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® In January we go down the wind-
ing trail of disc-mastering. First, we
shall sce how Capitol-Audio Devices
makes acctates and presses them into
dises at their Winchester, Va. facility.
It's quite a procedure.

® Next, we shall have a look at a
disc-mustering  facility  in beautiful
downtown Burbank — Kendun  Re-
corders — where some  of the best
masters have been cut by impressario
Kent Duncan.

e And if all you know about CD-4
cutting is what was published a few
years ago {and those monstrous racks
that were then needed). you will be
interested 1o see, via John Euargle’s il-
luminating article. just how the hard-
wire has shrunk while the technology
has cxpanded.

e

cover

® An imaginative photographic inter-
pretation of a performing rock group
using some very sophisticated labora-
tory techniques in color processing.
(Photo: H. Armstrong Roberts)
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There's hardly a studio, station, or stage today that doesn’t have

one or more of our popular 1176LN Limiters or LA-3A Leveling

Amplifiers. They're everywhere! And, the reason they’re the choice

of over 6000 users is their versatility and unique sound character-

isties.

® The versatile 1176LN Peak Limiter has ultra-fast attack
time, push-button selection of compression ratios

for every program reguirement,and adjustable attack
and release times.

e The LA-3A Leveling Amplifier isa no fuss RMS
limiter/compressor with a patented electro-
optical attenuator . . . just set it and for-
get it. Half rack size, 3% inches high

Prices remain exceptionally low
The 1176 is still under $500.00
and the LA-3A under $400.00.

Take a tip from those who use

them . .. Try them. Readily
available through your UREI
dealer.

URLLTY

11922 Valerio Street
No. Hollywood, California 91605 (213} 764-1500

E xclusive export agent: Gotham Export Corporation, New York
1
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Are you a recording engineer? Entertainer. Concert Manager. Audio
Consultant. Disc Jockey. Doctor. Lawyer. Indian Chiel...whoever you afe,
you can find an AKG condenser, electret, dynamic, dynamic “two-way":
omni, cardioid, Tigure-eight, hyper-cardioid patterns and a shot gun mike
to satisfy the most particular requirements. There's even a sawed-off shot
gun module available.

Studio on a budget? The AKG electret condenser system gives the
versatility of interchangeable capsules: lavalier, omni, cardioid and car-
dioid/wind screen, on a hand held power Supply.

Professional applications? We present the AKG D-140. It's a com-
pact yet rugged cardioid dynamic that's designed to take rock Sound pres-
sure levels and give wide-range impeccable performance on the stage or
in the studio,

Then there's the AKG “two-way” mikes. TheyTe S0 unique theyre
patented. Each mike has a high frequency transducer and a low frequency

transducer optimally combined. They Qive Smooth bass respense without
annoying proximity effects. There's a complete choice of two-way mikes to
meet the needs and the budgets of just about every recordist

Rock? We have the right mikes for soul, progressive, and downhome
country. There's even an AKG guitar pickup.

The professional C-451 interchangeable condenser system, C-414
preferred studio condenser, and the stereo concert C-24 condenser mikes
provide the quality standards all AKG mikes live up to.

Come out, come out whoever you are to your AKG dealer for details.

Or write to us.

AKG MICROPHONES s HEADPHONES
distributed by:

PHILIPS AUDIOVIDEQO SYSTEMS CORP
AUDIO DIVISION

91'McKee Drive, Mahwah, New Jersey 07430
A North American Philips Company

AKQ has the right microphone for you.
Whoever you are.

ATCRPOPREREDY,

-
-
-
-
-
=
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Professional

performance
at a non-

professional
price

Crown % " tape recorders are
built for professional service.

They include such features as
heavy, %" thick front panel; three
separate motors; cue levers; electro-
magnetic braking, and NAB
equalization. Some models have com-
puter logic control and full remote
capability. Heads are fastened with
special neoprene mounts to a heavy
head-plate for extra stability. Look
finally at a 0.06% wow and flutter (15
ips) spec. It would be hard to describe
Crown recorders as anything but
professional.

But many purchasers believe that
such a recorder has to be expensive.
They tell us you can’t buy a profes-
sional recorder at the Crown price.
The people who own Crown recorders
know better. They understand Crown’s
dedication to good engineering and
good value.

So look for the “non-professional’
price tags. On over 40 different
models — your choice of transport,
speeds, channels, electronics, tape
heads, accessories and cabinets. It's
a professional choice. Write for free

crown

Box 1000, Elkhart IN 46514
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When listening
becomes an art,

THE EDITOR:

Thank you for a highly useful ar-
ticle on preamp design by R. S. Mintz.
I would like to ask Mr. Mintz some
questions pertaining to my application
of his design. The first deals with the
stated operating voltage (+40 V). I
have checked the data on the LM-
381 AN and noticed it can be operated
anywhere from ~9 10 +40 V. If I
were to operate it at 10 'V, would 1
lose out on its noisc and output ad-
vantages at +40 V? Secondly, used in
a mixer for film sound, would it be
possible to use both sections of the
preamp as separate mic inputs or is
the isolation of 60 dB too small to
figure for safe separation?

DANNY MICHAEL
New York, N.Y.

R. 5. Miniz replies:

You can modify my design so that
it will operate from other supply volt-
ages. The formulae are contained in
the National publication, Linear Ap-
plications. available for $1.00 from
National Semiconductor Corporation,
2900 Semiconductor Drive, Santa
Clara, Ca. I chose 40 volts because
that would provide the maximum out-
put voltage without clipping. Use of a
lower supply voltage would limit the
output voltage swing to about two
volts less than the supply voltage. 1
believe 60 dB separation between
channels would be sufficient for your
application.

THE EpITOR:

The following errors have been dis-
covered in the article, A Simple and
Superior Microphone Preamplifier,”
by R. S. Mintz, which appecared in
the September, 1975 issue of db.

On page 28 in FIGURE 1, the emit-
ter of Q11 should be connected to a
second collecter lead of Ql2. As
drawn, it appears that the base and
emitter leads of QIlI are connected
together. In the same figure, the base
of QS should connect to the emitter
of Q4.

On page 29, in FiGURE 2, R, should
really be 3,900 ohms, as the vu meter
is driven by a low impedance source
in this circuit rather than by a 600-
ohm source loaded with a 600-ohm
load.

The significant error in the article
1s a repetition of the same error ap-
pearing in ‘“Noise Considerations in
Audio Amplifiers,” which appeared in
the October, 1974 issue of db. Both
articles treat the amplifier’s source

resistance R¢ as the coil resistance of
the secondary of the input transfor-
mer. This is incorrect. The total
source resistance presented to the
amplifier must also include the cffects
of primary coil resistance and the re-
sistancc of the source (such as the
microphone) that is connected to the
transformer primary. If transformer
inductance and core loss is neglected,
Rs = (R + Ry) X a + Ry, where
R is the resistive source connected to
the primary. R,; and R,,. are coil re-
sistances of the primary and secon-
dary, respectively, and the turns ratio
of the transformer is 1:a. Note that
the resistances on the primary side
are transformed to the sccondary side
by the square of the turns ratio. This
total value of R, is the noise source
for the LM381A.

The total equivalent input noise of
the preamplificr circuit is not —130
dBV as stated in the article. In order
to calculate the correct value, the
proper value of Ry must be calcu-
lated. For a 1:1 transformer as used
in the article, a = 1. The article states
that R,.. 80 ohms, and thus, it is
likely that R,,;; = 80 ohms also. If the
preamplifier is connected to a typical
low impedance microphone, the mic-
rophone impedance will likely be
about 200 ohms. Using these values.
Rs = (200 + 80) X 1% + 80 = 360
ohms.

The equivalent input noise for the
microphone - transformer - preamplifier
system can now be calculated by

Er = V[e,” + (i,R0)? + 4kTR,] B
5.46 X 107V = —125 dBV

This calculation assumes a tempera-
ture of 20 degrees C. and a noise
bandwidth of 20 kHz, and follows
the method presented by J. Byerly in
the AN-70 Application Note for the
LM381A by National Semiconductor
Corporation.

Mr. Mintz’ article states that
improvement of 20 dBV over this
value could be achieved by an ideal
input transformer with a gain of ten.”
This is incorrect. The microphone’s
coil resistance of 200 ohms will yield
an equivalent input noise of 2.54 X
107 V = —131.9 dBV with no trans-
former or LM381A connected. No
transformer can possibly make the
equivalent input noise of the micro-
phone-transformer LM381A system
better than —131.9 dBV.

It is possible to use a step-up trans-
former to achieve better performance
than the —125 dBV provided by the
600-ohm to 600-ohm transformer. A
step-up transformer which yields a
total value of R (not R,,) between
3 kilohms and 15 kilohms will be
optimum for the LM381A. The lower



Our new E series audio equipment will
improve your sound and cut your
costs . . . or your money back!

TURNTABLE
PREAMPS

MIC & LINE
AMPLIFIERS

REMOTE POWER

STUDIO MO
NIO% CONTROLLERS -

AMPLIFIERS

AUTOMATIC TAPE CARTRIDGE

& CASSETTE LOADERS

TEN DAY FREE EVALUATION AND 2 YEAR GUARANTEE
INSURE YOUR UNCOMPROMISED SATISFACTION

TURNTABLE PREAMPS rower :upply, melering & neadphuuc
monitor. Will accept up lo 10 slide in

modules. Each module has 2 Inpuls

se AN 1db
K ,I p y2lanci & 8 oulpuls. Individual outpul level
) i X -onltrols & selectable meler swilch.
21dbm max. out. Internal power supply. 20 in/80 out
E SP-8E Sierco $137 D 080/E Frar §150
DA-2080/E Modules 2 in/8 oul $135 ca

MIC & LINE AMPLIFIERS

AUDIO CONSOLES & CONTROLLERS

new concept in audio Allows separalion of
controls from the audio functlons. Controls can be
p d in any convenicnt location in the studio,
while rctronics may be mounted anywhere for

n y - C 1

This versatility gives you a cusiom designed con-
AUDIO DISTRIBUTION AMPLIFIERS at a standard production model cosl

= - supply & plug in inlerchangeable cards

n s, Performance specifications are; 0.3% or less dis-
f 0 260 . 124dbm equivalent naise on low level chan-
21 T 1 C f: f n
ed by 90d )d ced g/ matching S
refe p -{ 3 v r puls & response within -+ 2db 20Hz-20KHz. Series
35 audio controflers start al $1200.
DA-6/E 13
AUTOMATIC TAPE CARTRIDGE AND CASSETTE
LOADERS

S0 easy (o use & accurate that our flargest winder
compelitor has been using one of these to load

DA-6R/E Rack mouni. 1 in/6 oL $149

L C in/6 out. Individual

9

: Eliminates guesswork. Set the dials to the lengtk

DA-16BR/T Rack mount. | in/8 oul stereo or 2 des The exact amount of tape is fed onto the
n/l6 0 div carl or cassette hub and then shuts off automatical

ly. Also has exclusive tozque control for proper

228 1ape pack on different size hubs. Winds at 30 IPS.

0/F Rac rotecied ACL-2 $185
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winders also come in higher speed models {ACL-

60 serie Same operation as above bul winds al
60 1PS. Accepts 14” pancakes
ACL-60T {tenc stop onl $266
ACL-60B/E Blank tape loader) $331
ACL-60BT/E (for both prerecorded and

blank tape) 3375

STUDIO MONITOR AMPLIFIERS
Exceplional reproduction! Internal muling. = 2db
response from 20Hz-30KHz. 25w music power, 20w
RAiS into 8 ohms. Hum & noise 65db below rated
oulpuls
Distortion less than 0.25% ai less than 20w oul
1% or less at 20w. Works inlo 3-160hms. Balanced
bridging inputs, variable bass contour, inlernal aver-
load & short circuit protection

SMA-50/E Table top (meno) $125
SMA-500/E  Rack mount (mono $142
SMA-1000/E Rack mount (slereo-40w $196

REMOTE POWER CONTROLLERS (DUAL)

Safe, transient free means of controlling 110V/AC,
Turntables, on 1he air lights, eic.

PR-2 loggle switch on/off) $39
PR-2B (momentary contact actuatfon) $54

Give us a call or write today for further details.
You'll be money and performance ahead.

CALL COLLECT — (916) 392-2100

WRITE — 3516-C LaGrande Boulevard
Sacramento, California 95823

RAMKO RESEARCH
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ForTape Heads
Head for 'DE\BER

At Taber you get precision work, quality results and low price .
unmatched by any other audio head manufacturer.

TABER professional audio heads are available in full track through
16 track configurations including '4” 4 channel for your Ampex 440
series and Scully 280 series recorders.

TABER provides expert and prompt reconditioning service for all
audio head configurations.

Loaner assembilies are available.

For heads, head for Taber...

the best source available.

Send for free brochure.

TABER

Manufacturing & Engineering Company
2081 Edison Ave. ¢ San Leandro, Ca. 94577 ¢+ (415) 635-3831

QUIET!

- | S {:| 14

DEALER
INGUIRIES
INVITED

\OWke .o
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= High cut and [y

9™ deep
} COvVEr

anodized finish

A NEW PASSIVE EQUALIZER
MODEL 4004 — FEATURING

va canlers of 63 Hz :nd sections

ASEK FOR BULLETIN 4000
ALﬂﬂ AVAILABLE: DATA ON ACTIVE
EQUALIZERS AND REAL TIME ANALYZERS

Call or write — White Instruments, Inc.
Box 698, Austin, Texas

THTET, Phone 512/
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[92-0752

end of this range is preferred for
lowest 1/f noise and “popcorn” noise.
and best input clipping level. The
transformer should also have low coil
resistance to minimize its noise figure.
A. DouGLas SMITH. Manager
Electronic Development 11
Shure Bros. Inc.
Evanston, Ill.

Mr. Mintz replies:

You are correct that db did not re-
produce the schematic diagram for the
L M381 properly from the published
diagram I sent them with my manu-
script.

Please note that a value of 3.600
ohms was chosen experimentally and
corresponds to a calibration for a Dix-
son vu mcter of zero vu for a one
volt rms output at 1,000 Hz.

In a discussion of noise voltage, I
must confess that I made no attempt
to be rigorous. Although I cannot say
that I agree completely with your
analysis, 1 will concede that any ther-
mally-generated noise voltage in the
microphone itself would be amplified
by a step-up input transformer. How-
ever, my discussion of the 1. M381 in-
put noise values were based on using
the LM381 alone, and I included an
optional 1:1 input transformer only
for convenience in using balanced in-
put lines. The actual noise values in a
complete system would, of course, de-
pend, to some extent, on the micro-
phone used. but my circuit did not
include provision for a microphone.
which is user-selected; therefore 1
considered the microphone-induced
noise-voltage to be irrelevant.

The microphone-coil resistance should
be as low as possible. As it approaches
zero, the ideal case is realized. This
point, 1 believe, is the crux of the
matter—can a simple. inexpensive
microphone preamplifier be superior
to one with a more costly design
which uses a transformer to provide
voltage gain? 1 invite the reader to
make his own comparisons.

R. 8. MinT2

THE EDITOR:

We appreciated the very nice de-
tailed article by Bob Ehle in the Au-
gust issue on the operation of our
stuff. I read it through with consider-
able interest. Unfortunately, there is
a significant amount of obsolete in-
formation and factual inaccuracy. I
would like to list things which I noted.

First of all, our company is no
longer called R. A. Moog Company,
but Moog Music, Inc. We arec no
longer located in Trumansburg, N.Y.,
but in East Aurora, N.Y. Secondly,
many of the modules discussed by Mr.
Ehle are no longer manufactured. In



What do the Rabbi and Rock Singer have in common?

Both have their message. And they
both need good sound systems to get
their messages heard by large groups of
followers. We've got something that
helps do that a quantum better.

Electro-Voice Line Radiator

speakers put out better sound.

The big difference between our
LR4B and LRTB and any previous
colummn speakers is in how good the
Line Radiators sound.

For the first time, a4 column-type
speaker configuration can convey all the
inflections and effects of an accom-
plished orator, easily —and respond with
like accuracy to the performance of the
professional musician,

Soundmen svho have listened to our
LBAB and LR7B say they sound amaz-
ingly like our Sentry 1l and Sentry VA
high accuracy designs for studio monitor-
ing and sound reinforcement.

The reason they sound like

the highest quality speakers:

We have actually equipped our
LR4B and LR7B Line Radiators with a
Sentry component. To take over above
3500 Hz, where cone speakers become

EleclroVoice..
o__gulton company

Dept. 125681
686 Cecil St.
Buchanan, Michigan 49107

0o directional, we have built in our
Sentry IVA tweeler. 1t has even, 120
horizontal dispersion.

To provide extraordinarily smooth
frequency response trom the rated low
frequency limit to crossover, the Sentry
tweeter 1s combined with six cone
speakers optimized for performance be-
low 3500 Hz, and a special crossover.

What happens to the elegant parts
when they're hit with high watts?
As in the Seniry VA, the tweeter
in the Line Radiators is permanently
protected by our buili-in STR tweeter
protector. The cone speaker array is
designed for long-term average inputs
of up to 90 watts. Cloth surrounds pro-
vide long-excursion capability.  High-
temperature voice coils resist thermal
damage.
They're straight when you install
them, curved when you hear them.

We use a unique multi-face con-
struction (something like putting a
curved Line Radiator inside a straight
one). The shape is great tor installation.
The configuration provides accurately
controlled, wide horizontal dispersion
and narrow vertical dispersion while
minimizing undesirable side lobes.

Circle 29 on Reader Scrvice Card

Submerged, baked, tortured.

The quality control tests required
for our Line Radiators include this dilly
for the cone speakers: the speaker is
plunged into waler for 45 minutes, then
huked for 8 hours at 180°F. Thal's done
twice. Afier thai. the speaker must work
to spec with no rubs or buzzes.

LR4B LR7IB

Specitications

Response 110-15.000 }z 75-15.000 1z
adB
SPL. Full 115 dB 115d8
Power In at
1 leet

Long-Term
Ave. Power-
Handling
Capacit
Shaped
Random

Noise 90 watts 90 watts
Nominal

Impedance 8 ohms 8 ohms
Dispersion

Ave. 500-

8O0 iz

Octave 120° Hor. 120 Hor.

