a unique 
"easy-service” case. Years ahead in engineer¬ 
ing with economical prices starting at $92.00 

'Russen 
ELECTRONICS INCORPORATED 
1070 Brookhaven, Clovis, Calif. 93612 

Phone (209) 299-2167 

John M. Woram 

THE SYNC TRACK 

• Lately, there has been a series of 
letters asking for information on set¬ 
ting up small studios. One person in¬ 
quired about books that discuss in 
depth the subject of building a small 
studio and, are there any companies 
that cater to the small studio popula¬ 
tion? 

Well, there are no books, that I 
know of, on How to Build a Small 
Studio, or even, How to Build a Large 
Studio for that matter. Unfortunately, 
building a studio is not as clear cut 
as adding an outdoor patio or putting 
up a dormer in the attic. So, although 
there are published instructions for 
patio or dormer, no one—so far—has 
come up with studio plans. 

Probably no one ever will. Or if 
they do, the book should be regarded 
with as much suspicion as the one that 
tells you how to mic drums, (see June 
Sync Track). Studio planning, and 
construction, depends on too many 
variables to be treated in text book 
format. Of course, general acoustic 
principles have been well covered in 
several texts (see February Sync 
Track), but the application of these 
principles to your studio cannot come 
from a book. Your personal require¬ 
ments, and budget, will greatly influ¬ 
ence the construction of your studio, 
and if you are unsure how to proceed, 
you should call in outside help before 
going ahead. 

As for companies that cater to the 
small studio, there are of course many 
manufacturers of small consoles who 
may be consulted. When it comes to 
other equipment—microphones, speak¬ 
ers, signal processing devices, etc., the 
difference between small and large 
studios is primarily one of quantity, 
although the small operation may have 

to make do with more general-purpose 
type of gear, and leave the specialty 
items until later. 

Naturally, the dealer would prefer 
a large account to a small one. Since 
the small studio population doesn’t 
buy much, perhaps it doesn’t get the 
attentive catering it needs. It’s ironic, 
I suppose. The big time studio will 
have an experienced chief engineer 
who knows the business thoroughly. 
(Or at least he thinks he does). He 
doesn’t need anyone’s help or advice 
in choosing, and purchasing, equip¬ 
ment. Yet he gets more attention than 
he can stand because the supplier 
knows he’s a “big spender.” Down the 
block, the small studio operator who 
needs help can’t get the time of day 
from his supplier because his account 
isn’t worth the bother. I have many 
poignant memories of trying to get 
help in solving studio problems. Un¬ 
less there was a definite possibility of 
a lot of money changing hands, 1 was 
strictly on my own. 

Before all those wonderful “mom 
and pop” small guy-oriented shops 
start coming out of the woodwork 
and writing angry letters, let me point 
out that there is definitely another 
side to this coin. 

Since getting involved in the con¬ 
sulting racket, I’ve gotten periodically 
depressed by the number of would-be 
small studio operators who are look¬ 
ing for free advice, wherever they can 
get it. Then, after they’ve gotten it, 
it’s off to the nearest bargain basement 
discount house to buy their equipment. 
I suspect that the response I get to 
my ad is fairly typical of anyone in 
the same type of business. Via mail 
and phone come the inquiries: How 
do I do this or that? What kind of 
console do I need? What microphones 
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Crowd controller. 

Talk about trouble-free remotes! The Shure SE30 Gated Compressor/Mixer 
gives you mixing, “hands-free” gain riding, and 600-ohm line output capa¬ 
bility—all in one portable, professional package. Its unique Gated Memory 
circuit licks the “pumping problem" by holding the compression level con¬ 
stant during program pauses, and releasing it when the signal returns— 
eliminating crowd noise build-up between words and sentences. In news, 
sports, and special events remotes, the SE30 compresses in the field, so 
signal-to-noise ratio is optimized for superior telephone line transmission 
and higher program quality—without manual gain riding! Functionally engi¬ 
neered, with self-contained standby battery power supply, built-in tone 
oscillator, VU/dB compression meter, and full compatibility with associated 
professional equipment. For complete information, write: 
Shure Brothers Inc. 
222 Hartrey Ave., Evanston, III. 60204 
In Canada: A. C. Simmonds & Sons. Limited io 
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While others struggle 
to meet the demands 
of discrete 
four channel sound... 
AUDIO-TECHNICA offers an expanded line of 
2nd generation 4-channel phono cartridges. 

MODEL AT14S 
$75.00 

tShibata Stylus U.S. Pat No. 3,774,918 
‘U.S. Pat. Nos.: 3,720,796; 3,761,647 

Any home or professional high fidelity 
system can now play the most 
demanding stereo, matrix, and discrete 
4-channel records. Among our four 
models is the medium-priced AT14S 
with genuine Shibatat stylus. 5-45,000 
Hz response from unique Dual-Magnet* 
design and ultra-precise fabrication 
sets new performance standards 
for others to copy. From Japan’s 
most advanced phono cartridge 
manufacturer with a 12-year history 

of innovation and design leadership. 
Write today for technical data on the entire 

line of Audio-Technica Dual Magnet cartridges 
for every high fidelity system. 

y / y» 
audio-technica® 
AUDIO-TECHNICA U.S., INC., Dept. 84BD, 33 Shiawassee Ave., Fairlawn, Ohio 44313 
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Simply 
STL Test Tapes 

Are The Most Dependable 
And Accurate You Can Buy 

These precision tapes are produced on precision 
equipment using exclusive production techniques 
to provide the most accurate reference possible. 
They are widely accepted by major manufacturers, 
governments and all who need a precision refer¬ 
ence tool. Available in 1"and 2" sizes as well as 
flutter tapes and all other formats. Order STL test 
tapes and fine out where your system really is. 
Write for a free brochure and the dealer in your area. 
Distributed exclusively by Taber Manufacturing 
& Engineering Co. 

s STANDARD TAPE LABORATORY, Inc. 
2081 Edison Avenue 
San Leandro, CA 94577 
(415) 635-3805 
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do I need? And on and on. Well of 
course I don’t want to turn this kind 
of response off, but since I don’t sell 
equipment directly, it would be very 
easy to go “down the tube” dispens¬ 
ing free information to all. So-o o, we 
turn delicately to the subject of $$$. 
A “consultation fee” it’s called, and 
it is one of the most effective ways 
known to stop a conversation. The 
idea of paying for a service is just too 
much to bear. (Fortunately, not every¬ 
one feels this way, or I’d really be in 
trouble). 

But anyway, you get the idea may¬ 
be? These same people will go out and 
bargain shop—going from store to 
store looking for the cheapest price 
they can get. I encourage my bride to 
do this—at the supermarket. If toma¬ 
toes are cheaper at the other store, 
she gets them there. And so on, down 
the grocery list. The economic advan¬ 
tages are obvious, but it is strictly up 
to my lady to find, and bring home, 
the bargains. Once she leaves the store 
the owner’s interest vanishes. He 
knows damn well she will not be back 
unless his potatoes are on sale. And 
later on, if some of the food doesn't 
cook well, Ite certainly doesn’t want 
to hear about it. 

Now, if we can find our way out of 
the kitchen and back to the studio, 
what do you suppose happens when 
this bargain basement approach is 
tried when putting a small studio to¬ 
gether? I’m talking, of course, to the 
point of view of the man who needs 
professional assistance. 

What else? You wind up with a lot 
of problems. And, when you complain 
that the limiter won’t limit, the dealer 
tells you it must be because of the 
console you bought (from a different 
dealer, naturally). And the console 
man blames it on the studio wiring 
job, which was done by the local high 
school shop class as a term project. 

In short, nobody wants to know 
about your problems. And for good 
reasons too. Even if your limiter sales¬ 
man was Mr. Sincere, he couldn’t pos¬ 
sibly figure out the mess in which his 
limiter has been placed. He knows 
that if he comes around to help, he’s 
going to wind up inheriting all your 
other problems too, since he can’t 
verify the limiter’s performance if the 
rest of the system isn’t working prop¬ 
erly. 

Where is all this leading? 
If you’re looking for a book on 

studio planning, it’s because you don’t 
feel qualified to tackle the job on your 
own. But—to continue the June dis¬ 
cussion on books—you can’t expect a 
book to do your planning for you. If 
you need help, get it. I presume the 
various letter writers need help, other¬ 
wise they wouldn't have written. 
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EQUALIZERS FROM AUTOMATED 
In response to the increasingly complex needs of the 
audio community, the industry standard Model 
550A, perhaps the most popular equalizer in the 
world, is now joined by a group of new devices pro¬ 
viding extraordinary flexibility. 
The four equalizers are physically interchangeable 

and “pin for pin” electrically identical. It is 
therefore possible to retrofit, or provide a new 
installation with a variety of these curve-shaping 
devices. 
Consult your distributor or the factory for specific 
data sheets. 

THE INDUSTRY STANDARD-MODEL 550A 
Concentric High, Mia, and Low frequency 
range switches allow a choice of 15 center 
frequencies with up to 12 dB boost or cut 
in each range. Additional switches provide 
independently selectable low and high 
frequency bell or shelf curves, band-pass 
filter, and in-out function with indicator 
light. 

NEW-MODEL 554P/PM 
Dual Parametric manual and automated, 
continuously variable reciprocal peaking 
curves to a maximum of 15 dB boost or 
attenuation. A narrow "Q" notch is also 
provided, as are reciprocal shelving curves. 
The Model 554P provides flexibility and 
versatility consistent with the most advanced 
automated and manual audio mixing 
systems. 

NEW-MODEL 553 
A low cost, modular Equalizer suitable for a 
wide variety of applications in broadcasting, 
recording, film mixing, and sound 
reinforcement installations. The shelving 
type low and high frequency families of 
curves produce familiar overall balance 
changes in the musical spectrum. The 3 kHz 
mid-frequency peaking curves specifically 
affect the ''presence'' range of music and 
dialogue. 

NEW-APSI MODEL 559 
Simultaneous equalization in nine bands 
distributed over the three decades of the 
audio spectrum, with band centers at 35 Hz, 
75 Hz, 160 Hz, 350 Hz, 750 Hz, 1600 Hz, 
3500 Hz, 7500 Hz, and 16 kHz. Each band is 
controlled by a lever switch with an amplitude 
readout and provides reciprocal cut and boost 
of 2, 4, 6, 9, and 12 dB from unity gain and 
an additional 15 dB boost position. 

AUTOMATED PROCESSES, INC. 
80 MARCUS DRIVE, MELVILLE, REW YORK11746 ■516-694-9212 
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100 SERIES 
STEREO CONSOLES 

• All inputs switchable for mono 
or stereo sources, and high or 
low level 

• Modular, plug-in electronics 
• Quiet FET audio switching 
• Muting on any channel 
• Usable in remote control 

applications 
• Optional matrix for separate 

composite mono from stereo 
input 

FULL LINE INCLUDING 12 
OTHER MODELS AVAILABLE 

CALL OR WRITE 

■^■1 BROADCAST ELECTRONICS 
I 8810 Brookville Road 

Silver Spring, Maryland 20910 
■■■■■ Phone: 301 588-4983 
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What kind of help is available? 
Well, if you go to a responsible dealer, 
he'll be able to help you plan your 
purchases wisely. Don't be surprised 
though if he only recommends brands 
that he himself carries. 

An independent consultant can be 
more unbiased in helping you, since 
he has no sales obligations, and can 
therefore recommend the equipment 
you need, and not what any one 
dealer would like to sell. But, he will 
expect to be compensated for his ser¬ 
vice, and if you can’t face that pros¬ 
pect, a consultant is not for you. 

Some dealers like to call themselves 
consultants. Some even keep a straight 
face while doing so. But as long as 
you’re not being charged for the “con¬ 
sultation” you can humor him along. 
If he wants to charge you for telling 
you what to buy from him, beat it to 
the nearest exit. 

Of course, if you need help much be¬ 
yond planning what equipment to buy, 
then your dealer may ask to be com¬ 
pensated for additional services ren¬ 
dered. Which brings up an interesting 
point: how much service can you 
expect from your dealer in return for 
your business? 

Historians tell us that many years 
ago, dealers would buy equipment 
wholesale, and resell it at retail. The 

dbx157 
offers 

professional studio quality noise reduction at a modest 
price. The dbx 150 series is compatible with all other 
dbx noise reduction systems. Features include 10dB 
headroom improvement and 30dB noise reduction. 
Walnut case is standard, or two units may be ganged 
for rack mount. RCA phono connections facilitate the 
interface with semi-professional recorders, mixers, etc. 
Model 157 is two channel, simultaneous record and 
play, $567. Model 152 is two channel, record OR play, 
$410. Model 154 is four channel, record OR play, $646. 
Available from professional audio dealers 
dbx, Incorporated, 296 Newton Street, 
Waltham, Massachusetts 02154 617/899-8090. 

dealer would make a profit, and 
would be genuinely glad to see you, 
since he valued all customers. Then 
something happened. Who knows 
where it started, but people started 
looking for discounts, not for quantity 
purchases, but just for the privilege of 
having the customer’s business. As the 
discount syndrome took hold, store 
keepers searched for ways to cut cor¬ 
ners, and one of the first things to go 
was service. Now, you walk in, haggle 
the price down as low as you can, and 
walk out with a “bargain.” If you have 
trouble later, you know what you can 
do about it? Probably nothing—but 
you got what you paid for, didn’t you? 
Now, what with tight money and all 
that, some dealers are rethinking their 
discount policies. Some few compa¬ 
nies have fanatically held to their list 
prices, and dealers who discounted 
have lost that company’s product line. 
Although I haven’t made a study of 
the subject, it seems no coincidence 
that these companies usually offer con¬ 
spicuously better service too. 

