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Button, button, whose got the button? Finally here's
an audio component that will simplify your console
programming . . . a system that will replace up to
640 buttons. Using the Audex control you may switch
up to 32 Audex plug-in modules. With Audex 1 & II
you can separately switch up to 16 program busses
and 4 echo busses; whereas Audex | is a self cancel-
ling switcher, Audex i will simultaneously connect an
input to 16 program and 4 echo busses. Audex 1II will
simultaneously matrix up to 20 program channels to a
single output making it ideal as a mix down or moni-
toring matrix. So ane control panel times 32 modules
times 20 channels per module equals 640 missing con-
sole buttons. Besides the ease of operation, consider
‘the savings in console panel space. The switching is
noiseless with life in excess of 10,000,000 operations.
To learn all about the new Audex system or our other
modular components, simply write or call . . .

CONMPONENTS
& CONSOLES

for audio recording

- r ...:_;‘_I .

AUDIO
DESIGNS

and Manutaciuring: Ine.

™

The ALI-NEW, COMPACT Audio
Switchers and Switching Control
from Audio Designs
that solve the complexity of
buss assignment and matrixing
of multi-channel consoles.

AUDIO DESIGNS / 15645 Sturgeon / Roseville (Detroit), Michigan 48066 / {313) 778-8400
Circle 10 on Reader Service Card
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Coming
Next

/\/\onh

@ Next month will feature a complete
listing of the papers to be presented at
the 37th Audio Engineering Society
Convention. In addition, we will offer
a guide map to the exhibitions, held
this vear for the first time at the New
York Hilton Hotel.

In addition, Les Brown of \WXTR
Cumberland, R.1. tells of the trials and
tribulations of outgrowing and replacing
a broadcast console at his station.

E. T. Canbv continues his earlier
thesis in the second part of I[MpLica-
T10Ns OF THE LLow-Noise BACkGrOUND,
an article that is guaranteed to pro-
vide considerable food for thought.

And there will be our regular column-
ists, George Alexandrovich, Norman H.
Crowhurst, Arnold Schwartz, and Mar-
tin Dickstein. Coming in db The Sound
Engineering Magazine.

About
the
Cover

® A view of the Red Fort in India, site
of a spectacular new sound and light
public exhibition. The installation 1is
described on page 30.
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The Editor:
Thanks to Marshall King for his fine
article on The Television Radio Mixer.
This piece should be required reading
for all artists, producers, directors,
and anybody else involved with tele-
vision production. Many of the same
problems also apply- to recording studios,
although to a lesser degree. The main
thing is to make production people
aware of the problems before the fact
instead of during the post mortem.
Let's have more of these fine expose

articles from the world of sound pro-
duction. They help to clear the air
between production people and the
technical staff.

J. J. Ferree

Chief IEngineer

United Recording Corp.

Hollywood, California

The Editor:

As the Nevada Indian exclaimed as he
say the smoke cloud rise after the first
atom test blast, ‘[ wish I'd said that!'—
referring to Marshall King's great
article in your July issue. ['m sure all
Tv audio men will go off-scale with
their applause!

He has brilliantly spotlighted our
frustrations in delivering the best possi-
ble audio. Here's hoping all non-techni-
cal production people have the oppor-
tunity to read this true life story!

Bob Jensen
NBC
Burbank, Californta

The Editor:

I enjoyed reading the editorial in the
July issue of db Magazine. Not only are
air terminals bad for acoustics, but [
might add some large churches are as
well.

Where would one get some good and
sound ideas on a sound system for
churches?

Carl V. Kolata
WTTN AM-FM
Watertown, Wisconsin

This month’s articles on sound reinforce-
ment may just have what reader Kolala
needs. Bul we need more articles still
on the subject of p.a. and sound reinforce-
ment, so if you have something to say we
can be the outlet for it. —Id.
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Last year Tanglewood

{Boston Symphony)

This year Ravinia oo symonony)
Central Park .. vonrninarmonic)
Mississippi River

Festival s Lovs sympnony)

Chicago Grant Park c....casymenony)

The swing is to Bozak.

At music festivals throughout the country, Bozak
columnar speakers have set a new standard of
excellence for the performing arts.

Especially in outdoor environments, where the
crowds are huge and acoustic demands are most
severe for both equipment and designers, Bozak
speakers are applauded for their tonal refinement,
lack of distortion and exciting fidelity. As one
music critic wrote, it is impossible “‘to tell where
the music from the Pavilion ends and transmission
by the speakers begins.”

Our specialty is concert hall realism — tonal
quality so pure that audiences in coliseums,
auditoriums and outdoor music festivals seldom
realize that our speaker systems are in use. We
think we have reason to be proud of our
accomplishments.

Write today for specifications on the entire line of
Bozak speakers and associated electronic
equipment.

P.O. Box 1166 = Darien, Connecticut 06820

Cverseas Export: Elpa Marketing Industries, Inc.
New Hyde Park, New York 11040 U.S.A.
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The Audio

Fngineer's Handbook

GEORGE ALEXANDROVICH

® Much has been said by many about
the selection of proper components in
audio systems, and their matching. It
seems that this is the right time to at-
tempt a brief summary.

We know about the matching im-
pedances of successive states. We know
that we can bridge the source with a
load of much higher impedance and still
not cause any deterioration of the
signal. This holds true for the amplilier
circuits designed to perform into an
open circuit.

\We have learned to be on the alert for
the possible troubles which could stem
from improper termination of tube-type
equipment. The idea here is to match
and maintain a constant load. Frans-
formers, aside from the fact that they
are heavy, sometimes required that the
entire system including individual am-
plifiers he balanced in order to prevent
the pickup of different tvpes of noise
caused by the transformers themselves.

atch bays allowing acess to every
part of the system demanded halanced
lines, constant impedances and uniform
levels. Naturally such strict require-
ments were placing a tight framework
on the design of the faders or gain con-
trols—one of the most essential com-
ponent parts of the audio chain. [n
order to provide constant loading to the
essentiallv high-impedancesource (tube),
the gain control had to he of a constant-
impedance tvpe and balanced where
recuired.

Several basic types have heen in use
for decades, these are: T pads, ladder

In myv column describing new
console equipment displayed at the
1969 AES West Coast Convention,
I briefly mentioned solid-state vu
indicators. Here, due to the request
of manyv readers. is additional in-
formation obtained from Mr. Tom
Lippel of Electrodvne, the designer
of one such device.

The device is driven by ic’s, Nine
separate bulbs with a reaction time
of 3 milliseconds illuminate light
ditfusing screens covering the range
from =20 to +6 dBm. The release
time {(decav) is about 200 milli-
seconds. Accuracv is stated to be
within 2 dB with a response of 30
Hz to 20 kHz. Input impedance is
balanced 10k. Production is slated
to start within the month.

networks, pi and O faders. 1. pads and
potentionieters have lheen considered
less reliable and, therefore not very use-
ful for professional equipment. It was
demanded of the fader that it provides
constant loading to the source and the
load while the amonnt of attenuation
was varied.

Now let us talk about present state
of affairs. Transistors have forced
tubes out. Only seldom do we have
true O00-ohm circuits, and we don't
care if we don’t have them. And that
is why every time we had a 600-ohm
line and put a load across it. the level
diopped 6 83, Is this good?)

[ow-impedance sources can supply
signal to several loads without a change
in level. You can put a 600;600 trans-
former on the output of the amplifier
and call it 600 ohms, output; but isit?
Not at all! Connecting the 600-ohm
load to the secondary will not produce a
6-dB drop as in tube equipment, but
will register only a fraction of the dI3
reduction of level—and only due to the
internal resistance of the transformer.
‘The fact is that the low impedance of
the amplitier is reflected into the secon-
darv.

(1 hope that the reader realizes that
all the talk here centers about transistor
amplitiers which have low output im-
pedance output stages with large
amounts of negative feedback—the
right way to get the most out of tran-
sistors in terms of performance includ-
ing class B circuits and emitter fol-
lowers.)

\What is the advantage of the low
source impedance over the ‘‘old” 600-
ohm type? First you can run long lines
with power losses <ue to stray capaci-
tance and in the source itseli. Second
vou can apply several loads to the

-6000

o S
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;
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source without level change. Third,
vou get increased damping.

One important aspect of the low-
impedance circuit is forgotten by many.
When damping of the speaker by the
ampliner is discussed it seems that it
makes more sense (well the same goes
for the stages in the system) when in-
ductive elements are present. Equalizer
circuits as well as bridging loads ex-
perience a damping effect of the low
impedance source.

Let us for a moment review the input
impedance of the amplifier Tubes had
inherently high-impedance inputs, lix-
cept for rare occasions, grid mputs were
alwayvs fed from a much lower im-
pedance. Matching the high Z of the
tube was neither possible nor practical
when the question came to transformers.
Most of the times a step-up of 10-20 dB
was all one wonld expect from the high-
grade coil. Higher step-up ratios would
only deteriorate the performance of the
transformer. One fact was ohvious —the
high-impedance grid was fed from the
much lower impedance source and this
produced the hest results.

Transistor amplihers at the onset of
their existence, were crude prototypes
of what we have now. Fairly low input
impedance (several thousand ohms
versus megohms of the grid input) was
followed by circuits with impedances of
hindreds of thousands of ohms or
megohms with rFET input stages. Noise
of the transistor amplifier, although dif-
ferent in nature from the tube, has heen
tamed to a point where transistors can
give tubes a good run for their money.
\t this point we don’t even talk about
the size or efficiency of solid state de-
vices.

But no matter how high the input
impedance of the amplifier is, low source
impedance for the practical setup pro-
duces lower noise in the first stage i.e.
the quieter output. (After all if one
wants to measure the noise of the ampli-
fier he shorts the input doesn’t he?)
Well, what can be more natural than
to shoot for the lowest possible source
impedance.

Now let us observe the typical audio
chain. Mic preamp is followed by the
equalizer, then the fader, then the
mixing network the booster amp from
the mix net sends signal through the

HIGH

00Kf

5601 6000
> rod ! o ! |
% | | | | o | I |
| | I I ! ! i £ |
— 1 | =
| WCPRE | |EQUALIZER| POT |DELEGA-| MIXING [BOOSTER| SUB | LINE |
| L | TION AMP  MASTER AMP |
| I | | | SWITCH ) | | POT |
- OR )
OP AMP MIX
NETWORK

Figure 1. Impedances in the solid-state audio chain.
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That'’s the size of it.
A complete monitor speaker system.

Make room for Gotham's new Model OY Integrated Monitor Speaker.

But not too much room. It doesn’t need it. The new Gotham Model OY gives
you highest quality monitoring in a minimum of space.

This amazingly compact system includes all the features that usually
require much more space. It has two built-in 30 Watt silicon transistor,
output transformer-less amplifiers so you don't need external ones; a bal-
anced bridging input; and multiple speakers with electronic crossover.

You c¢an order this system in high impact grey Formica.® Or jn oiled prime
walnut, for the boss’ office! (Made in W. Germany by Klein4+-Hummel)

) {G‘ =\
Write today for our ST HL.ANA
complete 6-page brochure. AUDIO CORPORATION
2 WEST 46 STREET, NEW YORK, N. ¥, 10036 212-CO-5-4111 J

We're very close
0 a lot of famous people.

This close. And even closer. To the
Rock-ers and the Bach-ers. To the
string sections and the swing sections.

Because Neumann's U-87 is made
that way. It's the only condenser
microphone designed to work up-close
without distortion. And with absolute
fidelity.

It has three-directional patterns.
An overload protection switch. Base
roll-off switch. And, of course, it has
the distinguished Neumann insignia on
the front—the world-famous standard
. of excellence.

The U-87 also has one dis-advantage: We've had reports of lipstick on
the grille, because performers can get so close to it.

If you can put up with that, we promise you the greatest separation
and presence ever.

Cost: $336, including cable and mount, and then you're ready to com-
pare the U-87 with any micro-
phones you've ever used. You'll
see, they don't even come close.

Write today for our free brochure.

A

iV

GO T H.abA
AUDIO CORPORATION
2 west 46th Streel. New York. N.Y. 10036 (212)COS5 4111
L7210 N, LaBrea Ave., Hollywood.Ca 90046 (211} 874 444
In Canada: J-Mar Biectronics Lta.

Batteries, Modulation
and
the Phantom™

The transistor has emancipated con-
denser microphones from bulky power
supplies ... almost! It is true that both
voltage and current needed for today’s
transistor condenser microphones have
shrunk considerably; and with it, the
size, weight and price of the box on
your studio floor.

There are now basically two power-
ing categories: AC power supplies and
batteries. I'd like to discard the idea of
battery power in fixed professional stu-
dio locations. They are simply too
unreliable, unpredictable and untrust-
worthy. That leaves us with AC pow-
ered supplies, and there we find three
basic systems: A-B Powering in which
the DC voltage (usually under 14 V) is
applied directly to the two modulation
leads; multiplex powering in which the
DC voltage (under 12 V) is applied to
the modulation center tap; and Phan-
tom™ Powering, applying 48 Volts DC
to the modulation center tap.

Now, the details:

1. A-B Powering renders the micro-
phone output circuit poorly balanced,
while outlets so equipped cannot be
readily used for any other kind of mi-
crophone. Aside from that a DC/DC
converter (oscillator) must be used to
obtain the 50 V or so needed for polari-
zation. High power drain.

2, Multiplex Powering solves the prob-
lem of circuit balance, but still requires
a power consuming DC/DC converter,
draws 5 mA of current through the
cable shield (poor practice) and causes
problems in isolation between micro-
phone outlets,

3. ONLY NEUMANN offers PHAN-
TOM™ Powering! Again perfect cir-
cuit balance; 48 V supply requiring NO
DC/DC converter (only one transistor
in each microphone); 0.4 mA power
drain per unit; high circuit isolation;
total compatibility with any other mi-
crophone; and central powering for up
to 40 microphones from a miniature
supply costing only $84. E

Why, then, aren’t all manufacturers
going to Phantom™ powering? Some
entered the field before this system was
developed and now have a group of
customers who don’t want to change.
Others followed the politically-moti-
vated, half-hearted decisions of stand-
ard setting administrative engineers,
Only NEUMANN was free to choose
because as always NEUMANN is fast
... but best.

Stephen F. Temmer
President
Gotham Audio Corporation

P.S. NEUMANN aiso makes an
A-B powered microphone series at
higher cost, if you “standardized” too
early.

Circle 15 on Reader Service Card
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In man’s continuing
quest for miniaturization,
EPI scores a major setback.

There is probably no other speaker in the world
that reproduces sound more accurately than the EPI Model 1000 Tower Speaker.
It has a perfectly even, spherical response from 22 1o 18,000 Hz,
and with a 250-watt rms capacity it can blow the panes out of your typical window.
At a grand per speaker, the EP) Tower is ideal for sound studics
or rich people who hate their neighbors.

EPICURE PRODUCTS, INC. €P
185 Somerville Avenue Somerville, Massachusetts 02143 Tel: (617) 666-1454 | 2

Circle 26 on Reader Service Card

...to the finest stereo cartridge in the world!

It you're settling for less than an
Ortofon, you're making do with less
than the best!

The SL-15T — for the better automatic
turntable. $75.00

The S-15 — for the transcription turn-
table. $80.00

Endorsed by Eipa because it successfully meets the stringent stand-
ards of performance Elpa demands. Write for full details on The
Complete Ortofon line of Cartridges and Tone Arms.

Elpa Marketing Industries, Inc., New Hyde Park, N. Y. 11040

Circle 23 on Reader Service Card
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submaster and then in to the program
amplifier.