Bands 60° Vert 60° Vert

48" (122 el 622”158 cmIl
)54 (24 .8 cm) W 1270305 cmi W
] 19en) > 1271305 em
401, (18 t4 ke} 6211.(28.12 ke
$270.00 $333.00
Sugpested Retail Net PriceSlightly higher in
Weslern Stales

Dimensions

Net Weight

| I A
LR4B LR78B

/61 1oqwadsg qp
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36 types of
L _empty tape reels
& T and boxes

\
- b’t'or hi-speed duplicating

q audio spots - tv spots

IMMEDIATE SHIPMENT
\\>|FHOM MANUFACTURER'S STOCK

——, GET CATALOG PD 175

PO'Y"HG CORP. 312/298-5300

1241 Rand Rd. DesPlaines, IL 60016
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; particular, the 901A oscillator con-
troller and 901B oscillator were super-
seded by the 921 A and the 921B. The
901C, and the 982 mixer have been
discontinued. We no longer make key-
boards with built-in envelope genera-
tors, nor do we build Bode ring mod-

I ulators.

There are also some items of factual
inaccuracy. On page 25, the author
asserts that, in the 901 A, the summing

‘ amplifier takes the algebraic sum and
then generates a current proportionate

to the sum. All of the 901 As gener-

ated a voltage proportionate to the

Whenyou're

buying a mixer,
read the
small print first.

We're talking, of course, about the specs. Because they'll
tell you right away just how gocd a mixer really is.
And that's especially impertant when you've already
got a quality recorder. Our Tapco 6200 has bass and
treble controls on every channel. Complete stereo
panning on every channel. Line outputs from every
channel for quad recerding. Line inputs on every
channel for quad mixdewn. 82 dB signal to noise ratio
on balanced Low Z mike inputs. There's actually a lot
more. Like the 6200's AutoPad automatic padding that
virtually eliminates overload problems. And for
complete recording studio capability at home, check
the Tapco Graphic Equalizer and Reverberation
System, too. The small print reads just as good.

TAPCO

2200 Graphic Equalizer 4400 Reverberation System
289.00 389.00

TAPCO. 405 Howell Way. Edmonds, Washington 98020 (206) 775-4411
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exponential input sum.

On page 26 it says that simple mix-
ers may be either “wet” or “dry,”
meaning powered or unpowered. I
believe that the term “dry” denotes
the absence of reverberation in pro-
fessional audio terminology.

On page 27, the author states that
the amount of intermodulation can be
controlled by the setting of the panel
control on our voltage-controlled am-
plifier. He states further that the volt-
age-controlled amplifier, when used
as an amplitude modulator, produces
more harmonic distortion than a well-
adjusted ring modulator. Neither of
these statements is correct. Intermod-
ulation is a measure of sum and dif-
ference frequencies generated by the
interaction between a mixture of two
pure tones as they pass through a
supposcdly linear circuit. In the case
of the voltage-controlled amplifier
cited, intermodulation is independent
of the setting of the panel control
Furthermore, it cannot be said that a
voltage-controlled amplifier produces
more harmonic distortion than a well-
adjusted ring modulator, since a ring
modulator by definition produces
nothing but sum and difference fre-
quencies.

On page 28, the author states that
the Bode modulator produces much
lower distortion modulation than
equivalent circuits set up on the Moog
synthesizer. While the use of a Bode
ring modulator does have advantages
over the use of our modular voltage-
controlled amplifiers and mixers, the
production of less distortion is not
one of them. The Bode ring modula-
tor is finely balanced to minimize di-
rect leak-through of the input fre-
quencies; residual leakthrough is elim-
inated in the Bode ring modulator by
the use of a squelch circuit. Those are
the advantages of the Bode ring mod-
ulator, not lower distortion.

At the bottom of page 28 it says
that sounds picked up by a micro-
phone may be ring-modulated with
themselves if the overtones are filtered
from one input. As far as I know, it
is not necessary to do any filtering on
either input. Finally. on page 29, the
author states that the Moog sequencer
is built from digital computer com-
ponents and is based on a binary
counter and for this reason. it has
eight steps (2%). This is not correct.
Our sequencer is not built on a binary
counter, but is a shift register. The
use of a shift register facilitates the
skipping or the random access of in-
dividua! sequencer columns. The rea-
sons our sequencer has eight steps is
simply that this is a reasonable and
musically useful number.

RoBERT A. MooG
President, Moog Music, Inc.
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Tektronix
TM 500

¢ digital multimeters
¢ counters

e generators

e amplifiers i
¢ power supplies I-
* oscilloscopes
¢ a blank plug-in for your own circuitry
* and more

.

The TEKTRONIX modular Audio Frequency Instru-
mentation group provides the test and measurement in-
struments you most frequently need . .. for only $1970*
These compact light weight instruments work together as
a system or independently within a TM 504 power module/
mainframe.

The above TM 500 configuration features a dB reading
DM 502 Digital Multimeter with 3% digit display and
optional ($125) "temperature measurement capability (a
function that has proven valuable in identifying active
solid-state device circuit problems); the SG 502 Audio
Oscillator provides 5 Hz to 500 kHz sine and square
waves, 600Q output, and low distortion (0.035% from
20 Hz to 50 kHz); the DC 504 Digital Counter offers
5-digit LED display of frequency to 80 MHz and
period resolution to 1 us; and the SC 501 Oscillo-

* .8, Sales Prices FOB Beaverton. Oregon

TEKTRONIX:
- committed to
technical excellence

scope is a single-channel, dc-to-5 MHz modular instru-
ment with triggered sweep and vertical sensitivity to
10 mV/division.

All TM 500 plug-ins are readily interchangeable within
the entire TM 500 line. Plus there's a blank plug-in kit,
which allows you to add your own special circuits to a
TM 500 system. The plug-ins can work together syner-
gistically through the common interface circuit board of
the power module/mainframes. So you can tailor a system
of instrumentation exactly to your needs ... a system
that's only 6’ x 11" x 20" and weighs less than 30 Ibs. . ..
and a system that offers you benefits difficult to duplicate
with “monolithic” instruments.

TM 500 is a growing, compatible family of 29 plug-in
modular instruments, accessories, and one, three, four,
and six-compartment power module/mainframes. Pack-
age configurations can be selected for work in high-speed
logic circuitry, medical instrumentation, instrumentation
calibration, industrial equipment, and more. All may be
hand carried, all go on the bench, and there are rack-
mounting and SCOPE-MOBILE® configurations as well.
You can select from general-purpose instruments, such
as the DM 501 Digital Multimeter, or highly speciatized
instruments, such as the AF 501 Tunable Bandpass Filter
or AM 502 high-gain amplifier with calibrated gain to
100 dB and switch-selectable high and low-pass filters.
If your work requires the measurement of electrical phe-
nomena in the audio frequency range, Tektronix TM 500
offers substantial benefits to you.

Find out what TM 500 can do for you. Get the TM 500 Cat-
alog A-3072 with full specifications and applications infor-
mation. Or contact your local Tektronix Field Engineer for
a demonstration of how TM 500 offers a
better solution to your needs. Write to

verton, Oregon 97077. In Europe,
write Tektronix Limited, P.O. Box
36, St. Peter Port, Guernsey,
Channel Islands.

Circle 21 on Reader Service Card
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You're / ]/ (V) @f"\
s COMPON'y

when you use
STL magnetic Test Tapes

STL magnetic test tapes are widely used by major recording
studios, equipment manufacturers, government and
educational agencies throughout the world. The most
comprehensive test tapes made they are offered in 1” and
2" sizes as well as flutter tapes and all other formats.

You know your system is in step with the rest of the
industry, compatible and interchangeable, when you
employ STL tapes, the most accurate reference available.

Write for a free brochure and the dealerin your area.

Distributed exclusively by Taber Manufacturing & Engineering Co.

I!STANDARD TAPE LABORATORY, Inc.

2081 Edison Avenue
San Leandro, CA 94577
(415) 635-3805
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,* THE NAME AND THE PRODUCT THAT 74

* SETS THE STANDARD
FOR P.A. EQUIPMENT -

Whatever your PA needs, from a small office to large auditorium,

with amplifiers in every power range, including mobile,
| Precision Electronics delivers the product and value . . .

including an

entire line of accessories. Get all the facts, without cbligation, on the

“right sound” for your needs. Complete and mail this coupon today.

NAME
COMPANY
ADDRESS
CITY —

. STATE ZIP

Mail to: PRECISION ELECTRONICS, INC.
9101 King St., Franklin Park,
Hiincis 60131

T T

I&..
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FREE LITERATURE
TOOL UP

A plethora of tools . .. hand. power.
micro. electronic. etc. are contained
in the 112-page catalog. ~Tools for
Electronic  Assembly and Precision
Mechanics.” Mfr: Jensen Tools & Al-
loys. Circle No. 94 on R.S8. Card.

OSHA NOISE

This booklet discusses basic guide-
lines for firms beginning to undertake
noise measurements and analysis in an
OSH A-compliance effort. Covered are
notse definitions. measurement. noise
control. and personnel hearing con-
servation. Mir: B & K Instruments.
Inc. Cirele No. 95 on R.S. Card.

TAPE CARTRIDGE

This brochure describes the Master
Cart cartridge. claimed to eliminate the
twisting distortions inherent in con-
ventional cartridges. Mfr: Fidelipac.

Circle No. 96 on R.S. Card.

CLOSED CIRCUIT TELEVISION
“The Executive’s Guide to Closed
Circuit Television™ describes types of
closed circuit t.v. svstems. cquipment
needed, and actual installations. Mfr:
GBC Closed Circuit T.N. Corp.
Circle No. 97 on R.S. Card.

CALENDAR

DECEMBER

Sony Workshops: Milwaukee
Video. Milwaukee, Wisconsin.
Vidcom. Phoenix. Arizona.
Contact: Jeff Glasser. Sony
Corp., 700 W. Artesia Blvd..
Compton, Ca. 90220.

1-3  National Telecommunications
Conference. New Orleans, La,
FEBRUARY
17-20 International Solid State Cir-
cuits Conference, Philadelphia.
Pa.
21-25 PRO-IN ’76. Dusseldorf. Ger-
many.
MARCH
2-5 Audio Engineering Society,

53rd Convention. Hotel Inter-
national. Zurich, Switzerland.

Audio-Visual Institute for Ef-
fective Communications. Indi-
ana University. Bloomington,
Indiana. Contact: Audio-Visu-
al Institute, 3150 Spring St.,
Fairfax, Virginia 22030. (703)
273-7200.

National Association of Broad-
casters Convention. Chicago,
Illinois. Contact: NAB, 1771
N St.. N.W., Washington, D.C.
20036. (202) 293-3500.

21-24



because
wedon'
call it
professional
doesn’t
mean it
couldn’t be.

We don't call our A-7300 a
professional tape recorder —
we make those too, and we
know the difference.

On the other hand, the
A-7300 is far better than the
typical high fidelity component.
Consider, for example, some of
the professional features...a
servo controlled direct drive
capstan system, full IC logic
transport controls, four
balanced mic inputs with
XL-type connectors, a flip-up
hinged head cover for easy
maintenance and editing.

Yet, in the final analysis, it
isn’t what it’s called, but what
it does that counts. You'll have
to determine fer yourself
whether or not it meets your
specific needs, and you can
do that only by examining and
operating it for yoursell.

You'll find that our retailers
are well informed and helpful
in general. Rare qualities, so
there can't be many of them.
You can lind the one nearest
you by calling {800) 4474700
We'll pay for the call.

*In Illinois. call (800) 322-4400,

TEAC,

The leader. Always has bcen __,..ﬁ'-
TEAC Corporation of America,

7733 Telegraph Road,

Montchello, California 4640,

Gi6l Jlaqwsdsg qp
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® Putting together mediated materi-
als is much like any other form of
communication: the more natutral it is
the better, Unfortunately. this breaks
completely with the tradition of text-
book writers, both at the school level,
and at the levels of various profes-
sional establishments, It might be in-
teresting to conjecture on why this
difference exists, but it will be more
constructive to find ways to over-

come it.
FOLLOWERS OR LEADERS
Perhaps part of this condition

springs from a habit of wanting to
follow others. Most of us have been
led to think a tcacher is somecone we
should follow. Actually, a good teach-
er is one who develops in his students
the capability to be leaders, or at
least to move ahead on their own.
There is an anonymous saying, Very
true, that the measure of a good
tcacher is the degree by which he
enables his students to surpass him.

However, in the traditional educa-
tional environment, teaching roles
have become confused. A person
wanting to develop a new course, to
write a textbook, or to develop medi-
ated materials wants something to
copy, in one way or another.

Those who have gone before him
have usually clothed what they wanted
to say in deceptively csoteric lan-
guage. [ still remember some of my
earlier efforts intended for publica-
tion. Following what was apparently
the accepted procedure, I put to-
gether something that sounded like
all the other cngincering style articles
I had read.

Engineering publications to which
[ submitted it turned it down be-
cause it described—in the best engi-
neering terms, it is truc—some new
technology 1 had developed muyself,
material which was not in the text-
books, so their editors could not ver-
ify what 1 said. Publications intended
for technicians and others not up on
engineering lingo turned it down be-
cause they couldn’t understand it.

One editor was helpful. He sensed
that maybe here was something that
represcnted a contribution to the art,

savenergy

NORMANH. CROWHUR

so he asked me to explain to him
what it was all about. I explained in
everyday language how what 1 had
written was new and different from
anything that had been published be-
fore. “Good,” he said, “That [ can
understand. Now write it that way, so
the rcader can understand it, and
we're in business.”

If you look at cducational materi-
als, you will find they employ two
kinds of communication. The best, of
which there is too little, helps the
reader to learn something the writer
already knows. or has learned. The
other kind, of which there is too
much, conveys, or is intended to, the
impression that the writer is awfully
smart to know such complicated stuff,

It was yecars before 1 finally rea-
lized that virtually nobody actually
understands all this stuff. They just
become proficient at regurgitating the
right sets of words, to convince others
that they belong to the appropriate
jargon club,

Perhaps it's difficult to tell leaders
from followers in this kind of situa-
tion, because it becomes a case of the
blind leading the blind! The first thing
to recognize is that you should try to
say everything as plainly as possible.
A trick I still use is to write what i
think I want to say, and set it aside.
Then I come back and read it, a day
or two later, with that editor’s ques-
tion in mind: what am I really saying?
Then if T find that my first draft was
obtuse, difficult, ambiguous. the things
that interfere with plain talk, I trim it
down. I break up long sentences into
shorter ones. When ['ve started on
another tack. without letting my read-
er know that I've changed course, I
insert transitional words or phrases
that tip him off. And so forth.

That's just to write a column, like
this one, or an article, such as my
series on Feedback. But what about
writing lesson material? For that, clar-
ity is even more important. Most db
readers have some idea what I'm
writing about. A student is trying to
learn something he does not already
know. So it's doubly important for me
to make my message plain to him.

Now we come to an important dis-
tinction in function.

EXPERT OR NON-EXPERT

By far most of the educational ma-
terials I have written have been about
subject matter in which I am consid-

ered an expert. But if you get into
mediating materials, i1 is far more
likely that you will be just the medi-
ator, while some expert in the subject
you arc to mediate will be responsible
for providing the content. That
changes the situation quite a bit. What
can you do in that circumstance?

Really, the basic premise is not all
that different. In both situations, your
real problem is to put yourself in the
student’s shoes. Preferably. you should
be able to visualize a variety of dif-
ferent students, and their learning
problems, so you can generate flex-
ible material suitable to their needs.
This is what few subject-matter ex-
perts scem capable of doing. So you'd
better take responsibility for secing
that it gets done.

If you prefer, you could perhaps
try the role that editor played with
me, Ask the subject-matter expert to
explain his material to you, reducing
it to its utmost simplicity. Try to de-
velop that kind of role playing be-
tween yourself and the subject-matter
expert. That is part of working to-
ward good material.

But there is another, very important
matter, and this requires almost a
complete breakaway from traditional
material.

TELLING OR HELPING FIND OUT

One common feature in the tradi-
tional way of preparing instruction is
the teacher's—or the textwriter's—
compulsion to establish authority. A
book, text, mediated material-—what-
ever — that merely asks questions
would be rejected as not authoritative.

For instance, let’s go back to that
9th grade class to whom I referred a
while back. They had been told
“Do it this way—exactly what I say.”
Then they're instructed to do it some
other way, forget what they'd been
told before. Try to put yourself in
their shoes.

Which way is right? Or are there
more ways than one to solve a par-
ticular problem? The teacher always
acts as if the way just being told is
the only right way. So when should
I try this way, and when should 1
try that way? They never get to find
that out.

That is the key expression: we all
learn best, what we find owt, rather
than what we are told. We believe
what we find out for ourselves. After
being told many conflicting things, we
become apt to take anything we are



told with a grain of salt. Students are
no different in this.

This was proved, very cogently, by
what happoned when I threw the thing
open to them-—asking them how (o
do 1t, and why some ways went wrong.
The whole class turned on, with the
impression that “Now we're going o
get to understand this stufl.” On the
other side, some straight A students
couldn’t explain why; they could just
do what I wanted if I would tell them
what that was.

The reason, ['ve concluded, that so
many math teachers present the sub-
ject the way they do. s that they never
learned it themselves. They just did
it, like they expect thetr students to
do. Their teacher adopted that high
and mighty attitude: “You must be
slow, if you don’t get that.” So they
adopt the same attitude, as part of
their stock in trade.

Text writers do the same thing.
They want to get the material together
without lctting their prospective stu-
dents sec the holes, the parts they
themselves never understood.

So now you come along, as media-
tor for a coursc such a text writer or
teacher wants to prepare. He adopis
the attitude of an expert. You must
not impugn that, of coursc. So what
can you do? Raise questions. Help
him to see the problem—including his
own—uwithout telling him. Try 10 see
it from his end.