So, if you need help in planning 
your studio, never mind the bargain 
hunting. Find someone with the ex¬ 
pertise to help you, and don’t have a 
coronary if you are asked to pay for 
that help. If you go to a dealer who 
offers bargain basement prices, make 
sure your eyes arc wide open, and 
find out in advance what sort of ser¬ 
vice to expect. If you know exactly 
what you’re doing, then shop around 
for the best price, but don’t expect 
attentive service later on. If you are 
not sure of your needs, or if you will 
require continuing help in getting your 
studio together, keep this in mind be¬ 
fore spending your money. 

As Julius Caesar said, “Caveat emp¬ 
tor!” (Or was it Orange Julius?) 

COMING EVENTS 
The 49th Audio Engineering Society 
Convention and Exhibition begins on 
September 9 and continues through 
September 12th in Fun City’s plush 
Waldorf Astoria Hotel. T here are de¬ 
tails elsewhere in this issue on exact 
dates and times, but I want to draw 
your attention to four Educational 
Seminars that will be held during the 
Convention. These will be discussion 
groups by panels and not lectures. The 
four titles are 1. Introduction to Com¬ 
puter Programming, 2. Applications of 
the Desk Top Computer to Audio, 
3. Tape Recorder Equalization, and 
4. Practical Acoustics. 

I want to emphasize the practical 
nature of these seminars. They should 
be of great value to working engineers 
attending the Convention. ■ 
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The same perfectionist attitude that's in our most 
expensive microphones sets the pace for all AKG mikes. 
Some of them are so unique they’re patented. Like the 
special AKG “two-way” dynamic microphones. They com¬ 
bine two microphone elements in one housing. You get 
improved highs and lows without the “booming” proximity 
effect. And virtually no feedback. 

Another is the C-451 condenser microphone system. 
It is the only interchangeable component microphone sys¬ 
tem in the world. You can attach six different microphone 
modules for different recording functions on one compact 
preamplifier. You save on costs. You get versatility and 
high performance. 

AKG even makes a condenser microphone-the C-24. 
AKG 

This single microphone can record an entire symphony 
orchestra in stereo. 

Rock mikes? We have a range and variety that every 
artist will find palatable. Home recording, P.A., country 
and folk music, special purposes—there's even an AKG 
guitar pickup ... and they all capture the exact sound any 
given situation generates. 

Expect a lot from AKG microphones. They have the 
family reputation to live up to. See 
your professional equipment supplier. 
Or write to us directly for details. 
AKG MICROPHONES » HEADPHONES 
Distributed by 
NORTH AMERICAN PHILIPS CORPORATION 
TOO East 42 St.. New York, N.Y. 10017 

Between $50 and $1,295 
AKG has everything for pop, rock and Bach. 
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Norman H. Crowhurst 

THEORY AND PRACTICE 

• A curious fact about this column, 
which alternates between discussions 
of education and the technical matters 
that really should be its business, and 
are the business of db, is that the con¬ 
tent of my mail is usually based on 
my educational columns rather than 
those concerned with technical mat¬ 
ters. And most of the comments are 
favorable. So db, the sound engineer¬ 
ing magazine, has provided a platform 

Plastic 

Rpßls^ö—-
for Polyline Cwv. 
MAG (tf ) 312/298-5300 
TAPE 1241~Rqnd Rd. Des Pleines, III. 60016 
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for views that are not often expressed 
in the several hundred vehicles osten¬ 
sibly devoted to educational material, 
but which too often subscribe to the 
apparently universal compulsion that 
professional educators share, to im¬ 
press both their colleagues and the rest 
of the world with their erudition rather 
than their understanding of what is 
actually going on. 

But this month we are going to 
discuss technical business. In an ear¬ 
lier column, we stated the difference 
between the kinds of distortion that 
the SMPE (now SMPTE) and CCIF 
methods were designed to measure. 
The SMPE method was designed to 
measure the kind of distortion that 
happens when large amplitude, low 
frequency waves change the gain, or 
amplification, offered to higher fre-

The new Revox A700 - $1695 
the performance is shattering 

SI’S 

quency, smaller amplitude waves, thus 
modulating them. 

Back in the days when the method 
of measurement was devised, feedback 
was just about finding its way on the 
scene. It was so new that little theory 
about it had been published, and those 
who worked on the kind of distortion 
SMPE was then interested in were 
pursuing a different line of investiga¬ 
tion from those who worked on feed¬ 
back. 

So, in that context, the main cause 
of that kind of distortion was the 
variation in gain that modulated the 
amplitude of the higher frequency 
components, at the point of the low 
frequency high amplitude wave. If 
there was any accompanying phase 
modulation, it was of no consequence, 
relatively speaking. 

As everyone knows by now, one of 
the basic purposes of feedback is to 
reduce distortion, which includes the 
SMPTF type, along with everything 
else that qualifies as distortion. And 
as most people know, to apply feed¬ 
back at all, phase shifts must be kept 
small; feedback will reduce them to 
something even smaller. 

However, something that has been 
overlooked, the fact that feedback can 
produce SMPTE type intermodulation-
distortion, of the phase modulated va¬ 
riety. Over different parts, particularly 
of a large amplitude waveform, the 
dynamic resistance (also known as a.c. 
resistance) of active elements, whether 
they be tubes or transistors, changes 
over quite a wide range even when, 
as far as waveform is concerned, they 
are behaving linearly. 

Perhaps I should explain that. When 
a tube or transistor is nearly cut off, 
its plate or collector resistance is many 
times the value it has at a moment 
when it approaches saturation. How¬ 
ever, the voltages and currents associ¬ 
ated with the waveform it amplifies 
may be very close to linear while this 
change in a.c. resistance occurs. 

All these a.c. resistance values arc 
associated with circuit reactances, 
either coupling capacitors, or stray cir¬ 
cuit capacitance. And reactances pro¬ 
duce phase shifts in the circuits where 
they are. When the resistance values 
change, the phase shifts change, al¬ 
though the waveform associated may 
not be distorted in any way. Such 
phase shifts that accompany the low 
frequency, high amplitude wave that 
produces the big swing will occur at 
any higher frequencies the same equip¬ 
ment is momentarily handling. 

Now let’s put it together. We may 
think that only amplitude modulation 
really matters. But this is not true. 
Consider a classic example, the differ¬ 
ence between tremolo and vibrato. 
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The Model 10 Mixing Console 
When you’ve got more talent than money 

Any mixing console is simply a creative tool. you're exactly who we built this board for. 
Gelling the most out of it calls for 
imaginative insight into music and 
skill in the practical application 
of sound. 

If you’ve got the talent but 
you don’t have the money, 

The basic 8-in, 4-out board starts 
at just $1890. From there you can 
go to 24-in, with options and ac¬ 
cessories enough to fill a studio. 

The TASCAM Model 10. 
It gets your inside outside. 

TASCAM CORPORATION 
5440 McConnell Avenue 
Los Angeles, Calif. 90066 
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CD 

COMPLIMITER" 

Used in recording studios; disc mastering studios; sound reinforce¬ 
ment systems; TV, AM, FM broadcast stations to maintain a sustained 
average signa! at a level significantly higher than that possible in con¬ 
ventional limiters, and with performance that is seldom attained by 
most linear amplifiers. Rack mounted, solid state, functional styling, 
the Model 610 is in stock for immediate shipment. 

Specifications are available from: 

770 WALL AVENUE, OGDEN, UTAH 84404 
(801)392-7531 
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OLEAR-COm 
PORTABLE INTERCOM SYSTEM 
Exceptionally clear voice intercommu¬ 
nication for lighting, mixing, and sound 
reinforcement crews at concerts and 
recording remotes. Reliability and per¬ 
formance proven by constant pro¬ 
fessional use. Clear-Com is a wired 
system using standard 2-conductor, 
shielded microphone cable to connect 
all stations. One main station powers 
up to 30 remote belt-pack stations. 
All stations are equipped with head¬ 
phones and dynamic high-intensity 
noise-canceling microphones. 
Custom features for concert and recording 
groups include: 
■ Individual volume control at each station 
■ Call light signaling to back up audio sys¬ 
tem ■ Complete portability ■ Rugged all-
metal construction for total reliability 

Pee k Talk 
Used by the Professionals: Leon Russell, Boz Scaggs, 
WAR. Uriah Heep, Osibisa, Allman Brothers, Doobie 

Brothers, Herbie Hancock, Pointer Sisters, 
Sha-Na-Na, Neil Young. 

Full one-year warranty guarantees all components. Write or call today lor the dealer nearest you: 

d Fil D- OOÎÏ1 DIVISION OF LUMIERE PRODUCTIONS. INC 
VZfct VI II SZ SZ III 759 Harrison S:reet. San Francisco, CA 94107 (415) 989-1130 

Now I’d better be careful because peo¬ 
ple from different backgrounds have 
different definitions for these musical 
qualities. The predominantly engineer¬ 
ing definition, which I am using here, 
expresses tremolo as a fluctuation in 
amplitude, while vibrato is a fluctua¬ 
tion in frequency. 
Now, as is done by organ manu¬ 

facturers all the time in the ranks of 
stops they group together as celeste, 
this kind of effect can be produced by 
using two ranks of pipes, or signal 
generators, each having a slight dif¬ 
ference in tuning, so they produce a 
beat. 

Imagine the composite sound pro¬ 
duced by two frequencies close to¬ 
gether, like organ pipes, coming from 
a loudspeaker which radiates into 
free space, so you are not troubled 
with standing waves to complicate 
matters. Because you have two fre¬ 
quencies, you will have two corre¬ 
sponding wavelengths, which means 
that at no two points in space will the 
same combination occur as you vary 
your distance from the source. 

For this reason, at some points the 
result will be almost pure amplitude 
fluctuation while at others it will be 
almost pure phase, or equivalent fre¬ 
quency fluctuation. This is why you 
have such a hard time telling the dif¬ 
ference between tremolo and vibrato. 
While each can produce its own effect 
to an extent that makes it not con¬ 
vertible into the other, they often seem 
to become equivalent to each other at 
certain points out in space where you 
do your listening. 

From the causative point of view, 
of course, there are differences. If you 
use a variable gain stage to modulate 
the audio, the basic effect has to be 
tremolo. If you feed the audio to a 
loudspeaker that is somehow waved 
around in space, the basic effect has 
to be vibrato. And of course, the ef¬ 
fect that Paul Klipsch has done so 
much to expose, as a deficiency of 
small-diaphragm wide-range speakers 
that he calls doppler distortion, is an 
unwanted frequency or phase modu¬ 
lation. 

The point we started out to make 
here is that the SMPTE method does 
not, basically, detect that variety, al¬ 
though its effect on what you hear 
can be precisely similar to the variety 
the SMPTE method can detect. This 
is because the method of measure¬ 
ment consists of mixing the two fre¬ 
quencies together, a large low one 
with a small high one, feeding it 
through the equipment to be meas¬ 
ured, and then analyzing the output 
in the following way. 

First it goes through a high pass 
filter, that removes the low frequency 
component. Then the remaining high 
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There is a Dolby noise reduction unit for every 
professional application 

Professional Recording and 
Transmission Applications 

360 
The Dolby 360 is a basic single-channel A-type noise 
reduction unit for encoding or decoding. This unit is 
normally used in a fixed mode such as in disc cutting or 
landline sending or receiving; the operating mode is 
manually selected. 

361 
The Dolby 361 is similar to the 360, providing a single 
channel of A-type noise reduction, but with relay 
switching of operating mode and tape recorder 
connections. The changeover can be controlled 
automatically by the recorder. 

y./j.j.j .id.... kk 

M-Series 
The Dolby M16 A-type unit is designed specifically for 
professional multi-track recording, and incorporates 
16 channels of noise reduction in a compact chassis 
only 1072 inches high. The similar M8 is an 8-track 
version, and the M8X allows simple extension of the 
Ml6for 24-track use. 

Noise Reduction Module 

Cat 22 
The Dolby noise reduction module. Cat 22. is the basic 
functional unit employed in all A-type equipment The 
Cat 22 is available as a spare or in quantity to OEM 
users for factory installation A half-speed version of the 
module (Cat 40) is also available 

□□ Dolby 
Dolby and the double-D symbol are trade marks 
of Dolby Laboratories Inc 

Motion Picture Industry 

364 
The Dolby 364 Cinema Noise Reduction Unit is 
intended primarily for use with Dolby A-type encoded 
optical sound-tracks The 364 also includes a 
standard Academy' filter for conventional tracks, a 
clean-up circuit for old or worn prints, and provision 
for playback of magnetic sound-tracks with or without 
Dolby system encoding 

E2 
The Dolby E2Cinema Equalizer is a companion unit to 
the 364, and has been specifically designed to solve 
the response equalization problems of cinemas. Used 
with the 364 and Dolbyized optical sound-tracks, the 
E2 enables most cinemas to achieve modern sound 
reproduction standards without replacement of 
existing equipment. 

Test Set (A-type) 

Cat 35 
The Dolby NRM Test Set, Cat 35. permits rapid 
verification of performance of Cat 22 Noise Reduction 
Modules without their removal or the need for 
additional test equipment 

Fordetailed information contact 
Dolby Laboratories Inc 
1133 Avenue of the Americas 
NewYorkNY10036 
Telephone (212) 489-6652 
Telex 125797 

Professional Encoders for 
Consumer Media 

320 
The Dolby 320 Duplication Processor is a professional 
quality unit with B-type (consumer) noise reduction 
characteristics. The unit is used for encoding 
duplication master tapes in the high-speed 
duplication of Dolbyized cassettes, cartridges, and 
open-reel tapes. The 320 is a two-channel unit. 