Let us assume that the equalizer
requires constant impedance input of
600 ohms within 10 per cent. Source
impedance is 30 ochms. A fixed resistor
of 560 ohms in series with the output
of the mic preamp would terminate
the equalizer input with the Z of 590
ohms or within 2 per cent of the speci-
fied impedance. The level drop is 6 dB
but output impedance is constant and
there is no transformer!

Now to the output of the equalizer:
If it requires 600 ohms again (a number
of passive equalizers do, for flat re-
sponse) then we can safely consider a
600-chm potentiometer-type gain con-
trol to follow it. This is the most re-
liable and simplest attenuator with
constant input impedance (providing
there is no load on the output). With the
new breed of mixing networks built
about operational amplifiers, the bridg-
ing impedance of the mixing network
input acts as an ideal load for the
potentiometer (at least 100 times higher
than the source impedance of the ampli-
fier, in the worst case). Change of im-
pedance of the potentiometer (as the
gain is varied) does not atfect the opamp
operation, which corrects its own gain
with varving load. Even with the
standard bridging input, a mixer with a
resistance of 10k will result in only
6 per cent impedance change (0.2 dB).
If a mixing resistor of 100k is used
0.6 per cent change is all we get. This
all means that potentiometer gain
control here is the natural solution.
How many of you would shy away from
high reliability pots on the market for
this application?

Now we are at the sub-master gain
control. A similar situation, low source
impedance with high impedance of the
line amplifier. \gain a potentiometer
can serve us best. We know from ex-
perience and the theory of probability
that the reliability of a system is in-
versely proportional to the number of
componenets or moving contacts or
active elements. In other words, the
simpler the device the less prone it is to
fail. \What is simpler than the pot,
and what has better resolution? Whether
you attenuate the signal directly or
drive the solid-state attenuation sys-
tem, reliability due to a moving contact
remains the same.

It is not the purpose of this writing to
degrade the important usefulness and
the reliability record of more complex
attenuation devices. They have a place
of their own in system design, but it
was my desire to show in basic terms
that strides niade in modern technology
toward simpler, better, and more re-
liable circuits have brought about the
simplification of requirements. And the
simpler the device or the system, the
more ingenious it is—providing it works.
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Rx fo r Modern tape-recording science announces a breakthrough in mastering

technique—the Crown Integrated Mastering System with CX822 or
CX844 tape recorder. It is a complete mastering system including

-
computer-logic controlled transport, loZ mic input mixers (2/channel),
headphone amps, bass and treble equalizer for each channel, built-in

echo option, trac-sync, and rugged carrying case, all in one compact
unit. The Crown Integrated Mastering System is a “sure cure” for
on-location mastering sessions suffering from these ills:

SYMPTOMS
1. Feverish activity, indigestion and hypertension
2. Recordings muffed; clients upset or lost
3. Recording crew discouraged with technical problems
DIAGNOSIS
1. Equipment in many separate units, meaning a truck for trans-
portation and cramped, cluttered recording area
2. Complicated setup, needing two or more strongmen, with never
enough time to adequately check out each component
3. Innumerable cables which {if you remember them all) work
perfectly until two minutes before recording time
CURE
1. One Crown CX822 or CX844 tape deck, each a single unit
complete for mastering, easily transported and very compact
2. One-man setup with plenty of time; simply plug in microphones
and headphones
3. Relax. With no space, time or cable problems, you can concen-
Two-channel deck Four-channel deck trate on creative recording, with superlative Crown quality that
$2329 complete  $3720 complete will delight your client.
Each an Integrated Mastering Systemn!/ For more information, phone 219 + 523-4919, or write Crown, Dept.
D40 2-channel 60w amplifier — $199 DB-62, Box 1000, Elkhart, Indiana, 46514.
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Feedback Loop

ARNOLD SCHWARTZ

® Over the past eight months I have
discussed aspects of the technical facili
ties of some of the large metropolitan
radio stations such as WINS in New
York City. These stations operate
in areas with a coverage as high as ten-
million people and more. In contrast,
there are many stations operating in
relatively small population areas.
WMNB-AM/FM, an independent sta-
tion located in northern Berkshire
County, Massachusetts, is in the latter
category. It has a population coverage
of about 63,000 and is an example of a
relatively modest size station with a
variety of programuning to accommo-
date diverse community interests.

THE FM SIDE

Don Thurston, \WNINB president,
showed me around the station. It is
housed in a neat, one-story building
on Curran Highway located on the out-
skirts of North Adams. Don explained
that the station operates out of three
studios; aM, FM, and a third utility
studio used for talk shows, interviews,
or news. This utility studio can be used
to feed either the am or the Fm side. A
photograph of the Fum studio is shown
in Froure 1. It consists of a Gates
stereo console (solid state), a reel-to-reel
tape machine, a tape-cartridge plaver,
and two turntables. Much of the rm
programming is automated (Ficure
2). There are forty-eight sequences.
Each sequence can be fed from one of

& "
"

Figure 1. The WNMB-FM studio from

master control.

nine inputs selected manually by a nine-
position rotary selector switch. The
sequencer can be seen just helow the
vu meters in the left-hand rack. At
present there are two reel-to-reel inputs
and one cartridge drum which are
integral with the automation apparatus,
one external cartridge plaver, and one
remote—for a total of five active inputs.
The automation can be overridden and
manual control assumed for live hroad-
casting. Changes in program selection
for upcoming sequences are easily made.
Because of the variety of programming
\WMINB's format requires something less
than full automation. less complex
equipment was thus required so that
initial equipment and installation costs
were kept below $8,000.

WMINB-FM also transmits back-
ground music on the sub carrier (SCA).
Because of the favorable location of the
transmitting antenna on a mountain
top, \WWMNINB-FM has extended cover-
age. Mlusical selections for the back-
ground music derive from two reel-to-
reel tape players which can be seen on
the right side of Ficuke 3 (the am
studio). A device called an Auwulosperser
is used to vary the sequence of musical
selections to avoid monotony.

THE AM FACILITY

The am studio (Ficukre 3) contains a
Gates Yard console (vacuum tule), as
does the utility studio, and is in the
foreground, but cannot be seen in the
photo. Master-control facilitics are be-
hind the announcer-operator seat. A
turntable, reel-to-reel tape player, and
a tape cartridge player are all readily
accessible so that a variety of material
can be fed to the console. The jack field
is also within easy reach of the operator.

ENGINEERING

Don Thurston is intimately concerned
with the technical excellence of his
station, and is continually improving
and updating the equipment. He is
also concerned that his technical per-
sonnel stay interested and aware of cur-
rent broadcasting technology. He is

www. americanradiohistorv.com
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Figure 2. The automation racks in use by
WINMB-FM.

Figure 3. All in one room; WNMB-AM

master control, remote transmitter and
monitor racks, and background music tape
decks.

foresighted enough to encourage activi-
ties in this direction. It is planned that
as soon as the bucdget allows, transistor
equipment, with its low maintenance
and higher reliability, will replace the
remaining vacuum-tube devices pres-
ently in service. Don described an in-
teresting technical innovation that re-
sulted from dissatisfaction with the
frequency response of the Iy trans-
mission lines feeding the transnmutter.
PPaul Willey, \WWMNB Chief Engineer,
was given the task of devising and
installing equalizers to replace existing
telephone company equalizers.

The circuit that PPaul uses is shown
in Fieuxe 4, and consists of a parallel
resonant circuit in series with a resistor.
This network is placed across (in parallel
with) the transmission line. A parallel-
resonant circuit has a very low im-
pedance at all frequencies except at or
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FM Broadcasters

There are several ways you can increase your
effective radiated program power—compare
the costs:

1. New transmitter
$6,200

2. New high-gain antenna
$1,895

/ 3. Audimax and Volumax
$1,360

Audimax and Volumax together can increase
effective program power 8 to 1 over conventional
limiters and automatic or manual gain controllers.

Call today for a 30 day free trial, (203) 327-2000.

PROFESSIONAL

PRODUCTS
% LABORATORIES

Stamford, Connecticut 06905
A Division of Columbia Broadcasting System, Inc.
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A Complete Audio Reference
Library in @ Sinole Volame!
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NEW UPDATED 2ND EDITION

Audio Cyclopedia

by Dr. HOWARD M. TREMANIE

Greatest Single Compendium of
Information on Every Phase of Audio

¢ Over 1900 fact-packed pages

s Covers more than 3400 topics
¢ Over 1600 illustrations

e Completely updated content

Just OQut! The single book offering the most
comprehensive information on every aspect
of the audio art. Fully updated to include
latest developments, right down to the new-
est solid-state and integrated circuits. Gives
you concise, agccurate explanations of all
subjects in the fields of acoustics, recording,
and reproduction . . . each subject instantly
located by a unique index and reference
system.

ABSOLUTELY COMPLETE—
RIGHT UP TO THE MINUTE!

25 Sections! Contents include: basic prin-
ciples of sound; acoustics, studio techniques
and equipment; constant-speed devices, mo-
tors, and generators; microphones; attenua-
tors; equalizers, wave filters; transformers
and coils; sound mixers; VU meters; tubes.
transistors, and diodes; amplifiers; disc re-
cording; cutting heads; recording and repro-
ducing styli: pickups; magnetic recording;
9ptical film recording; motion picture pro-
Jjection equipment; speakers, enclosures, and
headphones; power supplies; test equipment;
audio-frequency measurements; installation
techniques; special charts and tables. This
is the indispensable, complete reference book
for the audiophile,

THE ONE ESSENT/AL BOOK FOR
THE AUDIOPHILE— ORDER NOW!

Howard W. Sams & Co., Inc.

Order from any Sams Distributor or book-
store, or mail to Howard W. Sams & Co., Inc.,
Dept. DB-9 4300 W. 62nd St., Indianapolis,
Ind. 46268

Enclosed is § . Please send me____

copies of the new Second Edition of the
AUDIO CYCLOPEDIA {tobe shipped prepaid.)

Name

Address -
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of the line equalizer §g t g
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described in the text.
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Figure 5. The line
equalizer installation
in use at WNMB.

near the resonant frequency. The reson-
ant frequency of the equalizer is placed
at the upper end of the pass band. At
frequencies well below resonance the
resistor loads down the line and reduces
the output by a predetermined amount.
As the resonant region is approached,
the impedance of the parallel-resonant
circuit increases, thereby effectively
removing the load represented by the
resistor, and increasing the line output.
The shape, amount, and frequency
of the boost is determined by the Q of
the L-C combination, the value of the
resistor, and the resonant frequency.
By having available different L-C
combinations, and a variable resistor
the hoost can be adjusted to compensate
for various line conditions. When tele-
phone lines are re-routed and line
response changes abruptly, WDMNB
is kept informed, and necessary equal-
izer adjustments are made at change-

- .
L t F;

over time. The installation of the line
equalization circuitry is shown in FIGURE
5. The equalizer is housed in the slop-
ing-front cabinet with the two controls.
These controls are variable resistors
which are used to trim the response of
the network. Comparison of the original
response with telephone company equal-
ization, and the final response with
telephone company equalization, and
the final response with the WMNB
equalization are shown in FiGUre 6.
A significant improvement is noted
above 5,000 Hz. By installing their own
equalizer, WWMXNB was able to im-
prove the line response, maintain more
effective control over their signal qual-
ity, and effect a savings in line costs.

I was impressed by WM NB's efficient
layout, by the well maintained condi-
tion of the equipment, and by the order-
liness and good management ohvious
throughout the station.

LINE RESPONSE, TELCO EQUALIZATION
L

INE RESPONSE, WMNB EQUALIZATION

©

=
'é ng ::-— L
= \ PN 4
3 -10 St
£ -20

: . =

Figure 6. A comparison e 500 IR 5K 0K 20K

graph of FM transmiss- 20 50
ion line responses.
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PASSES THE INDUSTRY'S MOST COMPACT 16 TRACK RECORDER
WITH LOTS OF ROOM TO SPARE, AND LOTS MORE TO OFFER!

The 3M Brand 16 Track Recorder is unexcelled in the
familiar studio game of squeezing the most out of
floor space. Overall base dimensions are 27 inches
wide by 22.5 inches deep. (In square feet that's only
4.2)

But compactness is only a small part of the story.

Added to this space economy, studios continue
to enjoy the top performance that has made 3M's
professional audio recorder a new standard in the
recording industry. In the last three years, playback
pre-amp and overdub noise has been improved by

10 db. Mincom’s exclusive Isoloop® tape drive uti-
lizing a differential capstan maintains constant tape
tension in just 314" of unsupported tape. This results
in the lowest wow, flutter and scrape in the industry.
Erasure has been improved by 10 db.

Plus: DC transport and dynamic braking,
advanced electronics, unequalled no-stretch no-snap
tape handling, stable and rugged 1.5-inch cast top
plate—and Remote Sync Control, 7"x7"x4*, included
at no extra cost.

Write for details and specifications.

Mincom Division erﬂy

3M Center * St. Paul, Minnesota 55101
300 South Lewis Road - Camarillo, California 93010
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| heory and Practice

NORMAN H. CROWHURST

® Back in the early days of audio, speci-
fying an amplifier's gain was somewhat
ambiguous. The value measured id
not ilways seem to agree with gain
actually obtained when the ampliner
was placed in circuit. So the term
insertion gain was introduced, to signif
the gain that putting the amplifier into
circuit would provide.

\While this change led to a more mean-
ingful specification than had prevailed
before, the situation is not completely
unambiguous even now. Insertion gain
is only applicable under certain “ideal”
circuit conditions, not usually met in
practice, but the error that happens by
using the insertion-gain figure is usually
smaller than what could commonly
occur with the older method of specifi-
cation.

To illustrate, let's work through some
specifc situations. Prior to the intro-
duction of insertion gain as a term, an
amplifier intended for raising level but
not delivering power, called a voltage

NOW THERE'S A CASSETTE
TAPE WITH
MUSCLES.

New Maxell F-20 Magnetic Tape helps
you make better @assette recordings—with
fewer problems. Reason? Real muscle. Maxell
F-20 has 10% greater tensile strength than
conventional recording tape. Prevents tape breaks,
headaches, lost studio time. Lower print-through
level, too. And our secret Hush-Hush Tape Formula
virtually wipes out hiss, delivers pure fidelity in mono
or stereo. It's specially developed to give you an ultra-
precise recording of fine music. Your ears will prove
it—and your budget will like it. Write us today for more facts.

HITRCHI MAXELL.LTD.

501 Fifth Avenue, New York, N.Y. 10017

amplifier, would be rated by its voltage
gain in dB. If the input and output im-
pedances were rated the same, say 500
or 600 ohms, the significance of the rat-
ing would not ditfer greatly from the
newer insertion gain. But it would ditfer,
unless two somewhat unusual condi-
tions are met in the amplifer.

To make the example speciiic, sup-
pose the voltage gain is 40 d13, meaning
a ratio of 100:1, so that 10-millivolts
input yields an output of 1 volt. The
input voltage is measured, or calculated,
across the input terminals of the ampli-
fier. The two conditions are: (1) ex-
ternal input source resistance is equal
to the amplifier internal input im-
pedance; (2) amplifier internal output
impedance is equal 1o output load im-
pedance. (Figure 1).

In the days when insertion gain was
introduced, feedback was quite new.
Amplifiers in service for the most part
did not emplov feedback, and they were
of the tube type, using either triode or

Circle 19 on Reader Service Card
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pentode tube for output stage. \With a
triode tube, the output source resistance
was invariably a fraction of nominal
load impedance and with a pentode
tube, it was many times load imped
ance.

