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Turn on the Ampex AG-4408 and listen:
Perfect silence.

Switch to record: no pop.
Hit the stop: no pop.
Go from rewind to stop: no tape shrieking.

The Ampex AG-440B is so mechanically quiet
some engineers use it in the same room with
live microphones. It's so electronically quiet
you can forget about switching pops.

That's why, in its own quiet way, the AG-440B
has become the standard of excellence.
Ampex quality is featured throughout: Rigid die-
cast frame. Modular design with front-mounted
circuit boards. Individual torque motors control
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tape tension. Easy changeover from quarter-
inch to half-inch tape.

The AG-440B is also one of the most versatile
recorders you can buy. Console. Portable. Or
rack installation. Start with one channel. Build
up to four or more. it's the perfect reproducer
for the future four channe! stereo.

To hear other quiet reasons why the AG-440B
can be your best recorder/reproducer buy, and
how you can put it to work for you for as little
as $50 a month, give us a call. (415) 367-4400.
Or write Ampex Corporation, Professional Audio
Division, M.S. 7-13, Redwood City, Calif. 94063.

v
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“<-“Ampex-creates perfect silence.

The Ampex AG-440B recorder/reproducer.
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Coming
Next

/\/\onh

Walter Jung's newest contribution is
A SwitcHiNG/SUMMING AMPLIFIER The
eircuitry described will be of particular
interest to those seeking involvement
with electronically generated music sys-
tems — synthesizers — of which this is
a hasic part. Constructors will be pleased
with the product and the fact that com-
plete parts lists are included.

Tue ELimiNaTioN oF TRANSFORMERS
1x CoNsoLEs is the title of Allan Smith's
continuation of the theme he developed
in his story that appeared in our Decemn-
ber issue.

Elliott Full has sent in an amusing
short piece titled How to Mic a SrorTs
Broapcast. He describes how KXIC
in lowa City, lowa has learned by doing
just how and how not to mic a sports
broadcast,

And there will be our regular monthly
columnists, George Alexandrovich, Nor-
man H. Crowhurst, Martun Dickstein,
Arnold Schwartz, and John Woram.
Coming in db, The Sound Engineering
Magazine.

About
the
Cover

The illustrated system is an automatic
radio programmer. The basic concepts
of automated radio are described in
Gene lHostetter’s article beginning on
page 18.
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One of a series of brief discussions
by Electro-Voice engineers

FROM

81012

JIM LONG
M ng Manager
Commeedcial Froducts

Upgrading a successful product to take full
advantage of present technology is ahways an
interesting challenge to the design engineer.
Any alterations must provide clear benefits ta
the user and, or advantages in production ¢th-
ciency in order to offset the costs of the changes.
A case in point is the new Electro-Voice Musi-
caster [A*, This indoor outdoor wide-range PA
speaker has found wide application where ox-
tended response is required for both voice and
music at high ctheieney in a modest size,

In this redesign effore, only the basic concept
remained untouched. New advances in molding
glass-illed  polyester permitted uniform  thin-
wall construction that saved over 2 Ibs. com-
pared with the original aluminum dic-cast en-
closure. Strength and rigidity were undiminished
by the change. The new material possesses much
higher intrnal damping than the original
aluminum casting, thus improving system tran-
sicne and frequency response.

Speaker size has been increased from 87 to 12
with a notable improvement in low frequency
range and response  uniformity. To further
smooth overall response, the Musicaster 1A in-
terior is filled with fiberglass and the peripheral
ducted ports from the original design have been
retained.

Silicone treatment of the cone aids in resisting
the ctfects of moisture. In addition, the speaker
now protected by a 13" thick Acoustifoam*
weather barricr behind the grille sercen. This
unusual open-cell foam plastic shecting is vir-
tally transparent to sound, vet its small cell
construction effectively bars water droplets from
entering, even when driven by relatively high
winds.

In addition to the functional changes to improve
performance and reliability, appearance changes
were made to crfeate a contemporary style more
in tune with today’s architectural trends.

The resute of these changes has been to create
an entirely acw speaker system that retains the
basic advantages of the original Musicaster
while providing better performance and casicr
installation at lower cost to the user.

* Elecero-Voice trademark

For reprints of olher discussions in this series,
or technical data on any E-V products, write:
ELECTRO-VOICE, INC., Dept. 203BD
686 Cecil St., Buchanan, Michigan 49107

ElecthoYores

fi R ARY OF GULTON INDIESTHIES, IHC,
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The Editor:
I read with interest the item on a
projected hehind-the-iron-curtain audio
tour. \Who is sponsoring it? What will
it encompass? And what will it cost?
Robert P. Raver
Etk Grove Village, 11,

The sponsor of the tour, which will take
place A pril 4-25 is the Citizen Lxchange
Corp. This is a totally non-political or-
ganisation which is altempling lo create
corenter part people-to-peaple exchanges so
that this can be a force toward lessening
world lension.

This specific tour is being directed by
John Woram who is al once a db colum-
nist, a recording engineer ti the employ
of RC:A Victor, and a director of the
CL.CL Tt will bring its prefessional audio
(recording and broadcast people) to their
counterparts in Fast and West Berlin,
several cities of the Soviet Union (includ-
ing Moscow), and Prague, Csechoslovakia.
The total cost including air transport will
be $983. Ed.

The Editor:

Recently our company has had inquiries
regarding four-channel  reproduction,
and the possibility of its becoming a
significant factor in the marketplace.
We would like to state that we do not
believe that this will he the direction
that the industry will take. As further
proof of this, one of the three manu-
facturers who started 10 construct such
a machine has now discontinued their
model without a replacement being
available.

An industry such as ours is always
full of people who are prepared to render
obsolete all existing equipment merely
to focus attention on their ideas. They
do great damage, and usually manage
to create discussion about a subject the
roots of which are too often never
exposed.

let us consider the parallel drawn
between four-channel and conventional
stereo, and that of stereo against mono
some vears ago. Firstly, all the major
record companies had been producing
stereo masters for many vears before
stereo became a significant domestic
reality. This is not the case with four-
channel, and only Vanguard has any
library at all, and that is extremely
limited. Bear in mind that until all
major record producers can offer a siy-
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The Sound Of KOSS
Looks Like This...

Can You Beat That?

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

KOSs
MODEL ESP-9
ELECTROSTATIC

speakers simply don't have the super-wide-range you need to hear them. SWT'.EI_SEOPHONES
The ESP-9 has a signal handling capacity of 10 volts at 30 Hz with good E-9 ENERGIZER
wave form versus 6 volts for the integrated ESP-6 introduced last year. This $150.00

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

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

SPECIFICATIONS

Frequency Response Range, Typical: 15.15.000 Hz = 2 db (10 octaves) 10-19.000 Hz = 5 dp

An individual, machine-run calibration curve ac -ompantes each headset. Sensitivity: 90 db SPL
at 1kHz = 1 db referred 10 0.0002 dynes/cm? with 1 volt at the input. Total Harmonic Distortion:

Less than ¥ ol 1% at 110 db SPL. [solation From External Noise: 40 db average through fluid-
lilled cushions provided as an integral part of the headse!. Power Handling Capability: Maximum
contlnuous program material should not exceed 10 volts (12 watts) as read by an ac VTVM

provides for transient peaks 14 db beyond the continuous level ot 10 volts. Source Impedance:
: KOSS ELECTRONICS INC.

Designed to work from 4-16 ohm ampiifier outputs. External Power Requirements: None. except
when uysed for precise low level signal measurement, when external ac line can be selected by @ 2227 North 31st Street
a front panel switch on the £-9 Energizer @| HDHE Milwaukee, Wisconsin 53208
See your dealer today or write for free technical paper, KOSS ELECTRONICS S. r. |.
‘An Adventure in Headphone Design” and ESP Catalog 108. via Valtorta 21/20127 Milan. Italia
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You can't see
the big difference.