324 
The 324 Broadcast Encoder allows broadcast 
stations to encode stereo FM broadcasts with the 
Dolby B-type characteristic. The unit provides for an 
optional reduction of high frequency pre-emphasis, 
reducing the need for high frequency compression, 
and thus allowing a significant additional improvement 
of reception quality 

346Clapham Road 
London SW9 
Telephone 01-7201111 
Telex 919109 
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frequency component is rectified and 
filtered to find whether its amplitude 
has any low frequency fluctuation. 
What this does not do is to determine 
whether its frequency or phase fluc¬ 
tuates. The rectification and filtering 
could not care whether frequency 
changes or not. 

Before passing to the CCI F method 
and its deficiencies in measurement, 
we need to show that the two forms 
do not measure equivalent forms of 
distortion. The fact we mentioned a 
little earlier, that two higher frequen¬ 
cies close together are used to pro¬ 
duce the celeste effect, as well as other 
beat effects, has led many to believe 
that the higher notes produce a lower 
note. 

This is not true. The beat is not it¬ 
self a note. In the first place, the beat 
is too slow to be audible as a note. 
But if you increase the difference be¬ 
tween the frequencies, so the differ¬ 
ence cotdd be a note, it is not, as long 

FREE ALARM CATALOG 
Full line of professional burglar and 
fire alarm systems and supplies. 96 
pages. 450 items. Off the shelf delivery, 
quantity prices. 

/XX\ mountain west alarm 
4215 n. 16th st., phoenix, az. 85016 

as there is no distortion present, able 
to produce the CCIF type of byprod¬ 
uct. 

The big difference is in cause and 
effect. With the SMPTE method, we 
start with a low frequency and a high 
frequency. The equipment must han¬ 
dle both. If, in doing so, one affects 
the other, you have SMPTE distor¬ 
tion. With the CCIF method, we start 
with two high frequencies. For this 
purpose, the equipment need not even 
handle the low, distortion-product fre¬ 
quency. So if you applied the SMPTE 
test to it, nothing would show, because 
the low frequency would not even 
enter the system. 

The CCIF method produces the low 
frequency as a distortion product, that 
should not be there, and was not pres¬ 
ent in the input. 

Now let us take a closer look at the 
CCIF variety of distortion. Suppose 
the two frequencies are 5000 Hz and 
5100 Hz. If the system has asym¬ 
metric distortion, such as is due to 
an unbalanced push-pull stage some¬ 
where, then the beat produced by 
these two frequencies, at 100 Hz, will 
have bigger tops than bottoms on the 
wave envelope produced. This will 
mean that, as well as the 100 Hz mod¬ 
ulation envelope of the high frequency 
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1630 Dell Ave.. Campbell. CA 95008 Phone: (408) 374-8300 

USE YOUR HEADS 
AND TAPE TRANSPORT 

Why spend thousands to replace your old Ampex 
or other professional recorder? 

REPLACE TUBE-TYPE ELECTRONICS 
ON OLD AMPEX RECORDERS PLUG FOR PLUG’ : «645 
The old professional recorders are good, but today's tape is better. 

Besides, quiet tubes and special parts are difficult to come by nowadays. 
Now you can have the best of two worlds: the transport and head assembly 
of your old recorder and a high-performance solid-state electronics package 

that is the equal of today's high quality tapes. 

ASK FOR INOVONICS MODEL 360 TAPE RECORDING ELECTRONICS. 

Features include fully regulated internal power supply; 
reliable solid-state circuitry; remote control options; 

k and plug-in cards to simplify maintenance. 

• Plug lot plot) teplacentenl lot Ampex 350 351 
<iiid 354 Adaptable to Ampex 300 and most 

othei piofessional smqle i orders 

waves, there will be a 100 Hz com¬ 
ponent in the signal. This will appear, 
audible, as a 100 Hz “buzz.” 

That is what the CCIF method is 
designed to detect. But now, suppose 
the distortion is not asymmetrical, but 
symmetrical. Now the envelope will 
have its shape either flattened at top 
and bottom or stretched at top and 
bottom. It is not so easy to see what 
the additional byproducts will be in 
this case as it was with the asymmet¬ 
rical case. But mathematical analysis 
shows that this is equivalent to a 
whole new bag of extra frequencies, 
none of which will be anywhere nearly 
as low as a few hundred Hz. 

By a different choice of test fre¬ 
quencies, you can deliberately produce 
byproducts wherever you want, and 
the test can perform more like a wave¬ 
form analyzer does in taking harmonic-
distortion apart. But to date, to our 
knowledge, no such method of meas¬ 
urement has been formalized. So all 
the CCIF method really detects is the 
kind of unbalance in a system that 
produces first-order, asymmetric dis¬ 
tortion. 
One of my recent correspondents 

reversed the usual way in which I 
transfer things, which is to show that 
what happens in education is like what 
happens among audio engineers. I had 
said, in a column I write for general 
audience readership, that the reason 
professional educators clamp down on 
anyone who attempts to say something 
unconventional, is that they are afraid 
if they allow it, the teachers will soon 
be out of their depth. 

This man’s comment said that he 
has found the same thing in engineer¬ 
ing circles. That any suggestion that 
breaks with established convention 
makes engineers nervous too, because 
they feel they will soon be out of their 
depth. You know, I think he’s right. 
Why else hasn’t someone developed 
more sophisticated tests, so that dis¬ 
tortion can be more exactly analyzed, 
more easily? 

Probably because most engineers 
who use existing methods, do not 
really know what those measurements 
tell them, and if anyone suggests us¬ 
ing a more sophisticated kind of test, 
with which they are unfamiliar, they 
fear they will soon be confused. 

My attitude through life has always 
been to accept something strange as 
a challenge, not to reject it out of 
hand. I want to find out how it relates 
to what I already know, or think I 
know. And invariably accepting of the 
challenge leads to better understand¬ 
ing of something I would not have ex¬ 
pected. Why do so many of us go 
around with mental blinkers on, afraid 
we might discover something useful? ■ 

Circle 28 on Reader Service Card 



Last year, we offered you 
Studer's tape recorders. 

This year, Telefunken's. 

What 
happened? 
The answer is on page 3 of our catalogue. 

In the “Statement of Principles" bi-annually 
published there — exactly as we wrote it seventeen 
years ago. 

Since then, we’ve always vowed that, before 
we changed a word of that credo, we’d rather 
see the list of our companies change. 

And this has now happened. 
As our credo makes clear, Gotham prefers to 

represent "equipment maae in limited quantity 
*or a discriminating worldwide clientele.” 

This was Studer’s orientation when we joined 
forces with them many years ago. A tiny company — 
only a handful of people — dedicated to serving a 
limited professional market. 

But no more. Over the years they have 
expanded enormously. Requiring mass marketing 
goals. 

It is a perfectly legitimate development we 
can respect. But. . . 

The credo, remember. 
Ah, you say. But the credo also stresses 

Gotham's interest in representing companies that 
are personally-run by men who "devote their lives 
to the fulfillment of their dreams." Surely, you 
say, the gigantic Telefunken operation can hardly 
be described as personally-run. 

No, it can’t. 
But the tiny enclave that we represent can. 
For, within Telefunken there is a separate 

department of about 45 people. Autonomous, 
because they are completely apart — independ¬ 
ently handling all the development, manufacturing, 
and marketing of the M12 and M15 “Magneto¬ 
phon” professional recorders. 

These people have a high and unique 
responsibility — because it was Telefunken, after 
all, who invented the tape recorder in 1942. 

And how they do their job conforms 
precisely with our credo. Because, to them as to 
Gotham: "Not price but excellence, craftsmanship 
and serviceability are the criteria" that count. 

Some reasons why the M12 "Magnetophon” 
is in a class by itself: 
1. A 19" rack mountable lO’A" reel lA" tape 

recorder incorporating an optional 4-input 
mike/Hne slide fader mixer. Mike inputs are 
Phantom® powered, of course, ready for 
Neumann fet 80 microphones. 

2. Heads made of ferrite and sintered ruby tape 
guides; materials so smooth and hard we guar¬ 
antee them both for the life of the machine 
(15 years). 

3. Ingenious tape tension control on both sides of 
the capstan; no reel size switching. 

4. Weighted Peak Flutter typically ± 0.02% at 
15 ips; 3% ips speed available. 

5. Price range: $3500 to $4500. 
And after the technicalities, there is also 

the matter of experience: 
For over five years now, our experience 

with the “Magnetophon” in Neumann’s tape-to-disk 
transfer systems has been eminently satisfying. 

Satisfying? Superb! 
And we look forward to the 

same kind of results with Telefunken’s 
M12 and M15 "Magnetophon." 
For ourselves and for you. 

Write today for more 
information: 

AUDIO CORPORATION 

Headquarters: 
741 Washington St., New York, NY 10014 

(212) 741-7411 
West Coast Sales Office: 

1710 N. LaBrea Ave., Hollywood, CA 90046 
(213) 874-4444 
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NEW PRODUCTS AND SERVICES 

FOUR-WAY MONITOR 

• Model 4340/41 four-way monitor 
is designed for bi-amplification use 
with the manufacturer’s 5231/32 elec¬ 
tronic crossover or with high level 
passive crossover networks. The sys¬ 
tem contains a fifteen-inch low fre¬ 
quency loudspeaker, ten-inch midrange 
loudspeaker, high frequency compres¬ 
sion driver, and ultra high frequency 
compression driver, and has a fre¬ 
quency response of 35 to 20,000 Hz 
+ 3 dB. Sensitivity (SPI. at 30 ft., 1 
mW) is 44 dB. Power output (SPL 
at 10 ft. in a room volume of 2,000 
cu. ft. with 1/.2 rated power input, 
35.5 watts), is 101 dB. The crossover 
frequency is 250. 1,250 and 9,500 Hz. 
Mfr: James B. Lansing Sound. Inc. 
Circle 48 on Reader Service Card 

OPERATIONAL POWER AMPLIFIER 
• Intended to be used as a servo 
motor or d.c. through audio power 
amplifier, model 440 differential d.c. 
operational power amplifier consists of 
an Opamp 4009 driving a dual class 
AB power amplifier. The manufactur¬ 
er claims there is no crossover dis¬ 
tortion. The unit may be used in 
audio applications with either a single 
polarity or bi-polar power supply. It 
has an output capability of 50 watts 
rms and is constructed on the octal 
plug-in heat sink, with the circuitry 
isolated from the case. Available 
either as a kit or wired and tested. 
Mfr: Opamp Labs, Inc. 
Price: Kit: $35; Wired & Tested: 

$60.00 
Circle 49 on Reader Service Card 

SOUND ABSORBER & 
VIBRATION ISOLATOR 

• Sound barrier Soundmat FV is com¬ 
posed of a one-pound per square foot 
of limp mass, acting as the barrier 
layer, which is bonded to 'A inch 
layer of acoustic foam. The acoustic 
foam is fire retardant. The material 
can be applied to floors or around 
resonating pipes by die-cutting and 
shaping to fit. For exposed areas, a 
heavy black vinyl skin can be lami¬ 
nated to the barrier, providing a scuff-
resistant, water-barrier surface. 
Mfr: Soundcoat 
Circle 53 on Reader Service Card 

TAPE CONTROL 

DYNAMIC SAFETY MICROPHONE 

• Flexible rubber housing offers max¬ 
imum security for dynamic unidirec¬ 
tional moving coil microphone M412, 
a feature of interest for field use. The 
microphone has a tailored acoustical 
characteristic especially suitable for 
close talking and can be gooseneck 
mounted or hand held. It has a built-
in switch for voice on / off or for re¬ 
lay actuation. The frequency response 
is 200-12,000 Hz. 
Mfr: Revox (Beyer-Dynamic) 
Price: $75 

S Circle 50 on Reader Service Card 

• Constant tension from beginning to 
end of any size tape reel is achieved 
by controlling the torque of the sup¬ 
ply reel motor by the Tcntrol con¬ 
troller. The device eliminates tape 
speed changes, and thus changes in 
pitch, with tape reels up to 14 inches. 
An additional unit can be installed 
on the takeup motor to provide con¬ 
stant takeup tension as well. Two units 
can provide fast starts at 30 ips, elim¬ 
inating capstan creep. The unit is de¬ 
signed to fit nearly all Ampex tape 
recorders, as well as other well known 
machines. 
Mfr: Inovonics 
Circle 54 on Reader Service Card 



VARIABLE SPEED OSCILLATOR 

• Available with an optional four¬ 
digit electronic display for exact speed 
accuracy, the lightweight VS-10 is 
specifically designed for use with the 
Ampex MM-1100 and AG-440 series 
of recorder/reproducers and can drive 
up to three recorders. The self-con¬ 
tained oscillator, powered by the cap¬ 
stan servo of the recorder via a sin¬ 
gle cable, features a range of ± full 
tone in quarter-tone steps and a 
coarse/fine variable speed adjustment. 
The readout display (110/220 vac, 
50/60 Hz) may be operated either 
in percent of nominal speed or in fre¬ 
quency (50 or 60 Hz center fre¬ 
quency) of the associated recorder. 
The readout utilizes the servo’s crystal 
reference for control. 
Mfr: Ampex Corporation 
Price: $795 (with optional digital read¬ 

out display) $395 without. 
Circle 51 on Reader Service Card 

HIGH DEFINITION STEREO 
AMPLIFIER AND PREAMPLIFIER 

It n + + 
• New circuitry concepts, which it is 
claimed produces an effect with no 
discernable distortion apparent below 
the actual noise of the circuit, are 
used in the preamplifier design of 
HD25O integrated control amplifier 
and HD22 high definition preampli¬ 
fier. With the tone controls in the fiat 
position and measured over a band¬ 
width from 15 Hz to 23 kHz, the sig-
nal-to-noise ratio with respect to an 
input figure of 5mV is - 83dB. The 
amplifier section is capable of pro¬ 
ducing 50 watts per channel at 8 
ohms, both channels driven, from 20 
Hz to 20 kHz + 1 dB, with an aver¬ 
age of 90 watts per channel at 5-6 
ohms. 
Mfr: Audionics 
Price: Amplifier: $695 