So long as the output was loaded with
the nominal load value, voltage gain
would Dbe the same as insertion gain.
\What more likelv made a ditference was
the ditference at the input end. In those
days, voltage amplihers used a trans-
former input with a step-up to grid,
suitable for working from the nominal
input impedance of 300 or 600 ohms.

But the transformer, with the grid
across its secondarv, did not itself
provide a 500- or 600-0hm load. From
the viewpoint of the external circuit, the
input impedance might be 10 times the
nominal value. For a 300- or 600-ohin
line to be correctly terminated, a re-
sistance of this value must e connected
across it, as well as the amplifier input
(FiGURE 2).

If the line reflected an impedance of
500 or 600 ohms, this meant the ampli-
fier input was now working from a

- famy g T
| S AMPLIFIER —

= - _ __}fi

Figure 1. The theoretical conditions required
for voltage gain and insertion gain to have
the same significance, relative to an ampli-

fier.
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THIS BOOM MICROPHONE

IGNORES EVERYTHING

... EXCEPT THE DIALOGUE

The SM60 cannot be stereotyped—is equally at home
in the studio or in the field—stand-mounted or hand-
held—in uses as diverse as outdoor sporting events
and elaborate variety shows. Small wonder that audio
engineers have called it one of the most versatile omni:
directional dynamics they've ever encountered, for the
SM60 is a unigue combination of good looks, strength,
performance and economy.

The smooth, wide-range response provides cleanest,
natural reproduction of both speech and music. A very
effective built-in wind and "pop" filter protects against
undesirable effects of close-talking.

Lustrous, non-glare metallic finish and tailored-to-the-
hand dimensions provide striking on-camera appear-
ance and superior handability. Specially reinforced
machined-steel case front is designed to take abuse
that would ruin other microphones—you can drop it
on its nose without damage to the internal structure!
Efficient windscreen and front end are quickly and
easily removable for cleaning.

Best of all, it is priced competitively with conventional
“workhorse” microphones. Why not check out an
SM60 now? See your Shure Professional Products Dis-
tributor, or contact Shure Brothers Inc., 222 Hartrey
Ave., Evanston, Ill. 60204—Phone 312 - 328-S000.

UNIDIRECTIONAL DYNAMIC BOOM MICROPHONE

SHURE PROFESSIONAL MICROPHONES ... FOR BETTER AUDIO
MODEL SMS56 MODEL $M33 MODEL SM76 MODEL SM50
CARDIOID UNIDIRECTIONAL % OMNIDIRECTIONAL OMNIDIRECTIONAL
DYNAMIC RIBBON DYNAMIC DYNAMIC

Extremely versatile in
studio, control room,
and remote use. Also
widely acclaimed for
rhythm recording.
Bright, clean sound.
Exceptionally uniform
cardioid pattern gives
optimum control of
environment.

Warm, smooth sound
for studio, control
room, and scoring
stage. Super-cardioid
directional pattern.
Compact, yet rugged.

Ideal for interviews
and audience partici-
pation, yet unusually
smooth wide range
response (40-20 KC)
for critical music re-
production. Instantly
detachable from
stand. Steel case with
Cannon connector.
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Self-windscreened
and pop-free for news,
sports, remotes, and
interviews. Also ideal
for many studio and
control room applica-
tions. Comfortably
balanced for hand or
stand use. Natural
response.
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INSTITUTE OF AUDIO RESEARCH

announces an advanced course

RECORDING EQUIPMENT -
TECHNOLOGY AND MAINTENANCE

and again offering our current course

RECORDING STUDIO THEORY
AND PRACTICE

Both courses begin the second week in November
8 weeks — 2 classes each week — 32 hours total
Class size restricted

Call or write for course description and application

INSTITUTE OF AUDIO RESEARCH, INC.

333 Avenue of Americas, New York, N.Y. 10014 212-242.1915
Circle 20 on Reader Service Card

GATELY “‘BUILD-YOUR-OWN" AUDIO SYSTEMS
the performance you need...at a price you can pay

GATELY AUDIO SYSTEM NO. 4
(Deluxe 4-track recording console)

Information on other systems
available upon request

4 Mics
2 Lines

2 Lines From
Recorder

4 Mics

4epJiooay Noea] ¢ OL

2 Lines
2 Lines From
Recorder

To Stereo &
Mono. Recorders

Why pay twice as much for a console with capabilities beyond your requirements?
Gately's ''build-your-own™ audio systems allow you to choose components to
meet your immediate needs. And you can add components if requirements in-
crease. So why delay? Have your dealer or Gately Electronics recommend the
right system to give you 2, 4, or 8 channel mixer-equalizer capability—at half
the cost!

GATELY ELECTRONICS

57 West Hilicrest Avenue, Havertown, Pa. 19083 ¢ (215) HI 6-1415
.. have you checked Gately lately ?
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500-0HM LINE N
_J"'/W ,.—r—l ’_ R ——
> Fe i
3 ¢
3 .g % 1
500-OHM
TERMINATION

Figure 2. The terminating problem with a
typical amplifier of tube vintage (see text).

source of 250 or 300 ohms, made up of
the line impedance and its termination
in parallel. This could invalidate fre-
quency response (usually resulting in a
high-frequency peak, before cut-off)
although it did mean the voltage gain
was now the same as the insertion gain.

With the advent of feedback ampli
fiers, their name changed from voltage
amplifiers to line amplifiers (because
both input and output impedance was
designed for line matching) and later on
they were transistorized. But the prob-
lem of multiplicity of actual impedances
remains.

In the case of the tube amplifier
input, leaving off the 500- or 600-ohm
terminating resistor (FicUre 2) would
effectively raise the gain by almost
6 dB. The voltage gain was not changed
by this, but the insertion gain was. With
feedback and transistorization, imped-
ance can be modified in any way de-
sired, but the basic situation remains.

In the tube amplifier, where pentode
outputs were used, voltage feedback
modified output source resistance so it
was usually about one tenth of the
nominal load impedance. If the output
tube was a triode, the source resistance
might be an even smaller fraction of the
load value.

For the sake of example, let's asstme
that the input loading impedance is 10
times the nominal, used as a source
impedance, and that the output im-
pedance is one tenth of the nominal out-
put load. Assume also that we are still
talking about an amplifier with a gain of
40 dB, but that now we mean insertion
gain.

By definition, this means that in
serting the amplifier between the source
and load impedances, both say 500
ohms, raises the gain by 40 dB (Ficure
3). Without the amplifier between, 2
volts input through the source resist-

—‘—'.7.'\.'.7ﬁ — — %j
2V 500<¢ IV
i _ 4

500 50 |
A w (i T Sadd- B GRS
Omv IBmVI ?ﬁK v S
! - . 4
AMPLiFItR B

Figure 3. An illustration of insertion gain in
a typical line amplifier.
Circle 28 on Reader Service Card -
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Stereo on location: Only 24 1bs. 11 oz.

Lightweight. A full 7-inch reel capacity studio
professional tape deck. Pick it up and take it
anywhere or use it in your studio. Operates on
a self-enclosed rechargeable nickel-cadmium
battery pack —or plugged into AC.

Four Heads. The 770-2 has
two-track erase, record, and
playback heads plus a four-

track playback head. The

i - — 770-4 has four-track erase
Better-than-Studio Specs. '
! record, and playback heads

Frejuency response: 20 / ' ) == ‘Y / plus a two-track playback

Hz to 22 KHz, 40 Hz to = el head.

18 KHz =2 dB@ 7%2 ips T e T 2

S-N ratio at peak level : 7 1 '
ighted noise: ;

to Junweight noise | y_

ServoControl Motor with
VariSpeed Tuning. Auto-
matically maintains
exact speed during
mechanical load
changes and voltage
, variations. Built-in
4 VariSpeed tuning
permits vernier ad-
justment of plus or
minus 7% of any of
the three speeds.
Ideal for critical
timing of program
material.

(Mcdel 770-2) 58 dB
or hetter; (Model
770-4) 56 dB or bet-
ter. Wow and flut-
ter: less than
0.09% @ 7%-, less
than 0.12% @
3% less than
0.2% @ 17%.

Exclusive Sony
Noise-Reduction
System. Sony “SNR"™
autcmatically reduces
gain of playback
amplifier by 6 dB

during very low
passages, when background naoisa is
most predominant. Noise |eyal is

Sony Madel 770. Priced at $750. For
a free copy of our latest tape recorder
catalog, write to Mr. Phillips, Sony/

greatly reduced, dynamic range mx- Three Speeds. 735, 334, 17 ips. Other o ; :
panded 100%. Also incorpcraté_’d is a features include two professionally- jrfgerssf:%%l:Qc"ga%ﬁ;rxi':g?ggfve
built-in limiter to automatically con calibrated VU meters, built-in = Y )
trol overload distortion, Both “SMR" line-and-mike mixing. push-button

and [miter are switch defeatable. operation, scrape flutter filter, low- Mm

impedance Cannon plug mike in-

puts, tape/source monitoring. You never heard it so good.

11969, SUPE R SCOPE. INC

WWW.americanradiohistorv.com
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ance yields a 1-volt output across the
load resistance. With the amplifier be-
tween, 20-millivolts input must vield
the same 1-volt output.

But now, in fact, the 20 millivolts
feeds through 500 ohms into an input
load of 5,000 ohms. So the amplifier’s
input terminal voltage will he, not 10
millivolts as it would be for a voltage
gain of 40 dB, but about 18 millivolts.
Also, if the output impedances matched
according to theoryv, the open-circuit
output voltage would be 2 volts. Actual-
ly, it is only 1.1 volts.

So, for this amplifier with 40 dB
insertion gain, its voltage gain, with
output loaded, is 1/.018 = 55.5, cor-
responding to 35 dB. Unloaded, the
output voltage rises to 1.1 voit, repre-
senting a gain of about 36 dB.

Back in the days when insertion gain
was new, people who had used voltage
gain viewed it as cheating. After all, the
insertion-gain advocates were using
their specification to rate an amplifier
that only had 35 or 36 dB gain, as hav-
ing 40 dB insertion gain. The way they
viewed it, this was not *‘real gain.”

The reason for the difference is
really that the amplifier does provide a
gain, in a form that specification in
voltage gain fails to recognize. These
same people used to call a cathode
follower (emitter follower to transistor
lovers, now) a zero gain stage because
the output was at the same voltage
level as the input. They called it an

impedance-changing stage.

But this also is gain. Providing, say
1 volt of signal, across 50 ohms instead
of across 5,000 ohms, represents a
current gain of 100:1, although voltage
remains the same. So also with our line
amplifier. \We may actually be using the
same input and output impedance,
say 500 ohms. But the amplifier doesn’t.
Its input impedance is 5,000 ohms and
its output impedance is 50 ohms.

But using the same external im-
pedance prevents full realization of the
available current gain. This can be
seen by figuring on using the same
amplifier in a theoretically perfect
match. This means the input impedance
would be 5,000 ohms, and the output 50
ohms,

To match a 5,000-ohm input to a
50-ohm output, without the amplifier

5K

2mA

00mV

2V J-v !
|

200 A

50
3Bmy 50 f,g, |
1 i rs

Figure 4. The amplifier of Figure 3 under
hypothetically matched conditions.

5K
—ﬁ\/\/\r——r— -F’V\/\f—‘— >_T
18Bm\V | 25K LIV

between, would require a transformer
with a turns ratio of 10:1 (FiGure 4).
A signal of 1 volt, across 5,000 ohms,
gives 200 microamps. On the 50-ohm
side, this is converted to 100 millivolts
at 2 milliamps. To complete the pre-
insertion picture, an input of 2 volts
will give an output of 100 millivolts.

Now put the amplifier in circuit. For
18 millivolts input, it gives 1.1 volts
output, open circuit, or 550 millivolts
across 50 ohms. To compare with the
pre-insertion picture, 2-volts in for
100-millivolts out has changed to 36-
millivolts in for 550-millivolts out. The
output is 3.5 times and the input 1s
0.018 of reference. The over-all gain is
5.5/.p18, or about 300, on a voltage
comparison basis, or close to 50 dB.

So the amplifier has an available
power gain of close to 50 dB, but it is
used in conditions that yield an in-
sertion gain of 40 dB, although our old-
time voltage-amplifier merchants, if
they haven't yet been convinced other-
wise, would rate it at 35 to 36 dB gain.

All that's considering an amplifier
intended for use at line impedance, in-
put and output. If input and output
impedances differ, the consideration
becomes a little more complicated.
Also, we've only considered one ampli-
fier, working between theoretically pas-
sive impedances. Actually, amplifiers
are seldom operated quite that way,
except for test purposes. So in our next
issue, we'll take up from here.

=t

Neve designed and built it for THAMES

TELEVISION LTD

24 Channel

free grouping TV Sound

Control Console with two
plug-in 12 Channel
auxiliaries

This is the first stage of

a complete re-equipment

programme entrusted to

Rupert Neve & Co. Ltd. by

THAMES TELEVISIONLTD
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NASA Moanned Spacecraft Center, Houston, Texas

g ( oL_] e, '
) !ll WHEN MAN
CLIMBED DOWN ONTO
THE MOON'S SURFACE, THESE
MAGNECORDS RECORDED HIS
HEARTBEAT, HIS BLOOD PRESSURE,
AND CONVERSATION

While the men of Apollo were off making history, NASA sound
engineers were back in Houston getting it all down on tape. Bio-
medical information on each of the three astronauts. Voice com-
munications to and from the lunar module. And all other pertinent
data that passed through NASA’s world-wide network of commu-
nications during the flight of Apollo.

Magnecord Tape Recorders have been following our astronauts
around the world since the early days of
the Gemini program. Recording space =acoucrs o souno mescancs
flight history as it happens, the way it
happens. If you've got recording history TE LEX@
of your own to make, do it on the most °

9600 Aldrich Avenue South

reliable equipment available — do it on Minneapolis, Minnesota 55420

a Magnecord.
Circle 29 on Reader Service Card
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Sound with Images

@ One of the most popular devices in
any projection setup is the slide pro-
jector. Manufacturers (there are about
thirty of them) have added many inova-
tions to permit the user to choose the
unit closest to his application.

Some of the reasons for such wide
usage are that the user can take his own
slides quite easily, thus selecting his
subject material to fit his presentation
exactly. He can interchange the order
of the slides for each showing or he can
delete old and introduce new ones at will,
he can preview his slides fairly simply
without having to set up a projector and
thus can set up each presentation indi-
vidually, and he can pause anywhere
in the showing for any desired length of
time or proceed at his own desired pace
with his live or pre-recorded audio.

Slides are made in three sizes and the
projectors are either made to show one,
two, or all of these formats. The most
usual is 35mm, referred to as 2 x 2-inch
double-frame slide. It has an aperture
width of 1.34 inches. Less popular, but
still listed as a 2 x 2 slide, is the “‘super”
which has an aperture width of 1.5
inches. To achieve the full benefit of the
larger opening, a projector must be se-
lected capable of showing this size slide.

The next size, and fairly common in
industrial projection systems, is the
214 x 2)4-inch slide with an aperture
width of 2.1875 inches. Thus, it be-
comes apparent that the larger the for-
mat, the larger the image at the same
projection distance from the screen with
the same focal length lens. Greater
detail can, therefore, be shown.

The largest of the slides in regular
use is the 3Y{ x 4-inch, or lantern, slide.
This format has an aperture width of
3.0 inches. As an indication the dif-
ference in image size, the double frame
slide will present a picture 50-inches
wide at about 31 feet with a 10-inch
lens. At the same projection throw with
the same size lens, the lantern slide will
provide an image of a width greater than
9 feet.