—
=y

01d model Gotham
silicone encapsulated
linear attenuator

-

New model Gotham
silicone encapsulated
linear attenuator

It's something you just
have to feel.

The little differences are visible
enough. Like the new, tapered,
space-saving shape. And the new
color: a natural aluminum finish,
in addition to black, if you prefer.

But the big difference is the
smooth operational "“feel” you get
from its new ball bearing con-
struction. No more '‘sticking”’.
You'll find the action always easy
and fluid.

And there’s another "invisible”
improvement —the new, unbreak-
able steel band.

Of course, there’s a lot we
haven't changed. Like our linear
attenuator's noise-free operation

—guaranteed for 5 years. And the
silicone encapsulated contact ele-
ments, which never require serv-
icing or cleaning.

We haven'’t changed the price,
either. It's still $64.00. And this is
still the only linear attenuator
with up to four tandem channels
at no increase in width.

But there's one last improve-
ment you’'ll really appreciate.
Gotham can now give you this su-
perb, European-made linear at-
tentuator in less than 3 weeks —
maybe even from stock. And that
is a difference you'll feel pretty
good about, too!

G,

ST HaaA

AUDIO CORPORATION
2 West 46th Street, New York, NY 10036 (212) CO 5-4111
1710 N. LaBrea Avenue, Hollywood, CA 90046 (213) 874-4444
In Canada: J-Mar Electronics Ltd.

Circle 14 on Reader Service Card
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nificant amount of material in the four-
channel medium, there is little likeli-
hood of this form of reproduction be-
coming universal.

Next, the cost investment between
two and four channels will be greater
than the changeover from mono to
sterco some years ago. Remember also
that f.m. stations have never produced
good quality stereo and therefore we
can assume that there will be propor-
tionately less who are able to provide
worthwhile four-channel sound.

l.et us now consider what vou get
with four-channel operation. In the case
of classical music, reverberation is the
sole ingredient, and this can be ob-
tained with almost the same effect using
reverberation  equipment  externally.
Such cquipment has heen available for
some vears without becoming  very
popular. and we see no reason why
using up the full width of V4-inch tape
in one direction. and doubling tape costs
merely to provide the same facility
should be regarded as exciting.

In the case of light musie, there has
heen a move to write special arrange-
ments for the possibilities of four-chan-
nel sound. and these performances are
definitely speetacular. We do not feel.
however, that the limited repertoire of
such material, plus the extremely high
cost of going into four-channel work,
can be regarded as justibable either
financially or operationally.  Bear in
mind that speaker placings are far more
critical than with eonventional stereo if
any real effect is to be enjoyed.

Do ot think that we regard all new
developments as fads; each is equated
in the lght of its own reality. The
Revox-Studer organization is continual-
Iy rescarching and evaluating new tech-
niques in the audio field. Its lead in
many types of studio and broadcast
equipment provides a unique position
in this respect, and will enable us to be
in the forefront of whatever direction
the industry may take. Existing two-
channel stereo, we feet, still has a long
way to go before the quality enjoyed by
the home user is anything as good as
that available to the professional. Loud
speakers and cartridges, in particular,
still need considerable improvement be-
fore they can catch up on the sound of
a master tape plaved through monitor-
ing equipment.

We await with interest the results of
the work done by Peter Scheiber. If his
projected method of utilizing conven-
tional two-channel equipment for four-
channel reproduction is valid we will
naturally endorse this arrangement —
provided that the high standard of qual-
ity which is available with conventional
two-channel operation is not degraded
inany way.

Colin Hammond
Relox Corp.
Roslyn Its., N. Y.
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says Jac Holzman, President of Elektra Records.
“Since early 1967, we have used Dolby units on
most of our recordings of The Doors, Judy Collins,

ry L = Tim Buckley, Tom Paxton, The Incredible String
Elektra was flrst I” Band. Roxy, and many others. The New Music can

have a surprising dynamic range. and we find that

A} the Dolby System not only gives a really low-noise
recay”IZI”y the Value 0f background during quiet passages, but it helps to
preserve the clarity and definition of complex

D Ib S f musical textures. A related advantage is that the

the 0 y ystem or mixdown is faster and less tedious. In working out

the final mix, we no longer have to resort to intricate

! = rs lizati h t i ial d
multi-track rock recording,”’ =i oo mance o

S.Celif. Audio Industries Corp.

DJDOLBY LABORATORIES INC| ™" S b cor s

: N. Cafil. Audio-Video Systems Engineering
333 Avenue of the Americas New York NY 10014 ’ ]rgzé;r;v:en:;s;zzsc;r:ret.San'Fra;:;isco‘ Calif. 94107
el -647-
telephone (212) 243-2525 cables Dolbylabs New York RS REpary Bleaanie: frét
for international inquiries ¢ontact UK address: 7201 S Western Avenue. Chicago. lilinois 60636
346 Ctapham Road London S W 9 England g ez e SRe 7on
anada  J-Mar Electronics, Ltd.
telephone 01-720 1111 cables Dolbylabs London 6 Banigan Drive, Toronto 17. Ontario. Canada

Tel 416-421-9080
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MEMBER

ELECTRONICS

REK-O-KUT

COMPANY, INC.

1564 MORTH SIERRA W

A56-1716
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NEWEST Engineer’s Handbook

GEORGE ALEXANDROVICH

A PRACTICAL APPROACH
TO FILTER DESIGN

e\\'¢ are continuing our discussion ou
equalization of sound reproducing and
reinforcement systems in order to ob
tain uniform acoustical frequency re
sponse. We will now look into the de-
sign and use of simple filters, the kind
that anvone with a hox of assorted
components can put together. With all
respect to the theoretical and analytical
approaches to designing filters (the kind
that ean be found in any text book).
and which unquestionably is the most
aceurate method, T doabt that anyone
willing to build filters for a svstem
himself would spend days going through
the calculations —even if his knowledge
of math s sull fresh in his memory.

My pgoal is to present o shorteut to
niguring the needed values of compon
ents and their proper interconnection.
Fortunately  (or unfortunately), engi
neering todav hoils down to an ability
to read and interpret tables, nomo
graphs, formulae. and the vast amount
of solutions to the arising problems
heing accumulated as a result of the
continuous {law of information  from
research, technical papers, articles, ete.

\side from the fact that very few of
us have time to go through the neces
sarv caleulations, many lack a clear
understanding of what has to he done
and why.  This discussion is directed
for the benefit of those who are e
sponsible for the design, construction,
or maintenance of sound svstems and
who are working on a limited hudget
and want to improve the performance
of the svstem.

FILTER COMPONENTS

To build Alters, we  need  resistors,
capacitors and inductors,

Resistors (composition) present equal
resistance  to all  electrical  currents
regardless  of Arequeney,  polarity or
phase. Resistors are linear within the
range in which they are designed to
perform. Their limitation is in the arca
of power dissipation, or the amount of
heat a resistor can dissipate without

www americanradiohistorv com

changing its characteristics, A\ resistor
by itsell doesn’t introduce changes in
frequency response. phase, or distor
tion. 1t is a passive clement. Wirewound
resistors and some kinds of carbon and
metal-deposit types have  inductance
which should be taken into considera-
tion for the cireuit design. Resistanee is,
of course. measured in ohms, Other
practical units are k ohms (thousands
of ohms) and m ohms (millions of
ohms).