Preamplifier: $449 
Circle 52 on Reader Service Card 

FEATURING 
• SLIDE FADERS 
• PAN POTS ON ALL SIX INPUTS 
• LED OVERLOAD INDICATORS 
• SIX INPUTS (LINE OR MIKE) 
• STEREO OUTPUT 
• PROFESSIONAL 2'/z" VU METERS 
• 20 DB MIKE INPUT PAD 
• STATE OF ART IC CIRCUITRY 

• OPTIONAL 48V MIKE POWERING 
• OPTIONAL TRANSFORMER OUTPUTS 
• HIGHEST QUALITY COMPONENTS 

PROKIT II 

îoï 

We are 
proud to 
present 

• AVAILABLE KIT OR FACTORY WIRED 

GATELY ELECTRONICS, Inc. 
57 West Hillcrest Ave. 1907 Division St. 
Havertown, Penna. 19083 Nashville, Tenn. 37203 
215-449-6400 615-327-1746 

ro 
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BINAURAL MICROPHONE 
• Physical listening conditions are 
simulated with improved fidelity, ac¬ 
cording to the manufacturer, by the 
use of MKE 2002. a binaural micro¬ 
phone which fits over the recordist’s 
ears. The unit, mounted on a stetho¬ 
scope-like band over the recordist’s 
head, contains two electret transducers 
which rest lightly in the ears. This 
permits a reproduction of all the vari¬ 
ables present in human hearing, the 
structure of the head, surrounding air 
noise, left-and-rightness, the percep¬ 
tion of distance in addition to differ¬ 
ences in tone. etc. The result is not 
only a lifelike pickup of a perform¬ 
ance, but also the surrounding audio 
ambience that would be present in an 
audience situation. The dual con¬ 
denser microphones come complete 
with battery power supply, carrying 
case, and plastic artificial head, willing 
to stand in for the actual recordist 
if necessary. 
Mfr: Sennheiser 
Price: $330 
Circle 45 on Reader Service Card 

Please send complete information on 
the BOSE 800 to: 

Name-
Address_ 

City-State-Zip— 
Return to BOSE Corp. The Mountain, 
Framingham, Mass. 01701 Dept. DP 

PEAK PROGRAM METERS 

• All solid-state peak program meters 
PK-14 and PK-16 offer precise visual 
level indication via sequentially lighted 
led readouts of true signal levels. A 
14 or 16 green and red segmented 
readout will monitor standard vu or 
peak level program content, depend¬ 
ing upon the user’s preference in se¬ 
lecting its alternate mode operation 
by a front panel control setting. Both 
units contain led brightness control, 
integration and decay time adjust¬ 
ment. input level scaling, constant cur¬ 
rent consumption, simple power sup¬ 
ply requirements. Integration time 
specifications conform to European 
DIN 45406 for peak reading and 
USA Cl6.5—1954 for vu character¬ 
istics. The PK-14 arc-scale meter is 
designed to retrofit into existing hVi 
inch meter installations, while the ver¬ 
tical scale PK-16 offers monitoring 
capabilities in updated or custom de¬ 
signed control consoles. 
Mfr: Quad/ Eight Electronics 
Circle 44 on Reader Service Card 

AUDIO CONTROL CONSOLE 

• Input module functions present in 
scries 20 LM console include four in¬ 
puts, four prc-settable mute controls, 
phase switching mic and line switches 
and attenuation, three-knob eq., stereo 
pan pot, all with in/out switching. 
Two foldback and an echo send con¬ 
trols are provided with in/out switch¬ 
ing and pre-post fader selection. The 
unit has conductive plastic slide atten¬ 
uation, monitor solo function and on/ 
off switch with led indicator. The 
stock model includes sixteen inputs 
(expandable to 32 inputs), quad out¬ 
puts with a mono bus, stereo buses, 
two foldback, and one echo send bus. 
All ten outputs arc metered. A com¬ 
puter ribbon cable organization per¬ 
mits input and output panels to be 
located in any board position. Addi¬ 
tional options can be added. 
Mfr: Cétec 
Price: $11,500 (additional input mod¬ 

ules $375 each) 
Circle 46 on Reader Service Card 

“ROCK MONITOR" AIR MOTION 
LOUDSPEAKER 

• The requirements of modern mu¬ 
sical forms are met by AMT 3 
loudspeaker, which the manufacturer 
claims to offer support to the tran¬ 
sient performance obtainable from a 
conventional cone bass system. Mid¬ 
range and treble frequencies are han¬ 
dled by an air-motion transformer 
positioned for unhindered radiation in 
all directions. For lower frequencies, 
a six inch high compliance, high gauss 
midrange driver is mounted in a re¬ 
sistively terminated line which extends 
back into the bass enclosure. The 
lowest frequencies are served by a 
proper matching of the midrange to 
twin ten inch drivers. A carefully cal¬ 
culated resistance allows the drivers to 
continue linear operation far below 
system resonance and without uncon¬ 
trolled motion at any frequency. 
Mfr: Ess, Inc. (Heil) " 
Price: $435 
Circle 47 on Reader Service Card 



DIGITAL TIMER CLOCK AUDIO FLUTTER METER 

• Both a bright visual display of cor¬ 
rect time and form “C” contact clo¬ 
sures are provided with model DC24 
digital clock. It measures 19 inches by 
3’/2 inches high by 10 inches deep. 
Options include reset board (approx¬ 
imate time corrections up to four 
times per hour), net join board (ex¬ 
act time corrections cither once or 
twice per hour), and oscillator time 
base and battery backup board, which 
maintain the exact time independently 
of line frequency variations or power 
interruptions. Controls on the front 
panel enable the operator to halt the 
clock altogether, advance the seconds 
counter rapidly, advance the minutes 
counter rapidly, or light the led dis¬ 
play memomentarily when operating 
the DC 24 on battery. 
Mfr: Sparta Electronic Corp. 
Price: (With reset board} $475. Net 

join option: $100 Oscillator/battery 
backup option: $125. 

Circle 41 on Reader Service Card 

QUADRIPHONIC SYSTEM 
CONTROL CENTER 

• Designed for true discrete systems 
of from one to four channels, model 
4xPA preamplifier offers a built-in 
CD-4 demodulator, provisions for SQ 
demodulator, accommodation for 2, 
4 channel tape recorders, an equalizer 
filter system, and a 4 x 4 matrix mode 
control allowing any input channel to 
be assigned to any output channel. 
The frequency response is, at high 
level, ± 0.1 dB. 20 Hz to 20 kHz at 
rated output, down —3 dB at 1 Hz 
and 100 kHz at rated output. The 
phono range is ± 0.25 dB from RI A A 
curve at rated output. 
Mfr: BOW Systems 
Price: $849 
Circle 43 on Reader Service Card 

• Designed for field operations, mod¬ 
el 8160 portable flutter meter com¬ 
plies with the IEEE and DIN recom¬ 
mended standards, for pulse response. 
In addition to outside work, it can be 
used in hi-fi and radio repair shops, 
audio and video tape transports pro¬ 
duction line tests, and for servicing 
dictating equipment. 
Mfr: 3M 
Mfr: $395 
Circle 42 on Reader Service Card 

GARNER ELECTRONICS 
4200 NORTH 48TH STREET 

I INCI II N Nf BRACK A 68004 

After you use the 1056, 
we’ll know one thing 

about your dub quality: 
it just got better. 

Professional studios that make lots of dubs for radio, welcome the 
speed and quality they get using the Gamer 1056. It offers a whole 
new set of advantages for producers of reel-to-reel duplicates for 
radio, AV, or educational needs. Some of those are: • Single cap¬ 
stan drives the master and all five copies. • Solid-state electronics 
and special heads provide outstanding frequency response. • Two-
speed drive allows either 30 or 60 i.p.s. duplicating. • Extra-fast 
rewind of master tape speeds production. • Unique forward tilt of 
transport mechanism aids threading. • Conveniently located con¬ 
trols feature push button operation. 

Circle 20 on Reader Service Card 
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Be sure 
to attend... 

THE AUDIO 
ENGINEERING 
SOCIETY’S 

49th Technical 
Meeting and 
Exhibition of 
Professional 
Equipment 
at the 

Waldorf-Astoria 
New York City 

September 9-12 

For details, write or phone: 

AUDIO ENGINEERING SOCIETY 

• 60 E. 42nd St., N.Y., N.Y. 

10017 (212) 661-8528 

PUBLICATIONS OFFICE 

• (212) 661 2355 

Martin Dickstein 

SOUND WITH IMAGES 

Equipment Follow-Up 

• A short time ago, we devoted a 
column to the care and feeding of the 
16mm projector. In a subsequent col¬ 
umn we quoted a letter we received 
from a reader who shared his experi¬ 
ences with maintaining and handling 
film projectors. Just a couple of 
months ago, this column discussed a 
specific film projector to introduce it 
to some of our readers who might not 
have been familiar with it. Once again, 
we are pleased that a reader took the 
time to write of his experiences with 
this unit, and to introduce us to 
another double system projector. We 
should like to follow up as quickly as 
possible this time, and then, after the 
letter, we’ll provide some of the tech¬ 
nical specifications for the Bauer Stu¬ 
dio projector mentioned in compari¬ 
son with the Siemans. Incidentally, sin¬ 
cere thanks to Mr. John M. Hoerner, 
Jr., Extension Editor-Visual Commu¬ 
nications, University of Georgia Col¬ 
lege of Agriculture, Athens, Ga., for 
his interesting comments. 

“The Siemans double sixteen projec¬ 
tor was an excellent tool for single 
and double system film editing. I spent 
several years learning its idiosyncra-
cies and capabilities, but it has now 
been replaced by the Bauer Studio 
projector. The mixing capability of the 
Siemans was often very useful, but 
without an external vu meter to be 

able to read the original track level, 
the overdub level was often too high 
or too low, and the lack of a monitor 
head made the process too hit or miss 
to be reliable for news film produc¬ 
tion. Rather than try an overdub mix, 
I would transfer the sound to the full 
coat side, and then do the mix coming 
back to the single system side and the 
sound track on the film. 

“Maintaining sync when the film 
was removed for editing after the 
sound was transferred was often a 
problem because of the air damped 
idler on the full coat side. I always 
spliced a frame of beep tone into the 
leaders of the film before transfer, 
made the transfer, matched up the 
beeps on a syncronizer, then retarded 
the track 28 frames for editing. When 
the film and sound track were loaded 
back on the projector for transfer 
back to the mag. stripe, the cue 
punches were appropriately lined up. 
Then I would run the projector back¬ 
wards for a few feet, and. without 
going into the record mode, I would 
run it forward and listen for the beeps. 
If they matched, then I would go into 
record and complete the transfer. I 
found this was the fastest and most 
accurate method of maintaining sync 
when editing. 

“The removable gate of the Siemans 



was a distinct advantage which was 
not present on the Bauer projector. 
During transfer operations. I would 
always remove the gate to prevent any 
additional wear on the film and to 
avoid the possibility of breaking a 
splice. If several transfer operations 
are anticipated, I would recommend 
splicing with clear Mylar tape, rather 
than hot splicing. Another problem 
created by the Siemans was electrical 
noise generated by a governor-con¬ 
trolled motor. While synchronous mo¬ 
tors were available on the Siemans, I 
never knew anyone among a dozen 
or so machine owners who had one. 
The governor incorporated a set of 
points on the back of the motor shaft, 
and they would pit and burn, requir¬ 
ing dressing to minimize the electrical 
interference. 

"Despite the few problems, the Sie¬ 
mans was an excellent projector, and 
one of the few I would trust to project 
original film without scratching. The 
pressure plate was made of a type of 
bakelite, with a floating metal plate, 
and a triple pulldown claw. Film could 
be threaded to bypass the sound head, 
further minimizing the chance of 
scratches. 

“The Bauer studio projector will do 
everything the Siemans does, and has 
a few extra features, among them a 
synchronous motor which is standard, 
optional 4-channel heads, including a 
monitor head, and improved flutter and 
wow specifications. Also, once both 
sides of the projector are threaded, the 
mechanical interlock can be recoupled 
for syncing the tracks, while the Sie¬ 
mans had to be rethreaded.” 

We appreciate comments like those 
of Mr. Hoerner which come from re¬ 
peated experience, and which he is 
willing to share with others. It is not 
the purpose of this column to com¬ 
pare directly two similar pieces of 
equipment, but to introduce these 
units to those to whom they may be 
unfamiliar. The following is, then, the 
specifications for the Bauer P6 studio 
double band projector, and these will 
be followed by a brief note on another 
similar unit, the Sonorex 16/16. 