You tell him that you want to sce
what it is you necd to convey to the
student. What will he think? “This
man imagines he's a jack of all
trades!” So you must not be pushy
enough to make that impression too
strong. But you must make your point
well enough for him to begin to rca-
lize that anyone, including himself and
you, only really learns what he can
find out and understand for himself.

You'll run up against the old supe-
rierity angle: “That's fine for you and
me. We can think for oursclves. But
for most people, we've got to make
the subject so simple that they can
assimilate it without having to think.”
That's  balderdash. Everyone can
think, believe it or not. But your sub-
ject-matter expert does not sce it as
balderdash, so you have to take it
carefully until daylight slowly dawns.

An unfortunate fact with which we
have 1o live, is that it is much ecasier
to correct bad thinking habits in stu-
dents than it is in teachers. This is be-
cause this perversity has been in-
grained longer in the teachers’ minds.
Remember that. If you can find a way
to demonstrate the point, it is always
better than trying to tell it. And al-
ways make a conscious cffort to avoid
looking like a “smarty pants” to the
cxpert.

You will find, as you progress in
developing better materials, that the
best approach is one of candor: this is
difficult to understand, because the
way it is often taught results from the
fact that most teachers don’t under-
stand it themselves—or something 10
that effect. We are just saying thai,
for the sake of brevity. In a practical
situation, you should demonstrate it
with an example.

That way, you gain the student’s
confidence. He pays attention. Then
you don’t tell him. Instead, vou ask
him questions, many of them throw-
ing him back on his own experience,
to get him to think, so he finds out
for himself. That way he next gains
confidence in himsclf.

But to do this, you first must do it
with your subject-matter expert, which
is usually much harder than doing it
with the students. IU's a tricky road to
tread. You'll undoubtedly make mis-
takes, from which you'll also learn,
as I have. But acknowledging that too.
can help. If you came in with an at-
titude that said you know al! the an-
swers, nothing would raise your sub-
ject matter expert’s hackles quicker!

“We want to make this the best
course In whatever it is, that's ever
becn written, or put together, don’t
we? So let's you and I really beat it
out, until it becomes just that.” Most
subject matter experts will buy that
attitude.

There's a whole lot more, that we've
touched on before. One thing we need
to get into is the matter of meaning-
ful testing. But space has erept up
on me this time. For a long while, T
hated multiple choice. Here's an ex-
ample of a bad onc I could take from
our state’s driver's license exam:
“When approaching another car, you
should dip vour headlights at (a) 100
ft,, {(b) 500 ft. (c) 1000 fr, (d)
2000 fu’

My problem with that is that I
know the best answer is, the further
the better. But they want the precise
legal answer. Who's going to get out
and measure the precise distance at
which I dip my headlights? It's not a
practical question. Of course, a po-
liceman may make a judgment on
which he gives someone a ticket. And
if the driver doesn’t dip his lights at
all, there is no problem!

Questions like that arc asked, with
the answer, not with the way the stu-
dent thinks, in mind. If you work on
the basis of how a student thinks,
when confronted with the question
you are drafting, you will do a much
better job. But more of that another
time. And it must tie in closely with
how the subject matter is mediated,
which is why we need to devote at-
tention to it. E

Communications
Headsets...
...for whatever

the job

Telex 1320 series headsets offers
you six models for all.general
communications requirements,
indoor or out. Single or dual dy-
namic drivers are impervious to
environmental humidity or tem-
perature changes. With optional
boom mikes, noise canceling dy-
namic or carbon. Designed for
comfort. Dependably made for
heawy duty use. Complemented
by the compact Telex IC-10, am-
plified common talk intercom sys-
tem for dynamic mike headsets.
For “whatever the job,”

please write for free
information:

PAODUCTS DOF. SOUND RESEARCH

TELEX

COMMUNICATIONS INC

9600 ALDRICH AVENUE SOUTH
MINNEAPOLIS. MINN. 55420 U.S A
Europe: 22, rue de la Legion—d Honneur,
93! 1 nis. France
Canada: Telak Electronics. Ltd.. Scarborough. Ontario
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(/;:)m 10 to

1000 or more
tapes a day

you get ciean like-new
erasures on a Model 70.

‘\\

Designed for professional and
commercial users concerned
with quality and production
speed. the Model 70 pays for
itself quickly on both. Erases
up to 7" reels. audio cassettes
and video cassettes. Unique
belt transport is key to rapid
erasure cycle.

GARNER INDUSTRIES
4200 N. 48 St.

Lincoln, NE. 68504
402/466-1816
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CABLE
THIEVES

IDENTIFY
YOURCABLES

\

PRO SOUND 1,0, collars protect your
sound cables against theft, allow you to
color code cable lengths and quickly iden
tify your property. Hot stamped with two
lines of copy also advertises your business
or group. Available for 3/8"' and 1/4"
cable in five colors: blue, red, yellow, white
and black. Write for data or call:

RO SOND

P.O. Box 91798, Los Angeles, CA 90009
(213) 776-5445

e
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® As I have tried to do as often as
possibic in the past, I hope once again
to whet your interest in attending con-
ventions by telling you a bit about
two that took place in New York just
a couple of months ago.

The carliest of these was sponsored
by an organization with which many
of you may not be familiar—the Elec-
tronics Representatives  Association,
New York Chapter. The ERA (not
related in any way to a long gone
government agency) actually started
in the "20s but got its official status
in 1935. In 1942 it adopted its cur-
rent name and has grown from a
group of 32 to well over a hundred
members extending from New York
to geographic areas covering the en-
tire country. The representatives who
belong to the association handle al-
most all manufacturers of electronic
products and just about all of the
products.

The exhibit, called the Commercial
Sound and Communications Show,
took place at the Statler Hilton Hotel.
Only manufacturers who use repre-
sentatives were permitted to show
their products; this year twenty dis-
plays presented the offerings of more
than a hundred manufacturers. The
first of these showings was in 1967,
continuing in alternate ycars since
then. For this, the fifth show, visitors
came from many parts of the United
States and Puerto Rico.

Every branch of the sound field was
represented, featuring items from va-
rious microphone types through mix-
ers. amplifiers, speakers, reverb units,
headphones, source equipment such as
turntables, equalizers. tape devices
and accessorics. connectors, and in-
cluding CB equipment, walkie-talkies
and antennas. Some idea of the diver-
sity of the displays can be learned
from this completely random selection
of manufacturers: ADS (speakers),
Able Manufacturing {(CB), Arista En-
terprises (playback styli). AudioTech-
niques (mini-mixer), Blonder Tongue
(master tv. antenna), Clifford Indus-
tries (power supplies). Electro-Vox
(intercoms). Otari (tape recorders),
Production Devices (electronic test
equipment), and University (commer-
cial sound).

One device that came out of the
show that would fit into the visual
applications we would normally dis-
cuss in this corner is the Simda/Tempo
handled by Tempo AudiVision. Inc..
Buffalo, N.Y. and Toronto, Canada.
This equipment, made in France,

MARTIN DICKSTEIN

functions in slide presentations as a
dissolve system. The Simda ED 3000
is the simpler unit and operates in a
single dissolve situation. However,
since the remote control device is a
slide unit. the speed of the dissolve
can be controlled manually for each
slide change. This allows for differ-
ent speeds within the presentation.

The ED 3300. the more complex
of the two units, will operate three
pairs of slide projectors. Each pair
is controlled on a console with slid-
ing controls to be able to vary the
speed of changeover. Tt is possible to
hold a dissolve and keep it in mid-
change for as long as desired and then
revert to the previous image if so de-
sired. Both units produce a variable
frequency carrier which can be re-
corded on audio tape so that all slide
changes can be put down as a mem-
ory for future completely automatic
and unattended presentation. Since the
devices are made in Europe, they are
provided with switchable power either
for 120 or 240 volts, 50 60 Hz.

VIDEO EXPO '75

The second convention was devoted
entirely to video and took place at
Madison Square Garden in New York
City. Video Expo 75 was run by
Knowledge Industry Publications, Inc.
of White Plains, New York. We've
discussed this one in the past—it is
always a good display of the latest
video equipment available. This ex-
hibit was run in conjunction with
Video Workshop 75, which took
place at the New York Statler-Hilton,
and covered, in twelve sessions, such
subjects as The Portapak, Electronic
Editing, Video Art, Color Video, VIR
Software, and Introduction to Video
Tape Recording. At the same time,
the N.Y. Chapter of the Interna-
tional Industrial Television Association
(ITVA) met at the Statler Hilton,
and the International Tape Associa-
tion (ITA) conducted a semi-techni-
cal seminar at the Essex House.

At this, the sixth annual interna-
tional exposition devoted entirely to
private, closed circuit and cassette
delivery systems and programming,
about one hundred exhibitors showed
wares including film and tape cassette
systems, cameras, tape recorders, time
base correctors, and video projectors,
as well as lighting, test, and studio
equipment. Video Expo is the largest
exposition of non-broadcast video sys-
tems and programming in the world.

Among the software producers such



names as Deltak, Edutronics, Time-
Life Multi-Media. Medcom. Xicom.
and Advanced Systems were in evi-
dence. This year. a preview area was
provided where visiting educators,
program producers, or anyone elsc
interested could take a borrowced cas-
selle to play privately on a system sct
up for just this purpose. Fields cov-
ered were industrial,  educational.
health, and gencral entertainment.
With over 4500 attendees, vou could
expect that a library-like systemy was
initiated. and it scemed to work well.

Among the hardware exhibitors
were such names as Adwar Video
(introducing a color portable 2-cam-
era switcher with vertical interval
switching, preview. intercom. and
fade), Amecrican Laser Systems (in-
troducing their mode! 747 video
transmission system), CMX Systems
(CMX 50 videocassette editing sys-
tem). Consolidated Video Systems (Di-
gital Video Time Base Corrector and
PAL. SECAM Digital TBC). Con-
vergence Corporation  (Helical scan
editing  control  system  for cassette
and open-reel vir's) and IVC (broad-
cast and vidcotape recorders. studio
and portable camcras, digital signal
processor, cartridge-loaded 1 in. re-
corder).

Panasonic Video Systems showed a
full line for open-recl. cassette, and

cartridge recording with a full line of
cameras and monitors. Philips dis-
played their mini-studio equipment.
ver. and PIP equipment; Sanyo. Sharp,
Shintron, and Sony all introduced
one or two items; Video Automation
showed its automatic video cassette
changer and 12-hour automated t.v.
and advertising system. Sound Sys-
tems of N.Y. showed Harris color
camera systems and a Buhl mobile
multiplexer that can be set up, taken
down, and put up where necded with
little effort.

Among the publishers at the show,
the Journal of the Elecironies In-
dustry  (of Japan) was provided to
visitors. From this publication it was
learned that Sony was planning to
set up a second video tape plant in
the U.S. in Alabama. which would be
completed early in "77. This plant
would supplement the operation of
the present San Diego production
plant. Also. it was learncd that Hi-
tachi, Ltd.. was going to start pro-
duction of its “focusing mask tube”
next spring. This new color t.v. tube
was claimed to be 50 per cent
brighter than conventional tubes be-
cause of the voltage applied to the
shadow mask in addition to that ap-
plied to the electron beam oscillation
section only. in conventional tubes.
The result is a brighter picture with

lower loss and greater sharpness.

PROJECTION SYSTEMS

The large-screen video projection
systems displayed included those fom
G.E., Sony. Teletronics, and Harvey
Sound. the latter two showing the Ad-
vent VideoBeam. From the JEI pub-
licauon, it was learned that Sony is
now in the process of introducing its
latest projection system. This is cur-
rently being prescnted to the Japanese
market at 7 million yen (at about
$23,000, with the dollar worth 300
yen). This unit has a 120-inch screen
and combines three Trinitron picture
tubes. The previous unit, with a 50-
inch screen had one gun. With quad-
rupled area. the picture is brighter and
sharper. The system has two lenses,
is instant-on in operation, and can be
used in a fairly light room.

The specifications call for a hori-
zontal resolution of 320 lines (NTSC),
and a screen brightness of 20 feet
lamberts. The unit requires a distance
between projector and screen of 3.5
meters. Power consumption of the
projector is 430 watts and 15 watts
by the controller unit.

In 1976, Video Expo '76 will take
place on Sept. 28-30. again at the
Madison Square Garden in New York.
Don’t tell us we don’t alert you in
enough time. [

Flexible, solid

Input-output configurations are virtually uniimited.”
with this modular, building-block solid-state, audic
switch. And this flexibility comes at reduced
cost.

Starting with a single 8%-inch by 19-inch rack
frame assembly, the user can build to a 20-input
by 20-output configuration through selection of
plug-in switching and amplifier boards.

Still using the same basic frame assembly, other
configurations such as 20 by 5, 10 by 20 or com-
binations in between can be assembled. Greater
capacities, inciuding dual inputs or cutputs, are
just as easy . . . just add,

Control? ... a snap! pushbuttons, thumbwheels,
dials, touch pads . . . even a computer.

Performance is outstanding. Using field effect
transistor switching and integrated amplifiers, the 1 T
Series 8100 handles -6 to +8 dBm levels through bution network, the buyer saves riow. dntl_ifmit1
its balanced transformerless inputs. Flat within penalized later. High reliability solid-state audio
+0.15 dB (20 Hz to 20 kHz) £1.0 dB (1 Hz to switching costs can be cut to as little as $10 per
50 kHz), crosstalk (better than 70 dB below crosspoint . . . significantly less than competitive
output}, harmonic distortion (less than 0.15%) and  switching systems.
hum and noise {85 dB below maximum output)
the 8100 compromises nothing for its flexibility. DYNAIR ELECTRONICS, INC.

6360 FEDERAL BLVD. SAN DIEGO,CA. 92114

Best of all, users will really appreciate the . ; .
economy. By specifying the initial capability for PHENIER. ()62 ly TV | (3101 3@;5-2040

any remotely-controiled, switched audio distri-

=
Circle 27 on Reader Service Card
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PROGRAMMABLE CALCULATOR

® Known as the Scientific Program-
mable. this calculator has only 19
keys. but it can remember a calcula-
tion sequence of up to 24 steps en-
tered directly from the keyboard.
Once stored in the program memory.
a calculation sequence can be recalled
at the touch of a single key and ap-
plied to new numbers to produce new
results. The sequence will be recalled
exactly as it was entered. over and
over again. The machine. which op-
erates on a single integrated circuit,
comes with a library of hundreds of
programs to solve standard problems,
instructions on how to use them, as
well as a 9V battery. a.c. adapter.
and carrying case.

Mfr: Sinclair Radionics. Inc.

Price: $79.95.

Circle 50 on Reader Service Card

MONITOR/CUE MODULE

e All components and controls on
this cight channel monitor/cue mod-
ule are mounted on a standard Tas-
cam 3-in. panel: no modification of
the mother board is required. The
monitor section features  individual
gain and pan controls for cach chan-
nel. The cue section. which has indi-
vidual gain control for each channcl.
can facilitatc one 8-channel machine
or one 4-channel machine through the
use of a toggle switch. A headphone
jack is supplied. Tt is possible to
switch and punch up any one of the
four multi-channel tape monitor speak-
ers in stereo or quad.

Mfr: Aecurate Sotind Co.

Price: 3895.00.

Circle 51 on Reader Service Card

TWO-CHANNEL EQUALIZER

® Both independent channels of mod-
el 2200 equalizer feature ten = 15 dB
equalization bands. output level me-
ters. output level controls. balanced
inputs and outputs as well as single
ended inputs and outputs. and e.q.
in-out switches. Built in line drivers
allow the device to be used as a
booster for weak signals, Line drivers
are capable of - 17 dBm into 600
ohms, protecting against overloading
without sacrificing dynamic range.

Mfr: Technical Audio Products Corp.
Circle 52 on Reader Service Card

DIGITAL MULTIMETER

e Four-and-a-half digit, five-func-
tion digital multimeter model 3465A
covers a d.c. measurement Trange
1 #V to 1 kV with a mid-range ac-
curacy of * (0.02 percent of read-
ing + 0.01 percent of range). A.c.
measurement range is 10 4V to 500
volts with a mid-range accuracy of
+ (0.15 percent of reading + 0.05
percent of range) over a 40Hz to 20
kHz bandwidth. A.c. and d.c. current
measurement range is from 10 nano-
amps to two amps. D.c. current ac-
curacy for the 10 mA range is = (0.1
percent of reading ~ 0.01 percent of
range), A.c, current measurcments
are made over a frequency band of
40 Hz to 20 kHz with a mid-band
accuracy of =+ (0.25 percent of read-
ing -+ 0.25 percent range). Resis-
tance range is 10 milliohms to 20
megohms with a mid-range accuracy
of * (0.02 percent of reading + 0.01
percent of range). Open circuit volt-
age on the ohms terminal when set to
its lowest range does not exceed 5
volts.

Mfr: Hewlert Packard

Price: $425.00.