Capacitors. Capacitors or condensers
are ysed i circuits o perform several
functions: to isolating direct currents
from  alternating. aficcting  frequency
response, and shifting phrase. Being a
reactive component, a (‘.1|)u(‘ilnr 3rs-
sesses the ability to offer infinite re
sistance to direet currents while passing
alternating currents, offering more re-
sistance ta low frequencies and  pro-
gressively less to higher  frequencies.
Capacitors  designed 0 work  while
heing biased with d.e. are called eleetro-
Ivtics. Thev are polarized and  the
amount of voltage they can safely
handle is speciied. Non-polarized types
are numerous; starting with a small
capacity air-dialectric type followed by
paper, Mylar, glass, ceramic, and others,
Some capacitors  (like resistors)  can
be inductive because of their construe
tion. For eritical applications, this in-
ductance should be considered or non
induetive types should be used, Capaci-
tors can change phase and frequeney
response when used in conjunction with
resistors or inductors, They are used
in almost anv circuit in existence, They
change  the phase so that  current
through the capacitor leads voltage by
90 degrees (an ideal capacitor). Capaci-
tor values as they appear in formulae
are in Farads. More practical units are
oI (millionths of Farad) or wpl or pF
(pico Farads) millionths of a wF.

Inductance is the secomd reactive
clement the counterpart of the ca-
pacitor. It passes direet currents while
resisting  alternating  currents. With
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The Two-Way Microphone

Al vy

o — 1'
Similar to a two-way speaker system, the total response

range of a two-way microphone has been subdivided

between a high frequency and low frequency trans-
ducer with the cross-over at 500 Hz.

The basic principle is ideal. It took the electro-acous-
tical competence of AKG to make it possible. It repre-

sents the most significant advancement in cardioid
dynamic microphones.

The results are performance characteristics formerly
unobtainable in cardioid dynamic microphones.

in practical terms this means:

DISTRIBUTED BY

Tweeter

’J Woofer
)

Cross-Over

® Natural, objective recordings without discoloration
of sound reaching the microphone off-axis.

¢ More gain before feedback.

® Greater intelligibility and *‘reach” without deteriora-
tion of signals reaching the microphone off-axis.

® Because of elimination of proximity effect there is

no rise in bass response to cause feedback or loss
of clarity.

Mlustrated is the D 200 E, adjacent to its components.
Suggested retail net $69. Write for complete technical
description of all AKG Two-way Microphones.

*U.S. Patent £3,204,031

MICROPHONES * HEADPHONES

NORTH AMERICAN PHILIPS CORPORATION
100 EAST a2nd STREET, NEW YORK. NEW YORK 10017

AKG CANADA < DIVISION OF DOUBLE DIAMOND ELECTRONICS

+ SCARBOROUGH, ONTARIO
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Frequency/Phase Response Test Record

o RIAA-Equalized 1 kHz Square Wave
e Low-Distortion | kHz Sine Wave

o Silent Grooves of 50 dB Weighted

$6.95

e 3 kHz Signal for Flutier Test

A — INPUT TO RECORDING AMPLIFIER
B — REPLAY FROM DISC

Here is a single record designed to provide a precisc and rapid eval-
uation of disc playback equipment. It is a seven-inch, 45 r.p.m. disc of
highest quality. All cuts are recorded to the RIAA characteristic, no other

equalization is required to interpret the square waves.

Broadcast/recording standards are used throughout in the disc’s pro-

duction. The 1 kHz square wave has a tilt of less than 1% and is re-

corded at an RMS velocity of 7 em./sec. (equivalent to a sinusoidal form).

Overshoot and ringing have been found to be purely a function of replay.

The 1 kHz sine wave will be found uscful for level and distortion
measurements. Recorded velocity is 7 cm./sec. Typical distortion meas-
urements (using a 500 Hz high-pass filter) are less than 2%.

Silent grooves are provided for rumble evaluations. Accurate meas-

urements with signal-to-noise measurements of better than 50 dB are pos-
sible.

Finally, a 3 kHgz signal is recorded for use with standard flutter me-
ters. When played on a high-quality turntable, measurements well below
the NAB standard may be made.

The recording is produced in Australia by Ranger Recordings, ex-
clusively for TIMEKEEPER.

e e e o o — ——————— ——— — ——— ——————— e 7}

TO: TIMEKEEPER :
P. O. Box 762 I
Mincola, N. Y. 11501 :
Enclosed is a check for $.......... Please send ........ copies of |
the Ranger Frequency/Phase Response Test Record at $6.95 each. |
Shipping costs: add 50c regardless of quantity.
Name .......... e .v... Company ......... e =
Address . ......eien.. R e :
City vverii i . State ...... e TP e |
(New York State residents must add 5% sales tax) =
|
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alternating  currents  resistance  rises
with frequency. Similarly to the capaci-
tor. the inductor changes the phase of
the current flowing through it, except
that the current lags Dby 90 degrees
(again an ideal indu tor). Inductance
is usuallv a coil wound within lami-
nated metal or powdered iron core.
The core increases inductance depend-
ing on the permeability of the material.
For the same number of higher turns.
inductance with the same wire resist-
ance is obtained. Inductors are charac-
terized by their inductance, current
carrving capacity, maximum voltage
and Q. Current ard voltage limitations
are a function of the wire size and in-
sulation, while the inductance and
are clectrical characteristics of  the
device. Inductance represents dynamic
resistance of the coil to alternating cur-
rents (this changes somewhat with fre-
queney, therefore it is measured and
specitied at the standard frequency of
400 112). Q of the coil characterizes the
internal losses of the coil due to ohmic
wire resistance and other losses. Tf
ohmic resistance of the wire is elimin-
ated through supercooling, current can
be made to circulate in the shorted coil
indetinitely  without losses.  Q(which
is the ratio of the reactance over the
resistance) becomes intinite when re-
sistance is infinitely small.

Inductive Nl = 201, Q) = 2xfL
Reactance R

=314

f = frequency in Hz.

l. Inductance in Henries
R Resistance in ohms

The combination of an inductor with
a capacitor is called a tank circuit
and is distinguished by its ability to
“resonate’” at one specific frequency.
An inductor with low Q will produce
resonance with a broad peak. Low Q
inductors are generallyv coils wound on
coil forms without the metal core.
Q) fAgures are considered low if they
range below 100 Figures of tens or hun-
dreds are harder to obtain and are con-
sidered high. The Q) in filters is generally
kept high (it is easy to lower it) so
that when equalizing out a sharp peak.
little effect is produced at neighboring
frequencies.

If we are equalizing a broad peak.
it would make sense to match the Q
of the filter to the Q of the peak. es-
pecially  knowing that higher ) in-
ductors cost more. Inductance is rated
in Henrys, mil (millitlenries) and whl
(micro Henries).

Now that we have refreshed our
memories on  the basic qualities of
resistors, capacitors, and inducturs we
will spend next month seeing what we
can do with them in circuits for filters
and equalization.
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Bill Bell is known as “The Ear!' He's
the owner of Bell Sound Studios, Holly-
wood. Bill does commercials, some of
the best. You've heard a lot of them. He
orchestrates cach one, every element of
sound from the soft spoken solo voice
of Marvin Miller to the high dB blare
of acid rock.

Bill's fussy about sound, and so are
his engineers. So are the advertising
agency production men, the creative
people and the account executives. If
you're going to take three or more hours
to get the right sound in sixty seconds
of commercial, you want to make sure
the sound is the best possible.

So. as a starter, Bill uses Altec “The
Voice of the Theatre™" speaker systems,

sixteen of them. And in his custom
consoles, Bill Bell also uses Altec audio
controls. Again, because he thinks
they're the best. After over thirty years
of developing sound systems for the
broadcast and motion pictureindustries,
that's a nice reputation for Altec 1o
have.