The Bauer has an output of approx¬ 
imately 500 lumens, using a 250W 
quartz iodine lamp, and is cooled by 
a double fan on the motor shaft. The 
drive is by synchronous motor, the 
take-up assembly is load controlled 
and self compensating for uniform 
winding, there is provision for fast re¬ 
wind. and an automatic fail-safe switch 
is incorporated to stop the projector 
if the film should break. The film 
moving mechanism is a 3-toothed claw, 
the film pull-down ratio is 1:6.9, and 
the picture steadiness is plus or minus 
0.1 percent. 

In the sound department, provision 
is made to have a monitoring facility 
during recording. A built-in speaker 
is provided with a level control switch, 
the power amplifier is rated at 25W 
music power with a frequency re¬ 
sponse of 50-7,000 Hz. (plus or minus 
3 dB) for the optical sound and 50-
12 kHz. (plus or minus 3 dB) for 
mag. sound. The signal-to-noise ratio 
is 45dB. Wow and flutter are speci¬ 
fied at plus or minus 0.4 percent. The 
amplifier output can feed an external 
8 ohm speaker, and a preamp output 
is also provided with a 1.5 volt output 
at 600 ohms. The unit also has an 

hour timer built in. 
The Sonorex 16/16 is similar to 

the Bauer in several aspects. It is a 
double system unit and has a sync 
motor, double flywheels with motor-
driven run-up for fast start, a safety 
switch for end-or-break of film, an 
elapsed time meter, and monitoring 
facilities. 

If anyone out there in film-editing 
land has had other experiences with 
projectors of this or any other type, 
or if you are familiar with any other 
units in the 16mm double system, 
please let us have your comments for 
others to read in this column. ■ 

The duplicator 
you need! 
We'll solve your tape duplicating problems . .. large 
or small . . . whatever your operating budget! A complete, 
professional line of tape and in/cassette duplicating 
gear... reel-to-reel, reel-to-cassette, cassette-to-cassette. 

System 200 offers quality cassette/tape duplicating. 
Reel and cassette masters and cassette slaves in many 
configurations ... for large volume reproduction. 

D-8 and RR-Series duplicators produce multiple 
reel-to-reel and 8-track cartridge dupes for recording 
studios and professional duplicating firms. 
The Model 102 Cassette Copier... for the office 

or library. Produces two superb C-30 cassette duplicates 
in one minute! 
Call Infonics Sales (219 879-8311) today ... or write: 

Infonics, Visual Educom Incorporated, 4333 S. Ohio St., 
Michigan City, IN. 46360 

A Subsidiary of 

infonics, 
bdl Electronic Associates. Inc. 
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Multi-trackin, that is, - with Stephens Efectromfs ' . 
professional tape recorder/reproducers. Our superbly 

designed and engineered machines are available in a variety 
of standard formats, from 4 to 24 tracks, or you can 

4 keep on trackin with Stephens' unique 32 track 
and 40 track 2-inch machines. 

Pictured (front-to-rear) are the 4-track, 
' 40-track and 24-track machines. 

||\ ~ Battery powered portable units are 
j II —». also available ‘ , 

O .1 

oooooooo 

oooooooo 

oooooooo 

oooooooo 

oooooooo 
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*. * 3 

Keen en 
Prashin 

(213) 842-5116 
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SIDNEY L. SILVER 

Controlled Time Delays 
for Speech 
Reinforcement Systems 
Time delay applications can significantly improve the 
performance of a sound reinforcement system, particularly if 
it is used for speech improvement. The author covers 
such concepts in detail. 

I
n large conference rooms and assembly halls em¬ 

ploying speech reinforcement systems, disturbing 
time lags are often produced when amplified speech 
from a nearby loudspeaker, or even a more distant 

loudspeaker, reaches the listener’s ears well before the 
direct sound from a live source. The resulting sound may 
be perceived by the audience as discrete annoying echoes, 
or, when there is a profusion of echoes more closely 
spaced in time, as excessive reverberation. To compensate 
for these undesirable time lags, time-delay units are often 
introduced into the amplification system for the purpose of 
retarding the sound from a particular loudspeaker (or a 
grouping of loudspeakers), so that the total sound pattern 
is synchronized with the live sound source. 

Time-delay correction, in effect, can help maintain the 
proper spatio-temporal relationship between natural and 
reinforced speech, permitting the human hearing mecha¬ 
nism to integrate subjectively, and hence localize the sound 
as coming from the true source. Depending upon the 
acoustical characteristics of the hall and the location and 
orientation of the loudspeaker system, time-delay units 
may be used to enhance the naturalness of speech, im-

Sidney L. Silver, a frequent contributor to this publication, 
is with the United Nations Telecommunications Section 

co where he is in charge of sound and recording. 

prove intelligibility, and provide a high degree of direc¬ 
tional realism. Before discussing this subject in greater de¬ 
tail, however, let us examine some of the psychological 
and physical phenomena relating to the human auditory 
system, which create a demand for the practical applica¬ 
tion of these devices. 

PSYCHOACOUSTICAL DATA 
It has long been recognized that when a number of sepa¬ 
rate sound sources (similar in content, and not too widely 
different in intensity) follow each other in close sequence, 
we attribute the total sound to that source leading in time. 
Subjective experiments by Haas' and other acousticians2 
have provided an adequate basis for understanding the psy¬ 
choacoustic events involved in the human perception of 
speech sounds arriving from multiple transmission paths. 
The Haas effect, or precedence effect, as it is also called, 
has established that for successively arriving sounds with 
small differences in delay time, the earlier sound, by sup¬ 
pressing the audible effects of the later sounds, will domi¬ 
nate the spatial impression. For larger differences in delay 
time, the sounds will be heard as individual echoes, dis¬ 
tinct both in space and time. This delay phenomenon, 
while primarily concerned with room acoustics, has had 
considerable influence on the design of speech reinforce¬ 
ment systems. 

To demonstrate the precedence effect, two loudspeakers 
(connected in-phase) are placed in front of an observer 
in an anechoic environment. Using pre-recorded speech as 



the program source, the levels of both loudspeakers are 
adjusted for equal intensity. Referring to Figure 1, the 
primary loudspeaker represents the direct sound source 
and the secondary loudspeaker, a delayed version of the 
original sound. Here the secondary source is intended 
to simulate the effect of a single reflection of the direct 
sound under actual acoustical conditions. Relating this 
set-up to speech reinforcement systems, the primary 
sound source may be regarded as the talker, and the 
secondary source as the amplified speech signals. 

Initially, with no delay on the secondary loudspeaker, 
the virtual sound image appears to emanate from a single 
source located at a phantom position between the two 
loudspeakers. As the sound from the secondary source is 
delayed (on the order of 0.5 msec), the sound image 
gradually shifts toward the primary loudspeaker, but the 
point source location is not well-defined and directional 
stability is rather poor. If now the time delay is increased 
to 5 msec, the direct sound will completely mask the de¬ 
layed sound, and this effect will be maintained up to 
about 35 msec. Within this range of delays, the hearing 
mechanism is characterized by an auditory fusion period 
during which the primary and secondary sound stimuli 
seem to coalesce into a single, more intense stimulus. The 
ear-brain perceptual mechanism apparently fully inte¬ 
grates the acoustic energy from these sources in such a 
way that localization of the combined sound is deter¬ 
mined by the direction of the original sound source. 

As the delay is increased beyond 35 msec, the delayed 
sound is only partially integrated with the direct sound; 
the listener begins to perceive the secondary sound, but 
the initial sound is still localized at the primary source. 
Finally, at delays of about 50 msec or larger, there is a 
discontinuity of the sound signals and the delayed sound 
is heard as a separate echo of the direct sound. At this 
stage, listening becomes unpleasantly strained as both sig¬ 
nals seem to arrive from different directions, thus detract¬ 
ing from the quality and interfering with the naturalness 
of speech. 

In order to determine quantitatively the extent of the 
temporal masking process, the observer is then allowed to 
reduce the intensity of the direct sound as a function of 
varying amounts of time delay, so as to produce equal 
loudness from both primary and secondary loudspeakers. 
Under these conditions, the directional sense becomes ob¬ 
scured and the listener cannot distinguish which of the 
loudspeakers is the original source. From the curve plotted 
in Figure 2 (representing the average impressions of a 
group of observers), it can be seen that point source loca¬ 
tion can be maintained within most of the delay range be¬ 
tween 5 and 35 msec, provided that the amplitude of the 
delayed sound reaching the listener does not exceed the 
direct sound by more than about 10 dB. If this criterion is 
met, the directionality of the composite sound will be loc¬ 
alized at the primary loudspeaker. 

We have seen that for time delays of 50 msec and 
greater, the listener perceives, under certain conditions, an 
acoustic gap between the delayed and undelayed signals, 
which the ear identifies as a discrete, annoying echo. In 
order to evaluate the extent of echo interference, Haas 
established certain thresholds of disturbance, the data ac¬ 
cumulated in a medium-sized room with an average rever¬ 
beration time of 0.8 seconds. As shown graphically in Fig¬ 
ure 3, the percentage of listeners annoyed by the echo 
(even if the speech material is still intelligible) is plotted 
against the echo delay time for various echo amplitudes re¬ 
lative to the direct sound. Clearly, an echo of the same in¬ 
tensity as the original sound will cause 20 per cent distur¬ 
bance for a delay interval of 50 msec. By reducing the 
echo intensity level 3 dB. the delay time can be as long as 
80 msec for 20 per cent disturbance. Most importantly, if 

Figure 1. A block diagram of the setup used to demonstrate 
the precedence effect. 

the echo intensity level is more than 10 dB below the di¬ 
rect sound level, it will not disturb the naturalness of 
speech. 

It should be emphasized that these subjective experi¬ 
ments apply to the simulation of a single reflection of a 
sound source and the results are not strictly comparable 
with the effect of sound amplification in a hall where a 
multiplicity of reflections becomes an important factor. 
Thus, when a secondary echo is delayed beyond the criti¬ 
cal period (50 msec), the presence of other echoes in the 
intervening time diminishes the disturbance of the second¬ 
ary echo. Under these circumstances, the sequence of re¬ 
flections useful for intelligibility may extend beyond the 50 
msec limit. Nevertheless, the fundamental principles set 
forth by Haas are still valid, and provide the psychoacous-
tical basis for the optimum placement of loudspeakers in 
speech reinforcement systems. 

ELECTROACCUSTICAL CONSIDERATIONS 
Let us consider how the precedence effect operates in a 

Figure 2. The relative intensities of direct sound and delayed 
sound for equal loudness as a function of delay time 
(after Haas). 
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ECHO DELAY TIME (MILLISECONDS) 

Figure 3. Echo disturbance contours for several echo 
intensity levels as a function of delay time (after Haas). 

Figure 4. Echo effects produced when reinforced sound 
arrives at the same area from a different transmission path. 

large conference room, where an amplification system rein¬ 
forces a live sound source bearing a fixed spatial relation¬ 
ship to an audience. Assume that the talker uses a micro¬ 
phone at the center of a podium located at one end of the 
hall. To preserve directional realism, it would be necessary 
to arrange the loudspeaker system in such a way that the 
sound and visual images appear to correspond, i.e., the 
overall sound apparently coming from the talker with the 
audience unaware that sound reinforcement is being used. 

Suppose, on the one hand, that the sound reinforcement 
system employs two loudspeakers, one on either side of 
the hall near the podium area. With this split speaker con¬ 
figuration, many listeners (especially those at the sides) 
will hear one or the other of the loudspeakers a few milli¬ 
seconds before they perceive the live sound source. This 
situation often results in an unnatural aural-visual effect, 
where the ears tend to concentrate on the sides of the 
hall, while the eyes focus on the talker at the podium. Con¬ 
sequently, the directional sense of the listeners becomes 
ambiguous and confused, possibly leading to mental fa¬ 
tigue, over a period of time. In certain cases, where the 
left-and-right loudspeaker placement is very wide, the 
sound from the more distant loudspeaker will be heard as 
an artificial echo of the sound from the nearer loud¬ 
speaker, thereby reducing speech intelligibility. 

The use of a single-source loudspeaker system, on the 
other hand, will ensure that sight and sound are similarly 
oriented. By mounting a centralized loudspeaker (or loud¬ 
speaker cluster) directly above the talker, say, 20 or 30 
feet, a uniform sound coverage pattern can be provided 
throughout the audience seating area. High intelligibility 

and naturalness of speech are achieved because of the 
similar transmission path length between live sound and 
reverberant sound, relative to the listeners. In a properly 
designed system, the directional characteristics of the loud¬ 
speaker array are controlled by an amount dependent upon 
the reverberant characteristics of the hall. According to 
fhc precedence effect, if the amplified sound from the cen¬ 
tral loudspeaker system arrives at the listener’s ears slightly 
after the live sound (between 5 and 35 msec), and the re¬ 
inforced level is no greater than 10 dB above the direct 
sound, the live sound will take command and indicate to 
the listener the direction of the sound source. 

The arrival-time effect produced by a single-source loud¬ 
speaker system above the talker is aided by the fact that 
our hearing mechanism is marked by good horizontal reso¬ 
lution but relatively poor vertical resolution; hence local¬ 
ization of a sound source is much more precise in a lateral 
direction as compared to vertical directivity. Since our ears 
are located in a horizontal plane, we are thus able to esti¬ 
mate the direction of a horizontally displaced sound source 
with considerable accuracy. By contrast, vertical displace¬ 
ment is rather difficult to judge with certainty. This means 
that when a centrally located loudspeaker reproduces 
acousic energy derived from the live sound source below, 
the listener instinctively identifies the visible talker as the 
origin of the blended sound. 