Slide projectors vary in several ways.
As a result of the way the slide (up to
but not including the lantern one) is
fed in front of the aperture and the
construction of the housing size and
shape, the lamps provided or possible to

MARTIN DICKSTEIN

AUDIO-VISUAL
EQUIPMENT Il
(SLIDE PROJECTORS)

be used range from 75 watts (for a
small unit with a built-in rear-projec-
tion screen) to 500 watts quartz iodine,
to 750 watts for the larger and more
professional models. There is also one
model which uses a halogen lamp (24
volts). These units are standard and
do not include the ones which are
adapted for use with xenon sources.
There are manufacturers which special-
ize in adapting standard models for
higher-output light sources for use in
large conference rooms or auditoria.
In the 3} x 4-inch slide projectors, the
lamp sources range from 750 watts to
3,000 watts to arc or xenon (1600 watt)
in standard models. Of course, almost
all models require fan or blower cooling
to prevent the units and slides from
overheating.

Methods for moving the slide in front
of the source range from the horizontal
round tray on top of the projector to
the vertical tray on top (both dropping
the slides into the source-lens line), to
the horizontal tray mounted within the
projector to the vertical tray mounted
almost along side the unit. The latter
two move the slides horizontally into
projection position. Some of the stand-
ard models use straight trays instead
of the circular type, and some permit
the use of either shaped tray. Another
type makes use of the stack method
of loading the slides, and there are
those which require manual operation
to push the slides in line and to remove
them.

There also are models which are made
for continuous operation in shows, ex-
hibits, or displays which operate either
by a rotating drum or disc and holding a
limited number of slides, usually 16 for
the disc or 48 for the drum as com-
pared with 50, 80 or 100 in the round-
or straight-tray type. The advantage of
the disc or drum type for its purpose,
however, is the ease with which the
entire presentation can be changed
quickly and easily, the rapid slide
change time and the fact that the drum
type is made with a 1200-watt source
capability (should it be required) for
the models showing up to 2 x 2 inches.
(Among the units projecting 314 x 4-
inch slides, one model changes slides
in a quarter-second without black-
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screen between images.) Other models
made for display use come with self-
contained rear screens and house the
projector within the case to make a
complete and compact exhibit.

Among the various types of slide pro-
jectors, certain features are built into
various models and should be con-
sidered when the equipment is specified
or purchased for any audio-visual sys-
tem. Some units have self-timers with
different timings available for changing
the slides automatically. Many include
remote-control capability with exten-
sion cables available to make the con-
trol as remote as desired. Some units
include lens-focusing at the remote con-
trol unit while others feature automatic
focusing with no remote control of this
function at ail.

The usual remote controls permit the
changing of a slide, in either direction,
but only one at a time and with each
slide showing up on the screen in the
event it is desired to move from one
position to another several slots away.
Where it is required, therefore, that
quick call-up of any slide in a tray be
available in the operation of the system,
there are models manufactured with
random-access capability built in. This
permits rapid movement from any slot
to any other position in the tray without
having to manipulate the change device
more than once. Changing of slides,
taking 3 to 4 seconds average to search
and find, can be triggered manually,
by radio signal or by computer, depend-
ing on the particular model selected.

Lenses normally range in focal length
from 3 to 9 inches for the projectors
showing 2 x 2-inch slides but others can
be had by special order. A zoom lens is
also available for some models. In the
projectors of lantern slides, the range of
focal lengths is usually 6 to 26 inches but
30 inches is available on special order.
Several features which come on only
certain models might include a switch
to permit use of the lamp at a lower
power to extend its life, a preview
screen built onto the projector to permit
seeing the picture before being shown
on the main screen, sequential selection
which is a sophisticated extension of the
random selection method and slide
intermix permitting different size slides
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FAIRCHILD

Approach I-Integrated Approach ll-Remote

S A LT Y g

Approach ll1-Modular Approach IV -Combination

THERE ARE 4 BASIC APPROACHES
AT FAIRCHILD TO BUILDING YOUR NEXT
CUSTOM AUDIO CONSOLE.

Only Fairchild has 4 basic approaches to the design of modules placed side by side is controlled by the number
custom audio consoles. Fairchild has the big advantage of channels existent and desired.
because only these 4 basic approaches enable a manu- 4
facturer to properly meet and fulfill any and all of Approach |V. Combination. Any degree of any com
your console requirements. Therefore, Fairchild gives bination of | and/or Il and/or Ill. In a single console where
you exactly what you need where you need it...quicker, Approach | is best, it is used; where Il and/or Il is best,
and at less cost. These are Fairchild’'s all-important it is used

simplified approaches: This Fairchild concept allows you to have any size unit
. ; ou need, for any requirement, within any configuration,
Approach I. Fairchild Integra I. The controls and the  Y,ding the best of the 4 approaches. No one else in

audio for any particular function are together as the Industry offers you this concept. In addition,
one component. Fairchild delivers custom consoles in much shorter time

. . than any other manufacturer because virtually all
Approach Il. Fairchild Integra Il. The controls and the major cgmponents in your console are manufyactured

aUdi‘;;’. for any function are separated for remote Ly Fajrchild. This eliminates waiting for outside
operation, using simplified plug-in facilities. The suppliers’ deliveries; gives you truly custom matched
remote audio may be 1 or 1,000 feet away components...gives you better quality throughout.

Approach lll. Fairchild Integrated Control Module. Contact your Fairchild Distributor or write
All the controls for an input or an cutput channel are FAIRCHILD RECORDING EQUIPMENT
ntegrated together into one module. Each module has CORPORATION, 10-40 45th Avenue,
instant plug-in facilities for its audio. The number of Long Island City, N.Y. 11101. (212)784-6163.

See us at Booth 91.92, AES Show, N. Y. Hilton, Oct. 13-16, 1969
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to be used together in the same presen-
tation. Also, there is now the possibility
of projecting a slide on a screen for an
instant only (manually) for teaching
purposes.

Some slide projectors have provision
for showing film strips—a combination
of the film and slide. This type of
projector will be included in the next
series on projectors and accessory
equipment that is available for use in
audio-visual installations.

However, before we leave the slide
projector, note must be taken of the
fact that this type of unit has always
been the silent type. 1f sound were to be
used in conjunction with slides, a tape
recorder was used with sound feeding
through a distribution system separate
from the slide projector and not even
connected to it in any way. Then, it
became possible to have sound on one
track and a control cue signal on the
second track. This latter signal could
then trigger the changing of the slides.
Complete display units with self-con-
tained rear-projection screens usually
house tape recorders also to permit
endless loops of tapes to continuously
trigger an automatically repeating pres-
entation. If all went well, the show
remained in sync throughout its presen-
tation. If not, weak signals failed to
change the slides or slides changed
when they should not have. However
the method, the sound had to come

from a separate source such as a tape.

Now, two new slide projectors have
been developed which combine sound
right on the slide. Syncronization is
guaranteed. In one unit, the sound-
slide frame combines a 35mm slide with
a magnetic sound track which encircles
the film. When the slide unit is moved
into projection position, the sound
starts. When the 35 seconds of audio is
completed, the slide remains on the
screen but the sound does not repeat
unless it is signalled to do by the
operator. The operator can change the
slide (in either direction) by remote
control and the sound associated with
the slide being projected will be heard.
The tray holds 36 slides, and each can
be changed by re-recording the audio
or by changing the slide only, or both.
Automatic sequencing of the slides is
also possible.

The second manufacturer has a
projector which holds 40 slides with
associated sound track in a cassette
unit. The sound track is 60-seconds
long, and can be recorded over at any
time. In this unit, the sound is “read"
by a moving head which rides up to the
top of a shaft reading as it goes and
automatically returning to its start
position when the audio reading is com-
pleted, no matter if there is one line of
audio or more than one. Here, also the
slide and audio can be changed when-
ever it is desired.

Whether designing an audio-visual
system for a customer. or just bidding
on a proposal for a complex designed by
a consultant, it is necessary to know the
equipment available with all the ramifi-
cations and all accessories. Many a
sound contractor, getting into audio-
visual projects for the first time, finds
that some of the equipment he took
almost for granted was not quite as he
expected it to be. [llumination, features,
remote-control wiring, lenses, dimen-
sions of the units, distances from the
back of the projector to the front, or
from the shelf to the center of the lens
varied for each projector and could
make a difference in the ease with which
a system was installed. Having some
knowledge of the units available and
their capabilities can help when talking
to a potential purchaser or when assist-
ing a consulting engineer in the sys-
tem’s design.

The units mentioned and the in-
formation given here are admittedly
brief, but our intent is to alert the
sound/audio-visual contractor to the
fact that there is a wide choice of
equipment available and to make him
research the field to provide the proper
equipment to fit the client’s needs. This
is the way he looks good to the cus-
tomer in future projects—by knowing
his equipment and making sure the
buyer knows he can depend on the
dealer.

The brand new LT-1005 answers your needs for a
transistorized, professional quality, universal
amplifier with multiple inputs and high power output.
Check these features: * Full 100 watts (RMS)
+ Six individual microphone/program inputs
* Built-in microphone transformers
 Optional remote volume controls

NAME
* Exclusive M-Gard output protector FIRM
Two versions—plug-in connector for portable use
: . ! . AOQORESS
or screw terminals for fixed installation. -

Send coupon for complete details.
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McMartzn tndustries, inc. |
Dept. D-9, 3104 Farnam St., Omaha, Nebr. 68131 I

Please send: (0 Complete details on LT-1005 and name of |

nearest franchised distributor. i

O Information on available distributor territories. |
|
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DECCA/LONDON FIRST,” iz, Metty, Techoiat irctr of The pese

“In 1947 we developed a cutter system which enabled us to issue the first
wide-range 15 kHz recordings, known as ffrr, which really revitalized the
gramophone industry. In 1957 we also offered the first available catalogue
of 45-45 stereo recordings. And in November 1965 we had the opportunity
of first evaluating and adopting the Dolby Systemn; we purchased the entire
first five months of Dolby production. With over fifty A301 units in service
in our recording facilities in London, Rome, and Vienna, we have since
May 1966 recorded all of our major productions using this new technique.
We have an enormous classical catalogue of immense value, both finan-
cially and artistically; with the problems of tape hiss and print-through,
we think that the Dolby System is an insurance on the future.”

[ )] boLBY LABORATORIES INC.

333 Avenue of the Americas, New York, N.Y. 10014 O Telephone (212) 243-2525 (1 Cable: Dolbylabs New York

So. CALIF. No. CALIF. MIDWEST CANADA
Audio Industries Corp. Audio-Video Systems Engineering Expert Electronics Inc. J-Mar Electronics, Ltd.
1419 N. LaBrea Ave. 1525 Tennessee Street 7201 S. Western Avenue 6 Banigan Drive
Hollywood, Calif. 90028 San Francisco, Calif. 94107 Chicago, Ilinois 60636 Toronto 17, Ontario, Canada
Tel: 213—-HO 5-4111 Tel: 415-647-2420 Tel: 312—HE 6-2700 Tel: 416—421-9080
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Speci ving P. A Amplification

M. S. SUMBERG

The correct choice of amplifier for a p.a. or
sound reinforcement job is dependent on
many factors. Too often, the purchaser tends
to either over specify or fail to get
enough features to allow future expansion
of a system. The author covers the most
important factors that must be considered.

HE INEXPERIENCED sOUND INSTALLEr will all too
often attempt a job with an amplifier that is not
correct for the work intended. No doulit the range
of available amplifiers is confusing to many, par-
ticularly when an attempt is mace to evaluate features and
functions. An intelligent decision can be reached, however,
if all of the important considerations that follow are con-
sidered. There is much more to an amplifier than its power
output and mic input gquantity.
The specification areas will be treated in order.

POWER

Amplifier power is related to the area which needs to be
served. TasLe 1 serves as a starting point for this. Beyond
the table, trial and error experimentation is needed and/or
the use of a noise meter to measure s.p.l. Remember that the
average cone-type speaker has an efficiency of 2 per cent and
that tvpical two-way theater-type cone systems will run
about 5 per cent. (Re-entrant horn system can run 15 per cent
or more efficient.) Thus a little math will show that much
less power is required to give the same loudness level with
horn speaker systems.

Acoustic conditions must be considered in the power
choice. A large auditorium may require 50 watts on an
average, but if it has highly absorbtive walls and a full and
noisy audience, it may need 25 watts more. Conversely, of
course, a highly live hall and a small audience will do nicely
with 35 watts or so.

TasLe 2 is a convincing argument against underpower-
ing—an all too common situation. A high-power amplifier
costs notably less per watt than equivilant quality low-power
amplifiers. So it makes sense to be conservative in specifying
power and be certain to get more than is minimally required.

M. S. Sumberg is the director of sales and marketing, sound
products and engineering sysitems for the Bogen Division of
Lear Siegler, Inc.
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TABLE 1

Min. Recommended
Dimensions Pwr. amp.
Locations ft. watts pwr. waits
Hotel Room 15 x 12 0.1 Depends on
x 8 number of
rooms (C)
Classroom 30 x 30 0.5 Depends on
x 10 number of
rooms (C)
Quiet Otfice 100 x 50 3.0 10 (C)
x 10
Noisy Office 100 x 50 6.0 1015 (C)
x 10
Small Church 10-15 (SC)
lLarge Church 30-60 (SC)
Quiet Factory 100 x 200 30 (H)
x 20
Noisy Factory 100 x 200 60-100 (H1)
x 20
Small Theater 30 (SC)
Sports Field 50 x 200 30 (H)

Stands
Assumption is made that average noise levels and sound
absorbing materials are used. (C) is cone speaker; (SC) is
sonnd column; and (H) is a re-entrant trumpet horn.

Table 1. Location versus audic power requirements.

In addition to protecting you against errors of judgment, you
have added some expansion capahility. More to the point, a
conservatively operating amplifier in use is not working near
the toe of the distortion curve (or into it!).

How much extra power is needed? Remember that the ears
respond to sound level logarithmically so the margin should
he sizable. After all, doubling the power output is only a
slight increase in perceived loudness. The cost differences are
not great when you are involved with nominally 30-40 watt
specifications and want to double them, bhut I can only urge
competent professional installer advice to the inexperienced
who find themselves with a job that requires a few hundred
watts of power. The cost ditferences hetween 250- and 500-
watt amplifiers can be considerable.

Don't hesitate to use cut-and-try methods. If you have not
under-rated the power required for the job, you can em-
pirically determine the proper locations and sound levels per
the speakers (in all but the largest jobs again). Until you have
acquired the experience necessary for accurate judgements,
you will be wise to over-specify power.

DISTORTION AND FREQUENCY RESPONSE

Let's look at frequency response first. For speech intelligi-
bility of a high order, all that is needed is a bandwidth of 100-
6000 Hz. There is no advantage to pay extra for ultra-wide
bandwidth available on some models. Even the reinforce-
ment of live music can be done admirably well with a band-
width no greater than 50-12,000 Hz. So forget your hi-fi
orientation that demands ultra-wide bandwidth for every-
thing. For one thing, you probably do not have accessory
equipment—mnics, speakers, etc.—that will support wide
bandwidth; for another, most small speaker line trans-
formers will saturate badly at the low end.

Some installations, of course, demand wide-band sound. In
these cases, you must have the over-all budget for good bass
and high-frequency speakers and equipment. Then, of course,
20-20,000 Hz response or more is desirable for the amplifier.

TABLE 2

Amplifier Qutput Cost Per
Rating Price Watt
Ampliher 1 30 watts $113.00 $3.80
Amplifier 2 60 watts $138.00 $2.30
Amplitier 3 120 watts $195.00 $1.63

Table 2. The higher the power the lower the cost per watt—assuming,
of course, that the quality is otherwise the same.