Circle 53 on Reader Scrvice Card

SEX INTERCHANGEABILITY

% ﬁ?ﬁw
wR®S

® No, db is not going sensational—
this is the claim of the manufacturer
for Slim-Line II connector series.
There are 55 types with interchange-
able barrel inserts which allow any
plug or receptacle to be male or fe-
male. The connectors offer shunt cir-
cuits in the femalc inserts, plus mini-
aturization. The connectors serve re-
ceptacles with two to five pins or con-
tacts. Other features include D-shaped
orientation for polarization, molded-
in pins and contacts. extra-large cable
strain relief and taperced drawn body
with non-reflective finish. Housings
shield internal connections and pro-
vide common ground connections
without using pin/contacts. Cord plug
models are available either with cou-
pler ring or without ring. Receptacles
come with flange mount. rear panel
mount or front of panel mount.
Mfr: Swirchcraft. Inc.
Price; $0.40 each (1.000 quantity)
Designers’ Kit No. K-138. $9.95.
Circle 54 on Reader Service Curd

STEREQ OCTAVE EQUALIZER

variable

e Continuously controls
characterize the model 10 stereo oc-
tave equalizer. The unit provides =
12 dB control of 10 octave bands
from 30 Hz to 15.4 kHz. Each oc-
tave may bc independently adjusted
to shape the frequency responsc of
tape, disc, or live programs and to
correct for poor characteristics of
speakers, rooms, and recorded ma-
terial. The equalizer features a direct-
coupled output and time-delay relays
to eliminate turn-on thumps. A defeat
switch allows the signal to bypass the
equalization circuitry.
Mfr: Thompson Electronics Co.
Price: Equalizer: $525.00

Walnur Cabiner: $37.50.
Circle 55 on Reader Service Card



PRE-SET
DISTRIBUTION
SYSTEM

PDS, designed to work with Cetec's Series
20A Live Media Console offers total flexibility
in 'creating effects’, such as mixing, blending,

The roar of cannon, the clash of cymbals, the
nuances of an actor’s lines—all can be part - ke L

of the audio eftects of a live theatrical pro- « o s @ .
duction. Till now, these effects were mostly over-dubbing or re-recording; ‘reinforcing’ a
live noise and a crude mixture of record and true P.A. function; and ‘reproducing effects’ to
tape recording. For the first time, Cetec allow complete freedom in creating mood
Audio’s PDS makes it possible tc pre-design, and movement, and even influencing the

pre-test and pre-sel a total audio effects physical space relationship of a stage pro-

program. With PDS, 150:“(31 becomes as Don’t make a ?uction‘ P[ilS off:rsha higTer qualitykof per-

important an element of the design as the H ormance through the ability to work out
scenery orglighting. sound WIthOUt changes in rehearsal and the versatility of

pre-designing and pre-testing audio effects.
While designed to operate primarily with
Series 20A Live Media Console. PDS can
operate in a separate enclosure, thus making
it simple to interface with existing audio
control equipment.
Write today for complete details—it could
change your ideas about sound.

A DiVISION OF CETEC CORPORATION

13035 Saticoy Street, North Hollywood, California 91605 Phone: (213) 875-1900 TwWX: 9104992669
Cetec, U.K., Sapphire House, 16 Uxbridge Road, Ealing, London W5 2BP Phone: 01-579 9145 Telex: (851) 935847

Circle 28 on Reader Service Card
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i products & services (cont.)

What L INTERCOM STATION
3¢ o | ‘

exP ® Permanently mounted intercom re-
° mote station. designated MR-102. has
un to o I all electronics mounted on the back of
® a 4'> inch square hrushed stainless

steel plate. The assembly fits inside a
¢ Perform SMPTE intermodulation analyses I standard 4 inch square conduit box.
quickly and easily, even in the ml||lY?|( ran_gez such as those used to houce two light
* Measure amplifier noise? switches: the face plate is attached to

* Measure transistor noise? B— . o nt
The Crown IMA does the box with four screws. Compatible

O ST magnetic AL d"OP'_O_Ut? ail of it. Internal inter- with any other intercom system from

« Test oscillator amplitude stability ? modulation distortion [ the same manufacturer. the remote sta-

+ Measure tape recording distortion? is less than 0.005%. tion is wired to other main or remote

o Evaluate phono stylus wear and tracking? Write us for more stations by two-conductor  shielded
» Test electromechanical transducers complete information cable connected at the rear of the

for intermodulation? and application notes. unit. An XIL-type 4-pin connector is

provided on the pancl for a micro-
phone-headset. Also on the panel are

a volume control. a combination and
C ro w ' | finTErNarionadt call switch, and call light (or optional

1718 . MISHAWAKA ROAD ELKHART, INDIANA 46514 2192945571 buzzer). The manufacturer claims a
signal-to-noise ration of bctter than
- Ci:;cle 33 on Reader Service Card Is\;fiiBCr'?éar-Com
dbx eliminates tape noise when Circle 56 on Reader Service Card
connected to any reel-to-reel recorder. [
You can make original recordings with CONSOLE INPUT MODULE
no audible hiss or background noise. | -
which even the most expensive studio z~
recorders cannot achieve using -
conventional noise reduction systems. X

dbx 157 is @ o
a two-channel el ]mmat“ S ,
simultancous / a
tape noise elimi- @ ‘
nation svstem tape ll()lsc |
which permits
monitoring off tape while recording. [
It is fully compatible with all dbx
professional studio svstems and costs

8600.00 from professional audio ® All the functions necessary to per-

dealers. Switchable (record or play) form multi-track recording, quad mix-
| down, and quad monitoring are pres-

ent in model MAP 8422. The console

150 series noise elimination systems

Sttt e e @ T 3 - .
2 start s low as 8187.50 pet Ch‘"me_l' input module features a low noise
o For coniplete product information microphone preamplifier with an equiv-
5 andalist of dealers serving vour alent input noise of less than —129
-g area. circle reader service number | dBm. Other features include a peak
g orcontact: dbx. Incorporated. vael indicator functioning in mic and
2 . S . . line modes. a switchable 70 Hz high
S 296 Newton Strect. Waltham. . .
. ] pass filter, quad panning, and direct
a  Massachusetts 02154, track feed. The unit measures 14 x
T (617) 899-8090. 1.5 x 6 inches.
~ ' | Mfr: Modular Audio Products
x Price: $550.00.
= tnc | Circle 57 on Reader Service Card

Circle 34 on Reader Service Card



PORTABLE QUADRIPHONIC
MIXER

® Basic model 4220 which has the
normal two line outputs, also incor-
porates the necessary  mixing  net-
works and link jacks 1o form an 8/4
system in conjunction with the manu-
fucturer’s Mirror Image 424 mixer.
(The two mixers are electronically
identical, differing only in their panel
layout and the arrangement of their
four mixiig networks.) Sub mixer 426
can also be unsed with model 422,
providing mix input channels. Each
input has an adjustable sensitivity over
an unbroken range of 100 dB. with a
maximum gain of 90 dB. Input im-
pedance is suitable for 200 ohm mics
at all sensitivities except the highest,
where it becomes a line bridging in-
put. Each source channel incorporates
bass and treble cut and lift, plus mid-
lift controls.

Mfr: Lamb Laboratories (Revox)
Price: $675.00.

Circle 58 on Reader Service Card

16-IN/8-OUT CONSOLE

® An independent stereo mix bus s
featured on SP-800 16-input, 8-out-
put console. The console also incor-
porates an S-track monitor and pan
section with automatic syne and pro-
gram monitoring. Each input chan-
nel has XLLR balanced inputs, 10 and
20 dB attenuation to the preamp scc-
tion. low and high frequency equali-
zation with 20 dB of boost or cut, 8-
position rotary assignment switch, cue
and ccho send control, a conductive
pastic slide fader. and a line/ mic in-
put switch on the first 8 channels.
The output section has two echo re-
turns, a stereao master fader and 8
rotary sub-master controls metered 1o
+4 dBm at zero vu. Transformerless
output tines are designed to drive 600-
ohm loads with a claimed distortion
of 0.1 per cent or better at +20 dBm.
Mfr: Speck Electronics

Price: $2,555.00.

Circle 59 on Reader Service Card

NOISE REDUCTION SYSTEM

Erase faster
A — - T

Erase cleaner

® Model 1000 combines in one unit
an Autocorrelator noise reduction and
dynamic range recovery system. The
noise reduction system is capable of
differentiating between noise and mu-
sic—it is possible 1o remove 10dB of
noise without affecting the music. The
circuit opcrates on any stereo source
without pre-encoding. High frequency
noise reduction commences at 2kHz
and is 3dB, reaching 10dB from 4kHz
to 20kHz. Low frequency noise re-
duction begins at 200Hz, ultimately
reaching 20dB at 20Hz. Passive sub-
sonic filter rejection of —35dB at
SHz. Weighted overall noise reduc-
tion is —10dB from 20Hz to 20kHz.
The dynamic range recovery system

Garner Model 70 cutsman-
hours spent erasingaudio andvideo
tapes. Simple, safe continuous belt
operation gives you “hands-off”
professional erasures in only four
seconds. Handles up to 7 reels,
cartridges. and cassettes. Ac-
ciaimed by major users, yet priced
low encugh for the smallest studio
or station to afford.

consists  of three independent ex-
pander circuits tied together with GARNER INDUSTRIES
logic. 4200 N. 48th St.

Lincoln, NE 68504

Mfr: Phase Linear Corp.
402-464-5911

Price: 3349.00
Circle 60 on Reader Service Card

Circle 35 on Reuder Service Card

Revor ATH

p i

Sayes OTI02

Bayer M0

e —M

=2 Beysr M0

Our companies have been in the microphone and tape recorder business now lor over forty years.

_ﬂ_ﬂ_‘_'_,_,_,—:-"_tn-m.m

In that time we have built up quite a family ... professional mixers. tape recorders, microphones.
headphones —the lot -1

All of these products 2re made to the same high acoustic and mechanical quality that has set ,/’
standards throughout the worid. For example, if your finances do not quite run to a new P
Revox tape recorder. try to find a secondhand one—in stock condition it will outperform

other makes of new equipment at the same price! _..“" K
1
All of our family is described in great detail in a series of technical ”’e_.-- 2
data sheets and application charts. If you are at all interested in o~

better aquipment. we will send you this information. Just mail the e

attached coupon to: P o8
r"“:” &’,\“B @ 2
Revox Corporation, v\\o"’/ e\q“e W
155 Michael Dr. o
Syosset. New York 11791. .‘-\‘w-;”?\ezgc Name
‘“.-'\ ’/ Address e
” ‘As and when avadable from our dealers
o o o o e e . e e . S - — ——— — ——

G/i6| Jaquadeqg qp
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products & services (cont.)
MIXER PREAMP

LD
g, @ o isE
Wb 5§ W

® Full stereo output from a range of
inputs which include phono, tape, and
mic are available on Clubman II
mixe preamp. The unit has individual
slider fader control on each input,

full equalization, overall master vol-
ume control, and pre cue and talk-
over facilities. It can be adapted to
either a mobile or permanent system.
Mfr: Meteor Lighting

Price: $449.00

® Long-throw, conductive plastic
faders, solo input, program echo and
return, independent cue mix, program
return, independent 2 or 4 bus as-
sign  color-coded and illuminated
pushbuttons), full montioring control

Circle 61 on Reader Service Card and an optional hi/lo equalizer are
featured in Alpha I and Alpha II con-
soles, Alpha I has stereo outputs and
Alpha II featurs 4 mixing busses. The
consoles’ size—22 x 23 x 9 in—opens
the possibilities for remote as well as
permanent use. The units are self-

powered and have XLs in and out.

MIXING CONSOLES

Mfr: Sphere Electronics
Circle 62 on Reader Service Card

ur system is

hard to beat

The all time favorite monitor system in U. S. recording studios
is the Altec 604. Add our Mastering Lab frequency divider
with its improved mid-range, distortion-free crossover
and extended bass and you have a system that is

truly hard to beat.

We have packaged 604s and M/L dividers in a bass reflex
enclosure and named them Big Reds. For super bass
response and increased sound pressure level, we add

an extra 15” woofer, plus a low frequency crossover

and call them Super Reds.

Use our M/L dividers to perk up your present 604s

or go all the way with either of our Red systems

and join the list of studios that benefit from

monitoring with the Mastering Lab system.

audiotechniques,inc.

142 Hamilton Avenue, Stamford, CT 06902 Telephone: 203 359 2312 J

A & M Recording

Artists Recording Studio
Atlantic Recording Studio
Audio Arts

Autumn Sound

Randy Bachman

Berklee College of Music
Black Crack Studios
Blue Rock Studios
Caribou Ranch

Catholic University
Chariot Studio

\ Davlen Sound

MASTERING LAB CROSSOVER USERS

Dawnbreaker Studio

American Recording Disney World Nimbus Nine Productions Sundance Recording
Applewood Studios Dynamic Sounds Ochoa Recording Studio Sunset Sound
A & R Recording Earth Audio ODO Recording Sunswept Studio

Falcon Records
Fanshawe College

Good Times Studio

Great Lakes Audio
Hallmark Studios

Wally Heider, Los Angeles
House of Music
Intercontinental Absurdities
John Kay

Kendun Recorders

David Kershenbaum

Cherokee Recording Mama Jo's Sound Exchange Western Recording
Conway Recording Manta Sound Sound Factory Whitney Recording
Dallasonic Recording Minot Sound Sound |deas

MZH Studios Sound Labs

~

Howard Schwartz Recording
Sunchron Studios

TDF, Florida

The Guess Who

Toronto Sound

United Artists Studios
University of Mass, Boston
Valentine Recording
Vantone Studios

Venture Sound

Village Recorder

Graham Nash Springfield Sound

Original Sound

P & P Recording
Richard Perry
Pinellas Music
Producer’'s Workshop
RCA, N.Y.C.

RCA, Los Angeles
Roade West Recording
Rockland Recording
Salty Dog Studio
Sigma Sound

J

Circle 36 on Reader Service Card



JBL's new 4315.
There’s never been a wider range
studio monitor, Of any size.

And, four more things:

It's a four way system. It has the most sophisticated
cross- over network ever designed. It's compact, shallow,
portable. Perfect for wall mounting, horizontally or
vertically. It's yours for $714.

There's more. Much more. Go hear the rest.

Circle 19 on Reader Service Card
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The CBS Technology Center on High Ridge Road in Stamford, Connecticut.

The CBS

Technology Center

A loudspeaker is shown under test in the anechoic chamber.
Note the microphones, arrayed in dodecahedral tashion. By
selective switching, a rapid measurement of integrated
sound can be made, or any individual directlon can be
selected for study.

LARRY ZIDE

T'S A PLEASANT DRIVE from the db offices to Stamford,

Connecticut where the offices and laboratories of the

CBS Technology Center are located. When I ar-

rived, 1 was met by the genial genius of the place,
Benjamin (Ben) B. Bauer, who is vice president and gen-
eral manager of the Center. Before being shown around,
I was given a general history of the Center which, until
recently, was known as CBS Laboratories.

RECENT LABCRATORIES HISTORY

CBS Laboratories, the research and develepment arm
of CBS Inc. began its operation as a division of the Com-
pany in 1957 with the construction of a handsome, one
story building on a knoll on High Ridge Road in Stam-
ford, Connecticut. Its mission was to perform r&d in
various t.v., radio, and audio areas. Some of its important
contributions, headed by Benjamin B. Bauer, then vice
president for acoustics and magnetics, resulted in improve-
ments in stereophonic disc records, and in fine particle
magnetic tapes that subsequently led 1o the development
of the cartridge and cassette records.

The heady days of NASA’s attempts to put a man on
the moon, the acceleration of the cold war, and the
evolvement of the Indochina conflict placed many de-
mands on American technology. The Laboratories ac-
cepted this added responsibility and became involved in a
number of areas in audio and visual communications and
underwater sound. There were commercial values and
spin-offs stemming from these activities, and a depart-
ment dealing with professional products was started,
mainly involved in broadcast instrumentation, which grew
to significant proportions.

By the mid-1970s, it had become evident, however, that
the various peripheral activities of the Laboratories did
not allow its resources to become strongly oriented toward



Frank Barr at the controls of the measurement and recording
racks located just outside the anechoic chamber.

the future technological needs of CBS. A rcorganization
was clearly needed which took a year to complete. The
manufacturing and professional product activities were
sold to Thomson-CSF, S.A., a major French electronics
company. The contract rescarch and development activ-
ities were sold to EPSCO, Inc. of Westwood, Massachu-
setts, Other activities. such as ultrasonic medical display
devices of no special interest to CBS were donated to the
New York Institute of Technology. With the completion
of these transactions by mid-1975, the Laboratories was
renamed the CBS Technology Center, continuing its op-
eration in Stamford, Connecticut, with Ben Bauer as its
vice president and general manager.

CBS TECHNOLOGY CENTER ORGANIZATION

The Technology Center has been divided along the
arcas of principal interest to CBS. One area of concen-
tration is high density recording, headed by Robert A.
Castrignano, which examines all the factors related to
future audio and video recording processes. Of great im-
portance is the emphasis on advanced t.v., under J. Ken-
neth Moore, with digital techniques of processing and
transmitting t.v. image playing a major role. The audio
systems technology department, headed by Emil L. Torick,
works on developments which range from the mcans for
improving the sound on 17&-inch cassette tape to the
various possibilitics of transmitting audio programs by
means of bitsaving digital methods. The sound repro-
duction technology department, under Louis A. Abbag-
naro, concentrates on improved loudspeakers and on de-
veloping and improving methods of recording disc records.

AUDIO TESTING

The CBS Technology Center is actively engaged in the
technical testing of audio equipment, mostly of a home
use nature. I was shown the anechoic chamber and work
arca of Frank Barr. Under his direction audio products
are put through their paces for High Fidelity Magazine's
monthly test reports. The anechoic chamber is particu-
larly impressive in both its size and versatility. It is used
for speaker testing by having the measurements made by
twelve calibrated microphones placed in a dodecahedral
arrangement. Automatic plotting equipment permits a
highly sophisticated and complex procedure to be made
swiftly and consistently. Conventional electronic products
arc cvaluated in standardized bench-tested ways.

DIGITAL AUDIO TECHNOLOGY

Emil Torick demonstrated an advanced digital audio
transmission system under development. The Center’s ex-
cellent sound room was where | heard audio converted to
digital signal, transmitted, and restructured to analogue
audio. No, there is no imminent product line expected—
this is develepment work only—but 1 was impressed by
how much can be done now.

These digital processes offer considerable promise for
future audio applications. Both signal processing and
audio transmission will especially benefit from this new
technology.

A significant problem in digital encoding is the wide
bandwidth nceded for accurate representation of the sig-
nal. A basic pulse code modulation system demands an
information transfer rate on the order of one-half million
bits per second for one channel of high fidelity audio
quality—and the needs of multi channel programming in-
crease this rate considerably. In the interests of trans-
mission efliciency and economy, it is thus imperative that
means be developed 1o reduce bandwidth requirements by
new encoding schemes without significantly altering the
perceived audio quality. From what I could see and hear,
CBS Technology is well along that way.