Specifically, cach new Third Genera-
tion Voice of the Theatre speaker sys-
tem features a 15” low frequency
speaker that's the finest made. It has a
10Y2 pound magnet structure, a cast
aluminum frame and a 3” edge-wound
voice coil of copper ribbon, All this—
plus the efficient new Symbiotik™ (ia-
phragm—provides outstanding bass and
transient response, and as much as two

Civele 19 on Reader Sevvice Card
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- The Professionals.

times more power handling capability
than previous designs. The 18" massive
cast-alumirum sectoral horn has a very
wide sound dispersion angle at all fre-
quencies.

The driver. Tt works from 500 1o
22,000 Hz in the A-7-500-8. (The A7
crosses at 500 Hz.) 1t's so efficient,
there's need for only one crossover in
the system which climinates those high
frequency peaks and dips. All this
means the crispest, cleanest, most undis-
torted sound you can get from low end
through the high.

For complete specs on our sound
equipment, just write 1o Altec Lansing,
1515 So. Manchester Ave., Anaheim,
California 92803,

)

A QUALITY COMPANY OF 1TV 1ING Al TFC. INC,
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The

Feedback Loop

@ Phonograph eartridge specitications
are not always clearh understood. and
often are not properly related to cart-
ridge performance. When | was a sec-
tion head in charge of disc recording
research at CBS lLaboratories we had
a continuing cartridge testing prograni.
By this means we could select the
best possible pickups for our research,
and also stay abreast of current play-
back technology. These objective evalu-
ations enabled me to compare cartridge
performance with manufacturer’s specs,

One of the most widely published

ARNOLD SCHWARTZ

figures-of-merit is compliance. Not too
many years ago compliances of 1.0 to
20 x 10Scm/dyvne were considered
adequate. Today we have cartridges
with advertised compliance as high as
45 x 107sem/dyne, and values of 20.0
to 35 x 106cm/dyne are common.
What does compliance mean? [Joes
higher compliance mean less distortion?
What about tracking force and record
wear? 1 would like to answer these
questions, and to place compliance in
its proper perspective in evaluating
cartridge performance.

BUILDING
BLOCKS TO -
SOUND

SYSTEMS

Third-Generation Mixing Desks...
compact and flexible, realistic pricing.

] Philips MD Series Mixing Desks
are designed for recording, radio,
TV, film and theatre use [(J They have
exceptional operational features
with outstanding specifications and a
price-to-performance ratio_un-
matched in the industry [J Solid
state [J Flexible, easily-serviced de-
sign based on modular system [
Maximum of 24 inputs to 12 input
channels [J Up to 4 independent
output channels (for stereo and muiti-

track recordings) (J Current-depen-
dent mixing [J Monitoring and
pre-listening provided [J Optional
equalizer module, with 4 equalizers,
switchable to 8 input channels [J
For fuli data, contact the innovators.

PHILIPS BROADCAST
EQUIPMENT CORP.

One Philips Parkway, Montvale. N.J. 07645 - 201/ 391-1000
A NORTH AMERICAN PHILIPS COMPANY

Cirele 20 on Reader Service Card

www americanradiohistorv com

COMPLIANCE

Tracking refers to the ability of the
plavback stylus to maintain contact
with the groove walls. Loss of contact
resuits in distorted output. Compliance
is the quantity that is usually asso-
ciated with tracking and is defined as
the displacement of the playvback tip
per unit force applied to the tip.
Mathematically, compliance (Cm) is

defined as follows; Uy = where x is

X
f
the displacement of the tip in centi-
meters, { is the force in dynes applied to
the tip. and compliance is measured in
centimeters per dyne. In the (GS system
of measurement a mass of 1 gram exerts
a force of approximately 1,000 dynes.
Stiffness, a quantity that may be more
familiar, is the reciprocal of compliance,
and is defined as the force required for a
unit displacement of the tip.

We will attempt to visualize what
compliance means by referring  to
Ifioere 1. The undulation of a stereo
groove is shown here viewed 43 degrees
to the record surface for case of ex-
planation. The styvlus tip in the mean
or unmodulated position (see left side
of Ficrre 1), rests against the groove
wall with tracking force perpendicular
to the groove wall (see arrow). The
relatively rigid stylus arm is held in
place by a compliant mounting at one
end; the diamond tip is mounted at the
other end. The compliance at the tip
is determined by the mounting of the
stylus arm, As the groove moves past
the tip the stylus arm and the tip are
deflected up and down about the mean
pusition. When the tip is detlected
upward (see right side of 1Micrre 1)
an upward foree is generated in opposi-
tion to the downward tracking force.
I"he higher the compliance the less the
upward force for this given deflection,
Conversely, the less the compliance
(i.e. stiffer) the greater the upward
force for the same deflection. B the
upward force gencrated by the de-
Hected tip is greater than the downward
tracking force then the stylus loses con-
tact with the groove wall, and the out-
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PASSES THE INDUSTRY'S MOST COMPACT 16 TRACK RECORDER
WITH LOTS OF ROOM TO SPARE, AND LOTS MORE TO OFFER!

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

But compactness is only a small part of the story.

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

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

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

Write for details and specifications.

Mincom Division 3!"!"“

3M Center « St. Paul, Minnesota 55101
300 South Lewis Road * Camarillo, Catifornia 93010

Circle 31 on Reader Service Card
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STYLUS TIP IN
UNMODULATED GROOVE

STYLUS TIP DISPLACED
BY MODULATION

[ TONE ARM 3 N
TRA
e - CARTRIDGE
& COMPLIANT MOUNTING
RIGID STYLUS BAR

FORCE
Ty

DIRECTION OF
GROOVE MOTION STTYI},US
GROOVE WITH

NO MODULATION

STEREO GROOVE
VIEWED 45°
TO RECORD SURFACE

POSITION
OF TIP WITH
NO MODUL ATION

Figure 1. Deflection of the stylus tip caused by stereo modulation.

put waveform bheecomes distorted.

COMPLIANCE
AND TRACKING

A specitic example should clarify the
coneept of compliance. .\ major cart-
ridge manufacturer claims that their
best cartridge witl track a 22 em sec,
100 11z recording. We can make some
compliance caleulations using our form-
nla by taking this level as an example
of what we can expect at the highest
modulation levels, and converting the
recorded  velocity to its equivalent
amplitude.  Peak  amplitude at - this
velocity is slightly  fess than 0.009
centimeters, 1 we use a 1.0 gram track-
ing force the cartridge would have to
have a minimunt compliance of 9 x 10 8
em‘dyne. If 2.0 grams were used with
the same compliance we would have
a safety margin for tracking even higher
modulation; at 2.0 grams no increase
in distortion would be expected. In-

ereasing the tracking force to 2.0 grams
would, however, reduce the minimum
compliance requirement to 4.5 x 106
em dyne to track the 0.009 centimeter
amplitude cited above.

Compliance and recommended track-
ing-force data published by cartridge
manufacturers do not correlate very
well. For example, one  high-quality
pickup is listed as having a complianee
of 12 x 10 scmy, dyne and a recommended
minimum  tracking force of 34 gram.
A second high quality pickup (of different
manufacture) is listed as having a com-
pliance of 45 x 1 éem‘dyne and the
recommended minimum tracking force
is also 3, gram. lere are two cartridges
with the same minimum tracking force
but whose compliances vary by almost
four-to-one. It seems that cither the
manufacturer of the second cartridge
is giving us too much of a good thing,
or there are other unspecified eriteria
for low tracking foree.