(I would suggest the use of goo! line-matching transformers
inn any case. Poor ones present an inductive near short to the
amplifier at bass frequencies, which has been responsible for
many output tube or transformer failures in economy ampli-
fiers. Since economy-price amplitiers mayv well satisfy the
needs of an installation in terms of frequency response, it
makes sense to use them.)

The relative distortion percentage of an amplitier is directly
related to its cost. Figures of 5 per cent at maximum power
are commonly found in p.-a. amplifiers, while the better,
higher priced ones, will often specify maximum distortion at
2 per cent. (Contrast this against hi-i amplification which
might specify distortion of 0.2 per cent at full power.) Ficure
1 shows the relationship of distortion to amplitier power.
Note that distortion always goes down as power is reduced
in an amplifier. Better amplifiers will reduce distortion sharply
and significantly.

Relatively large amounts of distortion are not a disad-
vantage in a system primarily used for speech. Intelligibility
will not be affected. However, music playback or reinforce-
ment systems should not exceed the 3-per cent figure, and
preferably should be even lower.

An amplitier capable of 1-per cent distortion or under is
suitable for fine reinforcement systems.

OUTPUT VOLTAGE AND IMPEDANCE

The amplifier's maximum rated output power will only be
delivered to the loudspeaker if it is correctly matched in
impedance. [f only a few speakers are to be used, direct con-
nection to the 4-16 ohm taps on the amplifier will sutfice,
using ohms law to determine parallel or series connection of
speaker for proper impedance match.

More involved systems with many loudspeakers, each with
individual volume requirements, will need line-matching
transformers installedd at each speaker. These transformers
are normally of the constant-voltage tvpe and are designed
to connect to the 25- or 70-volt line of the amplitier. Most p.-a.
tvpe amplitiers will have such outputs whereas hi-fi ampli-
fiers invariably do not.

5z _
4 HECO]N;\[ _
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Figure 1. Amplifier distortion curves for some commonly-found
p.a. amplifiers,
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Amplifier installations are occasionally required to feed
out a 600-chm telephone line to a remote point as when a
broadcast feed is required. Transformers used for 600-ohm
line aux inputs can simply be used in reverse fashion to deliver
a 0 level 600-ohm line from the 25-volt amplifier output.

MIC INPUTS

The purchaser of the system can usually tell vou accurately
how many microphones he will need (though in not so manyv
words.) A church may require anvwhere from two to eight
mics, depending on the type of service and the location of
active participants that need amplification. On the other
hand, a store pitchman only needs one.

Theatrical and concert stage requirements vary widely, but
virtually all will require iive or more. Nightclubs will want
band and vocalist pickup and probably two more mics for
announcement and special use.

Packaged amplifiers are sold with one to five mic inputs
as a rule, with each input offering individual gain control.
Generally, the low-power, low-cost amplifiers come with only
one or two mic inputs while amiplifiers of 30 watts or more are
available with one to five inputs. Of course, one input can he
used with more than one mic, if each mic is equipped with
momentary press-to-talk switches. Generally, up to hive mics
per line are practical when used this wav. (Only certain
installations are suitable for this, of course. If two mics are to
be used simultaneously, it will not he possible to mix them if
thev are on the same line. Then, too. the sensitivity of the
mics is reduced along with an increase in the signal-to-noise
ratio.)

Aside from this purelv quantitative determination. micro-
phone impedance must e considered. If the mic cable is not
to exceed 350 feet, high-impedance mics will he satisfactory.
Beyond 50 feet or so, mic cable’s capacitance begins to notice-
ably attenuate the signal. Low-impedance mics avoid this
problen, as well as also avoiding the common high-impedance
problem: of hum and noise. A low-impedance mic should be
used with low-impedance cable and the amplifier input should
be also converted to low-impedance use. This last-named
conversion is simiple with most amplitiers. It usually involves
the removal of a shorting plug from a chassis socket with the
plug-in installation of an appropriate transformer (suppliced
by the manufacturer and others). This plug-in arrangement
ofilers vou considerable versatility since vou may be using
both high- and low-impedance mics on different lines. Each
mic input can be converted or not as is necded.

OTHER INPUTS

Other than mic inputs, vou must consider the need for auxili-
ary (high-level) inputs and magnetic phono inputs. Aux in-
puts may be required for piped-music, tuner, tape recorder, or
equalized record player. In addition, special tone generators
may be required for signalling purposes.

Most p.-a. amplitiers include one or two auxiliary inputs
for high-impedance, high-level signals, but only a few will
offer the direct ability to handle a magnetic phono cartridge
with its need for equalization and amplification. (the same
is true of tape-head input capability). Small line transformers
can usually be plugged into the aux inputs so that they will
accept balanced 600-ohm lines (telephone lines). Some
amplifier manufacturers offer plug-in transformer/equalizers
that will convert a mic input into an RIAA equalized phono
input. In most cases, however, tape-head or magnetic-phono
inputs will have to be fed through separate equalizer/preamps
and thence into an aux input of your amplifier.

|
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Figure 2. The response characteristics of p.a. amplifier tone controls
and a speech filter switch that is found on many.

POWER SOURCE

Most installations are simple enough. The amplitier is being
placed in a permanent location and is merely connected to
the a.c. But mobility is becoming increasingly important so
many amphters are now made that can he used from a 12
volt d.c. source. Many amplitiers primarily designed for 12-
volt d.c. use. can also e used on 115 volts a.c. A few are de-
signed with autoematic source switching for power source
fail-safe use.

Other power-source requirements may present themselves
to you. Equipment is available to accept most all vou are
likely to encounter. It is important at the time of purchase
that veu he certain that the amplihier will properly operate
from all the power sources the customer will demand of it.

FILTERS AND TONE CONTROLS

It's rare indeed that a sound installation is done that re-
quires no tonal touch-up afterward. This is the purpose
of tone controls and filters. Separate hass and treble control
such as is shown in Ficukre 2 is common on most amplifiers.
Bass cut will often be needed to control sound in rooms with
excessive reverberation. A\ sharper hass cut for speech amplifi-
cation is often of value to improve intelligibility.

Sonie of the more deluxe ampliliers offer notch filtering that
is panel adjustable for the removal of specitic problems such
as hum, and mic thumps caused by the users. Such filters
have the advantage of eliminating the problem without a
material shift in the over-all balance effect. A tvpical filter
is shown in Figure 3.

SPECIAL FEATURES

You should he aware of the special equipment features that
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Figure 3. A notch filter such as is found on some amplifiers. In
this case, it is adjusted to the 60-Hz position.
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Figure 4. This amplifier can be shelf mounted or used portably.
It has four mic inputs, two high-level inputs, master control, tone
controls, low and high filters, and speaker and meter monitoring.

some amplifier have since one or more will be applicable to
special installations.

Systems primarily designed for background music will often
want a mic facility that features precedent switching. Ampli-
fiers are available with plug-in devices that will mute the
music feed automatically if the mic is switched on. Usually
this is accomplished with a remote switch on the mic. \When
the switch is released, the background music is restored.

Svstems with remote lourlspeakers will often benefit from
amplifiers which include monitor panels that offer either small
loudspeakers or vi meters (or both). This permits the operator
to check program quality and level from the amplifier.

Many installations require the ability to adjust volume
without the amplifier in a remote location. Remote volume
systems that will operate from several thousand feet away
are available that permit an operator to sit in the rear of an
auditorium and control gain for many inputs without the
amplifier being present.

Speech p.-a. systems can often benefit from the addition
of limiting devices. These prevent one person from being
severely loud while another is barely audible. Store-tvpe and
other paging systems are particularly benefited from speech
limiting.

Figure 5. A complete portable sound package including mic,
amplifier, phono top, and speaker—all housed in a carryable case.

PORTABILITY AND INSTALLATION

\Where is the amplifier going to be? In the majority of in-
stances, the conventional packaged amplifier in its protective
case as shown in Ficuge 4 is all that is necessary. But more
involved installations, particularly with accessory program
sources, will benefit from rack installation. Most amplifier
manufacturers sell screened decorative rack-panel converters
for those amplifiers which do not already come equipped for
rack installation. Standard rack width is 19 inches, and they
come in a wide variety of heights, with or without backs and
door fronts, in different metals and finishes.

Portability is a word that means different things to dif-
ferent people. Some amplifiers are merely carried to their use
point, and returned to a storage closet after use. This porta-
bility is represented by a handle on the amplifier if necessary.
More extensive portability is accomplished with manufac-
turer-supplied portable cases that will hold the amplifier and
(sometimes) speakers and other accessories (FiGUre 3).
Some of the more elaborate cases permit an entire sound sys-
tem to be transported to sites as needed. The ability of equip-
ment to withstand this, and its ease are considerations to be
made at the time of purchase.

Wall-mount kits for amplifiers that are to be permanent in
their location, are the solution for simpler installations that
must be made more decorative than conventional rack mount-
ing will allow. Such kits are supplied by many manufacturers.
They should permit easy removal of the amplifier for service
or modification.

ACCESSORIES

Accessories are only important if they are needed-—then they
become indispensible. Phono tops are among the most com-
mon, these are available either for 12-volt d.c. or 115-volt
a.c. operation.

\mplifiers often must be placed where unauthorized tamp-
ering could occur. Locking plates are macde that will secure
the amplifier against this and should be specified where neces-
sary.

Of course, there are a wide variety of plug-in transformers
and adapters that have already been referred. These permit
the conversion of input and output functions to any type of
situation that will be encountered. But not all amplifiers have
complete plug-in facility, so if your job will require this versa-
tility, be sure to specify it.

SUMMING UP

Manufacturers catalogs are an excellent source for the in-
formation you will need to intelligentty determine the avail-
ability of features you need. From these you will see that
manufacturers often offer basic lines of equipment, sometimes
distinguished by qualitative difTerences. more often by dif-
ferences in versatility and special accommodation.

The cost of an amplifier, particularly one of the large ones,
is certainly not insignificant. But when it is compared against
the over-all cost of the system, it is not so significant.

A system should be matched. It makes no sense to have
superlative amplification with mediocre speakers and micro-
phones. At the same time, truly fine speaker systems and mics
will be wasted with a bottom-of-the-line amplifier. It makes
good economic sense to balance your system and specify
components that will do the proper job required with suffi-
cient safety factors as may be necessary. The guidelines just
presented help do that. But, in the long run, there is no sub-
stitute for the knowledge vou will gain from experience.
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JOHN N. BORWICK

QOur British correspondent describes some
practical uses being put to a giant anechoic
chamber recently put into service. It has
recorded an orchestra and cured a notorious

hall echo

TUDENTS OF GREEK will know that anechoic means

literally no sound. Audio engineers throughout the

world have coined the term anechoic room for these

specially constructed (and very expensive) test rooms
which are totally sound insulated. Stand-off walls, deep
wedges of sound absorber, floating floors and sound-trap
doors—properly designed—can completely shut out ex-
traneous noise. At the same time, any sounds generated
within the room are instantly cut off. Since sound energy
reaching the room boundaries is wholly absorbed, there is
none of the reverberation or overhang that we get in any
ordinary enclosure—be it living room, concert hall, or loud-
speaker cabinet.

An anechoic room, of course, is mainly used for axial and
polar response plotting of microphones, loudspeakers, and
other acoustic elements wlere the random retlections of an
ordinary room would interfere with the results. Normally a
fairly small anechoic (or <lead) room is employed to keep down
the problems and expense of constructing something bigger.
But the Building Research Station at Watford, near L.ondon,
is very large indeed—46 by 30 by 32 feet high to the tips of the
wedges—and it can be used for really ambitious projects.
Here are just two of its latest commissions.

John N. Borwick is a Scott now living near London. His back-
ground tncludes eleven years with the BBC as a program engineer
and lecturer in studio operations. He is the author of the BBC's
Programme Operations Handbook. His best known credit to
American readers is as technical editor of The Gramophone,
the distinguished music/high fidelity magazine. In addition, he
1s currenily secretary of the Association of Professional Record-
tng Siudios which has close on 150 member studios throughout
Britain.

ANECHOIC MUSIC

My first photograph (Fiure 1) shows the English Chamber
Orchestra, conducted by Kenneth Montgomery being re-
corded right in the BRS anechoic room; chamber music with
a new twist. A special platform has had to be built to seat the
orchestra which, when joined by the Philip Jones Brass
Ensemble, totalled 34 players.

The selected musical works were recorded in stereo by the
BBC Transcription Unit with a calibrated coincident pair of
microphones. Nothing but the direct radiated sound of the
instruments (in natural balance) therefore reached the tape.

Now you may be wondering what is the use of these record-
ings of orchestral music in completely reflection-free acous-
tics? Well, the experts have quite a few ideas already.

First, they plan to construct scale models of proposed new
auditoria and replay the tapes in them, appropriately scaled
up in speed. Probe microphones will be used to record the
results at various positions where the audience would Dbe
seated. Then, when these new recordings are plaved back
(stepped back down to normal speed) it will he possible to
make subjective and objective assessments of the acoustic
designs.

Again, the tapes will be used for computer simulation of
concert-hall acoustics. The recording is fed in together with
varying amounts of such factors as reverberation and re-
flection. Then subjective evaluation can be made of the re-
sulting playback.

Although this technique has been used already with re-
cordings of quartets, this is the first time such a large or-
chestra has been possible. Copies of the tape are available on
sale to organizations working in the field of architectural
acoustics. They should be very useful both in predicting the
acoustics of new auditoria and in allowing modifications to
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Figure 1. The English Chamber Orchestra makes a no-reflections
recording in an anechoic room.

designs to be tested:
hand.

CURING A NOTORIOUS ECHO

The second project on which this giant anechoic room has
recently been working is the famous echo in London’s Royal
Albert Hall. This huge concert hall is now 98 years old and is
world renowned as a venue for the largest musical perform-
ances. [t is no less than 3,060,000 cubic feet in volume and has
seating for an audience of nearly 6,000—even more people
can be packed into the celebrated Promenade Concerts
when its stalls area is cleared for standing-room only with a
large fountain in the centre.

The enormous, nearly circular building looks very im-
pressive from outside (and inside too) but the numerous con-
cave surfaces produce unwanted concentrations of sound.
The worst feature, acoustically speaking, is the circular
domed roof rising 140 feet over the auditorium. The focussing
effect, and the great distances involved, have meant that
certain parts of the arena—notably the back of the stalls and
circle—have been plagued by severe echoes. (Concertgoers
have not been any happier when toid, “\Vell, you're getting

before the building work itself is put in

\

Figure 3. This cloud of saucer-like diffusers
hangs 70 feet above the Royal Albert Hall
auditorium and cover about 50 per cent of
the area, The number in each circle indicates
the diameter in feet.
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Figure 2. Traces of the reverberation curve before and after treat-
ment.

two performances for the price of one!”).

(Oddly enough, we have just solved the opposite problem
in London’s Royal Festival Hall. This was deemed to have
too short a reverberation time and it now has a complex system
of microphones/delay,/speakers to give synthetic reverbera-
tion.)

Earlier attempts at curing the Albert Hall echo have in-
cluded hanging a huge scalloped screen across the base of the
dome and angled reflectors over the orchestra, but these were
unsightly and not very effective.

With centenary celebrations only two years off, it was
decided to tackle the problem scientifically. Measurements
and recordings of all kinds were made in the Hall itself in-
cluding, for example, the organ playing at octave intervals
over its entire frequency range (while an audience waited
patiently, and quietly, for the concert to continue). All these
tests confirmed the mechanism of the echo reflections from the
dome and showed that middle frequency reverberation time
was a little excessive at around 3 seconds at 500 Hz (see the
oscilloscope trace for this frequency in Ficure 2A).