SQ FOUR CHANNEL TECHNOLOGY

The SQ matrix system comes, of course, from this cen-
ter. Many of the basic patents are held by Ben Bauer
under whose direction the system contirues to improve.

Benjamin B. Bauer, the CBS Technology Center's vice
president and general manager, at his desk.

G/61 Jaqwedeqd qp
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The listening room at the Center. A remote switching box
permits comparisons between SQ encoded and discrete tape
sources playing from the turntable or halt-inch Scuily

tape machine.

The listening room was used to demonstrate the most re-
cent decoder systems. These are full logic systems of ad-
vanced design that can effectively crecate the impression
of true discrete sound. Sony and Motorola have created
integrated circuit designs that will lower the consumer
cost while raising the performance level. The units I
heard using these chips were excellent.

On another SQ front, CBS is pushing the use of en-
coders by radio stations. A relatively low cost product
for this use is being made by Sony and is distributed by
CBS. Stations can use this unit to either synthesize stereo
sound to four channels, or to encode true discrete ma-

o)

A studio/lab version, model 580 DVX of the consumer Leslie
unit. The moveable dipole at the top can be aimed toward
the listening area.

terial for transmission. The unit permits the station to se-
lect the method of SQ encoding that fits its musical format
—such as concentration on front separation, or weighting
the effect for four channel listeners to provide either in-
creased ambient effect or surround sound.

DVX LOUDSPEAKER SYSTEMS

The listening tests 1 heard were conducted using re-
cently designed Leslie DVX loudspeakers. The Center has
been active in designing these units as consumer high fi-
delity speaker systems, building them into the facilities of
Leslic Loudspeakers (the CBS Eleciro Music Division) for
manufacture.

The DVX system uses a dipole dispersion pattern. Such
loudspeaker concepts are not new; CBS themselves pro-
duced experimental monitors years ago. But the increas-
ing popularity of four channel listening has made such
designs desirable. In the enclosure, a dipole coupler in
the form of a precisely shaped baffle is placed. Several
drivers covering a range from 250 Hz upward are placed
and allowed to perform optimally as dipole radiators. The
baffle system can be moved within the cabinet for opti-
mum results in listening rooms. (Frequencies below 250
Hz are handled in a conventional omnidirectional man-
ner.) By manipulation of the dipole, it can be aimed for
the center of the area to be covered, thus permitting the
four speakers to be properly heard in the listening room.

The final section I was able to see is the one that deals
with the CBS series of test records. This series, I'm happy
to say, is in production with newly cut masters. The most
recent addition to the series is a new disc specifically de-
signed for testing SQ decoding systems.

The day ended all too soon. If I can sum up in one
word my impression of the work being done by CBS
Technology Center it is the word sophisticarion. It is evi-
dent that they have moved a long way toward reducing
the black magic of subjective audio testing to science, and
they are moving ahead in advanced work in a variety of
areas of importance. It wouldn’t surprise me to hear of
important announcements coming soon from Ben Bauer.
CBS Technology is certainly not resting on past laurels. B



G. R. THURMOND

Count Your AEPs

Application of a simple formula makes it possible to

control room reverberation.

ROBABLY THE MOST IMPORTANT factor influencing

the quality of sound reception in a room is rever-

beration. Too little reverberation may cause some

forms of music to suffer. This may be undesirable,
but it is seldom disastrous. On the other hand, too much
reverberation is not only bad for many forms of music
but can be disastrous to speech patterns. Speech sounds
blur together and become difficult or impossible to under-
stand. If this is the case, then chances are that the re-
verberation time is too long. This condition exists par-
ticularly in large rooms.

The real irony is that the problem can be avoided.
Reverberation is easy both to understand and to deal with.
With a new short-cut, it is even easy to calculate,

But why calculate? Why not just measure the reverber-
ation in the room? Well, that's a little hard to do when
the room is nothing more than an assortment of lines on
an architect’s drawing. Even if the room exists, it may still
be easier to calculate the reverberation, especially if you
don’t have the necessary testing equipment.

The reason such calculations haven’t been done more in
the past is plain: they weren’t easy. The formula is not
complicated, but it is often difficult to know the right
numbers to plug into it. Even after you get the right
numbers, a fair amount of calculation is needed. Besides,
very few pcople have any idea how to go about doing it,
so it all remains a mystery,

Not any more. There is a simple way to calculate re-
verberation, namely this formula:

G. R. Thurmond is an acoustic consultant
from Austin, Texas.

Room Volume (in cubic feet)
Number of Persons in the Room
Reverberation Time (seconds)

= 100 =

This simply tells us to find the volume of the room in
cubic feet, divide by the number of people in the room,
mark off two decimal places, and we have the answer, But
is it really that easy?

Well, almost. If the room is not empty of people, or
nearly so, and there is nothing else in the room to absorb
sound, then it works very well indeed. In other words, if
the people are the only significant absorber of sound in
a room, then the formula works. This covers a large
percentage of situations, but there are ways of extending
this formula to include virtually all cases.

THE SOUND ABSORBER FACTOR

What we have not yet considercd is the effect of other
sound absorbers in the room. Carpet, upholstered seats,
draperies, acoustical tile, etc. all absorb sound the way
pecople do, but to a greater or lesser degree. And that is
the clue to the answer.

Five square feet of most acoustical tile, for example.
absorbs about as much sound as one person. The sound
in the room really can’t tell much difference. We can
think of this five square foot area of acoustical tile as
having Absorption Equivalent to a Person. We can ab-
breviate this new unit of measure as the AEP. The pro-
nunciation of this acronym is obvious.

Thus, 100 square feet of acoustical tile equals 20
AEPs, and 5,000 square feet equals 1,000 AEPs. That is,
5000 square feet of acoustical tile has the same effect on
the reverberation in a room as 1,000 people.

It turns out that all the other materials in a room can
be converted to AEPs in the same way. Here is a table
of equivalents:
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Number of

Class of Examples of Square Feet
Absorber Materials for Each AEP
Good Acoustical tile, fiberglass, 5
sprayed ashestos (1-inch thick)
Fair Thick carpet. heavy draperies. 10
unpainted concrete block,
sprayed asbestos (1% inch)
Poor Thin tight-pile carpet, thin 25
panels. light drapery
Bad Wooden floors, painted con- 50
crete block, plaster on lath,
gypsum board. heavy wooden
panels, indoer-outdoor carpet
Non- Concrete, masonry. terrazzo, 100
absorber  glass, brick

Ahah! Now we see that all the surfaces in a room can
be converted to AEPs. The AEPs are then totaled, added
to the number of people in the room (if any), and plugged
into the formula. Turn the crank, and out pops the re-
verberation time. That’s all there is to it.

The only surface which this does not take into account
is that of the scats. When they are occupied, no sound
reaches them, so acoustically they are not there. When
they are empty, however, they absorb some sound, so we
nced another conversion chart:

Conversion to AEPs

10 seats = 8 AEPs
10 seats = 5 AEPs
10 seats 1 AEP

Type of Seat

Upholstered bottom and back
Upholstered bottom or back only
Not upholstered

This tells us that the reverberation time in a room with

— e
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hard seats will change with the number of people present
much more than it will in a room with upholstered seats.
This points out the acoustical importance of upholstered
seats.

Let us look at some examples. Suppose we have a
medium-sized church with a volume of 125,000 cubic
feet, and 500 seats which are not upholstered. In addi-
tion, there are 625 square feet of thin carpet, 2,500 square
feet of brick walls, a wooden ceiling of 5,000 square feet,
1,000 square feet of windows, and 1,000 square feet of
thin paneling.

First, let us figure the empty reverberation. The seats
represent 50 AEPs, the carpet, 25; the brick walls, 25:
the ceiling, 100; the windows, 10; and the panecling, 40.
This totals up 250 AEPs. Divide this into 125,000—mark
off two decimal places—and we have a reverberation time
of 5 seconds.

With 500 people present, the seats have 500 AEPs in-
stead of 50, so that the total is 700 AEPs and the reverb-
eration time is 1.8 seconds. Quite a change! If the seats
were upholstered, the empty room would have 600 AEPs,
and a reverberation time of 2.1 seconds. This is a rela-
tively insignificant difference between empty and full.

But is this the correct value? Is it possibly too dead
(too little reverberation) or too live (too much)? For that
we have another chart:

Reverberation

Time (seconds) Type of Room

VERY LIVE
3
LIVE
2 I
MODERATE
1 S
DEAD
0 I

Speech can be understood easily in a dead room, but
music sounds dull and lifeless. A moderate room can have
good speech clarity and good enhancement ot music, ir 1t
has no other serious flaws. It is difficult to understand
speech in a live room, but some kinds of music (espe-
cially church) benefit from such a room. A room with a
reverberation time of over three seconds is suitable for
only a few kinds of music; speech may be impossible to
understand.

Most churches like a reverberation time in the two-
second range; some want a little less, some more. Our
theoretical church falls in this range when it is full, but
is too live empty, with hard seats. Upholstered seats should
be recommended.

HIGHLY REVERBERANT ROOMS

In many cases such as this one, the solution to a prob-
lem becomes obvious as soon as we see the problem
clearly. Things are not always so straightforward, though,
as another example will show.

Let us assume a gymnasium which is 200 feet square
and has a ceiling height of 25 feet, giving a volume of
1,000,000 cubic feet. The floor is wooden, the walls are
brick and glass, and the ceiling is concrete. There are 2,500
hard seats which cover half the floor area and are placed
against most of two side walls. For convenience, let us
say that the two end walls are completely exposed to the
sound in the room, while only 12% feet of the height of
the side walls is. This gives us a total of 15,000 square
feet of wall area exposed to the sound (150 AEPs),
40,000 square feet of ceiling (400 AEPs), and 20,000
square feet of floor (400 AEPs), plus 250 AEPs for
empty seats. This totals 1,200 AEPs, giving an empty re-



verberation time of over eight seconds!

Actually, in a highly reverberant room like this, where
there is very little total absorption, every little thing be-
comes more important. That is, there are other things
which we have previously ignored because they are insig-
nificant in normal rooms, but which would be important
enough in this room to bring its actual reverberation time
down to six or seven seconds. We can ignore these errors
because they are significant only in rooms where the re-
verberation time is over five seconds or so, Such rooms
are much too live for anything except possibly church
music anyway, which is all we really need to know.

If the scats in this gym were all occupied, then their
absorption would be 2.500 AEPs instead of 250, bringing
our total to 3.450. This brings our reverberation time
down 1o a little under three seconds, which is still too live.
What should be done?

Clearly, more absorption is needed. but how much and
what kind? Since there might be several workable solu-
tions here, we might start with a worst case and work
back from there.

It is unlikely that the reverberation time in a gym will
ever need to be under 1.5 seconds. In this case, that re-
verberation time would be achieved if there were 6.667
AEPs. The empty room contains 1.200 AEPs leaving us
about 5,500 short. This could be provided by 27,500
square feet of good absorber.

This may be an overkill, however. Seldom will there
be a case where sound quality is important in a room
with no audience, especially a gym. With this much addi-
tional absorption and a full audicnce, there will be only
about 1.1 seconds of reverberation time, providing an un-
necessarily dead room. Furthermore, this much additional
absorption will probably cost $25,000 to $50,000 to pro-
vide, depending on a number of factors,

[.et us instead shoot for 1.5 seconds in a full room.
For this, we only need 3,200 more AEPs, which could be
provided by 16,000 square feet of good absorber. Now we
are only talking about $15,000 to $30.000. Furthermore,
the empty reverberation time will only be about 2.3 sec-
onds. not too bad. An audiecnce of 1,000 would bring
this down to under two seconds.

MATERIALS AND METHODS

Now that we know how much absorption is needed. all
that remains is to sclect the exact material and the method
for installing it. We could use acoustical tile, mounted
either flush or on furring strips or suspended. Instead
of acoustical tile we could use rigid insulation board or
cloth-faced ceiling board or other rigid absorbers. Sprayed
asbestos can be applied either directly to existing surfaces
or to a metal lath. We can select from a variety of possible
thicknesses, no matter what the material. We could mount
the absorber on the ceiling any number of ways, or on
the walls, or even in the seating area. It is posisble to con-
centrate it in one area or scatter it throughout the room.
Or it could be left exposed or covered for cosmetic or
protective purposes.

Are all these alternatives equivalent? Absolutely not!
Some are equivalent to one another, but most vary widely
in effectiveness, appearance, and cost.

If all this sounds as if we have just stepped in over
our heads. that is exactly the case. The choices of exact
trcatments are so complex that the only wise decision
would be to get expert help. Without such help, you can
arrive at an approximate solution, but probably not an
exact one. Of course, e¢ven an approximate solution is
better than none at all. In other words, the AEP method
may not get you completely out of the jungle, but it will
certainly point you in the right direction. n
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MICHAEL RETTINGER

Sound Control
by Barriers

Outdoor performances bring obligations to the neighbors,
and this requires careful acoustical management.

HE ATTENUATION of sound by barriers has become

an important means in many fields of endeavor

for controlling its propagation in directions not

wanted. Examples are found in practically all
recording studios in the form of flats placed between in-
strument sections to achieve clean multiple sound tracks.
Some other attenuating devices include walls around am-
phitheaters and outdoor sports areas to prevent distribu-
tion of music and announcements to nearby residential en-
vironments, solid fences along freeways to reduce the
transmission of ground vehicular traffic disturbances to
noise-sensitive surroundings, and baffles above or along-
side loudspeakers to restrict sound radiation vertcally or
horizontally.

The principle of physics underlying the propagation of
wave trains over solid obstacles is known as diffraction,
or the bending of light or sound rays as they pass over
the impediment. The mathematical descriptive of the phe-
nomenon is complicated. When I first wrote about the de-
sign specifics for sound-attenuative screens or shields, I
used a chart for the graphic solution of problems in this
field, and tables of Fresnell integrals for those interested
in algebraic answers.! Diagrammatic evaluations are gen-
erally adequate because the mathematics does not include
considerations of the factors unavoidably present in prac-
tice, such as reflections from nearby surfaces, the ab-
sorptive character of the noise guard, and the limited

Michael Rettinger, a frequent contributor to db, is an
acoustical consultant in Encino, California
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Figure 1. Plan and elevation of outdoor theater
equipped with north wall barrier of height h to reduce
sound radiation to the north.
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Figure 2. Chart for determining the excess sound attenuation of barriers.

dimensions of the sound interceptor in relation to the
wavelength of the signal,

OPEN-AIR ACOUSTICAL CONTROL

As a good starting point for the design of sound-at-
tenuative barriers consider FIGURE [, which shows the plan
and cross-section of an outdoor concert hall. Such open-
air recreational and entertainment centers in suburban
arcas are often found sound-intrusive and disturbing by
the nearby residents. This is true also of football fields,
baseball diamonds, racetracks for cars and horses, and
amphitheaters.

The suburbanites say that acoustic privacy should no
longer be considered an amenity of life, but a necessity
to assure mental and physical well-being.

The noise situation of such stadia is complicated by the
fact that sound levels for the larger arenas are often in
the order of 100 dBA at 50 feet from the sound-reinforce-
ment system radiators, and that the sound attenuation by
divergence or wave spreading is generally no more than
4.5 dB for double the distance. Thus, for a thousand-fold
increase in the reference distance—50,000 feet or nearly
9.5 miles—the signal reduction comes to only 45 dB, so
that the level of 100 dBA appears as one of 55 dBA at
that distant location.

Assume now that a solid barrier is planned for the
north boundary of the outdoor theater shown on FIGURE
1 to protect the neighbors from the signals generated by
the loudspeakers above the stage. Such a wall, obviously,
is of benefit only if the elevation of the distant residents
is below elevation A, that of the barrier top. The minimum
height of the wall must be along the sight line from the
loudspeaker to the observer, a height which will attenuate
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PERCENT RESPONSE

_ PISTON DIAMETER
K = TTWAVELENGTH
Figure 3. Radiation characteristics of a flat circular
piston in a baffle for various ratios of piston diameter
to wavelength generated.

the sound an extra 5§ dB (above that produced by wave
spreading only, in the abscnce of the wall). But 5 dB is
barely enough even to compensate for the vagaries of the
weather—the wind and temperature gradients which may
cause more of the signal 10 be spilled over the wall than
under normal atmospheric conditions. Hence a higher
wall is necessary to still the complaints of the neighbors.
How high should such a barrier be? FIGURE 2 gives a
ready graphic solution for the case where the observer is
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Figure 4. Sound attenuation gained by a baffle
interposed between a flute and trumpet piayer for the
simuitaneous recording of the two instruments on
separate sound tracks.

somewhere aloeng the line L, and at a distance from the
wall which is several times the distance (a), that is, the
distance between the loudspeaker and the wall, according
to FIGURE 1, 90 feet.

According to FiGURE 2, when h = 20 feet

8
[
I

"

2x90
2.22 feet

Ik

At 500 hertz the signal will be attenuated by 15 dB at
the distant point of observation (indicated by a dot on
the 500 hertz graph of FiGURE 2). Again, it should be
noted that this is the excess attenuation—in excess of that
provided by wave divergence in the absence of the wall.

VERTICAL EMISSION

But this may be only part of the sound-attenuation re-
quirements. If there is considerable radiation of sound
within the angle 8, it is to the advantage of the observers
beyond the barrier—which may be randomly placed, with
some possibly above the line L,—to restrict the vertical
emission of the sound by the loudspeakers. While this may
be done with very long, hand-crafted horns, it is more
economical to place a large long flat baffle above the
loudspeakers.

ATTENUATING THE LOUDSPEAKER

To gain an idea of the size exponential horn required
to achieve a sufficiently sharp polar pattern for the pur-
pose—say, where the response at a given frequency is
down 10 dB at 15 degrees from the central axis so that
the effective radiation cone has an included angle of 30
degrees—consider FIGURE 3. It shows the directional
radiation characteristic of a circular flat piston set in
a large baffle (to avoid interference effects from the sound
radiated from the back side of the piston) for various
ratios of piston diameter to wavelength generated. A
similar pattern holds for the directional characteristic of
a horn If we equate the horn mouth diameter with the
piston diameter. The calculations for the directional char-
acteristics are based on the assumption (well borne out

in practice) that the surface of the piston consists of a
large number of individual small sources, so that at a
point in the sound field the pressure becomes the resultant
of all the piston elements radiating sound radially.

