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X-80:

Digital Audio Recorder
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’ MTSUBSH X-80
POV TAPE RECORDER
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Experience the 3rd dimension of sound...

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

Presence.

vears 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
a1 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
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Designer of this incredible machine.

Be there for the unveiling of the
X-800, 32-channel digital recorder.
If vou can’t be there, call us at
800-323-4216 (outside lllinois), 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. b

These days, most people agree that digital is the recording technology of the future. Unfortunately they'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 svstem 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

o e

3M DIGITAL MASTERING. WE DIDN'T INVENT SOUND. JUST THE PUREST WAY TO RECREATE IT.
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if we had known in
advance the economic and
e technical needs of 1980...

. \ if we had chosen to develop
\\ a recording console that would
: precisely meet those needs. ..

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

NOW MOore than ever 3@@ oM

FaHarrison

HARRISON SYSTEMS, INCORPORATED
P.O. Box 22964, Nashville, Tennessee 37202
(615) 8341184, Telex 5565133
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COMING
NEXT MONTH

e In December we will have a dou-
ble-barrelied 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.

ABOUT
THE COVER

e 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, €x-
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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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:

US5R7723393 (uA723C) Fairchild

S5723L Signetics
SG723CT Silicon General |
VASR72339 (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

Larry Zide

EDITOR

Bob Laurie

ART DIRECTOR
Marilyn Gold

COPY EDITOR
Richard L. Lerner
ASSISTANT EDITOR
A. F. Gordon
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Eloise Beach
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Thebesthand abridge
player can get.

from opening bid to final trick.

The first lessons are simple. You learn things
like what atrick is, and atrump.

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
other forms 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 guarantes.

If you complete all 18 Bridgeveryone lessons,
and don'tfeelyou'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 hd!g.) to:

Timekeeper

©Everyone Frodusts, Inc., N.Y., N.Y P.O.Box 762‘ Mineola, N.Y. 11501
, o And learn why Charles Goren calls
It's a Bridgeveryone hand and it will make you a Bridgeveryone “‘the greatest bridge-teaching
better bridge player. ' breakthrough | have ever seen.”
Bridgeveryone is arevoiutionary newwayto  ________~ __________
learn bridge. Timekeeper
There are no bocks to plow through. No lectures P.O.Box 762

|
|
|
to sleep through. ! Mineola, N.Y. 11501
You learn bridge by playing bridge. |

The unique |
‘Automatic Dealer’” can I
deal out 40 different games, |
160 cifferent hands, and [
s=t up over 1000 bidding
s tuations and 500 play
situations.

Please send me set(s)
of Bridgeveryone @

$29.95 ezch (plus $1.95 postage & hdlg.)
I N.Y. State residents add 5% sales tax.

| enclose paymentof $ __

And every time you gﬁg}; =
City. __ State. ___Zip__

- 3 you practically have
Charles Goren coaching over your shoulder.
Mr. Goren supervised :he preparation of the
18 Briageveryone lessons that ta<e you play-by-play

Bridgevaryone 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

I
|
|
|
!
make a bid or play a card, :
|
|
|
|
| and the Comgplete Laws of Bridge
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If you can't
see the
difference

and you don’t
hear the
difference-

the long-lasting
quality will
tell you—

IT'S A QUAM!

The Quality line
tfor every speaker need

QUAM

Quam-Nichols Company
234 East Marquette Road
Chicago, lllinois 60637
Phone: (312) HU-8-5800
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George Alexandrovich

THE AUDIO ENGINEERS

HANDBOOK

e 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
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 cspecially 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. [t 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

counterparts.

- RI
NS Rd O-AAA—
VWO
F‘))
T o ANA—4
A0
Rd
o— R3 N
NNN——— >——0
O
Rd
R
RM = —
N o+ O\o RN N
AAA—I
NN
L Rd N =NUMBER OF INPUTS

Rd=27)
PM =MIXING BUS 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 mics 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 1 should re-
mind you that, whether you use
600-ohm mixing resistors in the
network or 1 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 10 k ohm resistors will pro-
duce 1000 ohms. The difference be-
tween these two values is that you
can connect several 10 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 cach 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




Announcing

he recorder with
10 times normal

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 Ferioxcube 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, 7% 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.

How the Norelco Pro 36
Studio Recorder keeps its
heads when all about

are losing theirs.

(And their sound quality too.)