The consultant experts (Acoustical Investigation & Re-
search Organisation Ltd.) decided on an elaborate array of
convex bowl difflusers—like flying saucers. They built 109 of
these saucers and suspended them about 70 feet above the
auditorium floor, spaced to form a kind of false ceiling (see
Figuge 3).

The diffusers vary in diameter from 6 to 12 feet, having a
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Figure 4. Some of the diusers undergoing tests in the anechoic
room.

radius of curvature of 30 feet. Being made of polyester-resin
impregnated glass fiber, they partially reflect sounds down-
wards. But their convex surfaces help to scatter the sound
and, of course, the path length of the reflections is just about
half what it would be to the apex of the dome. Laid inside
the saucers is a 2-inch layer of glass fiber absorbent with a
thin ploythene film on top. The characteristics of this ab-
sorbent were calculated to reduce middle frequency reverbera-
tion time from 3 to about 2.4 seconds (see Fig. 2B) and the
plastic film serves to leave high frequencies unattenuated.

This is where the BRS anechoic room came into the act.
As my photograph shows (Ficure 4) sample diffusers were
suspended in the room and “squeaked” to check that the
calculated absorptive and reflective properties were in fact
accurate,

1 was treated to special demonstrations of the Hall’'s im-
perfections with the usual pistol shots and recordings of vari-
ous instruments. (I already knew plenty about its musical
performance, having attended many concerts over the vears
and worked on live broadcasts there.)

I also attended the special concert which was held to test
the effectiveness of the new diffusers. This was given hefore
an invited audience of about 4000, including many engineers
and musicians, and was broadcast live so as to get as many
people’s reactions as possible. The concert included the Berlioz
Overture Le Corsair and Bruckner's 7th Symphony. For my
money, the orchestral definition seemed to have been dis-
tinctly improved and | found no one who had been signifi-
cantly aware of the old echo bogey. So now we have an ane-
choic Albert Hall (if we change the translation slightly to
read no echs). And I understand that the recording com-
panies are now becoming interested in the possibility of using
this famous old hall for commercial records.
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One of the finest studio tape
recorders in the world.
Unsurpassed signal to noise
ratio. Electronic tape tension
control ensures extremely low
wow and flutter.

Head blocks for all normal track
positions.

Swiss precision, easy to service.
Proveninstudios all over the world.
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5430 Wettingen (AG), Switzerland
Circle 31 on Reader Service Card

www americanradiohistorv com

.

6961 12qu21d2g qp

66


www.americanradiohistory.com

db September 1969

30

The Red Fort inSound and

ight

LAKSHMI DEVI

Sound and Light exhibits have become sufficiently
popular to have at least one major
manufacturer design specific equipment for the
purpose. This installation in Delhi uses
such a system to enhance the power and beauty
of an historical site.

ELH! LIKE ROME IS STEEPED IN 1IsTORY. On the site
where the twin cities of Delhi and New Delhi stand
today, several cities have risen and decayed. Their
relics are reminders of India’s glorious past.

Out of the historic monuments that still exist, the massive
Red Fort of Dethi, with its pavilions of marble, has been the
silent witness of events, prosperous and disastrous, that have
made history over the last three centuries. Emperors have
come and have gone, but the Red Fort stands unmoved by
the vicissitudes of timme and fortune.

The Department of Tourism of the Government of India
has set up a program of Sound and Light at the Red Fort.
This popular form of spectacle is being used in many parts
of the world, to re-enact the history of ancient monuments.
The Pyramids of Egypt, Chateaux of the Loire in France,
the Tower of London, and Hampton Court in England, are
some of the places which have such shows for visitors.

Strains of the melodious plaintive sitar herald the be-
ginning of the program at Red Fort. It is narratedt by the
Waquai Navees, which is the name given by the Mughal
Emperors for the recorder of events. He takes the audience
back to 1639, when the site was a howling wilderness, with the
river Yamuna flowing by its side.

Emperor Shahjahan, the builder of the Taj Mahal, decides
to build a new capital at this spot. It takes nine vears to build
the palace-fort with its high hattlements, the royal apart-
ments, the marhle baths and a whole city around it for the
roval courtiers to live in.

The city is named Shahjahanabad, afier the Emperor.
There is a nine-day celebration to mark the completion of the
work. The Emperor rides in procession, showering newly
struck gold coins on his populace to commemorate the com-
pletion of the fort in 1648.

Then the narrative is taken up by Francois Bernier, the
French traveller, who visited India during Shahjahan's reign.
He describes the daily routine of the Mughal Emperor. The
day hegins with a parade of the royal! troops and the animal
corps. Later, the Emperor is engaged in the functions of the
court.

This article originally appeared in part in Sound + Image,
a Holland-printed publication of Philips Indusiries of Eind-
hoven. We are indebied to Mr. Robert Smith, editor-in-chief,
Jor his cooperation and assistance in preparing this augmented
version.

As dusk falls on the magnificent Fort and the day’s busy
activities come to an end, the palaces go gay with music and
dancing.

The clever interplay of music and lights, enhancing the
beauty of the famous marble pavilions, makes one feel trans-
ported to this time of Mughal splendour.

Soft lights show up the royal mosque, known as Moti
Masjid—*'a poem in marble”, built by Aurangzeb, the last
of the five most farmous Mughal rulers of India. The lamps
dim and fade away as the narrator describes the sad end of
Aurangzeb's fifty vears of rule in the ninetieth year of his
life.

The story of the Red Fort continues. A succession of weak
and worthless rulers follows. One of them is Jahandar Shah,
the ‘lover’. The mood of the spectacle is gay again and it
is remarkable how the mere play of lights and voices drama-
tises the events effectively, without the aid of actors. Jahandar
Shah makes a girl from the streets his queen, and her pump-
kin-selling brother governor of a province.

The plunder of the Red Fort is now near at hand. The
chronicler describes how the silver ceilings and gem studded
walls of Diwane Khas (hall of private audience) are peeled off
by the invaders. The peacock throne of goid and diamonds is
lifted from its platform and all the treasures of the Red Fort
are carried away to Persia on thousands of elephants, horses
and camels. The drunken Monarch, Mohammed Shah is in
a blissful daze.

The fort and its royal inhabitants are subjected to a century
of injury and humiliation. The last of the Indian rulers Baha-
dur Shah, has no kingdom to rule and only his poetic talent
for solace. His sad stanzas are still remembered and repeated
in the streets of Delhi.

The British storm the Red Fort in 1857 and deport the
King and his famous voung Queen, Zeenat Mahal, to Ran-
goon, as punishment for encouraging the mutineers.

The presentation ends with the historic declaration of
India’s Independence by Jawaharlal Nehru in 1947, and his.
memorable speech to his countrymen.

The show is over, hut the marble pavilions still stand there
against the star-lit sky, enchanting the spectators, with their
heauty and grandeur.

The Red Fort spectacle has been compited by a team of
distinguished artists and technicians. The direction of the
program was in the hands of Chetan Anand, world-famous
Indian film director. Emile de Harven was responsible for
sound production. Music was specially composed by Ali
Akbar Khan.
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THE EQUIPMENT

The central controlling element is a ten-track magnetic tape
recorder system. 16mm tape is used at a speed of 15 in./sec.
The functions of the ten tracks are divided as follows:

Five tracks are used for the sound—mono, stereo, and trav-
elling.

One track is for switching the five sound tracks to eight
groups of amplifiers with loudspeakers.

One track switches the light circuits on and off, or connects
them to a separate thyristor dimming unit.

Three tracks are used to control the thyristor dimming
units (Ficure 1), thus enabling dimming of the light circuits
connected to them.

The automatic switching of light and/or sound is effected
by drum-type programmers such as the unit shown in FiGURE

Figure 2. The drum programmer described in the text. Each of the
contact pegs may be positioned as needed by individual require-
ments.

2. 24-volt d.c. pulses control the programimer. The program-
mer may be made to manually rotate one step by pushing
the telephone key (SK 1 in Figure 3) into a right-hand
position, or not to react on an external pulse by pushing the
key into the left-hand position. WWhen SK 2 is pressed the
drum turns step-by-step as far as the track with stop peg.
The drum can be started again by pushing SK 1 to the right.
For changes of progran, the drums are readily exchangeable.

The drum will operate on a pulse as short as 0.1 second.
There are 102 steps per revolution, with a maximum switch-
ing speed of three steps per second. The drum contains 48
micro-switches.

Philips supplied and installed the entire package to the
Red Fort display, inclhuding all accessory equipment. It has
already heen viewed by thousands of visitors every evening
since its installation. There are now current plans to provide
similar installations at other historical sites in India.

R{-} #—

Figure 3. This schematic shows the operation of the drum programmer
illustrated in Figure 2. The operation of SK 1 and 2 are described in
the text. The extended switch on the right is the contacts, of the drum.
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Audio-Visual in a Modern

Museum

MARTIN DICKSTEIN

The increasing use of audio-visual techniques as
educational tools is everywhere in display.
One of the more effective and dramatic systems is
described herein as the author tours a new
display at New York's American
Museum of Natural History.

Ack IN 1869, the vear the Suez Canal opened and
General Grant became the eighteenth President of the
United States, the term natural history meant the
description, study and classification of living and

inanimate natural objects. To fulfill this purpose, the NMuseum
of Natural History in New York City was chartered this same
vear.

At that time, the stafi of two men comprised the entire
working force of the museum. Today, the staff consists of
more than one hundred scientists and close to seven hundred
emplovees and the subjects covered range from animal be-
havior to radio sounds from space, evolution of man and his
role in nature. Natural historv today has been expanded to
mean a perspective on the entire interrelated natural world
in all its complexity.

In keeping with the enlarged scope of the museum's func-
tion, exhibits have changed along with the philosophy on
methods of display. From small crowded display cases, the
exhibits have expanded to carefulty buiit re-creations of the
naturat environs of the habitat groups being shown. Now,
more than a thousand displays with over two hundred
habitat groups are on exhibit in fifty-eight exhibition halls.
Each animal is presented in a typical true-to-life attitude
while people, fish, insects, and microscopic organisms are all
shown with all possible realism in their individual dioramas

In 1935, the Museum opened the Hayden Planetarium ad-
jacent to its main building and in 1951 presented its first
space travel svmposium. In 1953, the Planetarium com-
pleted its black-light murals, the only ones of their kinds
anywhere, and in 1957 participated inan IGY symposium.

Ten years ago, the decision was macde to launch a great new
centennial exhibition program using the most advanced
scientific knowledge and the most moderii display techniques.
In the past decade, eleven new halls have opened, a special

Martin Dickstein is a regular colwmnist in db Magazine,
contributing the Sound with I'mages monthly feature.

exhibit on human ecology opened this vear, a display on
earth historv was opened with a fitmed recreation of the
origin of the earth some four and one half hillion years ago,
a new display on ocean life and the biology of fishes was
finished including a fiber glass and polyurethane model of a
94-foot long blue whale (Ficure 1) suspended from a single
point, creating the impression that there is no support at all,
and a maodel of the Apollo space craft was put on exhibit to
bring us up to date.

Films are shown on small rear-projection screens in various
exhibits to enhance the displays. Flashing lights are incor-
porated in several presentations to provide further realism.
Among these panoramas of life on this planet, the museum
has opened a very large display which makes use of some of
the most recent techniques of construction and audio-visual
presentation to raise and explore a most provocative question,
Can Man Survive?.

This exhibit concerns itself with the continued existance of

_-;I“\ , - / , 7 Fd

Figure 1. A full-sized replica of a blue whale, the largest animal
living on earth, It is suspended from a single point.
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Figure 9. This Takanaka Truss supports the completely suspended
exhibit described in the text. (The illustration is actually of & scale
model of the truss.)

Figure 3. The exhibit entrance showing the steel support beams.

man and shows how heedless exploitation of the environment
along with accelerated technology and exploding population
have created staggering problems in air and water pollution,
as well as urban decay.

Can Man Survive? took two yvears to complete and cost over

a half-million dollars. Because of the size and weight of the
display, the entire exhibit is suspended from a Takanaka
T'russ, a computer-designed open framework (Ficrre 2)
supported by steel structure mounted around the floor of
he exhibit hall. This is the first use of this concept in this
tountry and has only been applied to a few structures in
lapan. The architectural construction of the entire exhibit
Froure 3) is in keeping with modern concepts. and provides
n area of four thousand square feet through which the
dsitors (four million are expected during the two vears the
xhibit will be open) will walk and experience the message
eing presented.

The ascending ramyp of the entrance leads the visitor into a
arpeted “‘conditioning” tunnel. Outside sounds and light are
it off and the viewer is introduced to his new environment of
ature by sounds of birds singing. water splashing and soft

music. The room itself is fairly dark and has, on ome wall,
iwo 10-foot wide screens. 4-minute presentations, running
antinuously, illustrate the balance and interrelation of all
nature, and that for life to continue to exist there must be
ifficient food, water. and oxygen. The show opens with a
iiiet, peaceful dawn and the gentle lap of the ocean on the

wre. The sun rises, various landscapes and terrains are
siiown, different forms of life of the sea are followed by various
firms of plant life and then by animal life, including man.
‘Water, from the sea to rain to lakes. is shown to be of im-
partance to all life. Plants are depended on by animals and
mian, and are dependent in turn on water and air.

A narrator’s voice describes the need for oxygen and tells,
during a brief segment of the film made by micro-photog-
raphy, how cells depend on oxygen for life and how the
oxvgen is carried through the capillaries of a frog’s leg.

The two films, synchronized with the four audio tracks,
come to a close with the setting of the sun and after a short
pause begin again with a new dawn. The projection equip-
ment used in this presentation are 2 JAN 16mm units modi-
fied to run on a common motor with a single drive shaft,
and containing 900 watt Nenon light sources, Audio origi-
nates on Viking tape loop machines and is distributed by AR
amplifiers and speakers.

The passageway between this exhibit of untouched nature
and the next area is a narrow walkway through which the
visitor passes and sees the progress in the physical develop-
ment of man as well symbols depicting the growth of man's
intellect. Numerals, letters and symbols are painted to be
sensitive to ultra-viotet light. When illuminated in this
manner they seem to float in space.

Just hefore the entrance to the next main area, a 4-foot-
diameter hemisphere protrudes from the wall. A continuous
loop of filin projected into the globe from the rear, tells of the
progress of agriculture from the single hand-planted seed to
the present technological improvements and equipment. A
narrator tape loop, in sync with the film, tells the story.

The equipment used to project this film is standard 16mm
with a 1000-watt lamp and 2-inch lens. However, a fish-eve
lens is used to project the image onto the sphere. 1t is interest-
ing that for this segment the entire 114-minute film has each
frame turned upside-down and inverted left-to-right so that
the final image is correct for the viewer.

This then leads the visitor into the next main area (FiGure
4.) Here is seen the growth of technology and the resulting
machinery and products. On a screen approximately 8-feet
wide a continuous film of technology and its progress is rear-
projected showing the strides made in the generation of
power, medical science, ete. Much ground is covered quickly
as the film runs only approximately four minutes. Here, too,
a tape-loop narration describes the film. Electronic music
and background sounds of technology are also heard. In
keeping with the times, a small 4-inch Tv receiver is built
into the wall within the exhibit, a bit out of the way and not
within the normal range of viewing but adding to the effect of
the display.