On the assumption that we are, as in the reproduction
of music, interested in containing 250 hertz within nar-
row limits, the mouth diameter, D, of the horn should be
four times the wavelength, or 18 feet. Let the cut-off fre-
quency of the horn, f, be two octaves lower, or 63
hertz, to avoid distortion; let the loudspeaker cone diam-
cter be 9 in. or 0.75 feet, and the sound velocity ¢ be
1128 ft/sec. From the general equation of the exponential
horn?

@)

= e2rfcL/C

we get

18 _ c628x63xL 1128

0.75

so that the horn length L comes to 9 feet. (¢ = log. con-
stant 2.718)

Of course, if the theater management consents to repro-
ductions from loudspeaker locations other than the pros-
cenium arch, the undesirable radiation of signals from
such a theater may also be curtailed by either placing a
number of loudspeakers within the seating area, or on the
north boundary of the theater, with the speaker axes point-
ing south. That is on the assumption that there is lese of a
noise-sensitive area to the south of the theater than to
the north, and that the signals from the rear emitters are
suitably delayed so that they cannot arrive before the di-
rect signal from the stage has come to the spectator, to
avoid the destruction of the illusion that most of the
sound comes from the sources visible on the stage. Even
so, however, the rear wall loudspeakers should be prop-
erly baffled to reduce signal radiation to the north.

FIGURE 4 shows a flat arranged between a flute and a
trumpet player when it is intended to record the two
instruments simultaneously on separate tracks. If the re-
cording studio has a rather short reverberation, or if the
two players are in a large studio where the reflected sound
from the ceiling and the walls becomes negligible com-
pared to the signal spilled over the top of the partition,
we may calculate the amount of excess sound attenuation
by calculating the path difference d, which is given by

d = 2(y/a2 + h® — a)

2(y/52 + 52 — 5)
= 4.14 f1.

According to FIGURE 2, the excess sound attenuation
for this setup comes to 18 dB at 500 hertz; 21 dB at 1000
hertz; 24 dB at 2000 hertz; etc. n
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WALTER G. JUNG

The Signal Path

The function generator has numerous variations, in the
types of waveforms it creates and in their techniques.

NE AREA OF SIGNAL GENERATION which has al-
ways been a source of fascination to me is
generation of the various fundamental audio
waveforms such as sine, square and pulse, saw-
tooth and triangle. Such waveforms are basic to audio
testing of course, but they are also just as fundamental in
electronic music synthesis. There arc almost an infinite
variety of circuits you can use to generate these wave-
forms: a good understanding of their innards is useful in
selecting a technique which is most useful for your par-
ticular needs of the moment. What we'll now do here is
explore some of them and comment on their pros and
cons and where or when each is right for the task at hand.

THE FUNCTION GENERATOR

The function generator is a signal source which uses
r-¢ section timing circuits as the basis for waveform gen-
eration, Its fundamental waveforms are the triangle and
square wave, which are generated simultancously. The
sine wave. when required, is generated as a byproduct ot
the triangle. The features of this type of waveform genera-
tion are an extremely wide range of frequency control
and/or frequency agility, and an inherently constant out-
put waveform, independent of frequency. On the other
hand, it does not feature the lowest since wave distortion,
since it is a synthesized waveform. Function generator sig-
nal sources can be phase-locked or synchronized casily and
lend themselves readily to dynamic control of all wave-
form parameters.

A basic block diagram for a function generator which
produces the fundamental waveforms is shown in FIGURE
I. This circuit is essentially comprised of a timing capaci-
tor, Ct, across which is developed a triangle wave, a buf-
fer stage to isolate the high impedance capacitor voltage

Mr. Jung, who frequently writes on audio subjects, is a
designer with the AAIl Corporation, Baltimore, Maryland.
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0 (PULSE)
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SOURCES COMPARATOR
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SINE o SINE
CONVERTER WAVE

Figure 1. Block diagram of a function generator.

waveform from external loads, and a comparator which de-
termines the (+) and (- ) amplitude limits of the tri-
angle. It also produces an output square wave and a
current source (or sources) which creates constant cur-
rents to charge and discharge the timing capacitor. If
sine waves arc to be produced, a siné converter is also
used, which converts the triangle wave into a low distor-
tion sine wave.

If the charge and discharge currents into the capacitor
arc precisely cqual, it will take equal time intervals to
form the (+) and (—) slopes of the triangle wave. Under
these conditions, the duty cycle is 50 per cent (or 50-
50, if you wish) and both the triangle and square wave
are perfectly symmetrical, as is the sine wave. This is
shown in FiGURE 2(A). If the ratio of currents is altered,
so as to be assymmetric, the waveforms will appear as in
Ficure 2(B). (No sinc wave is shown here since it will
not be a true sine wave under these conditions.)
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Figure 2. Function generator outputs.

Thus it may be seen that this system has the capability
of producing all of the waveforms mentioned, given ade-
quate flexibility in the circuitry used. Various types of
technology can be used to implement the different blocks,
dependent upon the performance required. Frequency (or
pulse duration) can be either manually selected or made
electronically variable by appropriate modification of the
current sources or the timing capacitor itself. We now
can take a look at some representative circuits to realize
this system.

FiGUurRE 3 illustrates how very simply a function gen-
erator of this type can be implemented. This is an op amp
based circuit,! which combines a couple of the basic sys-
tem blocks, improving efficiency.

Here Al performs the function of the comparator, with
threshold levels established by the symmetric zener clamp.
The function of current sources and buffer are actually
combined within the stage A2. Rt determines the charge
and discharge currents of Ct, aleng with the zener volt-
age. The triangle waveform is developed across Ct in
buffered form, due to A2.

Frequency (or period) can be very easily controlled via
either Rt or Ct, according to the simple relation shown.
Since capacitors are not normally easily variable in con-
tinuous fashion, it’s best to let Ct be switch-selected for
coarse changes and to let Rt serve as a vernier. Note that
if Rt is made a high value pot, 5 meg for instance, it can
very easily vary frequency over a wide range when con-
nected as a rheostat. Actually, one of the major keys to
the usefulness of this configuration is in how well you
can control frequency and duty cycle. FIGURE 4 illustrates
some variations for Rt.

In FIGURE 4(A), a separate path for the two directions
of current which charge Ct are provided by a pair of
steering diodes. The pot serves to vary the proportion of
resistance division between the two paths over a wide
range. In so doing, it alters the effective value of Rt for
charge and discharge of Ct, which serves to vary the
duty cycle. So, an op amp function generator of this sort
can produce all of the waveforms mentioned above (we’ll
get to sine waves in a moment),

% Ri * o

RI
10K

{2)
4t
10K

* 7= PERIOD OF OSCILLATION = 4 Rt Ct

f = = !

|
T~ aRtct

Figure 3. Op amp function generator.

Figure 4. Methods of frequency variation.
a: For variable duty cycle.
b: For linearly variable frequency.

Another useful trick is to multiply the effective value
of Rt by dividing down the voltage applied to its input
end. This gives linear control of frequency versus pot ro-
tation, with the range of frequency change capability
equal to the division ratio of the divider used. A 100/1
divider gives 100/1 frequency range; 1000/1 gives 1000/1,
and so on. The practical limit is reached at extremely high
ratios when the output of the divider is at its lowest level
of a few millivolts or so, which will approach the offset
voltage of the op amp used. This creates large errors in
frequency calibrations, or worse yet, oscillations cease.

OP AMPS

Those are just a couple of simple techniques to manip-
ulate frequency and/or pulse width. Before we get into
more involved methods, some comment on op amps suit-
able for these sockets is in order.

Actually, a wide-range high performance function gen-
erator based on op amps is more than a little demanding
in terms of device performance characteristics—it's down-
right tough. For A2, the device used should have both
high slew rate and ft,> as well as a low bias current, and
low offset voltage. A National 318 will satisfy the first two
requirements quite well, but its bias current is high for
very low timing currents. For this you'd like a f.e.t. input
unit, such as RCA’s 3130, or better yet, the newer Na-
tional 356, which is fast as well. In terms of general pur-
pose units, 741’s are only good to a few kHz, but 310A’s
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Figure 5. Sine converter.

are excellent speed-wise, if used in the feed forward mode.

As for Al, this device is actually a comparator, and as
such needs not be frequency compensated. If an op amp
is used here it should be an uncompensated unit, such as
a 709, 715 or 301A, without their compensation caps.
This makes for prettier squarc waves at the output and
more accurate control of hf triangle wave levels. A device
which is neur optimum here is a 311 comparator, which
is quite fast, yct moderate in cost.

The clamp diodes are also important for speeds above
a few kHz. IN750 series zeners have high capacity and
are not optimum in terms of specd. Monolithic transistor
zeners work quite well here, such as 3018 or 3046 array
transistors  (zener connected) and provide matching as
well. Ordinarily 2N3906 base-emitter junctions wired back-
to-back also work well, but of course are not matched.

Good performance is also highly dependent on the type
of units used for Rt and Ct. For best accuracy, predict-
ably and stability, these would have to be of good quality.
Rt can range in value from a few kilohms up to meg-
ohms, with the upper limit being determined by the bias
current of A2 If A2 js an f.e.t. unit, there will be no re-
striction on Rt except the practical one of obtaining stable
values above a few megohms. Rt should preferably be a
close tolerance, low TC type such as a metal film unit. If
pets are used, they should be low TC, high resolution units.
Ct may range in value from a few hundred picofarads up
to a ,F or so. It can be optimized in terms of cost ini-
tially, with Rt then being selected next. Typically, Ct will
be a polystyrene or Mylar dielectric type, with close ini-
tial tolerance (and low TC if at all possible).

58 2u

LIKE PAIRS MATCHED TO
0.17% OR BETTER

RE**%
20K

SINE WAVE CONVERTER

Once you've settled on a set of components for the
function generator, a sine wave converter must be added
to make it complete. FiGure 5 illustrates a method of
achieving this function.

The classic methoed of deriving a sine wave from a
triangular wave is via two sets of biased diodes, one set
for cach slope of waveform polarity. This requires six or
more diodes per set for low distortion, and is difficult to
both set up and maintain. FIGURE 5, an alternate tech-
nique, operates on a different principle and has several
advantages.

This scheme works on the principle of the non-linear
cutoff characteristics of a bipolar transistor differential
pair. If driven by a linear triangle wave input, a differen-
tial pair such as QI-Q2 can be adjusted for a condition
of cmitter-to-emitler signal coupling which will result in a
sinc wave output current with quite low thd. When prop-
erly set up, distortion of 0.25 per cent or less is readily
achieved.

Keys to the success of this technique are an optimum
drive level to Q1-Q2, perfect symmetry of the input wave-
form, and the match of QI1-Q2. Lowest distortion is
achieved with a drive to Q1 of about 350 mV p-p (directly
at its base). Final optimization of drive for lowest thd is
via R3, which is preferrably a high resolution, multi-turn
trimmer. Matching of QI-Q2 in this example is well
achieved by the 394 (National), an ultramatched pair with
an offset of only 25 uV. Other monolithic pairs will also
work, but if their offset is greater than about 500 .V,
trimming will be required for lowest thd.
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Figure 6. Digitally programmable function generator.

For good overall stability and low output errors, several
resistor pairs should be matched, as noted. This may not
be as formidable as it appears on the surface, as all of
these pairs can be contained in a single network, and
their absolute tolerance is much less critical—one or two
percent being sufficient in this regard. I don’t mean to
scare anyone with the mention of 0.1 per cent resistor
matches. The circuit will function with 5 per cent types;
the errors will just be greater.

Tke values given for R1-R2 are designed for an %8V
triangle wave input, which is compatible with the circuit
of FIGURE 3. For other input amplitudes, scale R1-R2
for a 350 mV p-p drive to QI. Overall triangle-to-sine
conversion gain is such that a 16V p-p sine wave is de-
livered at Al’s output. This converter can be used with
any triangle wave source which produces a symmetric,
constant amplitude waveform, and is useful to well be-
yond 100kHz. Thus it is a ready companion to the pre-
vious circuit {and also circuits yet to be described).

VARIATIONS ON THE BASIC FUNCTION GENERATOR

At this point we are now ready to explore some of the
possible variations on the basic function generator of
FIGURE 3. This first of these is shown in FIGURE 6.

This circuit is similar in basic concept to the generator
of FIGURE 3, except that Rt has in this case been replaced
by a multiplying D/A converter, the AD7520 (Analog
Devices). This change allows the effective value of Rt to
be digitally programmed (in binary fashion) over a dy-

. 2n—1 .
namic range defined by n—l— where n is the number of

bits of the convertor. For example, the 7520 is a 10 bit
unit; therefore this allows a range of 1023/1. Resolution

1
m of full

scale. With the Ct value shown, full scale is 20 kHz, this
means the minimum frequency change increment is
19.5 Hz. If you care to try this circuit, I recommend a fast
comparator for Al, and a low offset voltage type op amp
for A2, such as the units previously mentioned. Also, Ct
may need some padding for full scale frequency calibra-
tion, since the internal tolerance on absolute value of the
7520°s ladder is refatively loose. For those interested in

is set by the weight of the LSB, in this case

this general idea, a similar 12-bit D/A unit is aiso avail-
able, the AD7521,

An obvious natural application for a generator of this
type would be as part of a computer controlled test
source. By adding a second 7520, output amplitude can
also be programmed over similar dyna-ranges. We'll cover
this aspect in a future installment, along with other gain
control techniques.

Another interesting function generator variation Is
shown in FIGURE 7. This circuit is perhaps one of the
least expensive, yet it possesses very high performance
capability.

In this version, which is arranged for single power sup-
ply operation, three inexpensive i.c.s are used in a com-
bination where the assets of cach device complement one
another. The 555 performs the function of level com-
parison, and produces two square wave outputs, a 15 V-
high level signal at pin 3, and a TTL compatible one at
pin 7. The 555’s internal voltage reference divider de-
termines the end peints of the triangle wave at voltage
levels of 1/3 and 2/3 of V plus. This causes the triangle
wave to be 1/3 of V plus in amplitude.

Al, a 3080A OTA (RCA) is used as a current source
to charge and discharge Ct linearly. The resultant triangle
wave across Ct is then buffered by A2, an f.e.t. input op
amp. This particular device, RCA’s 3130, is optimum for
single supply use and its low input current allows timing
currents to well below 1nA.

An interesting feature of this circuit is that the fre-
quency is independent of supply voltage. Frequency can
be programmed via R,,- or Ct using the relationship
shown. The dynamic range capability of the circuit is
over 100,000/1 (100dB), ranging from the 3080A’s up-
per l,pc limit of 5004A downward. A practical upper
frequency limit is about 50kHz, due to the 555 response
time, but the lower limit is determined more by how well
you can control I, than the devices themselves.

The circuit is an excellent source of high quality wave-
forms, useful as a fixed frequency source, or controllable
over a wide range. With modification. it can also be
frequency-swept over a comparably wide range.

The example shown in FIGURE 7(A) is frequency pro-
grammed via R,y which can be either switch-selected
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Figure 7(A). Wide range single supply function generator. a: Basic generator.

or operated via a rheostat. Unfortunately, (from a con-
venience standpoint), frequency doesn’t vary linearly as
pot rotation—period does. The circuit illustrated next
overcomes this limitation, however.

FiGURE 7(B) shows an option, which when added to
the basic circuit, converts it into a linear voltage-con-
trolled version. By applying a control voltage E.. to R ;.
the frequency can be varied linearly via a pot across the
415 V line. Thus the circuit is a voltage-controiled oscil-
lator, or vco.

For widest dynamic range, the amplifier A4 should have
a very low input bias current, and very low input offset
voltage. In practical terms, this means for a three or
more decade tuning range, an fe.t. unit with its input
offset voltage zeroed is desirable. The 356 mentioned pre-
viously would be a good choice; another would be the
8007 (intersil), or the 3130 if = 7.5 V supplies arc used.
If sufficient caré is taken in the control circuitry, it is
possible to achieve sweep ranges of 100,000 to 1. Note
that this option requires a negative supply voltage in ad-
dition to the original +15 V.

SINGLE CHIP FUNCTION GENERATOR

A version of function gencrator which is remarkable in
its simplicity is shown in FIGURE 8. This circuit uses an
Exar 2207, a single chip vco which provides both triangle
and square wave outputs.

The 2207 is quite a versatile device. It can be fre-
quency shift keyed via its two binary control inputs, it

~
¢ a8
3080A —
—+
4
+15V
*
RagC T
EC 0—AAA,
laBe
**SEE TEXT
-15v
« . 15 lasc _ 1.5 Ec
f= - ORIN TERMS OF Ec = 7oonte

tRY

Figure 7(B). Linear voitage controiied optilon.
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can be either voltage- or current-controlled for frequency
changes (over a 1000/1 range), and it is capable of assy-
metric output waveform as wcll as 50 per cent duty cycle.
Perhaps the best way to understand the device is to talk
of it first in simple terms, such as the single supply cir-

cuit shown.

Four timing pins are available: pins 4, 5, 6 and 7. The
current drawn from these pins thru the timing resistors
determines the output frequency, in conjunction with Ct.

I= & + WHERE Rt EQUIVALENT RESISTANCE
SEEN @ TIMING PIN(S).

LOGIC SELECT PINS | ACTIVE TIMING TIMING
A(PINB) BI(PIN9) PINS RESISTORS
0 0 6 R13
0 I 6+7 Rt3 Il Rts

I 0 S Ri2
I I 445 Rtz 1l R

The effective timing resistance may be cither one or two
of the four shown, as per the truth table shown. If FSK
operation is not desired, the keying pins 8 & 9 may be
simply wired to pin 10, which activates pin 6 only as the
timing input. Outputs appear at pins 14 and 13, in the
form of triangle and square waves, respectively. The tri-
angle wave is at low source impedance, and its level is
one-half of the supply voltage. The square wave is an open
collector type output, so its most positive limit will be
the positive supply return level used.