BUILDING
BLOCKS TO
SOUND
SYSTEMS

The PRO 12 Tape Recorder: industrial
reliability, studio performance |

O The PRO 12 deserves your special
consideration. It is the finest new port-
able professional tape recorder on the
market [J Solid state [] Portable/Com-
pact [ Twin-track mono; dual half track;
stereo models [] Special version for four-
track mono and stereo Semi-servo
speed control [ MixerEI’reamp with
three inputs for each channel [J Built-in
facilities for mixing two inputs [J Test
switch for lineup [J Multi-play and
Sound on Sound recording [] Switch-
able monitoring of recording signal dur-

ing recording—Before and After tape [J
Built-in monitor amplifier with loudspeak-
er [J Stereo headphone monitoring [
Cue and dubbing facilities [J Tape-lifters
[0 End-of-tape and tapebreak switch [J
Pause button [] Remote control facilities
[ For full data, contact the innovators.

/v foo” S BROADCAST
2UCLIAZ  EQUIPMENT CORP.

One Philips Parkway. Montvale, N.J. 07645 - 201/ 391-1000
A NORTH AMERICAN PHILIPS COMPANY

Circle 22 on Reader Service Card
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COMPLIANCE
AND DISTORTION

Compliance by itself does not reduce
distortion. A highly regarded consumer
magazine, in an evaluation of phono-
graph cartridges, discussed the merits
of a highly compliant cartridge that
tracks at 34 gram. The magazine
implies that we can expect reduced dis-
lortion because of low tracking force.
This is not correct. Compliance defines
the minimam foree needed to track the
highest recorded  amplitude expected
on the record. All other things betng
cqual, any cartridge, regardless of its
compliance, can play back high ampli-
tude grooves without mistracking if the
tracking force is  appropriately ad-
Justed,

COMPLIANCE
AND RECORD WEAR

Higher compltance allows the user to
track his cartridge at lower force with-
out mistracking at high recorded ampli-
tudes. Does lower tracking force reduce
record wear? Record wear can mean two
things; wearing out (erasure) of the
modulation, or deterioration  of the
groove surfaces.

Records are most  vulnerable  to
crasure at high frequencies where groove
curvature is high. At these frequencies
recorded amplitudes are low, and the
resulting force of the stylus against the
groove walls due to stylus stitfiness
(that is lack of compliance) is not sig-
nificant.  liowever, effective mass at
the stylus tip is an important considera-
tion hut we will have to defer discussion
of this peint to a later article.

Deterioration of the record grooves,
which increases bhackground noise and
causes ticks and pops, is due to im-
proper record  handling, dust in the
grooves, and imperfections in the pol-
ished diamond tip. This latter point is
most important since a mimute rough-
ness of the tip may cause @ ninute
amount of material to be gouged from
the groove walls, Trregularities in the
groove as small as 13 micro inches can
cause high frequencey noises only 20 dB
down from standard recording level.
Reduced tracking foree can help reduce
this tvpe of wear, but is by no means
the only factor to consider.

ACOUSTIC DELAY RECORDERS
and Delay Lines

For all P.A. work — churches, theatres.
stadiunts, conference  rooms, audito-
riums, transportation terminals, ete, —
availible from stock or custom bnlt
to specifications. Write,
AUDIO INSTRUMENT CO, INC.
311 Mountain Rd.
Union City, N. J. 07087

Circle 25 on Reader Service Card
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A more fundamental question mayv
be asked. 1s record wear a  serious
problem todav? The quality control
department of one of the large record
companies has estimated that of all
records returned to the customer com-
plaint department less than 1 per cent
of the complaints are for the “record
wearing out’” too quickly., Don’t forget,
this includes people that have record
plavers tracking at 3 to 20 grams as
well as those with quality players track-
ing at 34 1o 2 grams. This may suggest
that record wear is not as serious a proh-
lem as may have heen supposed.

CONCLUSION

In the seemingly accelerating race for
higher compliance there is a tendeney to
overlook other equally tmportant cart-
ridge characteristics. In some of the
current cartridge designs the  highly
compliant mounting of the stylus arm,
while giving us a very high compliance,
necessarih reduces the damping effect
of this very same mounting. As a result
the high frequency stylus-groove reson-
ance becomes more pronounced. In
these cases tlat frequency response has
been sacriticed for very high compli-
ance—even though this latter quantity
may not atfect record life nor improve
any of the cartridge performance char-
acteristics,

Driving without
safety belts

is really asking
for it.

Adverlising contribubed
for the public gaod

Many readers do not realize that they
can also be writers for dh., We are
always seeking good, meaningful articles
of any length. The subject matter ean
cover almost anvthing of interest amd
value 1o audio professionals.

Are vou doing something original or
unusual i your wark? Your fellow
audio pros might want to know about
it. (It's casy 10 tell vour story in db.)

You don’t have to be an experienced
writer to be published, But vou do need
the ability to express vour idea fully,
with adequate detail and information.

Our editors will polish the story for you,
We suggest vou first submit an outline
so that we can work with vou 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 necd sufficient detadl i vour rough
drawing or schematic so that our artists
will understand what vou want.

It can be prestigious to be published
and it can be profitable too. All articles
accepted for publication are purchased.
You won't retire on our scale, but it can
make a nice sam for that special occasion.

Approach | — Integraled

Approach 1§l — Modular

FAIRCHILD

Approach Il — Remate

Approach I¥ — Combinaltion

T

."?ﬁr

CHOOSE YOUR NEXT CUSTOM
AUDIO CONSOLE FROM

FAIRCHILD

THERE ARE
4 BASIC APPROACHES...

APPROACH 1. Fairchild Integra I.
The controis and the audio for any
particular function are together as
one component.

APPROACH 2. Fairchild Integra Il.
The controls and the audio for any
function are separated for remote
operation using simplified plug-in
facilities.

APPROACH 3. Fairchild Integrated
Contro! Module. Ail the controls for
an input or an output channel are
integrated together into individual
modules. Each module has instant
plug-in facilities for its audio. The

number of modules is determined
by number of channels desired.

APPROACH 4. Combination. Virtu-
ally any combination of the previ-
ous 3 approaches are integrated
into one combination console.
Final component selection is de-
termined by studio requirements,

For complete details and variety
of systems available write:

FAIRCHILD

Sound Equipment Corp.
Dept. DB-2 10-40 45th Avenue
Long Island City, N. Y. 11101
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double
cassette
duplication
profits

The new Super Cassctte Duplicators
are now hvice as tast  produce
from 1.400 to 30.000 C-30 casselles

@ infonics

o~

h
vl v
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' Theory and Practice

NORMAN H. CROWHURST

® Nowadayvs enough questions come in
o keep me busy writing explanations
in this column, without having to fall
back on odds and ends. Oue reader
wants to know about the electrical and
historical {practical) cxplanations for
balanced mike and line techniques. He
further asks, “Which wav is common
practice headed, towards single-ended.,
or balanced, or both?”

The clectrical and historical origins
of balanced line started with telephone
usige, over long distancees. By halancing
the line to ground, and then transposing
the positions of pairs of wires at regular
intervals, in the once familiar overhead
line svstem, crosstalk was minimized,
In the newer, and almost universal
underground cable, the individual pairs
are continuous  twisted, to effect the
same result,

Mutual coupling between two cireuits
can occur due to one or hoth of two
effects: inductive or capacitive. The
twisting or transposing will neutralize
any induoctive coupling, due to signal
current in cach pair of wires.  But if
voltages conveved are unhalanced, ca-
pacitive transfer can still ocenr. be-
cause one side of cach circuit is live,
and the other one at or close 1o ground
potential.