Moving into the next area (Figure 3), the visitor passes a
wall made of cubes of various sizes, each projecting a dif-
ferent distance into the path of walk. Each of the blocks is a

Figure 4. The projection screens of the technology are a A minia-
ture television is built into the wall behind the tire.
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Figure 5. The populstion/pollution area with the many-cubed wall.
Not seen in this photo is a screen with a pollution film as well as
& population-increase screen facing the one shown.

mount for a black-and-white photograph and as the viewer
continues on his way the number of people in the photos
increases from individuals to groups to crowds of people.
Photos of the increase of production, products such as cars
and tires, and the resultant increase in waste are inter-
spersed. Accompanying sound of peoples’ voices and low-
frequency noise such as train roars, add to the display.

The projection screen the observer approaches as he walks
into the main area shows a continuous film on pollution.

Figure 6. The continuous-loop rack used in the rear-projection
displays.

\Waste material and garbage is dumped into rivers. Incinerat-
ors and power plants dump their waste smoke and gas into
the air. People throw their used paper and bottles hap-
hazardly. Voices of people and a narrator tell of carelessness
and indifference.

A second screen, around to the right (facing the first one),
presents a film on people of various walks of life and their
attitudes, including a youth thinking of his future and the
old and sickly without one. The sound track for each film
is kept soft, enough to permit comfortable hearing from
close range, but avoiding overlapping audio due to the
proximity of the screens.

Walking into the last display area of the exhibits, the visi-
tor's path is constricted sharply by many protruding pyramids
around which the viewer must move. The over-all appear-
ance is now starkly contrasted against the openness of the
first area. The peace and quiet have given way to congestion,
noise, bright images of projected slides, discordant music,
voices of people commenting discouragingly on waste and
pollution, and a total sense of foreboding. The pyramids,
which are at the level of the passerby, are the projection
surfaces on which the many slides are shown. The audience,
therefore, must walk through the beams of light making
each one a part of the population/pollution explosion and
involved in the problems inherent in the waste and decay
increasing all around us.

As the public is about to leave the exhibit area, a large
revolving sphere (made of steel rods in an open structure 6
feet in diameter) confronts the viewer. Quickly changing
slides repeating the theme of the preceding displays are
projected onto and through the globe. The images seen to
bob in the air as the visitor passes by.

For the projection system in the pyramid area, eight
Carousels are syncronized by a punched Mylar tape pro-
grammed to operate relays which in turn operate the pro-
jectors, A sequence of twenty slides per Carousel is repeated
continuously. On the spinning globe, two more carousels are
used with 1,000-watt incandescent-light sources, The se-
quence for each projector consists of only three slides per
tray, but these slides are repeated to fill the total capacity
and recycle endlessly.

The presentation now at an end, the visitor descends a
staircase, As he leaves a narrator’s voice follows him with the
message that the waste and deterioration are becoming hope-
less and that it is up to each one to do his part to prevent
total decay.

The entire presentation, produced in a hundred-year
young museum using sonie of the most up-to-date projection
techniques to portray a serious and current problem confront-
ing the public, is a most interesting application of lessons
possibly learned at such excellent schools as Expo '67. From
the novel external support structure, through the display
which changes internally even in room size (from the largest
at the beginning to the smallest at the end); through the use
of twenty channels of sound and synchronized film pro-
jectors with continuous loop racks with nylon idler wheels
(Ficure 6); through a multi-track control tape and pro-
grammed slide projectors; through carefully located (hidden)
speakers to produce the desired effect in keeping with the
exhibit; and though the discussion of a most pressing problem
of the day; an “old” museum has applied the new to move
into the present and to look ahead to the future.

Our thanks to the American Museum of Natural History
Department of Public Relations and to Dimensional Com-
munications, Inc., N. J., designers of the exhibit, for their
assistance and photographs.

wWWwW.americanradiohistorv.com
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SET ASIDE THE DATES
OCTOBER 13- 16
FOR THE
AUDIO ENGINEERING SOCIETY’S
37th TECHNICAL MEETING
AND
EXHIBITION OF PROFESSIONAL EQUIPMENT

AT THE

NEW YORK HILTON
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New Products and Services

MICROPHONE
b
»

e Live recording work is the purpose
of this new microphone. \odel 2300
series microphones are omnidirectional
dynamics with on/off switches, peak-
free 50-15,000 Hz response, and output
levels of =56 dI3. The case is = inch
machined steel with steel grilles with a
satin-chrome finish. Twenty foot cables
are provided with the mic connector a
three-pin type. A windscreen is built
in. It may be had with either high-
impedance or 150-ohm windings.

Mfr.: Turner Company

Price: $75.00

Circle 54 on Reader Service Card

COMMERCIAL SPEAKER

®.\ small-sized super-low resonance
commercial speaker has now been made
available primarily for ceiling installa-
tions. The diameter is 314 inches and
grille screens as small as 6 inches may be
used. The FX-12 features a removable
universal bracket, permitting end trans-
former mounting for shallow spaces or
back transformer mounting for deep
spaces with small diameters. The speak-
er is completely weatherproof, for
indoor or outdoor locations—with a
plastic diaphragm and specially-pro-
tected moving system. The voice coil
has an impedance of 8 ohms. The
speaker is available with pre-integrated
constant voltage transformers for 70-V
or 25-\" lines. Full specifications are
available from the company.

Mfr.. Jensen Manufacturing Div.

Price: $24.95

Circle 52 on Reader Service Card.

TIMEKEEPER hes the new Michael Scott
TAPE-TIMERS in stock for immediate
delivery. These low-cost, high quality tape
timers offer these advantages:

®Easily mounted on any V4 inch tape
machine.

® Accuracy within 2/1000 independent of
tape speed.

®Precision ball bearings—no need for

lubrication ever.

Save time and money by winding tape at
high speed with the same timing accuracy
associated with normal speeds.

Why use a TAPE-TIMER in place of a
stop watch? Simply because the stop watch
is independent of the tape which itself is
subject to elongation or contraction—plus
other factors associated with the recorder
itself. Most important, the stop watch
cannot be rewound with the tape! Only
a TAPE-TIMER moves with the tape so that
you always know where you are for any
editing, processing, or revisions. It is an
indispensible tool for the serious tape user.
At this low price you can no longer afford
to be without one.

Two models are available:
Professional High-Speed TAPE-

TIMER.. .o oot $79.95
(7.5 and 15 in./sec.)
Standard TAPE-TIMER . . ... .. $39.95
(7.5 and 3.75——can also be used at
15 in./sec.)

g " f 2
. Fasny rl‘ll::\\'i'

PRO MODEL

TAPE TIMERS e TAPE TIMERS e TAPE TIMERS

Each TAPE-TIMER is fully guaranteed to
meet with your complete satisfaction or your
money will be promptly refunded. Use the
handy coupon.

————— ——————————— —

| TO: TIMEKEEPER
P.O. Box 762
Mineola, New York 11501

Enclosed is a check for §....... Please

send. .. .Pro Model
$79.95 each.

....Standard Model TAPE-TIMERS at

$30.95 each.
Shipping costs: add $1.00 to order
regardless of quantity.

|
|
|
|
|
|
|
TAPE-TIMERS  at :
|
l
|
|
|

I Name........... Company. . ........ :
: Address. . ... ... :
|

| City.oooonen.. State........ Zip. .. .. :

I(New York State residents must add |
| 5% sales tax)

Circle 32 on Reader Service Card

WWW.americanradiohistorv.com
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db
Binders

only $4.95
postpaid

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

|
|
|
|
!
|
|
|
|
|
!
!
|
|
|

Please send me copies of the

db Magazine binder. My check for

(New York Stste residents plesse add

5% sales tax).

| Mail to: db, the Sound Engineering
Magazine, 980 Old Country Road,

| Plainview, N.Y. 11803.

|

|

|

|

| $ is enclosed (sorry, nc
I c.0.d).

|

|

| Nosme

|

I Address

| ber and street

|

|

| city te zip
|

|

UTDOOR

#Solid redwood, 34-inch thick, is used
to help this column speaker withstand
high and low temperature extremes,
as well as actual emerision in water.
The sound characteristic is focused to
minimize feedback with a uniform sound
level from the front to back of an audi
ence. The model SD-1062 is elec
tronically glued with waterproof ad-
hesive, its louvered, anodized aluminum
grille is backed with a double plastic

LU MN

moisture barrier. Six special Jensen
six-inch speakers with waterproof cones
and aluminum bobbin voice coils have
a frequency response of 50-15,000 Hz.
Vertical projection angle is 30 degrees,
horizontal is 130 degrees typical. Power
capacity is 60 watts and impedance is
16 ohms. Size is 44’ high, 1115" wide,
and 715" deep.

Mfrg: Argos Products Co.

Circle 51 on Reader Service Card

SERIES 11
Full Track and
Half Track

PR LT T Y

PORTABLE/SOLID STATE/BATTER;( OPERATED/TAPE RECORDER

At first, it was almost a labor of love to meet al! the rigorous demands for
Tandberg excelience. Then, after exhaustive development, this fine product
was born for critical, on-the-spot, professional-type recordings that require
"'better, clearer, more natural sound.” The quality speaks for itself —
Tandberg. Try it. But first, to start with, review these important features:
3 separate heads; 3 speeds; 7~ reel capacity (cover off); mixing faciiities

with separate level controls;

=0.59% absolute speed tolerance; automatic

limiting control; 200 ohm ‘monitor headphone ‘socket; builtsin speaker;
accepts ten 1.5 D cell or nickel cadmium batteries: weight 10 Ibs.

SPECIFICATIONS

Frequency Response: 7% ips — 30-20,000Hz (*2-
db.-40-16,000Hz); 33 ips — 30:13,000Hz (*=2db
50-9,000H2); 17 ips 30-7,000Hz - (=2db 60-
4,500Hz). Signal-to-noise Ratio: 742 ips 6ldH.
wow: Tl ips better than .1%; 33 ips better
than .15%: 1% ips better than .35%. Erase &
Bias Frequency: 85.5KHz =2KHz; below 5% distor-
tion. Transistor Complement: 41 transistors, 8 di-
odes, 2 rener dicdes $449.50

Oplional Accessories:
Carry Bag $29.9% AC Power Supply $44.9%

for betier, clearer, more natural sound

Tandbery

<
TANDEERG OF AMERICA. (¢ &

P.0. Box 171, B Third Avenue, Pelham, N. Y. 10803
914 PE 8-0772

-

v'*'? =

ALSO. AVAILABLE
‘Pilotone’

Model 11-1-P

for Professional Sound/ Film Syn.
chronization and Audio Engineering.
Rugged, climatized construction. Syn-
chronlzer and power supply optional.

$699.00

Curcle 33 on Reader Service Card
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As & service to our readers we are pleased
to offer these books from prominent tech-
nical publishers. All prices listed are the
publishers’ net. Shipping charges are
included.

Use the coupon at the bottom of the page
or give the complete title, author and coupon
number. Be sure to indicate quantity on the
special instructions line if more than one
copy of a title is wanted. Full payment must
accompany your order. We cannot ship
c.0.d. Checks or money orders should be
made payable to Sagamore Publishing Com-
pany, Inc. Because of the time required to
process orders, allow several weeks for the
receipt of books.

Broadcasting

RADIO BROADCASTING

edited by Robert L. Hilliard. Each of the five
chapters has been written by a prominent
educator with an extensive background of
practical experience in commercisl and edu-
cational broadcasting The areas covered in-
clude: management and progremming, oper-
ating and studio facilities, producing and di-
recting, writing, performing. For those of you
who want to, or must, operate on both sides
of the control room, this is virtually required
reading. 190 pages; 6% x 934, indexed;
clothbound.

$6.95 ($8.35 in Canada)

Circle 2 on Coupon Below

Reference

New 17th Edition of the famous

RADIO HANDBOOK

Tells how to design, build and operate the
latest types of amateur transmitters, receiv-
ers, transceivers, amplifiers and test equip-
ment. Provides extensive, simplified theory
on practically every phase of radio. Broad
coverage,; all original data, up to date, com-
plete. 847 pages.

$12.95 ($15.50 in Canada)

Circle 10 on Coupon Below

Sagamore Publishing Company, In

t
= 980 Old Country Road, Plalnvicw, N.Y. 1180

How To

PRACTICAL PA GUIDEBOQOK: HOW
TO INSTALL, OPERATE AND SERVICE
PUBLIC ADDRESS SYSTEMS

by Norman H. Crowhurst. 1967. This book
gives all the basics needed to become o suc-
cessful PA operator, in any situation where
the reinforcement, relay, or distribution of
sound can provide a service. It shows how to
properly install, operate and service public
address systems. All aspects of the subject,
from survey to the selection of appropriate
equipment, to installation, to routine opera-
tion and the maintenance of a finished sys-
tem, are covered. Attention is given to solv-
ing problems encountered in providing suc-
cessful service. The book’s systematic and
practical approach makes it highly useful to
radio-TV servicemen, hobbyists, and PA
equipment manufacturers. 136 pages; 6 x 9;
illus; softbound.

$3.95 (34.60 in Canada)

Circle 15 on Coupon Below

CLOSED-CIRCUIT

TELEVISION HANDBOQOK

by Leon Wortman. Gives comprehensive
detailed information about the field in an
easy-to-understand presentation. [t's par-
ticularly suited to those who plan to use,
install, and service cctv. Covers the subject
from the simple single-camera system to the
most exotic systems. 288 pages; 514 x 84,
clothbound.

$7.95 (39.50 in Canada)

Circle 18 on Coupon Below

Electronic Music

ELECTRONIC MUSICAL INSTRUMENTS
by Richard H. Dorf. Now in its third edition
and sixth printing since its first appearance
in 1954, this is considered the authority on
electronic organs. This edition is completely
rewritten to explain everything technical
about today’s organs. The book is of special
value to organ designers and service tech-
nicians os well as electronics-minded hobby-
ists and prospective organ purchasers. OFf
special value are the author’s many practical
comments and expressions of opinion based
on his years of musical, engineering, and
management experience with electronic
musical instruments. 393 pages; 239 dia-
grams and photographs.

$10.00 (511.95 in Canada)

Circle 19 on Coupon Below

Please send me the books | have circled below My full remittance in the amount

Name. . ..ot iainiaaen
l Street Address. .....coiieiiiiieiienn,
City. oo v ieieiieieeinannnaenans State. .
| _Speciel nstructions. .- ooeereee e

1
|
5
ofS$......... is enclosed. N.Y. State residents add 5% sales tax. |
123456789 10 11 12 13 14 15 16 17 18 19 20 21 22 |
23 24 95 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 {
|
|
|
|
|
|
|

....................................
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General Audio

THE TECHNIQUE OF

THE SOUND STUDIO

by Alec Nisbett. This is a handbook on radio
and recording techniques, but the principles
described are equally applicable to film and
television sound It describes how the high-
est standards may be achieved not only in
the elaborately equipped studio but also
with simple equipment out on location. 264
pages; 60 diagrams; glossary; indexed; 534
x 834; clothbound.

$10.50 (511.95 in Canada)

Circle 1 on Coupon Below

DESIGN OF LOW-NOISE
TRANSISTOR INPUT CIRCUITS

by Wiliam A. Rheinfelder. 1964. Written
for students as well as circuit design engi-
neers interested in low-noise circuit design.
Throughout, the book gives & multitude of
time-saving graphs and design curves for the
practical circuit designer. Simple derivations
of all important formulas are also presented
to help the reader obtain a deeper insight
into the fundamentals of practical low-noise
design. 128 pages; 6 x 9; illus.; clothbound.

$5.50 (36.50 in Canada)
Circle 14 on Coupon Below

NEW!