TIME-DELAY CORRECTION 
In order to attain good intelligibility at the rear of a large 
hall, the centralized loudspeaker cluster would have to 
operate at a sufficiently high level without producing dis-

Figure 5. A time delay unit inserted 
between mixing console and auxiliary 
power amplifiers. 



Figure 6. One of several such products available, this 
Eventide model 1745A Digital Delay System provides delays 
up to 398 msec. 

turbing echoes from reflecting surfaces. Because of room 
geometry, it may be necessary to supplement the main sys¬ 
tem with auxiliary loudspeakers throughout the more dis¬ 
tant seating areas, for example, where sound coverage must 
be provided under deep balconies not reached by the cen¬ 
tral system. In the example shown in Figure 4, the use 
of a supplementary loudspeaker positioned under a bal¬ 
cony overhang may give rise to an area of interference, 
or overlap zone, immediately in front of the balcony area. 
Here the listener will hear first the amplified sound from 
the nearest auxiliary loudspeaker, followed by the rein¬ 
forced sound from the main loudspeaker cluster. The re¬ 
sulting interraction between the two sound sources pro¬ 
duces a disturbing echo-effect which greatly reduces intel¬ 
ligibility. Furthermore, directional realism is usually lost, 
especially for those listeners in the back area covered solely 
by the supplementary loudspeakers. 

The time lag problem occurs because acoustic energy in 
the form of electrical signals travels much faster through 
cables than sound energy in the form of pressure waves in 
the air. If, for example, the propagation velocity of air¬ 
borne sound is taken to be 11 30 feet/sec, then the wave¬ 
front will advance one foot in 0.885 msec. Thus, for air¬ 
borne sound to travel, say, 100 feet from the main system 
to the balcony area, it takes a transit time of 88.5 msec to 
reach the listener. Assuming that the balcony loudspeaker 
is 10 feet from the listener, it takes 8.85 msec for this air¬ 
borne sound to be perceived. Since the propagation time 
of electrical signals through wires is virtually instantaneous, 
the listener initially hears the main signal delayed by 88.5 
msec, followed by the supplementary signal delayed by 
8.85 msec, the time difference being 79.65 msec. Note that 
the distance between the talker and the microphone is 
neglected because this transmission path is common to 
both sound sources. 

The precedence effect has established that the interfer¬ 
ence, or annoyance effect of time-delayed sounds, is in¬ 
fluenced by both the difference in arrival times and the 
relative intensity between the various sounds. Hence, if a 
suitable time-delay mechanism is inserted into the auxiliary 
loudspeaker system to produce a delay of 79.65 msec plus, 
say 20 msec, then the overall sound energy will be addi¬ 
tive so as to ensure high intelligibility. Moreover, since the 
arrival times of both sources will appear to be coinci¬ 
dent, no confusion or lack of realism will result. This 
acoustic illusion will persist even when the sound level 
of the supplementary signal (time-delay corrected) is 
greater than the main signal. Figure 5 shows a simplified 
block diagram of a time-delay unit, with two outputs serv¬ 
ing distributed loudspeaker groupings at different locations 
from the main system. 

An entirely different approach to loudspeaker placement 
is the totally distributed system often used in highly rever-
berent rooms. Instead of a main cluster, a number of loud¬ 
speakers are suspended overhead at varying distances from 
the podium. The loudspeakers are brought within about 12 
feet from the listeners’ ears, and appropriately spaced to 
provide even coverage throughout the entire audience seat¬ 
ing area. To overcome the time lag problem, time-delay 
devices are introduced into each loudspeaker system, the 
delay intervals corresponding to the various distances from 
the podium. This application of progressive time-delay cor¬ 
rection not only improves the apparent acoustics of the 
hall, but effectively synchronizes the arrival times of the 
amplified sound with the live sound source. Distributed 
loudspeaker systems are also utilized in halls where a cen¬ 
tralized system is not practical, e.g., low-ceilinged rooms, 
where a central loudspeaker could not be positioned high 
enough above the talker to deliver enough gain without the 
danger of acoustical feedback. In this situation, the loud¬ 
speakers are usually flush-mounted in the ceiling, each 
speaker providing a limited area of coverage to avoid 
mutual interference. 

An alternate scheme employs a comparatively large 
number of small seat-back loudspeakers operating at low 
sound levels, and spaced close enough to serve, say, three 
listeners. Here suitable time-delay units are inserted into 
the amplifying chain to ensure that all reinforced sound 
reaching the listeners is perceived simultaneously with the 
live sound source. Speech signals are so delayed that the 
live voice from a fixed source passes over the first few 
rows of seats slightly before the corresponding amplified 
sound is emitted by loudspeakers in those rows. Similarly, 
the succeeding rows receive the signals with increased-time 
delays until the entire room is covered. The time-delay 
mechanism, in this application, must be capable of pro¬ 
ducing enough separately controlled delayed outputs for a 
single input, so that directional realism is assured for all 
listeners. 
TIME DELAY UNITS 
In past years, magnetic tape recording systems (employing 
tape loops or discs) and acoustic-pipe devices have formed 
the basis for time-delay correction. But owing to the in¬ 
herent limitation of these methods, the control of time lag 
in sound reinforcement systems is now being handled by 
digital delay lines. These recently developed digital sys¬ 
tems have been made practical by the application of Isi 
(large-scale integration) techniques, which allow a multi¬ 
plicity of complex circuitry to be incorporated into a 
small space. 

In operation, the digital delay line transforms the analog 
audio input information into digital form, stores it for the 
desired delay time, and finally re-converts it into an audio 
output signal for transmission to various loudspeaker sys¬ 
tems. A commercially available digital delay line is shown 
in Figure 6. This unit has two independent outputs, each 
providing up to 199 msec of delays in one msec steps; or, 
by means of a doubling switch, up to 398 msec in 2 msec 
steps. In addition, optional modules can be plugged into 
the unit, not only to increase the number of independent 
outputs available for any given delay line, but to increase 
the total delay time available for each output. ■ 
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Hörsamkeit von Sprache,” Acústica, vol. 1, 1951, pp. 49-58, 
English translation by Dr. Ing, K. P. R. Ehrenberg quoted in 
"The Influence of a Single Echo on the Audibility of Speech,” 
Journal of the Acoustical Society of America, vol. XX, March, 
1972, pp. 145-159. 
2. H. Wallach, E. B. Newman, M. R. Rosenzweig, “The Pre¬ 
cedence Effect in Sound Localization,” The American Journal 
of Psychology, vol. LXII, July, 1949, pp. 315-336. co 

db August 1974 



d 
b 

Au
gu

st
 1

97
4 

MICHAEL RETTINGER 

Recording Studio 
Acoustics 
This is the first installment of a six-part series that will 
appear in these pages in alternate months beginning 
with this issue. 

A
ll enclosures intended for the recording of 
vocal and instrumental music have certain acous¬ 
tic elements in common. Recording studios are 

_ like people—no two of them alike—and, like 
people, they can function only under certain common con¬ 
ditions. It is the purpose of the following to discuss some 
of these requisites. 

A recording marred by noise is a recording lost. Rather 
than cxhilcrating the listener it may annoy him. Interfer¬ 
ing noise is like having a deep scratch on a disk. A sophis¬ 
ticated noise remover can clean up the intervals between 
the words or the notes but it can do nothing to polish the 
signals themselves. 

It is surprising how few studio designers initiate their 
work with a noise exposure level measurement of the pro¬ 
posed site, or existing building, if it is to be converted into 
a studio. Note the words noise exposure level, rather than 
noise level measurement. The difference lies in that the 
former quantity represents a noise history—a variation of 
noise level with time—while the latter may consist of no 
more than the observation of a sound-level meter needle 
deflection during a momentary auditory disturbance at the 
site. 

Every one of the three recent acoustic designs by this 
investigator of large California recording facilities—the 
Burbank Studios in Burbank, representing the merger of 
the Columbia Pictures Corp, and the Warner Bros. Studios; 
the Audio-Visual Complex of the U.S. Air Force at the 
Norton Air Force Base in San Bernadino. and the Record¬ 
ing Studios of the U.S. Navy in San Diego—was preceded 
by a 24-hour graphic level recording of the acoustic cli¬ 
mate surrounding the proposed construction area. 

Municipal, state, and federal noise exposure level data 
of a given area are generally in terms of the A-weighted 
sound level, since this quantity correlates well with people's 
subjective judgment of the annoyance of many types of 
noise. This is true also of the Perceived Noise Level, which 
is employed to map airport environment noisiness in terms 
of PNdBs. What is needed for building insulation require¬ 
ments is the sound pressure level characteristic and history 
of the noise, that is, its variation with frequency and its 
variation with time. One can always obtain the A-weighted 
sound level characteristic from the sound-pressure level 
spectrum, but the inverse process is not possible. 

Noise histories should be expressed in decile levels ob-

Michae! Rettinger is a consultant on acoustics based in 
Encino, California. 



Figure 1. Variation of sound-pressure levels exceeded 1 per 
cent (L>), 10 percent (Lw) and 90 percent (L - ) during the 
24-hour noise level history of a proposed sound-recording 
studio site, together with momentary maximum noise levels, 
which could possibly be encompassed in a L< decile level 
exceeded 3.6 seconds per hour. 

Look For The Winning Sound 

Amber model 4550 Audio Spectrum Display 
$1,800 US List 

Everyone knows the sound you produce is the most 
important criteria of your product. Until now you’ve had 

to rely on a subjective listening evaluation of sound. 
Now you can see the characteristics of your sound on an 

objective, calibrated basis, make changes and see the 
effects of these changes. 

Whether you’re a studio mixer looking for a particular 
guitar sound or a certain type of mix or you’re a broad¬ 
caster looking for a particular on air sound the Amber 

4550 Audio Spectrum Display can help. 
Check the results of equalization or compression or 

different microphone placement. Or compare monitor 
system and listening environment acoustics. The 4550 
will show you the spectral content of an audio signal on 
a real time basis. And it incorporates two digital mem¬ 
ories to let you store “before” and “after” information. 

The 4550 has numerous uses -from equipment mainte¬ 
nance to general production tool. Ask for a demo today. 

In stockât: 
Audiotechniques, Stamford. Connecticut (203) 359 2312 
Chromacord, Montreal, Canada (514) 6368183 
Harvey Radio, New York (212) 575 5000 
Milam Audio. South Pekin, Illinois (309) 348 3112 
Studio Supply. Nashville. Tennessee (615) 327 3075 
Westlake Audio. Los Angeles. California (213) 655 0303 ambon 

Amber Electro Design Ltd. 
613-100 François 
Montréal Canada H3E 1G2 
(514) 769 2739 
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Figure 2. spectrum of noise at an intended studio locale 
(A), and Noise Criterion 20, or maximum permissible noise 
level characteristic in a recording studio (B). 

tained with a statistical distribution analyzer, and the mea¬ 
surements should be carried out with the “C” weighting 
network in the common sound level meter. Thus, L.„, is 
the decile noise level exceeded 90 percent of the time dur¬ 
ing the observation period; L-„. the level exceeded 50 per¬ 
cent. and I. that exceeded 10 per cent of the test duration. 
Figure 1 shows a graph to which both the direct read¬ 

ing and the statistical methods of noise exposure level as¬ 
sessment have been applied in a 24-hour recording at a 
proposed recording studio site. In the evaluation of such 
information one must note, for instance, whether a given 
L, level transmission into the studio can be accepted 1 
percent of the time, that is. 36 seconds per hour, or 
whether an acoustic compromise cannot be allowed. While 
such an intrusion may not be permitted in a recording 
studio, it may but rarely be responsible for a bad “take” 
in a motion-picture sound stage where scenes are photo¬ 
graphed once every two hours or at even greater intervals. 
For this reason, there arc still film-recording studios in 
Hollywood which permit three-times daily low overflights 
of traffic-reporting helicopters, which can be heard inside 
the building. 
Curve (A) of Figure 2 shows the L, spectrum of a 

noise environment whose wide-band sound-pressure level is 
98 dB-C and whose calculated A-weighted sound level 

REQUIRED SOUND 
INSULATION-

STC-55-

Figure 3. Required sound-insulation characteristic of studio 
boundaries, graphically determined from the noise level 
displayed in Figure 2. 

comes to 88 dB-A, which conforms to the California Ve¬ 
hicle Code noise level limit of a 35 mile/hr. truck at 50 
feet. 

Curve ( B ) of Figure 2 represents the NC-20 criterion, 
or maximum acceptable noise level characteristic inside a 
recording studio, whose wide-band sound level is 30 dB-A. 

The difference between curves (A) and (B), shown on 
Figure 3 constitutes the required sound insulation char¬ 
acteristic of the studio’s external boundaries under the re¬ 
striction that S/A, the ratio of the boundary surface to 
sound-absorption in the studio, is unity (a frequently-met 
condition in such structures) and that all boundaries are 
exposed to the same noise level. 

Because the 500 hertz noise-reduction necessary for 
the walls and roof of such a building comes to 55 dB, the 
less knowledgeable architects and designers are tempted to 
specify a sound insulation rating of STC-55 (Sound-Trans¬ 
mission Class 55) for the boundaries. However, as drawn 
in on Figure 3 with a dotted line, such a sound attenua¬ 
tion would be inadequate for these space-dividers. Of 
course, the ASTM (American Society for Testing and Ma¬ 
terials) notes in its standard E413-7OT) that excluded 
from the scope of this classification system are the exterior 
walls of buildings, whose noise problems are most likely to 
involve motor vehicles or aircraft. 