PERFORMANCE SPECIFICATIONS

Wow and Flutter:
weighted peak valtue at 15 in/s: max. 0.04%
Overall Frequency Response (NAB Specs):
! at15in/s: 30 ... 15,000 Hz =2 dB
at7'2 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)
62dB at15in/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.

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

0.6l 18quianop gp

S



db November 1970

6

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 Bivd.

Los Angeles, California 90064
(213) 478-0261

|

\

|
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R2
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R30 |
O~AAA- -'\ BSTR 3

Figure 2. This is the
mixing losses.

thod for the reduction of

mixing network into groups of ten
inputs. Each group will now have its
own booster amp which feeds into a
combined mix of three boosters.
Each booster—with a gain of 35dB
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 1is 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
meel 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
an isolation amplifier for each split
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 I)

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

10K
o—AM— B+

10K
o—"NVWW\—

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. 3

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. 25to0 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, Maxell bulk tapes for
C-60, C-90 and C-120 cassettes.

For details on all Maxell professional tapes, wr?le

m BXE I |® Maxell Corp. of America

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

W .
SIGNAL 2 _70d8  SPUIT FEED anything more elaborate. But for the
)_gLJg cost of a few resistors and attendant
6000 0dB l assembly time, the same boards can

double up as recording and produc-
tion consoles, thus saving money.
How many boards are there that

Tl «D—o CH2

| i
] []
] I
| I
] |
' i
Nothing else has changed in this superb unit. The EMT-140st is still the world ! Name I
o standard in the recording and broadcasting industries. Its renowned steel plate | Address :
P device gives you the same unmatched stereo/mono performance. And increased ! number and street !
= fringe area reception for AM broadcasts. And unusual flexibility—its decay period | !
5 can be varied from 0.5 to 5.0 seconds. (Try that with an echo chamber!) i city state zip ]
) These are just a few of the reasons why every major record company and in- [ , ; I
QE, dependent recording studio owns at least one EMT-140st Reverberation Unit. Right | (Il\lc?w , ;(dorl; ,Slldle, residents :
2 now, more than 1000 are in use from coast-to-coast; more than 2000 throughout | please add 5% sales tax). :
z the world. (@) | [
8 For the complete story, write to- €€ >™ T 1 A& IN/1 i Mail to: db the Sound Engineer- :
day for our free 8-page brochure. It o A‘ngIZIO CORPORATION i ing Magazine, 980 Old Country 1
. . est 461N Street. New York, N.Y. 10036 (212)C0 5 41 ’

can make quite a difference for you. I (G200 (S " ! Road. Plainview, N.Y. 11803. !
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iSIGNAL -26dB LEVEL | don’t use any mixing resistors? If
SIGNAL | -98dB LEVEL | Fiauead. The crasstalk someone decides to use modern

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
Reverberation Unit.

- o~ v

decay period remote controller.

What's the difference?

We've made the amplifier unit solid state. And you can now obtain an inexpensive

This is the
new one.

.
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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. B

db binders
only $4.95 postpaid

Heavy-weight  binders are now
available to hold the thirteen issues
of Volumes | 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.

l_—Plcast: send me copies of_l
the db Magazine binder. My
check for $_______is enclosed
(sorry, no c.0.d.).
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CALMS TAPE TENSIONI.

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 econtrol 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 e

TEAC Corporatien of America * 2000 Colorado Avenue ¢ Santa Monica. Califerria 90404
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* THERMOMETERS + CARTRIDGES * AMPLIFIER MODULES

rite for free catalog of unusual, useful items of particular interest to the Audio Engineer.
STOP WATCHES * TAPE TIMERS * TEST RECORDS - STEREOPHONES * MICROPHONES * HYGROMETERS

BAROMETERS

TIMEREEPL

3

TIMEKEEPER

P.0. Box 762 Mineola, N.Y. 11501
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ARNOLD SCHWARTZ

THE FEEDBACK LOOP

e 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 I 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.

— 1
2 5INCH DIAMETER |
SPEAKER |

__SEGMENTS OF
=" RADIATING
SURFACE

LONGER PATH LENGTH

EQUAL
PATH 45 DEGREE
LENGTH LISTENER

ZERO AXIS
LISTENER

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 1). 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 -11 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 -11 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!