THE AUDIO CYCLOPEDIA

(2nd EDITION)

by Dr. Howard M. Tremaine. New and
updated, here is the complete audio refer-
ence library in a single volume. [t provides
the most comprehensive information on
every aspect of the audio art. This new
edition includes the latest audio develop-
ments including the most recent solid-state
systems and integrated circuits. It covers all
subjects in the fields of acoustics, recording,
and reproduction with more than 3400
related topics. Each topic can be instantly
located by & unique index and reference
system. More than 1600 illustrations and
schematics help make complicated topics
masterpieces of clarity. 1760 pages; 6l x
9-3/8; hardbound.

$29.95 ($35.95 in Canada)

Circle 20 on Coupon Below

ACOUSTICS—ROOM DESIGN

AND NOISE CONTROL

by Michael Rettinger. 1968. The enormous
problems and hazards presented by noise
are dealt within an orderly and practical
manner. With many charts, graphs, and
practical examples, the text covers the
physics of sound, room acoustics, and de-
sign, noise and noise reduction. The author’s
many years of experience in the field and
extensive knowledge (set down in two
earlier books on acoustics) make this work
a boon to architects, builders, designers,
planners, and engineers. 392 pages; hard-
bound.

$17.50 (320.90 in Canada)

Circle 21 on Coupon Below
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HANDBOOK OF ELECTRONIC TABLES
& FORMULAS, (3:d Edition)

A one-stop source for all charts, tables, for-
mulas, laws, symbels, and standards used in
electronics. Devotes complete sections to
items of interest to service technicians and to
circuit design data. Includes a B-page, full-
color fold-out chart showing latest FCC allo-
cations for the entire frequency spectrum.
239 pages; 514 x 814; hardbound.

$5.50 ($6.60 in Canada)

Circle 8 on Coupon Below

Test and Maintenance

INTERMODULATION AND
HARMONIC DISTORTION
HANDBOOK

by Howard M. Tremaine. A complete refer-
ence guidebook on audio signal intermodu-
lation and harmonic distortion. 172 pages;
534 x 814; softbound.

$4.95 ($5.25 in Canada)

Circle 9 on Coupon Below

Circuitry and Components

PASSIVE AUDIO NETWORK DESIGN
by Howard M. Tremaine. A complete and
comprehensive guide to the design, con-
struction, and testing of all types of attenu-
ators, equalizers, and wave filters for the
practicing audio technician or engineer. This
authoritative text is one of the few written
on the subject, and requires only nominal
mathematical background. Written in easy-
to-understand language, the content presents
the basic design, construction, and testing
considerations without the confusion often
associated with passive networks. 988 pages;
534 x 814, softbound.

$5.50 (3$6.45 in Canada)

Circle 5 on Coupon Below

TRANSISTORS FOR AUDIO
FREQUENCY (AUDIO-FREQUENCY
AMPLIFICATION)

by Guy Fontaine. 1967. This systematic and
detailed trestment of the application of tran-
sistors in audio-frequency amplifiers shows
how the published transistor characteristics
are related to the principles of design. To as-
sure clarity, the figures are rendered in sev-
eral colors and placed opposite the related
text. Simple equations reinforce the lucid ap-
proach. Anidesl textbook or reference onthe
subject for engineers and advanced techni-
cians. 384 pages; 53 x 8, illus.; clothbound.
$7.95 ($9.55 in Canada)

Circle 12 on Coupon Below

ACOUSTICAL TESTS

AND MEASUREMENTS

by Don Davis. Provides s solid understand-
ing of the entire subject of acoustical meas-
urements; based on actual field test work,
using commercial equipment. Contains prac-
tical, time-saving solutions to actual problems
encountered in the field; minimum math is re-
quired for understanding. The author is an
expert in this field, and an authority on audi-
torium acoustics. An invsluable book for
phone company special service engineers,
plant maintenance engineers, communica-
tions engineers, noise control specialists, ar-
chitectural engineers, broadcast engineers
and technicians, hi-fi fans and students. 199
pages; 514 x 814, hardbound.

$6.95 ($8.35 in Canada)

Circle 7 on Coupon Below

Classified

Closing date is the fifteenth of the second
month preceding the date of issue. Send
copy to:

Classified Ad Dept.

db

THE SOUND ENGINEERING MAGAZINE
980 Old Country Road

Plainview, New York 11803

Rates are 50c a word for commercial adver-
tisements. Non-commercial and employment
offered or wanted placements are accepted

at 25¢ per word.

EMPLOYMENT

PROFESSIONAL RECORDING PERSON-
NEL SPECIALISTS. A selective service for
employers and job seckers: engineers, tape
editors, production and studic mgrs, traffic
assts, etc. Call us today! Smith's Personnel
Service, 1457 Broadway, N.Y.C. 10036.
Alayne Spertell 212 WI 7-3806.

AUDIO SPECIALIST MFRS: REPRESENTA.
TIVE seeks new lines for Arizona territory.
Californla representatives wanting Arizona
affiliate sales office invited. Box 9B, db
Magazine, 980 Old Country Road, Plain-
view, N. Y. 11803

FOR SALE

STROMBERG CARLSON 250-WATT am-
plifier AP54, $250. Stephen Heider, 326
University Avenue, Buffalo, N. Y. 14293,

MARANTZ PREAMP MODEL 7C,
ACOUSTECH 1A power amplifier. Per-
fect condition. $280.00. Write Box 9A,
db Magazine, 980 Old Country Road,
Plainview, N. Y. 11803.

SOLID-STATE AUDIO PLUG-IN OCTAL
(1" Dia x 2 H) modules. Mic presmps, disc
& tape preamp-equalizers, tspe bias osc. &
record smpl., power smps & power sup-
plies. Send for free catolog snd sudio ep-
plications. Opamp Labs.,, 172 So. Alta
Vista Blvd., Los Angeles, California 90036.

AUDIO AND VIDEO JACK PANELS snd
patch cords. 500-500 ohm repest coils.
New and used. Send for list. Gulf Electro
Sales, 6325 Beverly Hill, Houston, Texas
77027

RECORDING STUDIO CLOSEOUT
Gotham Grampisn cutter system with new
cutter head $950. Grampisn Mecintosh
cutter system $590. Many other bargains in
new ond used professionsl equipment.
Write for list. Universal Audio Sales, 2451
Nicollet, Minneapolis, Minn. 55404,

www americanradiohistorv. com

SCULLY TAPE RECORDERS — one to
twenty-four track and model 270 auto players,
many models in stock for immediate delivery.
SCULLY LATHES — Previously owned and
rebuilt. Varisble or sutomatic pitch. Com-
plete cutting systems with Westrex heads.
MIXING CONSOLES — Custom designed
using Wiegand Audio Lab modules. From
$7,000.00. Wiegand Audio Laboratories,
3402 Windsor Road, Wall, New Jersey
07719. Phone: 201 681-6443.

THIRD CLASS LICENSE Instruction book-
let, reviews all phases necessary for license,
also contdins sample test. $1.00 each. Order
from Baker Publishing, 443 So. 13th Street,
Lincoln, Nebraska 68508.

EDUCATION

FCC LICENSE TRAINING by correspon-
dence. G.I. Bill approved. Free brochure.
Write: Dept. E-4, Pathfinder School of
Electronics, 1505 N. Western Avenue,
Hollywood, California 90027.

SERVICES

WHATEVER YOUR EQUIPMENT NEEDS
— new or used — check us first. Trade your
used equipment for new. Write for our
complete listings. Broadcast Equipment &
Supply Co., Box 3141, Bristo!, Tenn. 37620.

CUSTOM STYLUS — cortridge re-tipping,
re-building, replecements.  International
Audic Stylus Corp., 111-D Lake Ave.,
Tuckahoe, New York, 10707 (Telephone:
(914) SP9-1297.

6961 12quaidag qp
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Peop|e, P\oces, Happenings

® Be sure to mark your calendar for
the 37th Audio Engineering Society
Convention and Exhibition, The
place: The New VYork Ililton Hotel.
Dates for the exhibitions and technical
sessions are Monday, October 13th
through Thursday, October 16th. This
promises to be the most exciting yet,
with this move to the giant facilities
of the Hilton for the first time. As of
press time, over fifty exhibitors had
been signed. Next month we will carry
complete listings of the papers and our
map guides to the exhibits.

o Canadians note that the 19th annual
Convention of the Central Canada
Broadcasters’ Association — Engi-
neering will he held at the Skyvline
Hotel in Ottawa, Canada on the 26th,
27th, and 28th of October. As in past
years, it will include a two-day technical
seminar on broacdcast technical sub-
jects, and engineering luncheon, and
two floors of broadcast equipment dis-
plays. For further information write to
George Roach, Past Chairman—
CCBA Engineering ¢/0 Radio Sta-
tion CFRA Limited, 150 Isabella
Street, Ottawa 1. Ontario, Canada.

®S. L. Raia has been appointed di-
rector of advertising and public relations
for Visual Electronics Corporation
according to an announcement of James
B. Tharpe, president of the firm. Mr.
Raia comes to Visual from CBS Lab-
toraories where he held a similar posi-
tion. Before that he was with AVCOy
Lycoming as chief of technical com-
munications.

® Four veteran executives at the Altec
Lansing Division of LTV Ling Altec,
Inc., has been announced by Alvis A,
Ward, chairman of the board and and
president of the newlyv-formed Ling

Altec Group headquartered in Ana-
heim, California. H. 8. Morris, former

vice-president of marketing becomes
president of the Altec Lansing Division.
“\lo" Morris began his career 41 years
ago with Electrical Research Prod-
ucts, Inc., a subsidiary of Western
Electric and a predecessor to Altec.
He worked his way up through the
company as a survey engineer, technical
inspection superintendent, merchandis-
ing manager, and director of marketing.
In 1962 he was appointed v.-p. market-

ing.

W. H. Johnson, former marketing
director, succeeds Nlr. Morris as division
vice-president for marketing. Ile has

been with Altec since 1858 as mid-
western sales manager based in Chi-
cago. He transferred to Altec lLansing
in Anaheim in 1959 to become manager
of engineering and technical informa-
tion. In 1960 he was named marketing
director.

A. K. Davis celebrates his 40th vear
with the company having started with
Electrical Research Products, Inc. in
1929 as a field installation engineer.

www americanradiohistorv. com

His new title is vice-president manufac-
turing. Most recently he was general
operating manager, a position he has
held since 1965.

James J. Noble joined Altec Lansing
Corporation at its founding in May,

1941. He first served in the manufac-
turing department. After service in the
Navy during the second world war he
returned to Altec as a senior member of
the engineering group. In 1955 he was
promoted to chief engineer of elec-
tronics, and in 1967, was named director
of engineering. In this latest upshifting
lie becomes vice-president engineering.

e Mirasound Studios, Inc. at their
new location in New York City has
announced the signing of Bob Hughes
and Bill Radice to join Ron Johnson
who has been at Mira sound at its old
location and helped introduce 16-track
recording to the industry. These three
will now work on recently-installed
equipment for 24-track recording, as
well as servicing the industry with more
conventional methods.
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The Sound Of KOSS
L ooks Like This...

Can You Beat That?

To guarantee performance to specifications, this individual machine-run
response curve comes with every ESP-9 Studio Monitor Headset. You get,
for the first time, flat + 2 db monitoring over the entire audible spectrum
because the ESP-9 is a breakthrough electro-acoustical development achieved
by exploiting electrostatic principles. Only Koss electrostatics give push-pull
balanced acoustical circuitry, cancelling all second harmonic distortion to
provide fatigue-free listening through long recording sessions. Now you hear
what the program material really sounds like, uncolored by monitor room
reflections. Exceeding the range and cleanliness of any speaker system, the
ESP-9 gives the measure of separation and accurately positions the soloist.
40 db isolation through comfortable, fluid-filled cushions relieves the noisy
distraction caused by producers, A and R men, time-killing artists, and other
visitors in the control room. The ESP-9 eliminates the masking effect of
blowers, breath sounds, clothes rustling and other control room ambients.

Soc now you have a running check on low-level system noise. You monitor KOSS

the sounds you only saw before on the VU meter, like the “whoosh” of a MODEL ESP-9
stage door closing, ventilator rumbles and music stand rattles — because g#EcEggﬁBATEKS:
speakers simply don't have the super-wide-range you need toc hear them. WITS N
The ESP-9 has a signal handling capacity of 10 volts at 30 Hz with good E-9 ENERGIZER
wave form versus 6 volts for the integrated ESP-6 introduced last year. This

Is made possible by increasing the size of the coupling transformers by a
factor of 4 and mounting them in the E-9 Energizer external to the cup.

$150.00

The E-9 Energizer offers the option of self-energizing for the bias supply, or
energizing through the ac line; choice is made with a selector switch on the
front panel. When energized through the ac line, very precise level measure-
ments can be made. Thus the unit is ideal for audiometry, and for evaluating
lhe spectral character of very low level noise in tape mastering machines
and recording consoles.

SPECIFICATIONS

Frequency Response Range, Typical: 15-15,000 Hz *= 2 db (10 cctaves) 10-19,000 Hz > 5 db

An individual, machine-run calibration curve accompanies each headset. Sensitivity: 90 db SPL
at 1kHz = 1 db referred to 0.0002 dynes/cm? with 1 volt at the input. Total Harmonic Distortion:

Less than ¥s of 1% at 110 db SPL. tsclation From External Noise: 40 db average through {luid
led cushions provided as an integral part of the headset. Power Handling Capability: Maximum
ontinuous program material shoutd not exceed 10 volts {12 watls) as read by an ac VTVM;

rovides for transient peaks 14 db beyond the continuous level of 10 volts. Source Impedance:
esigned 1o work from 4-16 ohm amplifier outputs. External Power Requirements: None, except L KOSS ELECTRONICS INC.
hen used for precise low level signal measutement, when external ac line can be setected by @ 2227 North 31st Street
tront panel switch on the E-9 Energizer. @" fbium) Milwaukee, Wisconsin 53208
See your dealer today or write for free technical paper, - KOSS ELECTRONICS S.r. I,
“An Adverture in Headphone Design" and ESP Catalog 108. Via Valtorta 21/20127 Milan, ttalia
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All that’s left of the great old A
= Musicaster* is the size and the ’

I mounting hardware. Everything else
is changed — and it’s all for the best.

Start with the silicone-treated weath-

®
erproof speaker. Changed from an 8"
uSlcas r to a 12” Radax* With smoother re-
@ sponse, better bass, yet the same high

efficiency and 30 watt power handling.

Protected by a 14" Acoustifoam?*
I ' weather barrier sandwiched behind the
OO grille.
&

The enclosure is new, too. By using
a one-piece glass-filled polyester hous-
ing, we saved two pounds overall,
without reducing strength. or utility.
The peripheral ducted port combines
with a fiberglass-filled interior to
smooth and extend bass response.

And don’t overlook the importauce
of good looks. The clean, contempo-
rary lines of the new Musicaster will
get you quick architectural approval
where other uglier speakers would be
banned out of sight.

The net effect is a great music speaker
that also does full justice to voice. The
ideal combination for so many of your
multi-purpos¢ sound installations.
And the mounting bracket still doubles
as a handle for portable use.

Finally, you can choose from two
models, the basic Musicaster JA at
$69.90 net, or the Musicaster 11A with
horn-loaded T35B tweeter for ex- :
tended highs and outstanding uni- Qﬂ
form polar response at only $88.50
net. Both cost a little less than the old
Musicaster; but they give you much

more to sell. Prove it to yourself today.
¢ Electro-Voice Trade Marks

ELECTRO-VOICE, INC., Dept. 996BD
686 Cecil Street
Buchanan, Michigan 49107

EleéhoYorcs

A SUBSIDIARY OF GULTON INDUSTRIES. INC.

high fidelity systems and speakers « tuners,
amplifiers, receivers « public address loudspeakers
« microphones s phono needles and cartridges

» space and defense electronics
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