By keeping the voltages and current
both balanced at all points along all
lines, hoth forms of transfer are mini-
mized and can theoretically he com-
pletely newtralized. This matter also

www americanradiohistorv com

mvolves working impedance, governed
by the physical dimensions of the line,
whether it is open wire or a twisted pair
in a cable,

To avoid  electrical  reflections  at
the end of the line, which can produce
echo and ringing effects, the line should
he  terminated  with o resistive  im-
pedance to mateh the natural value,
which is usually about 500 ohms.

Working at this  impedance, the
tendencies toward inductive and capaci-
tive transfer are usually about equal,
because the natural inmpedance is gov-
erned by the electromagnetic proper
ties of the line, involving its inductance
and capacitance per unit length of line,

That's the story, as far as connec-
tions to long lines is concerned. The
telephone company will insist on bal
anced, matched lines, If you happen to
use lines of comparable length private-
Iv, vou will find it essential, not only to
avoid picking up crosstalk from other
circuits, but also to minimize hum
pickup from power lines or distribution
svstems,

In the days when tubes were the only
active elements used in audio circuits,
the only economical and efficient way
to match a S0-chm line was o use a
well-designed  audio line  transformer.
Nowadavs, using solid-state deviees, it
is impossible 1o match a line and
achieve halance without such expensive
components,

In those carly dayvs, some of the
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“best people,” for the sake of simplicity
and complete interchangeability, went
to balanced line for all interconnections,
short or long, including microphone
inputs. While this was a costly pro-
cedure, thev found that trving to use
mixed impedance could prove more
costly in a different way: they were apt
to arrive on a job with parts that
wouldn't work together! Thus came
the decision to standardize.

That was fine for p.a. and other com-
mercial installations. But for studio
equipments, it was unnecessarily costly.
Against this, at least for the studios
with money, is the fact that having the
best in the studio pays, wherever else a
svstem may try to cut costs. But as
the industry grew, there were also
budget studios: people who didn't
have the funding of a network or a hig
record company, behind them.

For these people, the natural laws
of economy came into the picture again.
For the many interconnections in a
console, the convenience of line im-
pedance can he met by using cathode-
follower outputs, with high-impedance
inputs.

The cathode follower holds the line
impedance down, to avoid capacitive
crosstalk or pickup, while the high-
impedance input avoids loading the
cathode follower to cause distortion—
a point we have discussed before—with
the side advantage that the quality of

this arrangement can be higher than
audio line transformers.

Finally, ecnter solid-state devices:
transistors. Now line impedance, how-
ever achieved in individual circuits—
and we've discussed this earlier too—is
a natural; transformers are no longer
necessary  to economic or efficient
matching.

For short interconnections, around a
console or studio, there is little point in
going to balanced line. That is an
unnecessary refinement. It is simpler
to use single-ended, with concentric
(shielded} interconnections, which ex-
clude capacitive transfer or pickup,
and also inductive at the same time,
provided proper grounding procedures
are observed (another matter we have
discussed before).

But for long line lengths, there is
still no substitute for balanced lines.
[t would not be economically feasible to
run multiple shielded lead clear across
the United States, for example—just
figure the cost!

Of course, microwave links are serv-
ing more and more of the uses at one
time delegated to long lines so, in this
sense, possibly the balanced line is on
the way out, purely quantitatively.
But any time a long line is needed, it
will still have to be balanced, and
matched.

We will continue this discussion in
columns to come.

MOVING?

Have vou sent us a change-of-address
notice? It takes time for us to change
vour plate so let us know well in ad-
vance of vour move. Be sure to send us
the complete new address as well as
your old address. Inctude both zip num-
bers. Keep db coming without inter-
suption!

BACK ISSUES AVAILABLE

A limited number of back issues of db
are available to interested readers who
may have missed or misplaced earlier
issues. \When ordering please indicate
date of issue desired and enclose 75¢
for each copy.

CIRCULATION DEPARTMENT
db --The Sound Iingineering Magazine
980 Old Country Road
Plainview, N.Y. 11803

D, 4. and § TRACKY...
available TODAY

FROM STOCK

at:

Wiegand Audio
LABORATORIES
3402 WINDSOR RD.

Wall, N. J.
Phone 201-681-61443

07719

Scully Disc & Tape Recorders
W.A.L. Custom Consoles

Rebuilt & Variable Pitch Lathes
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O-TRAL
0-TRALR
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The Ultimate Stereo Tone Arm

6

R
R
R
R

M

Gray's new series of truly pro-
fessional stereo instruments
incorporate the most advanced
‘Broadcast Engineered” fea-
tures available.

It's time to replace those old
arms which continually give
trouble in stereo conversions
What other arm offers these
features: Fluid Anti Skate,
Memory Balance, Micro Traking
Pressures, Freedom from ad
justment, ultimate rehabity
and the lowest possible operat
ing cost per hour

A quick consultation with your
Gray experts will give you all
the answers, and explain how
you can make the change to
‘Micro Trak™ ... the ultimate

MICRO-TRAK®
» SPECIFICATIONS
303 12” PROFESSIONAL
TONE ARM
Dimensions: 1214" over-
all (3175 MM); 8%s"
spindle to pivot (211.1
MM} 2%~ from pivot to
back of arm (73 MM)
Weight: 1 1b. (454 kg)
Overhang:06.82" spindle
center to stylus
Resanance: Less than 10
HZ Y5 Gram at 30 x 10-¢;
CM/DYNE Compliance
Tracking Error: 3.0 in radius 0° 0”; 3.75 in
radius 1° 28”; 4.75 in radius 0° 0°; 5.5 in
radius 2° 0",
Micro-Trak is also available in a longer version
for 16” turntables, for EMT turntables, and in
special lengths far custam table sizes.

THE GRAY LINE OF FINE
BROADCAST INSTRUMENTS
The 206 12-inch Tone Arm
The 208 16-inch Tane Arm
The &02-C Broadcast Equalizer
The Telap — The Telojector
& The 602 |.M.P.

Impadance Malching Preamp
Wit for compdele preduct information

/(" GRAY RESEARCH &
DEVELOPMENT CO. DIV.

155 Park Ave.
East Hariferd, Conn. DE1OE
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The Sync Track

JOHN M. WORAM

ANYONE FOR TWO TRACK?

e The advantages of the big mult-
track tape recorders are by now well
known to almost everyvone, There are,
in fact. some folk who won't come near
a studio that doesn’t have at least one
16 tracker in the house. The idea is that
evervone (almost) can have his own
separate track. This is a wonderful tool
—sometimes. Sometimes  it's not so
wonderful — such as when a producer
shows up with a seventeen-man group
and gets the sweats hecause he has to
conthine something on the session. And
then vou have to convinee him that he
doesn't really need seventeen tracks.
He looks at you with that “You just
don’t care about my group”™ look. 1f vou
want to really make an impression, sug-
gest doing the whole session on two
tracks!

And here's where we very quickh:
discover one of the disadvantages of 16-
track recording. As soon as a studio gets
one of these §25,000 Leauties, everyone
forgets about evervthing but 16-track
recording, The 8-track studio down the
block is regarded with something ap-
proaching amused tolerance, and 2
track isn’t even discussed anvmore,

This is probably a big mistake, since
there are, at times, some advantages to

www americanradiohistorv com

not recording multi-track. For example,
16 tracks of separation is 16 tracks of
tape hiss. If vou don't absolutely need
the separation, vou certainly don't need
the hiss. And there are cases when
separation actually works against you.
If vou record a piano on one track only,
all the post session manipulating in the
world isn’t going to make it sound as
room filling as a little leakage would.
An electric guitar may be a point source
of sound, but a grand piano certainly
isn't, unless its recorded on just one
track. Of course, if you can spare two
tracks for piano only, that's just hine.
A Hammeond organ is a little closer to a
point source of sound, vet it often
sounds noticcably hetter when miked
both close up, and at a distance—again
using two tracks.