Y Sty &
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B e o =% Lavosaromas

With automatic peak control
The CBS Laboratories' Recording Volumax Model 420
automatic peak controller for recording:
e permits higher recording levels without
overloading.
e eliminates the distortion of clippers and the
thumping and pumping of conventional limiters.
e 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.
e Stereo model also available.

# “\N,*
i e}

With automatic level control
Unconditionally guaranteed to outperform ordinary
compressors, or AGCs, the solid-state Audimax Il1
offers the ultimate in automatic level contro! 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 Return-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 Broadcasting System, inc. 227 High Ridge Road, Stamford, Connecticut 06905
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N : - - | quency increases the pattern be-
comes progressively narrower for
our 2.5 inch diameter speaker.

]

lI r Caﬂ In the typical speaker system the
, m w w 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
speakers have polar patterns that
become narrow at high frequencies
| because of the phase shift due to
path length difference. It should be
noted that when more than one
tweeter 1s mounted in the same
plane, a common practice with some
manufacturers. the polar response
becomes even narrower than it

would otherwise.

DIRECTIONAL
CHARACTERISTICS AND
THE LISTENER

How does the narrowing of the
radiation pattern affect the listener?
When he is located very close to the
speaker, as is the case of an engincer
at a console where the monitor

| speakers are within a few feet direct-
W H M | Iy in front, he is in the near field. He

hears mainly the directly radiated

| Cartridge design is no joke | sound. Energy that is reflected off
] with our :alented, imaginative the walls and other surfaces is only
i

{

Danish designers. When they of secondary importance. Now, if
h h say “groovy"’ the'y're talking | | the spcakers are directed towards

B about the Bar;g & Olufsen the listencr he will hear the zero-axis

SP-12 cartridge and its high compliance. excellent ‘ response, and will not notice any

frequency response, and amazing channel separation. || losses dueto dchcngncncs in the polar

| O They call it *groovy’ because an ingenious, exclusive response. l.f the !'Slcnc.r moves off
Micro-Cross mount for the stylus allows the solid one- ‘ the zero axis he will notice a change.
piece diamond to float freely in the record groove, [ | Since woofer and mid-range speak-
reach the most sensitively cut undulations. The result is ers, by virtue of their siz¢ in relation
crystal clear reproduction of every tone hidden in a ' to their operating range. usually
record. O Your hi fi dealer knows the story of Bang & ‘ have broader polar characteristics
Olufsen cartridges and the Micro-Cross design that is he will not notice any change in the
carefully created in Denmark, presently earning rave ‘ low and mid frequencies. High fre-
notices from European hi fi experts, and now available in | | dquencies, however, will be attenuat-
the United States for the first time. Ask him about us. ed due to the relatively narrow polar
Or write for details now. ‘ patterns.

SPECIFICATIONS @ Stylus: Naked Diamond (5<17) u Ellpucal (LP). Fre- - When the listener is located at
quency response: 15-25,000 Hz +3 dB 50-10.000 Hz + 1%z dB Channel separa- some distance from the speaker, as
tion: 25 dB at 1,000 Hz 20 dB at 500-10.000 Hz. Channel difference: 2.0 dB. . , 2 N o 2 S R
Compliance: 25 10 * cm/dyne Tracking torce: 1.0-1.5 grams. Output: 1.0 mV/ mlghl h‘lppen ) & blu,dlo' hslunlr}g
room or at home, he is in the far

cm/sec. 5.0 mV average from music record. Recommended load: 47 K ohms

Vertical tracking angle: 15°. Weight: 8.5 grams Mounting: 2" Standard 5 ﬁ(’/d Regardless of his po%ilion with

Terminal connection incl. separate ground pir. Balanced or unbalanced. Re- d ’ 5 o o

placement Stylus: Onginal (5»17) u El iptical ‘LPi. type: 5430 or 15 4 Spheri- respect o the csero axis, what he

cal (LP). type. 5429. ll MODEL SP-12 $69.95 hears will be determined mainly by
the total polar output of the speaker

Bang &OIU[SCH O[‘AmeriCa.lnC. system. The room characteristics

525 EAST MONTROSE « WOGD DALE. ILLINOIS 60191 | vl fiverage oul the totl energy ra-
' ? diated at each frequency, and what

the listener hears may be at some
L R variance from the near field-zero
Circle 25 on Reader Service Card
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The best
microphone money
“can buy. |
The Sony C-500 Studio-Standard Con-

denser Microphone is the only studio
microphone able to surpass the technical
capabilities of all other equipment in

today’s advanced recording studios. Its
dynamic range —in excess of 130 dB—
permits distortion-free recording of
extremely dymamic works of music. No
other microphone even approaches its
distortion-free performance — less than
0.1% (I.M.or T.H.D.) at or below 134
dB SPL, and its maximum sound pres-

sure level is a devastating 154 dB, with-
out significant increase in distortion.
All other performanceé characteristics
are equally impressive, thus justify-

ing the C-500's title: STUDIO-
STANDARD. $395.00.