■° Figure 4. Acoustic Mass Law, or 
variation of sound-transmission loss with 
surface density (mass per square foot) 
of building boundary, for several 

co frequencies. 



Figure 4 illustrates the so-called acoustic mass law, an 
empiric finding, proposing that the mid-range, or 500-
hertz sound-transmission loss, of a barrier varies accord¬ 
ing to 

TL 23 14.5 logM 
where M - surface density of wall. Ibs./sq. ft. 

Accordingly, a monolithic barrier, to exhibit a sound¬ 
transmission loss of 55 dB at 500 hertz (as called for by 
the curve shown on Figure 3). would have to have a 
surface density of 160 Ibs./sq. ft. Since this represents a 
concrete wall more than 12 inches thick, recourse is taken 
to double barriers. A discussion of the sound-insulation of 
double walls will be found in the author's book Acoustic 
Design and Noise Control, available through the office of 
db. 

A low noise level in a recording studio is also dependent 
on the type of air-conditioning system equipment installed 
in the building. For such rooms, an air-velocity of no more 
than 500 ft./min. is recommended, because higher air 
speeds invariably produce turbulency at the diffusers. This 
condition cannot be corrected after construction by the 
introduction of duct silencers, or short duct sections with 
sound traps. The reason is that the noise is not a fan hum 
carried through the line, but aerodynamic hiss at the duct 
ends. The size of a required duct depends on the number 
of air-changes per hour desired in the studio. A high 
number of such changes in a large studio, like 10 changes 
per hour in a room of more than 50.000 cubic feet volume, 
calls for relatively large ducts when the air velocity is low 
(for which reason subsequent alterations are frequently 
impossible because of space limitations in the walls). 

A studio also must look right to be right. I well remember 

the time 1 was called to a major motion picture studio in 
which the diva had refused to sing because the stage 
looked, she had said, like a cow barn. I he supervisor of 
the sound department had quickly converted a sound stage 
(a large stage in which sets are erected and photography 
takes place) into a music- and song-recording locale by 
placing a number of fir plywood panels about the walls 
and near the ceiling. According to his measurements, the 
acoustics of the room were excellent, and some sample 
recordings made by his staff prior to the recording session 
substantiated his results. Yet, the musicians were not happy 
and the diva was furious. It took me, a well-known interior 
decorator, and a working crew of six. the better part of 
two days to convert the locale to an esthctically pleasing 
and acoustically satisfactory recording milieu. 

I was also called into a new recording studio which fea¬ 
tured hand-rubbed hardwood panels. %-inch plush carpet, 
and other elegant trappings which made a beautiful interior 
decor but in which the recordings left a great deal to be 
desired even afer hours of experimental microphone place¬ 
ments for best sound pick-up. The brave but inexperienced 
designer of the studio had oriented the stage panels incor¬ 
rectly, so that instead of providing a suitable efflux for the 
music, the sound was sent back into the stage to mill around 
therein for the confusion of the musicians and to the detri¬ 
ment of the recordings. Surprisingly, by merely positioning 
the band at the opposite end of the stage, the recordings 
were much improved. Finally, the entire room had to be 
re-worked, at no little expense. The moral of the story is 
that it is much cheaper to do it right in the first place. 

Other common studio requirements will be discussed in 
the next installment. ■ 

Reverb breakthrough! 
2channels:s500°° 

• Four transmission lines per channel 
• Decay time: 1.8 secs • Signal to noise: 75dB 

Dealer Inquiries Invited 

CLOVER SYSTEMS . 6232 SANTA MONICA BLVD., HOLLYWOOD, CA 90038 . (213) 463-2371 
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CLASSIFIED 
Closing date is the fifteenth of the second month preceding the date of issue. 
Send copy to: Classified Ad Dept. 
db HIE SOUND ENGINEERING MAGAZINE 
1120 Old Country Road. Plainview, New York 11803 

Rates are 50c a word for commercial advertisements. 
Employment offered or wanted ads are accepted at 25ç5 per word. 
Frequency discounts: 3 times. 10%; 6 times. 20%; 12 times. 33%. 

FOR SALE 

WHATEVER YOUR EQUIPMENT NEEDS 
—new or used—check us first. We spe¬ 
cialize in broadcast equipment. Write for 
our complete listings. Broadcast Equip¬ 
ment & Supply Co., Box 3141, Bristol, 
Tenn. 37620. 

CUSTOM TAPE DUPLICATION, 8-track 
and cassette; top quality at competitive 
prices. Dick Walen, Custom Audio 
Sound Service, 315 E. 6th St., Red Wing, 
Minnesota 55066. 

TUNED ROCK P.A.s customized touring 
sound systems, including narrow band 
(5 Hz!) feedback suppression, detailed 
Acousta-Voicing / environmental equali¬ 
zation (± 1 dB at your ears), room de-
sign/measurement/treatment; 100's of 
customized professional products (J.B.L. 
& Altec Pro, Tascam, dbx, U.R.E.I., 
Eventide, Gately, Schöeps, Beyer, 
Crown, Community Light & Sound, 
Mom’s Audio, K/Iclntosh, etc. etc.) All 
shipped prepaid/insured from Music & 
Sound, Ltd., 11'A Old York Rd., Willow 
Grove, Pa. 19090. (215) 659-9251. 

Inventors—Engineers 

ONE STOP 
FOR ALL YOUR PROFESSIONAL 

AUDIO REQUIREMENTS 
BOTTOM LINE ORIENTED 

F. T. C. BREWER CO. 
P.O. Box 8057, Pensacola, Fla. 32505 

ORTOFON 
DYNAMIC MOTIONAL FEEDBACK mono 
disc cutting system. Complete amplifier 
system: drive, feedback, and feedback¬ 
playback monitor preamp; rebuilt, origi¬ 
nal factory parts. Guaranteed. Albert B. 
Grundy, 64 University Place, New York, 
N.Y. 10003. (212) 929-8364. 

NORTHWEST AREA, professional audio 
equipment and systems design. R. E. 
Munger Co., Seattle, Washington. (206) 
365-1999. An Altec, Acousta-Voice 
contractor. 

SPLICE FASTER, BETTER, BY SHEAR¬ 
ING; replaces razor; attached splicing 
tape dispenser; quality workmanship; 
reasonably priced; endorsed by profes¬ 
sionals. $24.95 prepaid. Guaranteed. 
Distributors wanted. NRP, Box 289, Mc¬ 
Lean, Virginia 22101. 

AMPEX, SCULLY, TASCAM; all major 
professional audio lines. Service, expe¬ 
rience, integrity. 15 minutes George 
Washington Bridge. Professional Audio 
Video Corporation, 342 Main St., Pat¬ 
terson, N.J. 07505. (201) 523-3333. 

FREE ROOM EQUALIZATION with pur¬ 
chase of Va-octave filter sets. This is 
not a misprint. Music & Sound, Ltd., 
1 1 ’/z Old York Rd., Willow Grove, Pa. 
19090. (215) 659-9251. 

TWO CHANNEL MONITOR EQUALIZERS 
for your Altees and J.B.L.s are a steal 
at $150. Music & Sound, Ltd., 11'/z Old 
York Rd., Willow Grove, Pa. 19090. 
(215) 659-9251. 
-► S.M.E. Damping Mods—$30.00 <-

SOLID-STATE AUDIO MODULES. Con¬ 
sole kits, power amplifier kits, power 
supplies. Octal plug-ins—mic. eq., line, 
disc, tape play, tape record, amplifiers, 
Audio and tape bias oscillators. Over 50 
audio products; send for free catalog 
and applications. Opamp Labs, Inc., 
1033 N. Sycamore Ave., Los Angeles, 
Ca. 90038. 

FOR SALE OR RENT; Vega (Ampex) 
4-track, ’/z inch recorder; portable 
cases; excellent condition. Sound Appli¬ 
cations, Ltd., 342 Lexington Avenue, 
Mt. Kisco, N.Y. 10549. (914) 241-0034. 

CATV—MATY PRODUCTS 
• CONNECTORS • WAUPIATES 
• SPUTTERS • AMPLIFIERS 

AVA ELECTRONICS CORP. 
242 Pembroke Avenue, Lansdowne, Pa. 19050 

(215) 2B4-2500 



1,000 RECORDS—78 rpm—mint condi¬ 
tion; 1942 to 1950; jazz; swing; best of¬ 
fer over $300. F.O.B. Portland Write Ed 
Kimball, 9135 S.W. 57th Ave., Port¬ 
land, Oregon 97219 

BROADCAST AND RECORDING EQUIP¬ 
MENT; Scully; Metrotech; Langevine; 
Electrodyne; Q.R.K.; Micro-Trak; M.R.L.; 
Nortronics; McMartin; U.R.E.I.; Revox; 
Crown; Byer; Lamb; Master Room; Stell-
avox; E.V.; A.K.G.; Sennheiser; Atlas; 
Ferrograph; HAECO; Stevenson; Gately; 
dbx; Advent; Altec; Fairchild; Audio De¬ 
signs; 3M; Magnacord; Telex; Inovonics. 
Disc recording systems; package deals; 
installations; service. Wiegand Audio, 
Middleburg, Pennsylvania 17842. (717) 
837-1444. 

TASCAM REVERBS; Tascam mixing con¬ 
soles—$2,350; Tascam 4-track record¬ 
ers—$1,950; Tascam 8-track recoraers 
—$4.600. 
All shipped prepaid/insured, including 
free alignment / equalization / bias / cali¬ 
bration. Music & Sound, Ltd., 11 '/z Old 
York Rd., Willow Grove, Pa. 19090. 
(215) 659-9251. +8-out & 16-out cus¬ 
tomized Tascam boards.-(-

LOWEST PRICES, fastest delivery on 
Scotch recording tapes, all widths. We 
will not be undersold. Amboy Audio 
Associates, 236 Walnut St., South Am¬ 
boy, N.J. 08879. (201) 721-5121. 

ALL MAJOR LINES of pro, music, and 
p.a. audio equipment, equipment rentals, 
and professional audio services. Altel 
Sound Systems, 780 Westfield Ave., 
Bridgeport, Conn. 06606 (203) 371-
0152. AN ALTEC, LANSING. ACOUSTA-
VOICE CONTRACTOR. 

REVOX A700 — CROWN — TASCAM — 
AMPEX — SCULLY — UREI. New and 
used pro recorders and mixers. Write 
for latest listings. RPB SOUND CO., 339 
Park Avenue So., Winter Park, Florida. 
(305) 647-4762. 

FOR SALE: AMPEX AG 300, 4-track 
with AG 350 electronics, in console; 
excellent condition. $2,800 cash. F.O.B. 
Omaha. Call F. R. Isaacson. (402) 391-
2523 or (402) 393-9400. 

TEE SHIRTS . . . get a blue Prokit tee 
shirt free with your order for a new 
Prokit or purchase one for $3.00. Sizes 
M or L. Also available, white with navy 
ringneck tee shirts with Gately logo. 
Gately Electronics, 57 W. Hillcrest Ave., 
Havertown, Pa. 19083. 
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TRACK RECORDING CONSOLES 

THE SOUNDEST DOLLAR SPENT 
IN PRO AUDIO TODAY 
1965 CHEREMOYA AVE., 

HOLLYWOOD, CALIF. 90028 
P.O. Box 3187, Hollywood, CA. 90028 

(213) 467-7890 

STUDER 
PROFESSIONAL 

AUDIO PRODUCTS 

Factory Direct Prices 

P.O Box 730, Barrington, III. 60010 

AMPEX SPARE PARTS; technical sup¬ 
port; updating kits, for discontinued pro¬ 
fessional audio models; available from 
VIF International, Box 1555, Mountain 
View, Ca. 94042. (408) 739-9740. 

AMPEX 350-4 4-TRACK RECORDER, 
new heads, 3-track sync, in custom con¬ 
sole, $1,500. Ampex 351, full track, in 
console, $500. Lang mixer, w/equalizer, 
$350. Two Shure mixers, $50.00 each. 
Neumann U87 mic, $150. Patchboarc, 
playback amps, assorted mies and 
studio equipment. Will sell separately or 
as package deal. Call (201) 736-2329. 

ONE WAY NOISE REDUCTION for cut¬ 
ting rooms/tape copies; retains highs, 
rids hiss/surface noise by a full 10 dB 
and costs $125 per channel! Music & 
Sound, Ltd., 11'2 Old York Rd., Willow 
Grove, Pa. 19090. (215) 659-9251. 

FOR SALE: MODERN MIDWEST REC¬ 
ORD PRESSING FACTORY. 10 presses, 
3 extruders, boiler, air compressor, hy¬ 
draulics. label cutter, dies & all related 
pipes & electrical equipment. $40,000. 
(616) 788-4760 or (616) 737-3220. 

B.B.C. REFERENCE MONITORS; pre¬ 
equalized J.B.L./Altec/I.M.F. monitors; 
Eventide phasors / omnipressors I digital 
delays; McIntosh 16 D power amps; dbx 
companders; Little Dipper hum/buzz 
notch filters; Cooper Time Cube echo 
delay; Ortofon and B. & O. ultra-track 
cartridges; Schöeps & A.K.G. condens¬ 
ers; Beyer ribbons; U.R.E.I. comp/lim-
iters; Gately Pro-Kits; Infinity electro¬ 
statics; Crown amplifiers/recorders; 
Tascam, Community Light & Sourc 
fiberglass horns; Q.R.K.; 100's more, 
plus class “A” warranty service station 
Music & Sound, Ltd., 11'/z Old York Rd., 
Willow Grove, Pa., 19090. (215) 659-
9251. 