A studio that can come up with a
good tight drum sound is well on its
way to success, yet the multi-track
studio is witnessing a trend toward two,
and more, tracks for drum pickups.
And then there is the sweetening session,
with a large string and/or brass section.
Again, two tracks sounds <o much het-
ter than one.

Obviously, in an 8-track studio you
can’'t record piano, organ, drums,
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DON'T MISS ...
AUDIO
ENGINEERING
SOCIETY’'S

38th TECHNICAL
MEETING

AND
EXHIBITION OF
PROFESSIONAL

EQUIPMENT
AT THE

LOS ANGELES
HILTON

MAY 4-1

strings, and brass each on two tracks.
LLven with 16 tracks. vou're not leaving
yoursell much room for guitars. per-
cussion, chorus. solos. what-nots. and
afterthoughts. So, something has to
give. .\t one extreme, vou contine each
imstrument, or familv of instruments.
to its separite track, giving vou a col-
lection of point sources. At the other,
vou mix evervthing on the actual ses-
sion down to two tracks (Just as in the
old davs). Even a split session can be
done in this way. The rhyvthm section
is recorded as a homogeneous unit onto
just two tracks. Later, the sweetening
is also recorded on two tracks. Of course
it's not the same two tracks. But it is
hasicallv. a two track concept, and vou
get the advantages of both mini- and
maxi-track philosophies. (You'll also
get some producers who won't come
near you again.)

It's alwavs a lirtle sirange to see a
big pop orchestra recording onto 16
tracks all at once, just so that later on
you can go to a re-mix room and do the
balancing rthat could have heen done
better in the studio.

Fngineers who record the classical
repertoire may by now he wondering
why this column was written, since
much classical recording is (more or
less) a two-track pickup plus a center-
fill and perhaps a fourth rrack for high-
Lighting certain soloists. Balancing is
done before the microphone, rather than
after the session. And some excellent
masters have heen made that are in no
way inferior to a mului-track recording.
The two-track session generally sug-
gests a more distant mic pickup than
the same session recorded multi-track.
The result convevs more of a feeling of
spaciousness than the up-tight pickup,
and is most likely inappropnate for
recording a rock rhythm group of
guitars, drums and bass. Today’s tastes
usually require these instruments to he
miked very close, with maximum sepa-
ration hetween microphones.

[However, once the rhvihm section
has Leen laid down, vou don't have to
continue on the separation kick. The
remaining instruments can he miked in
a more classical way (assuming room
acoustics are suitable). and perhaps re-
corded at once onto two tracks.

So, the point is: although multi-track
recording is a must for senre recording, it
is not a must for a// recording. Before
the session. consider the advantages of
using a few less tracks sometimes. Of
course, it cramps the styvle of the 117¢7/
Aix it in the mix set, but it does steer vou
into thinking in more musical terms,
which after all is what the whole thing
is about anvwav. And at times a
judicious mixture of multi-track, plus
two-track, technique on the same piece
of tape, may sound superior to a recor-
ing made exclusively in either mode of
operation.
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Model 550 Equalizer

@® Shelving or peaking curves
independently selectable for upper and
lower ranges.

@ Transformer coupled output to
+ 28 dBm.

@ Low noise and distortion.

@ Panel mounting 1%2” x 5%".

@ Utilizes Automated’s 2529 Op Amps.

The Model 550 Equatizer is designed as a
channe! module with reciprocal equaliza-
tion at 11 frequency points in 5 steps of
boost or attenuation to a maximum of 12
dB. These points are divided into 3 ranges,
with the upper and lower ranges indi-
vidually selectable as either peaking or
shelving. A band-pass filter (50 Hz to 15
kH2) is switch selected independent of all
equalization settings, and a push-button
‘In or Qut switch with tally light inserts or
removes equalization without clicks or pro-
gram interruption.

The virtually limitless range of repeat-
able curve shaping combinations provided
by the Model 550 makes it ideally suited
for all types of music or voice enhance- |
ment and effects equalization,

Studio Sgstems Division
AUTOMATED PROCESSES, INC.

35 CENTRAL DRIVE
FARMINGDALE, N.Y. 11735
516-694-9212

Circle 27 on Reader Service Card
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Automated Radio Broadcasting

GENE HOSTETTER

This article presents a brief discussion of the
state of the art of this controversial
subject. It should help to dispel the fear that
exists at some places that automation is
either too complicated or will eliminate jobs.
Neither is true.

ONTRARY TO THi IMPRESSIONS miost people have

when they first view an automated broadcast

station in operation, there is no magic and very

little “brain” involved in even the most complex
operation of today.

MUSIC SOURCES

Reel-to reel tape recorders are usually used as music sources
because of their relatively large recording storage capacity.
Automatically plaving records directly on the air does not
allow the records to be easily announced and leaves a greater
possibility of mechanical error such as a warped record
jamming the mechanisi or the needle hanging up in a groove,
Selections from record plavers are limited to 45 rpm records
or to entire 33-1/3 rpm album sides. There are, however,
some 45 rpm jukebox-tvpe mechanisms in use in broadcast
automators, particularly in areas and at times where it would
not ordinarily he economically feasible to employ more com-
plex svstems. Also, some record changers are in use at stations
where entire album sides are to be plaved. as with a classical
music format or, more recently, at *underground music” sta-
tions. The owner of such a station must be willing to tolerate
a light, often erratic, schedule of announcements since album
sides run from about ten to twenty minutes in length.

In order to air a variety of events from several sources.
it is necessary to index or cue each selection from each tape
source. Cuing is accomplished on reel-to-reel tape machines
by recording a low-frequency tone (between 20 and 35 HHertz)
between each selection. The low tone is inaudible, vet capable
of triggering electronic circuitry which stops the tape at the
end of the selection, readving it to start later at the beginning
of the next selection, and triggering the start of some other
program source.

Normally the tapes used have two tracks. That is, it is

The author has been an engineer or chief engineer al several
western stations. lle is now in the Llectrical Engineering De-
partment of California State College, Long Beach.

necessary to use only half of the width of the tape for record-
ing as in most home tape recorders. If the station broadcasts
FM stereo, both tracks—one for each ear—are used for each
selection. \ reel of tape is loaded on the machine, eventually
plays its so many selections and runs out. It must then be
rewound and rethreaded, or replaced with a fresh tape. If
the prograniming is not in stereo, only one of the two avail-
able tracks is plaved back at a time. One track may be played
as the tape is travelling from head to tail end, Then, if the
direction of tape motion is reversed, the second track may be
played as the tape travels from tail back to head. Automatic
tape direction reversal can be implemented by placing strips
of electrically conducting foil or paint on the tape. The tape
rolls over contact bars and the conducting foil or paint com-
pletes an electrical circuit, keying reversal of the tape motion,
Ii conductors are placed at each end of a reel of tape, the
tape can be made to play upon command continuously from
one end to the other, back and forth until it is replaced. Such
a capability is important when the system is left unattended
for long periods of time or when the operators cannot be
depended upon to rewind and reload tapes on schedule with-
out fail.

Other cuing or reversing schemes are sometimes used. One
method silence sense, which is most often used for jukebox
and record changer music sources, depends upon a period of
silence hetween selections or at the ends of the tape. \When an
eleetronic circuit detects a sulficiently  long period of silence,
the tape is stopped (or the record rejected) and a signal is
given to start the next program source. Unfortunately, some
musical selections contain pauses which occasionally trigger
the circuitry prematurely. There is also the undesirable side
cffect of the period of silence on the air before the next pro-
gram source can be started. Conducting strips between
selections on the tape can be used for cuing, but then the
recording or copying of tapes becomes quite time consuming.
Instead of the conductor, the oxide coating may be removed
from a segment of the tape, making it transparent. An electric
eve can sense these segments and initiate cuing or reversal,
but like foil cuing. photoelectric cuing hetween cuts is time
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consuming and thus costly.