The best
microphone buy
for the money.

Now Sony enhances studio czpabil-
ity with the new incredibly low-ariced
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 new'C-500. It is compatible with
all “phantom power" systems or mzy
be powered by an internal battery. You
can use it anywhere. OQutstanding 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/
Suparscope, 8207 Vineland Ave., Sun

Valley, Calif. 91352. 'sonv, IEEET

© 1970 Superscope, Inc.
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Proven
Performance
Posver
Amplifiers
from
Fairchild!

MODEL 610
FEATURES
C - 10 Watts RMS
Low Distortion
Flat Frequency
Response
~ Self-contained

Power Supply
Bridging Input

MODEL 870
FEATURES
CI 70 Watts RMS
Low Distortion
Plug-im Driver Circuit
L1 High Camping Factor

For complete details write today to

FAIRCHILD

Sound Equipment Corporation
10-40 45th Ave.,L.I1.C.,N.Y. 11101
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and 60 degrees re = 20 = e SR T

lative to zero de-
gree output.

axis response. Once again the nar-
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-
nates over the direct radiation de-
pends upon the dimensions and
other acoustical properties of the
room. Use of room equalization

The new Stellavox Sps will become
a giant in the recording industry,

ANl S1bs, of it

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”x10"x
37, IW's light—only 8 Ibs. 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%, 72, 15
anc 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

and “Synchrotone” for stereo sync recording!

Then there’s our 10%2” 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,

Srellavox

exclusively by @
GOT AN
AUDIO CORPORATION

2 West 46th Street, New York, NY 10036 (212) 265-4111
1710 N. LaBrea Avenue, Hollywood, CA 90046 (213) 874-4444
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FREQUENCY IN HERTZ

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. ]

Figure 3. The polar response of a 2

1/2-inch diameter speaker.




| Specs 151ps Taips
{3 0,
3 speeds - 15, 7 & | & | 006% [ 009% ‘
3%ips: hysteresis syn- f.resp. | 40Hzto | 20Hz to computer logic con-
chronous drive motor | -298 | 30kHz | 20k tiols for safe, rapid
S/N 60d8 60dB tape handling and
torque reel motors = editing; full remote

“capable of providing CTHC) e

the most faithful re-
production of sound
through the magnetic
recording medium

to date” -Audio mag
azine, 4/68

optional Trac-Sync

STUDIO
EQUIPMENT

ndvidual
equalizers

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

channel

monitor
switch;

2 mixing inputs per
channel

individual channel bias

) adjust
nfges‘ljrucgﬂr:)ugh o modular  construction
withstand parachute  $1790 for basic rack- ;',th](faséovﬁﬁgeszarg
drops” -Audio mag-  mount half-track stereo and  plugn  circud
azine, 4/68 deck, about $2300 with boards; deck rotates
typical = accessories, 360° n console, locks
RECORDE RS & Formica floor console at any angle

$295, rugged portable
case - $69

REPRODUCERS CX822

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

SX 71 1 Claimed by its pro audio owners to
be the finest professional tape recorder value on
the market today price versus performance
= Frequency response at 7'ips +2dB 20Hz-20kHz,
at 3%ips +2dB 20Hz-10kHz = Wow & flutter at
7Y21ps 0.09%, at 3%ips 0.18% = S/N at 7%ips -60dB,
at 3%ips -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, 60012 output = Remote All
start/stop optional, automatic stop in play mode
® 3395 for full-track mono deck as shown, $995
for half-track stereo deck