All Shipped Prepaid/insured 

WANT TO GO BI-AMP? 
DeCoursey Electronic Dividing Networks 
are available from $89.10 (monaural bi¬ 
amp) to $205.00 (stereo tri-amp). Price 
includes plug-in Butterworth fi ters; 6, 
12, or 18 dB per octave at any desired 
cutoff frequency. DeCoursey Engineer¬ 
ing Laboratory, 1 1828 W. Jefferson 
Blvd., Culver City, Ca. 90230. 

ALLEN & HEATH MIXERS to 22 input 
compressors, noise gates, equalizers, 
quad pan pots, Community Light & 
Sound fiberglass horns and cabinets. 
Brandy Brook Sound, Inc., 488 Gauvin 
Dr., Warwick, RI. 02886. (401) 821-
9580. 

FOR SALE: SIXTEEN LIKE NEW ITI 
Parametric Equalizers; free power sup¬ 
plies & custom Formica equipment cabi¬ 
net with purchase of all sixteen. Also 
available, one MCI JH-16 16-track re¬ 
corder with auto-locator, mint condi¬ 
tion. Contact: Alan Kubicka, P.O. Box 
556, Medinah, Illinois, 60157. Phone: 
(312) 529-1001. 

NEW YORK’S LEADING PRO AUDIO/ 
VIDEO DISTRIBUTOR for audio, video, 
broadcast, public address, and hi-fi 
systems; representing over 130 audio/ 
video manufacturers, featuring such 
names as Ampex, Scully, Tascam, Sony, 
J. B. Lansing, Neumann, Altec, McIntosh, 
AKG, Dynair, T.V. Microtime, UREI, 3M, 
and other major brands; the largest “in 
stock” inventory of equipment, acces¬ 
sories, and parts; competitive discount 
prices; factory authorized sales, service, 
parts, systems design, installation. Write 
for free catalog! Martin Audio/Video 
Corporation, 320 W. 46th St., New 
York, N.Y. 10036. (212) 541-5900. 

REEL SPECIALISTS; 10.5 inch reels, 
NAB $2.00 each; Precision, $5.00 each; 
other sizes available; NAB flanges, $.75 
each. Add 5 per cent postage. P.O. Box 
338, Dunwoody, Ga. 30338. 

CUSTOM CROSSOVER NETWORKS to 
your specifications: 1 or 1000. Power 
capacities to 1,000 watts. Networks dup¬ 
licated. High tolerance air and iron core 
inductors. Outline your needs for rapid 
quotation. TSR ENGINEERING, 3673 W. 
113th St., Inglewood, Ca. 90303. (213) 
678-1979. 

ALTEC 414-8B WOOFERS built into four 
solid custom portable inclosures;” 57" 
high X 221/z " wide x 151/2 " deep, contain¬ 
ing two dual speaker sections each. Built 
and used for ONE performance only. 
$175.00 each. Also brand new Electro¬ 
Voice RE11, $75.00, and RE16 $120.00. 
Offers acceptable. Barry Glick, 89 Cen¬ 
tral Ave., Clifton, N.J. 07011. (201) 
546-3333. 

TEST EQUIPMENT—scopes, generators, 
meters, distortion analyzers. Hewlett 
Packard. Tektronix, General Radio, oth¬ 
ers. New Catalog. Sales, rentals. Elec¬ 
tronic Equipment Bank, 516 Mill St., 
Vienna, Va. 22180. (703) 938-3350. 

WANTED 

WANTED: MCINTOSH MC-75 or McIn¬ 
tosh MC-275. Pay top price. Call any¬ 
time. (219) 938-8779. 

PROFESSIONAL AUDIO LINES wanted 
for quality audio firm catering to pro¬ 
fessional customers in entire state of 
New Jersey. Knowledgeable, experi¬ 
enced staff with full service facilities. 
Write details to Box 71, db Magazine, 
980 Old Country Rd., Plainview, N.Y. 
11803. 
_ 
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PEOPLE, PLACES, HAPPENINGS 

db HAS MOVED 
Sagamore Publishing Co. Inc. has finally had to 
move to larger quarters. We held out for as long 
as we could, but when the publisher walked in one 
day and found his desk appropriated by a new 
secretary he got the message. 
Our new “luxurious” offices are only a short dis¬ 
tance away at: 

1120 Old Country Rd. 
Plainview, N.Y. 11803 

We have been able to retain the same telephone 
number—(516) 433-6530. 
If you are in the area we would be delighted to 
have you visit us. 

• Three executives have been pro¬ 
moted at Shure Brothers, Inc. of 
Evanston. Illinois. Raymond E. Ward 
assumes new duties as vice president, 
sales and marketing promotion. How¬ 
ard T. Harwood has been named man¬ 
ager, marketing promotion, in charge 
of all advertising and public relations. 
Norman A. Hesslink, Jr. has been 
promoted to advertising manager, a 
liaison post between the company’s 
own advertising department and its 
advertising agency. 

• Expansion of its sales operations 
has been marked by the Scully/Metro¬ 
tech recording divisions of Dicta¬ 
phone Corporation, Mountain View, 
California, with the establishment of 
a new position, national sales man¬ 
ager. Homer Hull has been appointed 
to the post. Mr. Hull has been with 
Scully/Mctrotech since 1972. Prior to 
that he was with Ampex Corporation. 

• A novel sales presentation idea, 
called the Suitcase Seminar and orig¬ 
inated by James B. Lansing Sound. 
Inc., has branched out from its origi¬ 
nal intent and found interest in edu¬ 
cational applications. The presentation 
consists of cutaway speaker compo¬ 
nents, flip chart, and audio-visual 
equipment, all packed into a standard 
size aluminum suitcase. Recently, 
Tom Frisina and Ron Cotterell were 
invited to the University of California 
at Santa Barbara's Introduction to 
Audio class. Their vivid presentation, 
with the aid of the suitcase demonstra¬ 
tion, was well received for its effec¬ 
tiveness. 

• As we went to press with this 
pre-AES show issue we have been 
saddened to learn of the following 
deaths: 

Dorothy Spronck, administra¬ 
tive secretary of the Audio Engi¬ 
neering Society, succumbed to the 
effects of a stroke which she had 
suffered earlier. Death occurred 
on July 29. 

Howard Holzer, president of 
Holzer Audio Eng. Co., was killed 
in a Mexico City airplane crash. 
Mr. Holzer, who was an experi¬ 
enced pilot, was at the controls of 
a private plane at the time of the 
crash. 

William (Bill) Hazlett). who 
many remember as Altec’s New 
York office man. died in late July. 
He was born in 1901. He was a 
life charter member of the AES 
since 1970. 

We knew and worked with these 
three people. We feel their loss 
personally and know that this 
emotion is shared by many. 

• Thomas Creighton HI has been 
appointed director of sales and mar¬ 
keting by Broadcast Electronics, Inc. 
of Silver Springs, Maryland. Mr. 
Creighton will supervise the sales of 
the Spotmaster line of tape cartridge 
machines, audio consoles, and related 
audio products. Mr. Creighton was 
formerly associated with McMartin 
Industries. 

• According to a new FCC ruling, 
f.m. stations will be permitted, with¬ 
out notification or application to the 
Commission, to incorporate a com¬ 
bination of Dolby B-Type noise re¬ 
duction and reduced pre-emphasis (25-
microseconds instead of 75-microsec-
onds) in their transmission. The sys¬ 
tem, devised by Dr. Ray Dolby, re¬ 
duces pre-emphasis, the amount by 
which high frequencies are boosted 
during transmission without the handi¬ 
cap of dullness. The system is entirely 
compatible to existing equipment. It 
can be received with some improve¬ 
ment in quality by consumer receivers 
not equipped with the noise reduction 
units and with greatly heightened ef¬ 
fectiveness by those consumers whose 
sets are equipped with the Dolby 
system. 

• A new firm. Joel Associates, of 
Teaneck, N.J., has been formed by 
Irving Joel, formerly chief engineer 
with A & R Recording, Inc. Mr. Joel 
will maintain his connection with 
A & R as a special projects consult¬ 
ant. He has been responsible for the 
design and construction of numerous 
recording and sound reinforcement 
systems and special equipment for the¬ 
ater and night club entertainers, as 
well as maintenance for recording 
studios. Joel Associates will introduce 
a new audio test equipment line in the 
fall. 
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¡ Please send [ | copies of MICROPHONES: DESIGN AND 
' APPLICATION at $20.00 each. 

I Name_ 

I Address___._._ 

I City_State_Zip_ 

1 Total amount $ 

N.Y.S. Residents add 7% Sales Tax 

I Enclosed is check for $_ 
Foreign Orders add $ 1 postage and handling 

LC #73-87056 
ISBN #0-914130-00-5 

If you work with 
microphones, 
you need this book! 

The most important 
microphone book 
ever published. 
COVERS EVERY SIGNIFICANT ASPECT 
OF THEORY AND USE FROM A TO Z! 
At last, the whole field of microphone design and application 
has been prepared and explained in one concise, fact-filled 
volume by one of audio’s outstanding experts. This book is 
complete, up-to-the minute and so full of useful information, 
we think you’ll use it every’ time you face a r.ew or unusual 
microphone problem. 

Perfect for Reference or Trouble-shooting 
The twenty-six fact-packed chapters in this indispensable 
volume cover the whole field of microphones from theory, 
physical limitations, electro-acoustic limitations, maintenance 
and evaluation to applications, accessories and associated 
equipment. Each section is crammed with experience-
tested detailed information. Whatever your audio specialty -
you need this book! 

Along with down-to-earth advice on trouble free microphone 
applications, author Lou Burroughs passes on dozens of 
invaluable secrets learned through his many years of experience. 
He solves the practical problems you meet in day-to-day 
situations. For example: 

* When would you choose a cardioid, omni-directional, 
or bi-directional mic? 

* How are omni-directional mies used for orchestral pickup? 
* How does dirt in the microphone rob you of response? 
* How do you space your microphones to bring out the best 
in each performer? 

This text is highly recommended as a teaching tool and 
reference for all those in the audio industry. Price: $20.00 

THE AUTHOR 
Holder of twenty-three patents on electro-acoustic products, 
Lou Burroughs has been responsible for extensive contribu¬ 
tions in the development of the microphone. During World 
War II, he developed the first noise cancelling (differential) 
microphone, known as the model T-45. Used by the Army 
Signal Corps, this achievement was cited by the Secretary of 
War. Burroughs was the creator of acoustalloy, a non-metallic 
sheet from which dynamic diaphragms are molded. This ma¬ 
terial made it possible to produce the first wide-range uni¬ 
form-response dynamic microphone. Burroughs participated 
in the design and development of a number of the micro¬ 
phones which have made modern broadcasting possible - the 
first one-inch diameter wide-range dynamic for tv use; the 
first lavalier; the first cardiline microphone (which ultimately 
won a Motion Picture Academy award) and the first variable-
D dynamic cardioid microphone. He also developed the first 
wind screens to use polyester foam. Burroughs was one of the 
two original founders of Electro-Voice, Inc. He is a charter 
member of the Society of Broadcast Engineers and a Fellow 
member of the Audio Engineering Society. 

~ LOU BURROUGH5

A  ApplFcation 



Cheaper is Better! 
More acoustic watts per dollar, and more value 
per dollar than any other domestic 15-watt 
paging speaker we’ve tested. 

PA15RT 
Frequency response, ± 5 dB from 500 to 
5000 Hz tailored for high intelligibility. 
Prove it to yourself. Test them in any 

noisy environment, with both 
speech and music, like we did. 

PA15A 

PA15A horizontal dispersion is 80° 
(± 10°) in 600-9600 Hz octave bands. You 
can literally see why. Walk 40° off axis and 
still see the outer horn throat on ours, but not 
theirs. Get better coverage with fewer horns. 
It really works! 117 dB SPL*. 
*4' on axis, 15 watts input. 1200-2400 Hz octave band. 

PA15R for straight¬ 
ahead power: 120 
dB SPL*. As loud or 
louder than any 
other with same 
input power. Best 
intelligibility within 
a 50° angle for 
maximum punch, 
longest throw. 

Glass-filled polypropylene 
horns withstand -50 to +330°F. 
and won’t embrittle in the sun. 

Easy-access impedance switch matches 
transformer models to 25- and 70.7-volt 
lines with 5 level settings. No need to 
remove useless decorative covers. 

15 watts power handling at 8 ohms 
(careful, some brands say 8 

ohms but are really 
closer to 4, a po¬ 

tential problem 
for reliable 

system 
design). 

wingnut... no loose parts 
to drop. Base bolts to any 
surface including standard 
electrical boxes, or straps L 
or “C” clamps in place. 
No better system when 
you’re at the top of a 
ladder! 

15" color-coded cables can be 
connected with wire nuts (no tools 
needed) and sheathed with flexible 
conduit if desired for security 
(adapter available). 

EITHER HORN (ROUND OR WIDE-ANGLE) $23.10. 
WITH TRANSFORMER $32.70. 45 OHM $24.30. 
(Suggested resale net. Slightly higher in the West.) 

You’ll have to pay more to get less from anyone else ! 

^lecûtcr^îcs. For comparative lab test data, or information on the entire E-V public 
address line, write or phone Jim Long, Marketing Manager— Speakers 
& Systems, or ask your E-V rep. 

ELECTRO-VOICE, INC., Dept. 846BD, 686 Cecil St., Buchanan, Michigan 49107 

a Guitón 
COMPANY 
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