The 2207 is quite a stable device, possessing a typical
frequency TC (drift) of 30 PPM/°C. This of course as-
sumes you use low TC components for Rt and Ct. The
comments stated previously apply here as well on timing
component quality. Further, Rt is best kept between 4k &
200 k and Ct between 100 pF and 100 y4F (non-polar) for
best stability.

There are many ways you can build on a device such
as this to enhance its usefulness. We've already seen how
the binary inputs provide up to four digitally selected
frequencies. In Figure 8(B), a method is shown where
the number of discrete frequencies available can be ex-
panded without limit.

Here Rt,-Rtn arc individual timing resistors which arc
activated by their respective switches S1-Sn. S1-Sn need
not be toggle switches of course, but any solid state switch
which can sink up to 3 mA and sitandoft 8 V in the off
state. Examples would be one of 10 or one of 16 de-
coders in either tt] or cmos logic, for instance.

While there is no theoretical limit to the number of
switches which could be used this way, a more practical
technique for a great many different frequencies is a
D/A converter. FIGURE §(C) shows such an example,
using an inexpensive ttl hex inverted package as 6 bit
switches driving a binary ladder network. This arrange-
ment will allow 63 discrete frequencies to be selected.

To go much beyond this really requires betfer hard-
ware, such as in FIGURE 8(D). Here a 7520 is used to
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Figure 8(C). Simple D/A converter programming.

program the current from the timing pin. An op amp
and f.e.t. are used as a precision current converter to
drive the 2207 timing pin. This type of circuit can also
be used as a precision analog vco, by deleting the D/A
and adding a resistor Rt to the summing point of Al.
Voltages from zero to - 10 V will then tune the 2207 over
its range. If a very low offset voltage op amp is used,
dynamic sweeps of over 1000/1 are possible.

One of the most useful type of vco or function genera-
tor is one with an exponential control relation. This fea-
ture may be added to a 2207 sweep generator by use of a
anti-log converter to develop the timing current, as in
FiGure 8(E).

Here the 394 matched pair is the anti-log convertor
along with Al. The input divider to QI is scaled for a
I V/octave control characteristic, thus 10 volts of control
range changes output frequency by 10 octaves.

This installment has taken a look at some function gen-
erator techniques and hardware used. Next installment
we'll explore the sine wave oscillator and some of its many
variations. |

(e)

Figure B(E). Exponential vco option.
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Ronald Ajemian. Feb. 1974, p. 24,

A Systematic Approach to Wiring
Connectors. Doug Rygalo. May 1975,
p. 38.

Test Records—A Viluable Measure-

ment Tool. Arnold Schwartz. Oct.
1975. p. 41.
A Unique Recording and Reproducing
System. Richard S. Burwen. Nov.
1974, p. 34.

A Visit to Ortofon. Larry Zide. June
1974, p. 37.

Versatile Low-Level Crossover Net-
works. March 1975, p, 22.

Ways to Evaluate Monitoring Loud-
speakers. C. R. Heft. Apr. 1975,
p. 36.

Why Use 15 In./Sec. Tape Speed?
Josef Dorner. June 1975, p. 40.
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FREQUENCY SHIFTERS OF ADVANCED DESIGN FOR
ELECTRONIC MUSIC STUDIOS. ROCK BANDS AND
HIGH QUALITY P. A. SYSTEMS. INTRODUCING NEW
SIGNAL PROCESSORS AND MODIFIERS.

FDR DETAILS, INCLUDING PRICES AND DELIVERY
WRITE TO

BOOE SOUND CO.
1344 ABINGTON PL

MO, TONAWANDA, N. ¥, 14120
716 - 692-1670

Circle 21 on Reader Service Card

(" THE COMPLETE REFERENCE
Sound System
Engineering

JUST PUBLISHED—EVERYTHING
YOU NEED TO KNOW TO TAILOR

SOUND SYSTEMS TO
SPECIFIC REQUIREMENTS.

 Includes:
o ® Audio Systems

. @ Decibel Notation
Sound Sritem System

QLB ® Loudspeaker
Directivity and
B o Coverage

i "1 @ The Acoustic
o \i'/\ Environment
S = ¢ @ Designing for Acoustic
vgj Gain

e e Interfacing Electrical
and Acoustical
Systems

e Installation,

Equalization,

Instrumentation,
Specifications
e 295 pages

db The Sound Engineering Magazine
SAGAMORL PUHLISHING (0

1120 Old Country Road

Plunview, New York 11503

Please send me — copies of
SOUND SYSTEM ENGINEERING
(21156). | have enclosed $19.95 + .50
postage and handling. Add sales tax
where applicable.

Name

Street

\ City

State Zip. )
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dlb 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
1120 Old Counry Road, Plainview, New York 11803

Rates are 50¢ a word for commercial advertisements.
Employment offered or wanted ads are accepted at 25¢ per word.
Frequency discounts: 3 times, 10%; 6 times, 20%: 12 times, 33%.

FOR SALE

3/M  16-track tape recorder, M-56,
$14,500. Perfect. Paul. (312) 225-2110.

AVAILABLE SERVICES. Milam Audio
Co. specializes in every phase of pro-
fessional studio wiring, from complete
systems to individual pre-wired parts
and components. Available from stock:
patch bays, custom mic panels, multi-
paired cabling and harnesses, etc.
Milam Audio Co., 1504 N. 8th St,
Pekin, lll. 61554, (309) 346-3161.

ONE WAY NOISE REDUCTION for cut-
ting rooms/tape copies. retains highs,
rids hiss/surface noise & clicks/pops
by a full 10-14 dB and costs $170 up
per channel! Music & Sound, Ltd., 112
0O1d York Rd., Willow Grove, Pa. 19090.
(215) 659-9251.

MCI input modules, $550.00 each. Test-
ed and Guaranteed, Paul. (312) 225-
2110.

DYNACO RACK MOUNTS for all Dynaco
préamps, tuners, integrated amps. $24.95
postpaid in U.S., $22.50 in lots of three.
Audio by Zimet, 1038 Northern Blvd.,
Roslyn, N.Y. 11576, (516) 621-0138.

CASSETTE LABELS: 1,000 blank labels,
sheeted 6 up or in typewriter roll for-
mat, $9.95. Shipping, $1.00. TARZAC,
638 Muskogee Avenue, Norfolk, Va.
23509,

STUDIO SOUND—Europe’s leading pro-
fessional magazine. Back issues avail-
able from June, '73. $1 each, postpaid.
3P Recording, P.O., 99569, San Fran-
cisco, Ca. 94109,

FOR SALE: 16-track Suburban Sound
console and MM-1000-16. 16 mic in/8
bus out; records 16 tracks by patching;
full 16-track monitoring and metering.
Two equipment racks contain 288 Audio
Accessories jacks, Used 5 years; ex-
cellent condition; solid state; now in
operation, Reason for selling, going 24-
track. Price: $16,500.00. Also MM 1000
Ampex tape recorder, 16-track, $14,-
000.00. Call (615) 227.5027. Ask for
Jim Pugh. Woodland Sound Studios,
Nashville, Tenn.

BODE FREQUENCY SHIFTERS
... SINCE 1963

Advanced designs for electronic
music studios, rock bands, and
high quality p.a. systems. Intro-
ducing new signal processors and
modifiers. For details, including
prices and delivery, contact

Harald Bode
Bode Sound Company
1344 Abington PI.
N. Tonawanda, N.Y. 14120
(716) 692-1670

NEW AMPEX CAPSTAN MOTORS. Fac-
tory replacement for model 300 or 3200
duplicators, 1800/3600 rpm, list $474.00,
our net $280.00 exchange. Tellet Com-
munications, 8831 Sunset Bivd, W.
Hollywood, Ca. (213) 652-8100.

FOR SALE

MCI 416 console 24-in/out. Input
modules modified to include latest
improvements for increased head-
room and lower noise distortion,
E.Q. modified for mid range boost/
cut function. $19,500.00.

MCI| 416 console—same as above
w/22 modules. $18,500.00.

Scully 4-track tape machine (280-
4) in console, good condition.
$3,000.00.

Scully fathe w/new Westrex 3D
HA cutter head & RA-1700/3D
IIA-H amplifier, Transfer channel
including URE! filters, Pultec &
Lang E.Q., Fairchild stereo limiter,
low frequency crossover & moni-
tor panel. $12,500.00.

Scully mono lathe, Westrex 2B
mono head. Fairchild 660. Fair-
child 600 hi-freq. Pultec EQP-1A.
Pultec MEQ-5 mid range. HAECO
monitor and Cutter electronics.
Custom monitor panel. $5,000.00.

Cherokee Recording Studios
751 N. Fairfax Ave.
Los Angeles, Calif. 90046
Ph (213) 653-3412

TEST RECORD for equalizing stereo
systems. Helps you sell equalizers and
installation services. Pink noise in ¥
octave bands, type QR-2011 @ $16.00.
Use with precision sound meter. B & K
Instruments, Ine., 5111 W, 164th St
Cleveland, Ohio 44142, (216) 267-4800.

FOR SALE: RARE CUSTOM MCI con-
sole, comprising a total of 40 inputs/25
outputs. It can serve a studio, as well
as a remqte console. Write or call for
full description and picture. $22,500
complete, f.0.b. Miami, Florida. Criteria
Recording Studios, 1755 N.E. 149th St.,
Miami, Fla. 33181,

SCULLY, ELECTROVOICE, Neumann,
Shure, Spectrasonics, UREI, Allison Re-
search, dbx, Interface Electronics, ARP,
Pultec, Microtrak, Russco, Masterroom,
Quad-Eight. Contact: United Audio Re-
cording, 5310 Jackwood, San Antonio,
Texas 78838. (512) 684-4000.

PROFESSIONAL CASSETTE DUPLICA-
TION, any length, stereo or mono., any
master acceptable., Dolby. Cantor Pro-
ductions, 26 W. Nottingham Rd., Day-
ton, Ohio 45405, (513) 277-6571.

DUPLICATORS, blank cassettes, record-
ers, boxes, labels, cassette albums and
supplies; lowest prices, top quality. Write
for free brochure, 50 Tips for Better
Duplication.” Stanford International,
Box 546, San Carlos, Ca. 94070.

SCHOEPS (TELEFUNKEN) VACUUM TUBE
CONDENSER MICROPHONES REPAIRED.
Original factory parts &factory calibration of capsules.
Models CM51, 61, 66; M201, 221, MK24, 26 etc.
ALBERT B, GRUNDY

} 64 University Pi., N.Y., N.Y. 10003

SEERay s (212) 929-8364 SCEREPS




NEW YORK'S LEADING PRO
AUDIO/VIDEO DISTRIBUTOR for
audio, video, broadcast, public
address, and hi-fi systems; repre-
senting over 130 audio/video
manufacturers, featuring such
names as Ampex, Scully, Tascam,
Sony, J. B. Lansing, Neumann,
Altec, Mcintosh, AKG, Dynair,
Crown, Shure, UREI, 3M, and
other major brands; the largest
"in stock’ inventory of equipment,
accessories, and parts; competi-
tive discount prices; factory au-
thorized sales, service, parts, sys-
tems design, installation. Write for
free catalog! Martin Audio/Video
Corporation, 320 W. 4é6th St.,
New York, N.Y. 10036. (212)
541-5900.

ORBAN/PARASOUND FACTORY CLOSE-
OUT on used and discontinved items.
105C Spring Reverb, originally $595—
$350 used. 105A Reverb for = volts—
$300 used. 516E de-essers. originally
$495—8%300, new. Custom 4-channel oc-
tave-band graphic equalizer for tuning
systems {controls are trimmers on PC
board)-$600 used. Also 2 Lang PEQ-2
program equalizers, used, $250/ea or
both for $450. Guarantee: 1 year on new
equipment; 90 days on used. Terms:
COD. All items subject to prior sale.
Orban Associates Division, 459 Bryant
St., San Francisco, CA 94107. (415)
957-1063.

LOOKING FOR HIGH QUALITY “PRE-
VIOUSLY OWNED™ (and new) INDUS-
TRIAL & PROFESSIONAL AUDIO EQUIP-
MENT? Ohwerke is involved in the con-
sultation, marketing, brokerage and re-
ferral of industrial and professional
audio components. All merchandise war-
ranted for ONE YEAR. Call or write
Ohrwerke—40 High Street, Guilford,
Conn. 06437 (203) 453-5285.

(TWO) 3M/STEPHENS 16-track record-
ers with 8-track heads. (Two) Dolby A
301 2-channel NR units. Excellent condi-
tion. (401) 272-3157.

ATTENTION
MCI 8-, 18-, 24-Track Owners
MC1 SPARE PARTS KITS

A specially assembled kit to pro-
vide parts support for the MCI
JH-16 recorder in 8-, 16-, or 24-
track configurations. Audiotech-
niques, Inc. has packaged this
kit in a handy rigid piastic com-
partment case with parts index
and re-order form. A regular $385
value, we'll ship it anywhere in
the U.S. prepaid for $325. C.0.D.
or check in advance only.

AUDIOTECHNIQUES, INC.
142 Hamilton Ave.,
Stamford, Conn. 06902
(203) 359-2312

TUNED ROCK P.A.s. Customized high
intensity touring/permanent installa-
tion sound systems, including nar-
row band (5Hz!) feedback suppres-
sion, detailed regenerative response
Acousta-Voicing/environmental equal-
ization {+= 1 dB at your ears), room
design / measurement / treatment =
15% articulation loss of consonants;
1000s of customized professional
products, including fiberglass horns,
consoles, comp/rms/peak limiters, 18
dB continuously variable electronic
crossovers, digital/acoustic delays,
omnipressors, flangers, reverb, echo,
doubling/tripling effects, P.A. noise
reduction; piezo transducers; fre-
quency shifters from J.B.L./Altec pro,
Tascam, U.R.E.l.. Eventide, Gately,
Studer. Beyer, Crown, Community,
Mom’'s Audio, Mcintosh, Bozak, Allen
& Heath, Gauss, Cetec, Electrodyne,
Multi-Track, Parasound, White, etc.
All shipped prepaid/insured. Music
& Sound, Ltd., 112 Old York Rd.,
Willow Grove, Pa. 19090. (215) 659-
9251.
Inventors/Engineers

ORTOFON

DYNAMIC MOTIONAL FEEDBACK mono
disc cutting systems. Complete with
drive, feedback, and feedback-playback
monitor amplifiers and cutterhead. All
systems guaranteed. Spare cutterheads
available for exchange/repair. Albert B.
Grundy, 64 University Place, New York,
N.Y. 10003. (212) 929-8364.

ONE STOP
FOR ALL YOUR PROFESSIONAL
AUDIO REQUIREMENTS
BOTTOM LINE ORIENTED
F. T. C. BREWER CO.
P.QO. Box 8057, Pensacola, Fla. 32505

PATCH CORDS. new 3 ft. Switchcraft
tip-ring-sieeve (PJ-051R). Commercial
overstock makes these available at
$5.25. which is below dealer cost. No
minimum, dealers welcome, satisfaction
guaranteed. Shipped prepaid or C.O.D.
Kapes Audio Supply, P.O. Box 27284,
River Station, Rochester, N.Y. 14627.

A FEW competitively priced used Revox
A77 decks available. Completely recon-
ditioned by Revox, virtually indistin-
guishable from new and have the stan-
dard Revox 90-day warranty for rebuilt
machines. Satisfaction guaranteed. Ex-
ample, A77 with Dolby, $675, plus ship-
ping. Write requirements to ESSI, Box
854, Hicksville, N.Y. 11802. (516) 921-
2620.

NEW MODELS: Ampex AG440C 2-track,
servo capstan motor; Scully 280B; used
AG440Bs; used Scully 280, 8-track, new
heads, in console, excellent condition;
Sennheiser mics. Immediate delivery
from stock. Malace Recording, Jacksen,
Miss. (601) 982-4522.

USED CASSETTE DUPLICATORS. Many
brands and models to choose from. All
rebuilt and warranted. Infonics, Re-
cordex, and Pentagon. Write for list and
specs. Tape and Production Equipment
Company, 2080 Peachtree Industrial
Court, Atianta, Georgia 30341.

FOR SALE: LANGEVIN AM4-A console:
8-in/4-out, with custom wood desk and
monitor selector, $2,100.00. Ampex MR-
70 Vz-inch 4-track in console, $2,200.00.
Audio Designs, 16-in/16-out console
with monitor selector, etc., $13,500.00.
Streeterville Studios, 161 E. Grand
Ave., Chicago, {ll. 60611. (312) 644-
1666.

AMPEX SPARE PARTS; technlcal sup-
port; updating kits, for discontinued pro-
fessional audio models; available from
VIF International, Box 1555, Mountaln
View, Ca. 94042, (408) 739-9740.

FREE CATALOG & AUDIO APPLICATIONS

CONSOLES
KITS & WIRED
AMPLIFIERS
MIC,EQ ACN,
LINE, TAPE,DISC,

POWER
OSCILLATORS
AUDIO

TAPE BIAS
POWER SUPPLIES

MONITOR EQUALIZERS for your Altecs
& J.B.L.s are a steal at $75/channel

+
FREE ROOM EQUALIZATION with pur-
chase of Ya octave filters. This is not
a misprint. Music & Sound, Ltd.,, 11%
Old York Rd., Willow Grove, Pa. 19090.
(215) 659-9251.
-+ S.M.E. Damping Mods—$30.00 +

AUDIO BEEPER, new low cost model
for all audio-visual systems. Call or
write C-TRONICS, P.O. Box 84, East
Brunswick, N.J. 08816, (201) 254-9487.

WHITE MODEL 140 spectrum analyzer.
Never used. Asking $2,000.00. Cail (609)
924-9440.

Low Prices on New Equipment
Amps, Turntables, Mixers & Tape-
Decks by Thorens, Dynaco, ESS,

Crown, Technics, GLI, Mataor,
EEC, Teac & many more.