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 s indus-
SP722 . trial-grade for years of continuous
Ideal reproducer for automation operation
systems ® Meets or exceeds all NAB standards
® Remote start/stop optional, automatic stop in For more information, write CROWN,

play mode ® $595 for half-track stereo reproducer Box 1000, Elkhart, Indiana 46514

o
.f e o _WDC 300

Delivers 300 watts RMS per channel at
D150

4Q = IM distortion less than 0.1%
1/10w-150w at 8Q = S/N 100dB below

STUDIO MONITOR )l
AMPLIFIERS

%j

D40

Sl

Delivers 40 watts RMS per channel at
4Q) = Takes only 1%" rack space, weighs
8% Ibs. m IM distortion less than 0.3%
from 1/10w to 30w at 8Q = S/N 100dB
below 30w output ® $229 rack mount

Delivers 75 watts RMS both channels at
802 = IM distortion less than 0.1%
from 1/10w to 75w at 82 & S/N 100dE
below 75w output ® Takes 5%" rack
space, weighs 16 Ibs. ® $439 rack mount

Circle 24 on Reader Service Card

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

0L61 Jaqwanon qp
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Now! 8-Channel
Audio Distribution
Amplifier from
FAIRCHILD!

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

® Self-contained Power Supply.

M Bridging Inputs.

B Maximum Output: +15 DBM.

= S/N Ratio: 90 DB
at maximum output.
W Compact Size:
3"x5Y4" x10%4"

Model

For complete details DA415-8

write today to:

FAIRCHILD

Sound Equipment Corporation
10-40 45th Ave..L.I.C.,N.Y. 11101
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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 I1B
db Magazine

980 OId Country Road
Plainview, N.Y. 11803

John M. Woram

THE SYNC TRACK

e 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 1, such as shown in Figure
/. 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

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




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

. / 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.
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™
APPLICATION NOTES FOR KEPEX  *

Gentlemen: »
“....I have a problem. I do a lot of live regording of nar-

rative educational material in my home apd use top-quality Dear Mr. Billup:
recording equipment. My particular.sifuation is wholly We suggest you maove.
unsatisfactory as ambient backgrund noise ends up However, yes, KEPEX can
, an my tapes and distracts attention of my'stu- definitely help you, as well

“dents from the more ous nature of the pro-

as perform many other use-

n material [ wish™to retain. . . . Could I use fut functions. Please listen
PE ¢ eliminate my nelghbor s to the enclosed
hilg toi that its unpleasing :

free demo-tape.
ates my thin livingroom

7S ALLISON RESEARCH, INC.
\ 7120 SUNSET BOULEVARD
"KEYABLE PROGRAM EXPANDER from: Sersse - HOLLYNOOD. GALIE 91046

Circle 32 on Reader Service Card
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MAX PERMISSIBLE
LEVEL

VOCALIST

INSTRUMENTAL
BACKGROUND

Figure 2. One problem in tape mastering

is keeping the list in proper perspec-
tive to the instrumental background

level. (The KEPEX seems to have a
multitude of other applications too,
which I'll 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'.
Varying R 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.

VOLTAGE CONTROLLED AMPLIFIER

(UNITY GAIN,PLUS GAIN PROPORTIONAL

TO CONTROL VOLTAGE)

r-—————"——— —— - 7
VOCAL ) B GAIN |
' REDUCTION {—
TRACK { SECTION | |
| |__[CONTROL :
|
L _ _V (lLT_AGE - _R'_ |
/—
LIMITERS
2N B
GAN 1
INSTRUMENTAL '| REELCJ%ISN +
BACKGROUND | | oo
—1  FROM L _ |CONTROLF- ™~ — _ _ vocaL
MULTI-TRACK I IVOLTAGES |
SOURCE | r GAIN T
Aog» ; { REDUCTION f———
— SECTION
| |
o e |

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 ! 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 ! 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

' A4 Wide Dynamic Range Limiter
and Program Conditioner: David E.
Blackmer (consultant) and Saul A.
Walker, Automated Processes, Inc.
AES Preprint Number 757 (M-4).
2Sound Sense —PYE 5752: Philips
Broadcast Equipment Corp., One
Philips Parkway, Montvale, New
Jersey 07645.
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udi®
meet all your tape
production needs

We offer winders 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,
atmodestcost, 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

Circle 33 on Reader Service Card
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NORMAN H. CROWHURST

THEORY AND PRACTICE

e 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 achiceve 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
cach, 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 shiclded (con-
centric) input cable (Figure 1). Any
other impedance would yield lower
voltage output for a unit of the same
power-conversion  elficiency. 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.

[ 7\
®, | H%
L | LT,

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 1s 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 fet 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
cither 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 Irom, 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.

T —T" —— SUPPLY
Figure 2. A tr istor circuit using ground-
ed, or llect pr 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 25)

000
i —— TO NEXT STAGE

Figure 3. An essentially grounded emitter
circuit uses a much lower value emitter re-
than ] q and

takes the output from the collector.




Stereo Ribbon Mic

e This

ribbon
phone is once again available in the

well-known micro-
United States since the Danish
manufacturer is now directly repre-
sented in this country by a subsidi-
ary. Model BMS is two separate
microphones plugged together to
make a stereo unit characterized by
wide dvnamic range, low distortion,
and smoooh extended response. The
two elements can be rotated up to
90 degrees relative 1o each other
with the angle indicated on a cali-
brated scale. A music/talk switch is

included for close work becausce of

the inherent tendency of ribbon
mics to over-emphasize low f(re-
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

Monitor Speaker

Amplifier/Preamp

o 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 cach 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 dc., or 15V
d.c. The bouard is a 2 34 by 6-inch
glass epoxy card with gold plated
contacts that mate with a standard
15-pin connector.

M{fg: Universal Audio (UREI)
Circle 2 on Reader Service Card

* The A-50 aperiodic loudspeaker
has dual-spectrum damping a new
design that is claimed to both ex-
tend low frequencies while provid-
ing effective damping. These dual
benefits arc 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 |
kHz to a separate hemispherical
soft-dome tweeter. The cabinet it-
self is free-standing and slim-line
with dimensions of 28 by 21 4 by
10-inches deep. The grill cloich is
Velcro secured.

Mfr: Dynaco. Inc.

Price: $179.95

Circle 36 on Reuder Service Card

NEW PRODUCTS AND SERVICES

Audio Control Center

¢ 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 i{requency 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.
M{r: Shure Bros., Inc.
Prece: $160.00
Circle 40 on Reader Service Card

Program Equalizer

000000
PO D 00 60 4

e Low frequency shell 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 "2 inches of panel height.
Mfr: Martin Audio Corp.

Price: $575.00

Circle 39 on Reader Service Card
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Portable Anechoic Chambers

e This new lin¢ 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 scries 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 thercfore is easily
maintained within  the chamber.
Eight standard models are offered
with  free-field volumes ranging
from 25 x 25 x 25 inches to 69 x 69
x 69 inches. Cutofl frequencies are
150. 200, or 250 Hz.

Mfr: Eckel Industries, Inc.

Circle I on Reader Service Card

Strip Chart Recorders

P . L /]

e These new recorders use a linear
servo motor pen drive to achieve
utmost reliability. They are only 3
2 -inches high so they conserve
rack space, yet have a versatile
chart drive and viewing system.
Adapting the linecar 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

Equalizers
e 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-
channel peaking type equalizer. It

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 1o 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 3-inch paper
and has a full-scale response of less
than !s second. Input ranges from
I 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— 8750,

Model 71434 $695.

Circle 4 on Reader Service Card

features two low-frequency peak
frequencies (40 and 100 Hz) and
five high frequency peak frequencics
(1.5, 3.5, 10, 20 kHz). Boost or cul
al 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-

Modular Compressor

e Model Auto-Mix 2B ofters the
two most useful compression ratios
for modern music recording and
dialogue. These are the ratios ol 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.- :

M fr: Quad-Eight Electronics

Price: $250.00

Circle 5 on Reader Service Card

sion of this company’s EQ-7
shelfing tvpe equalizer, it features
scro insertion loss, extremely low
noise ( 86 dBm) and an cqualiza-
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
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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 w.
system! Write: Shure Brothers Inc., 222 ‘! SkHUUMRE
Hartrey Avenue, Evanston, lllinois 60204. A

Circle 27 on Reader Service Card
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Spectrum Analyzer
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e This sophisticated audio measur-
ing device is basically a swept fre-
quency spectrum analyzer operating
from 10 Hz to 50 kHz with a 10 H/
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 cither
in a linear mode for display on the
7 x 10 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: Systron Donner Corp.

Price: $3250.00

Circle 37 on Reader Service Card

Effects Catalog
e One of the wildest, most interest-
ing catalogs 1o come to our atten-
tion 1s 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 complcteness. 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
as the International Brick and Roll-

Record Preamp

|

B ReRolo

® Model RP-84 is a versatile pro-
fessional record and  playback
preamplificr  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 1 7/8
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 '> 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, wvu
meter, record light, and record in-
terlock. The bias oscillators of scv-
eral preamps can be synchronized
for multi-channel applications.