201-542-7000

(continnued)
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B.B.C. REFERENCE MONITORS,
PRE-EQUALIZED J.B.L./Altec moni-
tors; Dahlquist phased arrays; |.M.,F.
transmission lines; Infinity electro-
statics; Crown/Mcintosh 16 /bridged
bi-amps; Scully/Revox A-700 record-
ers; Micmix/Parasound/Multi-Track
reverbs; Eventide flangers/omnipres-
sors; Lexicon digital delays; dbx/
Burwen N.R. companders; Little Dip-
per hum/buzz notch filters; Cooper
Time Cube echo send; moving coil
Denon/Ortofon; B&0O/Rabco straight
line arms/cartridges; Studer/AKG/
Sennheiser condensers; Beyer rib-
bons, U.R.E.l. comp/limiters/cross-
overs; Gately pro-kits; Q.R.K. turn-
tables; White equalizers; 1000s more.
Music & Sound, Ltd., 1112 Old Yeork
Rd., Willow Grove, Pa. 19090. (215)
659-9251.

- All Shipped Prepaid 4 Insured <

TASCAM REVERBS—$500; Tascam mix-
ing consoles—$2,350; Tascam Ya-inch
recorders; $1,990; Tascam B8-track re-
corders—$3,490. All shipped prepaid/
insured, including free alignment/equal-
ization/bias/calibration, Music & Seund,
Ltd., 1112 Old York Rd., Willow Grove,
Pa. 19090. (215) 659-9251.
- Note Special Prices °

FOR SALE, MXR FLANGER and phaser.
One month old; $400.00 for both. Blue-
sueders Recording Studio, 4328 Main
§t., Onekama, Michigan 49675 {616)
889-4653. Ask for Mike.

Neumann recording console, 18 input,
$14,000 (originally $35,000). Scully 8-
track with remote control, can be ex-
panded to 12 tracks, $7,000. Neumann
lathe with Westrex 2-B mono system
plus accessories, reasonable. Pentagon
cassette duplicator, reel/cassette, cas-
sette/cassette, $1,000. Ampex AG-500
stereo, $1,250. Ampex PR 10 stereo, $600.
Paul. (312) 225-2110.

USED, CONSOLE & 8-TRACK AMPEX;
Universal Audio tube type modules, 12-
in/4-out modified to eight ch. 4 direct.
8 ch. monitor trim. & 8 ch. hp. trim. flocr
model cabinet, approx. 8 x 3 x 3 ft.
$5,000.00. Ampex AG-300-8 solid state
electronics, in separate rack; 300 trans-
port & sel/syn¢ panels in matching con-
sole cabinet, $5,500.00. Ampex AG-440B-
8 console, $6,000.00. Leon Sides. W & W
Dist. Co., 644 Madison Ave., Memphis,
Tenn. (901) 527-4627.

MODERN RECORDING TECHNIQUES by
Robert E. Runstein, The only book cov-
ering all aspects of multi-track pop
music recording from microphones
through disc cutting. For engineers, pro-
ducers, and musicians. $9.95 prepaid.
Robert E. Runstein, 44 Dinsmore Ave.
Apt. 610, Framingham, Mass. 01701,

CENTRAL MUSICIANS' SUPPLY. Instru-
ments and sound equipment for the pro-
fessional. All major brands; sound rein-
forcement systems custom designed;
home studio recording equipment. See
our pricelist before you buy. DJ's Music
Limited, 1401 Blanchan, La Grange
Park, Ill. 60525. (312) 354-5666.

AKG BX20E STEREOC REVERBERATION
UNIT. New York's oniy rental source.
Delivered N.Y. Metropolitan or shipped
anywhere. Eventide, Bozak, Community,
BGW, and other top brands; rented,
sold, installed, and serviced. Sound Ap-
plications, Ltd., 342 Lexingten Ave.,
Mt. Kisco, N.Y. 10549, (914) 241-0034.

DECOURSEY ELECTRONIC
CROSSOVERS

Complete with plug-in Butterworth filters
of your specified frequencies and with
6, 12, or 18 dB/octave attentuation; reg-
ulated power supply; bi-amp or triamp
for monaural, stereo, or quadriphonic
systems. Other options: electronic sum-
mer for single woofer stereo; VLF noise
filters, For OEM and home builders:
Series 500 and 600 Hi-pass and Low-
pass filter pairs. Also regulated power
supplies. Write for brochure, DeCoursey
Engineering Laboratery, 11828 Jeffer-
son Blvd., Culver City, Ca. 90230,

FOR SALE: Ampex 440-8-B 8-track re-
corder, with Multisync speed control,
spare electronics, excellent condition,
unconditional 6 month guarantee, $5,000.
Electrodyne (Cetec) 1204 mixing con-
sole, 12-in/4-out, with 8-track play back,
one Cetec graphic input module, over-
hauled by factory, in excellent condi-
tion, 6 months guarantee, $4,000. Also
available, Tascam 4-track recorder, with
remote contro!, excellent condition, 6
months guarantee, $1,500. Call John
Crow, (318) 226-8910. 2000 Beck Bldg.,
Shreveport, La. 71101,

MCI . . . DOLBY. Two great namesl!
Two great products! For authorized fac-
tory representation in the progressive
Midwest, contact: Jerry Milam, Milam
Audio Co., 1504 N. 8th St., Pekin, IIL
61554, (309) 346-3161.

WHATEVER YOUR EQUIPMENT NEEDS
—new or used—check us first. We spe-
cialize in broadcast equipment. Send
$1.00 for our complete listings. Broad-
cast Equipment & Supply Co., Box 3141,
Bristol, Tenn. 37620.

CREATIVE CASSETTE & CARTRIDGE
LABELS. Custom designed; small and
large runs; cassette, cartridge duplica-
tion. Omega Audie, 25520 Graham,
Detroit, Mich. 48239.

AMPEX MM-100 eight-track 1-in. tape
machine, with sync and tape lock ac-
cessories, one alignment tape and 5
reels of 3M mastering tape. Approxi-
mately 30 hours use. Boex 101, db
Magazine, 1120 OId Country Rd,,
Plainview, N.Y. 11803.

THE LIBRARY . . . Sound effects re-
corded in STEREO using Dolby through-
out. Over 350 effects on ten discs.
$100.00. Write, The Library, P.O. Box
18145, Denver, Colorado 80218.

CUSTOM CROSSOVER NETWORKS to
your specifications; a few or production
quantities. Power capacities to thou-
sands of watts; inductors and capacitors
available separately; specify your needs
for rapid quotation. Also, PIEZO ELEC-
TRIC TWEETERS—send for data sheet
and price schedules, TSR ENGINEERING,
5146 W. !mperial, Los Angeles, Ca.
90045. (213) 776-6057.

$2 MILLION USED RECORD!ING EQUIP-
MENT. Send $1.00 for list, refundable, to
The Equipment Locator, P.O. Box 99569,
San Francisco, Ca. 94109.

94109.

AMPEX, SCULLY, TASCAM, all major
professional audio lines. Top dollar
trade-ins. 15 minutes George Washing-
ton Bridge. PROFESSIONAL AUDIO
VIDEQ CORPORATION, 342 Main St
Paterson, N.J. 07505. (201) 523-3333.

SPLICE TAPE FASTER, BETTER, BY
SHEARING. Experts recommend Nagy
splicers. Quality long-lasting instrument.
Reasonably priced. Details, NRPD, Box
289, Mclean, Va. 22101,

MEASURE REVERB TIME IN REAL TIME
—instantly! New, easy-to-use RT-60 de-
livers precise, instant real time digital
readout. Eliminates chart recorder anal-
ysis. Only $395.00. Write: Communica-
tions Co., Inc., 3490 Neell St., San
Diego, Ca. 92110.




WANTED

WILL TRADE SYNTHESIZERS for pro-
fessional audio and video equipment.
New Electron Farm—CBS Buchla syn-
thesizers for: multi-track decks and
electronics, amplifiers, monitors, mic-
rophones, mixing consoles. etc., video
decks, cameras, monitors, etc. Gregory
Kramer, Electron Farm, 135 W. Broad-
way, New York, N.Y. 10013. (212)
349-0098. Los Angeles (213) 396-6339.

WANTED: PRESTO 800 TAPE RECORD-
ER, Conrac AV12E tuner. Rose, 228
E. 10th St., New York, N.Y. 10003.

WANTED: Educational public broadcast
station needs surplus studio equipment,
particularly magnetic tape and mixing
equipment, Contact Boulder Community
Broadcast Association, 885 Arapahoe,
Boulder, Colorade 80302.

EMPLOYMENT

FILM MIXER-RECORDIST desires to re-
locate to West Coast area. Thoroughly
experienced in 16 and 35mm mixing, re-
recording, optical recording, music scor-
ing, and location dialogue recording;
also in studio and equipment design. 1
have a complete 16/35mm mixing stu-
dio and location equipment ready to
move with me, if desirable. References,
resume, and sample reel available. Write
in confidence to Box 121, db Magazine,
1120 Old Country Rd., Plainview, N.Y,
11803.

you write it

Many readers do not realize that
they can also be writers for db.
We are always seeking meaning-
ful articies of any length. The
subject matter can cover almost
anything of interest and value to
audio professionals.

You don't have to be an expe-
rienced writer to be published.
But you do need the ability to
express your idea fully, with ade-
quate detai! and information. Our
editors will polish the story for
you. We suggest you first submit
an outline so that we can work
with you in the development of
the article.

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

it can be prestigious to be pub-
lished and it can be profitable
t00. Al articles accepted for pub-
{ication are purchased. You won’t
retire on our scale, but it can
make a nice extra sum for that
special occasion.

STAGE
MONITORS

~ I n-

INTERFACE ELECTRONICS

EB\DWESTHEIMER « HOUSTON, TEXAS 77027 « (713) 626-1190

Circle 38 on Reader Service Card

AUDIO ENGINEER

B.S. or equivalent; experienced in de-
sign of solid-state professional broad-
cast and recording systems; ability to
work with customers. Opportunity for
advancement in growing company. Send
resume, including salary requirements, to
Robins/Fairchild, 75 Austin Blvd., Com-
mack, N.Y. 11725. An E.O.E. M/F.

WANTED: TOP RECORDING ENGINEER
with at least 5 years experience to work
with well known American, Canadian,
and British acts. Should like country
living (Studio situated one hour from
Montreal, Canada). Must have perfec-
tionist attitude. Send resume, tapes,
etc. t10: Yael Brandeis, le Studio, Morin
Heights, Quebec¢, Canada JOR THO.
(514) 226-2419.

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

300 North Zeeb Road

Ann Arbor, Michigan 48106

WORAM AUDIO ASSOCIATES
Consultants in Studio Systems
Engineering, Design and Installation

—offering—

A COMPLETE CONSULATION
SERVICE FOR STUDIO
PLANNING AND
CONSTRUCTION

FREE-LANCE RECORDING
SERVICE IN THE
NEW YORK AREA

212 673-9110
64 University Place
New York, N.Y. 10003

Du faster

Dub easier

Garner Model 1056 updates
your dubbing operation. Five
1200' professional copies in
four minutes. Threads fast. Re-
winds in 60 seconds. Single
capstan drive and solid state
electronics guarantee unvary-
ing high quality. Priced low
enough for quick payout. Write
for brochure and names of
users.

E' GARNER INDUSTRIES

E! 4200 North 48th St.
Lincoln, NE 68504
Phone 402 —464-5911

Circle 40 on Reader Service Card
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QUARLES COMBS

® Jim Quarles has bheen appointed
western  district sales manager for
Systenis Marketing Corporation, of
Bloomington. [Hlincis. Mr. Quarles
will be responsible for nine western
states. Prior to his appointment. be
was a sales engineer for Sparta Elec-
tronics.

® UREL of N. Hollywood. California,
has named Raymond B. Combs to the
newly created position of vice-presi-
dent. operations. Mr. Combs. who will
be weorking with planl management
and customer relutions, has been with
the firm since 1968,

e bavid H. Kaye. formerly with
Bolt. Beranek, and Newman, Inc. has
opened hiv own consulting firm. spe-
cializing in sound rcinforcement sys-
tems. noise  masking. architectural
acoustics. acoustical measurements. and
transportation noise impact, His office
is at 156 W. Newton St.. Boston.
Mass.

® (overing an expanse of five acres,
including a 100,000 square foot plant,
in El Centro Indusirial Los Pinos in
Tijuana. Mexico. Audio Magnetics has
opened a new recording tape assembly
plant. The plant emiploys approxi-
mately 1.400 workers and turns out
more than cight million tape units a
month.

® Singer Products Company, Inc. of
New York City. will serve as the ex-
port managers for Infonics tape dupli-
cator equipment in all areas except
North America. according to an
agreement made with Infonics, Inc.
Another service firm connected with
Infonics is Tape & Production Equip-
ment Co. Inc. of Chamblee, Georgia,
a diviston of Tech Systems of Atlanta.
They will act as the southeast regional
service center ror Infonics tape dupli-
cator equipment. providing sales and
complete repair, overhaul, and re-
build service.
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KOzZLOV LEWIS

® Two new appointments have been
made in marketing at Quad/FEight
Cinema, the theater and studio sound
products division of Quad/FEight Elec-
tronics, N. Hollywood. California.
Al Lewis, whose expertise in sound
motion pictures goes back to the field's
inception in 1928, has heen appointed
vice-president, international marketing.
Another industry veteran. lgor Kozlov,
hits been appointed vice-president. In-
ternational Marketing. Mr. Kozlov. a
native of Yugoslavia and fluent in
Russian. has been involved in inter-
national sales in his own company.
Russian Translation & Consulting Ser-
vices. Previously. he had been with
Ampex.

® Arrest Records rccording com-
pany has been established at 1420 K
St. N.W., Washington, D.C. The first
of two recording studios will open
shortly, with the second scheduled for
completion next spring, Principals in
the operation include QOscar (Sonny)
Smith, Jr. as executive vice president
and chief engineer. Arthur Weiseger,
administrative head, and Mitch Lit-
man, who will specialize in artists’
development, as well as communica-
tions services and promotion.

e William J. Overhauser, founder
and president of Sparta Division of
the Cetce Corporation. of Sacramento.
California. has announced his retire-
ment, His responsibilities will be taken
over by Jack J. Lawson, with the title
of acting gencral manager. Mr. Over-
hauser will continuc to serve as a
consultant to the company.

® A renovation opcration has been
completed at The Silvery Moon Stu-
dios, of Los Angeles, including the
installation of a 30-input, 24-track fa-
cility. Each input module features
stepped reciprocal parametric equali-
zation, programmable mute busses,
and a special effects section. The
studio is also planning new automa-
tion services.
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BELMONT

DUNLAVY

e Rick Belmont. formerly of Fair-
child Sound Equipment, has joined
Modular Audio Products of Bohcmia.
N.Y, in the post of sales manager. Mr.
Belmont will be responsible for the
overall sales and marketing activities
for the Modular line of professional
audio components and systems.

® Distribution of studio and duplica-
tor products in the midwest for Capi-
tol Magnetic Products (Capitol Rec-
ords) will be focalized by Richard L.
Dunlavy, recently appointed to the
post of midwest regional sales man-
ager for professional products. The
region extends east-west from Penn-
sylvania to Colorado and north-south
from Canada to New Mexico. Mr.
Dunlavy will be based in Indianapolis,
Indiana.

® Cetec Corporation of El Monte,
California has announced an agree-
ment in principle for the outright pur-
chase of Schafer Electronics Corpo-
ration of Santa Barbara, California.
The Shafer Corporation produces
automated broadcast equipment for
a.m. and f.m. radio stations. James
M, Cunningham, president and gen-
eral manager of Schafer. will retire
but continue to serve Schafer in a
consulting capacity.

® Licensing for Scheiber basic pat-
ents for quadriphonic matrixing and
logic techniques can now be ohtained
directly from Peter Scheiber’'s Audio-
data Company, ol Bloomington. Indi-
ana. CBS or Electro-Voice.

® Audio technology is recreating bi-
centennial sounds throughout the coun-
try. One of the most notable of these
is the Battle of Bunker Hill, being re-
fought in a new multimedia theater at
Charlestown, Mass. The Bunker Hill
Pavilion, sponsored by the non-profit
Raytheon Historical Foundation Cor-
poration, allied with the Raytheon
Company of Lexington, Mass, cost
more than $1,400,000, The 17-min-
ute presentation employs seven sound
channels and 14 projection screens to
surround the audience with realism.
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Rack ‘em up.

For studio, broadcasting, recording, or public-address, Shure audio control
components offer more features and more performance, dollar for doliar,
than similar equipment. And—just as important—Shure audio components
are easier to work with. Their compact size and versatility equip them for
an extremely wide variety of audio control applications—and built-in input-
output flexibility means quick set-up anywhere. For a permanent installation
or a component system that can be adapted to meet any need, Shure has
the right combination. To obtain a copy of the Shure catalog, see your
dealer or write:

Shure Brothers Inc.
222 Hartrey Ave., Evanston, IL 60204 H _ —
In Canada: A. C. Sir;1monds & Sons Limited S u E

Manutacturers of high fidelity components, microphones, sound systems and related circuitry.
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The audience can't see you, but they hear you.

They depend on you to get that music to them. Un-
distorted. Balanced. Correct.

That's an arl.

Presenting the Yamaha PM-1000 16 x 4 mixirg con-
sole.

A technological wonder.

Chock full of professional ¢ontrols and features: The
exclusive 4 x 4 malrix with level controls gives greater
control of the sound than by driving speaker amps
directly frorm the bus output.

It's standard equipment.

Like transformer isolated inputs and outputs. Dual
echo send busses. And an input level attenuator that

tctkes +4 ¢B line levelto —60 dB mike level in 11 steps.
Plus five-frequency equalization.

The PM-1G00 keeps you flexible so that an unexpec-
ted glitch won't hang you up.

it helps ycu maintain because you know your mixer
won't let you down in the middie of somewhere.

We make the PM-1000 for the studio, for the road,
and for th2 stage. We make it right.

Because we think that some of that applause be-
longs to you.

© YAMAHA

Box 6600. Buena Park, CA 90620

THINKOF ITAS
YOUR MUSICAL INSTRUMENT.
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