Mfr: Telex Communications Div.
Price: under $145.00

Circle 44 on Reader Service Card

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
cvents 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 AIf Landon, or Princess
Elizabeth saying good night to Brit-
ish children, ete. This section s
topped ofl’ 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/
Sound Lid. 56 West 45 Si. 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

e Up 1o 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
ol addint this company's plug-in
wired modules. Modulite volume
level indicators are used that ofler 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 | 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 115V
in fourteen increments is available
in each of the nine case stvles with
delivery capabilities of from 2
watt to 26 waltts of continuous pow-
ETFs

Mfr: Decco, Inc.

Price: 100 pieces—34.00 —-37.00 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 vollage
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 hall 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

N\ 500 OHMS
in NEXT STAGE

Y — —

Figure 4. Detailed consideration of this cir-
cuit illustrates relati hips in tr ist
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 ol §
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 maximunt 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-lincar
(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 cheice 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 greéater 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.

claésified

Classitied advertising is an excel-
lent and low-cost way to place your
products and services belore the
audio professional. 1f you are a pro-
spective  emplover secking  skilled
help or an employee seeking a
change you will find that the
classified pages of db reach the peo-
ple you want. Special low rates ap-
ply for this service.

Rates are 30¢ a word for com-
mercial advertisements. Non-com-
mercial and employment offered or
wanted placements are accepted at
23¢ per word.

Frequency discounts apply only
to commercial ads and are as fol-
lows.

3 times _ 10%

6 times __ 20%
12 times — 33%
Agency discounts will not be al-
lowed in any case.

Closing date for any issue is the
fifteenth of the second month pre-
ceding the date of issue.
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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.

HE 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
teacher. He is a regular columnist with db Magazine.

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 fonger 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, | 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 ecopies 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 & 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 X X X X X
Electrosound X X X
Gauss X X X X X X
GRT X X X
Otari X X X X X
Vega X X X X

3

Table 1. Transfer speeds on current del tape
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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 a4 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 ¢nough 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 spuricus 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
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 casseties
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 inaudibie 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 1s
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 ecach 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 successiul, 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
matural 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.
Onc 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 clectronic 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 duc to
supply variations will, in this way, affect every capstan,
master and sleve, 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.
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Some manufacturers have devoted their at-
tention to producing a dupkicating 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 ihat 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

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 Y-, Y-, or l-inch wide
tapes. The slaves take 14-inch reels and Y -inch or 150-
mil wide tapes. Circle 92 on Reader Service Card.

71 M= yemvhiaT i

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.




Gauss Electrophysics

An MCA Tech. Division

11822 W. Olympic Blvd.

Los Angeles, California 90064
(213) 478-0261

PLAY-CHECKERS
FOR GAUSS FIDELITY

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 :ape at duplicator speed. As play-
checkers, they're necesszry all the time.

They’re quality standards sef by Gauss.

Circle 29 on Reader Service Card
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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 vars—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 loom—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 rufting—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,
would be almost unbearable, each of the machines is
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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 lengtk 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 ) ranging from about the size of a
small TV set to about 42 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 Mi/ll 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 2 minutes) tour of the mills
are modern and unique. The rear screen projection area
is the latest and largest industriai 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
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Figure 5. The author is seen starting one of four amplifiers/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 fee: by four feet, and
with a total of over 1,000 blinking lights bordering the
squares. The cenier of this wall of fabric is feft 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 of the standard projectors. Note the microswitch
mounted at the zero position on the unit. At the right is the con-
trol box.

L

Figure 8. A projector modified by the addition of a Xenon Eight
source. The added bl and proj are ted on the re-
mote of the power supply.

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% 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.
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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 flat
response speakers as shown in Figure I3.

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.
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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 Rinzler/Arden Agency and the technical staff
and guides of the Mill for their invaluable assistance.
Photographs are by Burlington, Joseph Getzoff, and
Leo Lowenthal.
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Figure 12. A simplified single-line diagram of the sound operating
system. The wireless microphone system is not shown.

Figure 13. The frequency response in s.p.l. of the music speakers
used
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(continued from page 31)

AMPEX

Series 3200 Uses a fiexible building-block principle.
1t 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,
Ya-inch tape, for duplicating full, half, or two-track
mono tapes. Two-track and four-track stere<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>