CARTRIDGE SYSTEMS

Another programable audio source for the broadcaster is
the continuous-loop tape cartridge. Most all radio stations
automated or not —use these cartridges for the airing of an-
nouncements. The operator plugs the appropriate cartridge
into a plavback machine and. when ready, starts the tape
drive to play the announcement. As with the reel-to-reel
tape machines, two tracks are available on the tape to record
information. One of these tracks carries the recorded an-
nouncement and the other is left blank exeept for a short
period just before the start of the announcement. A tone is
recorded on the second track during that time to indicate
when the tape should be stopped (cue'd) in order to be ready
to play the announcement again, Thus, when the tape cart-
ridge is started, it plays the announcement and then keeps
on running until the cue tone on the second track is sensed,
at which time the tape is automatically stopped just hefore
the beginning of the next announcement. Of course, more
than one annovuncement mav be recorded in this manner on
the cartridge and cach will be ready to play in sequence after
the last, so that several commiercials {or the same sponsor
may be automatically rotated thronghout the day.

The low-frequency tone method of cuing which is commonly
used on the same track as the program material on reel-to-
reel tapes is not practical for cartridge tapes becanse the
cartridge is not always capable of sufficiently smooth tape
motion to reproduce such low tones, When stereo announce-
ments are desired. the Pi-inel tape used 1o the tape cartridge
15 usually divided into three rather than two tracks, two for
the two stereo channels and the third for the cue tone.

Since the tape cartridges are manufactured with fixed
lengths of tape in the loop, more often than not there will be
silent segments of varving length between announcements.
When tape cartridges are nsed in antomated broadeasting,
it is desirable to start the next program source not when the
cartridge stops on cue at the start of the next announecement,
but before that, when the previous announcement has just
ended. Separate tones are used for the cue and fransfer func-
tions. (A tone of about 150 Hz indicates that the next pro-
gram source is to be started, while a tone of about 1000 |1z
will cause the tape to be stopped, ready for the next announce
ment.)

\While it is possible to record in order all the announcements
for a broadeast day on a single reel or cartridge tape, there
are several disadvantages o this concept, First, a single error
in recording or plavback will throw the entire announcement
sequence off. Second, a4 considerable amount of time is re-
quired each dayv to do the recording job itself. .\t a live rather
than automated station, most commercials these days are re-
corded in advance and plaved many times hefore being dis-
carded anyway, so the compiling of all the announcements for
a day on a single tape is largely the husy work of putiing
the alreadv-recorded commercials in the desired order. There
are several options open which offer improvement over the
daily recording of an entire announcement sequence. Some
are essentiallv cartridge jukeboxes. Two such machines are
the Auton atic Tape Contral *35" and the MaCarta Curonsel.
In the 35, cartridges are stacked in slots. one above the other.
NAosingle ape drive and plavback mechanism is mounted
on motor-driven feed serews which allow it to be positioned
opposite any one of Hftv-five cartridges, to play that cartridge
upon command. The Caronsel is a smaller, tess expensive ma-
chine in which twentv-four cartridges are arranged in travs

Figure 1. A commercial automation system with two reel machines,
a single cartridge player, and two Carousels. This unit was built by
Continental Electronics and is installed at KOL-FM, Scattle,
Washington.

as the spokes ona wheel. The playvhack mechanism is station
ary and the trays are rotated into position for plavhback. The
basic models of these two machines are wired to play one
announcement from each cartridge in sequence. When the
first cartridge has plaved and stopped, the next available
cartridge is nuade ready for play upon command. The already -
recorded announcements need only be toaded in the desired
order for plavback. More complicated versions of  these
multiple cartridge handlers have random selection, the capa-
bility of selecting a particular sequence of cartridge play,
eliminating the need for using several copies of the same cart-
ridge if the same annonncement is to he repeated several
times hefore the machine can be reloaded.

Other svstems emplov reel tapes on which the annommee-
ments have been recorded. Random selection equipment
allows any present sequence of play,

SIMPLE AUTOMATION SYSTEMS

Perhaps the most simple antomation svstem is one in which
a series of program sources are connected in a chain so that a
transfer from one souree causes the next source in the chain
to be started. Such an arrangement is only workable when
the timing of cach of the aired recordings from each of the
sources can be carefully planned so that the number of com-
mercial annonneements to he plaved can e controlled. \lso,
station-identineation announcements must be made to play as
near as possible to the honr and half hour as required by law.
Littde Hexibility is possible. The same rotation of playvhack
machines repeats again and again, with each machine plaving
onlyv onee per rotation through the sequence. These short-
comings can he climinated by the addition of a controfler. A
good controller, or “brain™, is capable of selecting the order
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Telex writes
new specs
on sensitivity

and ruggedness
in headphones.

ol

the Communicator Series

HIGH SENSITIVITY AND LOW OPERATING
POWER. The new Communicator Series of
headphones is designed around a dramatic
new driver unit that requires only absolute
minimal operating power. This added effi-
ciency allows for a substantial increase in
sensitivity without any increase in distortion,
making the Communicator Series the most
sensitive and versatile headphones available
today.

RUGGED. CONSISTENT PERFORMANCE. Un-
like the soft aluminum or paper cones in
most of today’s headphones, the Communi-
cator’'s rugged new cone is made of special
material that will provide peak performance
without being affected by temperature or
humidity. This means that you get consistent,
high quality performance, day in and day out,
under the most demanding communicatiens
conditions.

For more information on Telex’s new Com-
municator headphones, contact your near-

est Telex dealer or write.

Civele 26 on Reader

PRODUGCTS OF sou~u RFSEARAC

TELEX. |

COMMUNICATIONE DIVISIDN

9600 Aldrich Avenue South
Minneapolis, Minnesota 55420

Nervvice Card

Figure 2. An automated system, designed by the author, using
cartridge machines,

of machine plavhack, based upon a pre-selected sequence
controlled by time elocks.

For example, a goud music station desires to program four
121 5-minute blocks of announced musie per honr with an

average of 25 minutes of announcements between cach
- -
it ix ditficult

Dlock exacthy 1274 minutes in length and hecause the series

block of music. Becanse o make cach mnsie
of announcements hetweens the mnsic may not always ol
20, minntes, cach msie segment s ended with fill music.
The last musical selection in each block, starting betfore 12
minutes of the recording have passed and ending hevond the
13 or 14 minnte mark, is espeeially chosen so that it can he
inconspicuously faded out at any point during the playvback.
A time clock isased o initiate the musie fade out Galthongh
the music tape runs o cue) and start the announcement
tapes at 00, 15, 2300 and
errors do not acenmulate.

A3 of cach hour so that timing
A second clock is nsed o insure
that the station-identifieation announcements are plaved as
Additional
number of

close to the hour and half-hour as is possible.
he used
possible music tapes are plaved at various times of the day.

clocks may to determine which of a

By classifving tapes by tempo, the tempo of the mosic at
each time of the day may be controlled.

CONCLUSION

The ultimate objective of
prove the sound and quality of a station by redneing hoth on-

Droadeast automation is o im-

air and Dehind-the-seenes errors, and by frecing station

personnel from tedions minute-by -minnte tasks for more
productive ntilization. Most of the present general purpose
svstents are highly reliable.

Having decided 1o employ antomation, management nust
choose « philosophy for its operation. How near 1o complete
self-sufliciency should the system be and how muel should
the operators he bent to the machinery. 1T enough machines
were available for the entire music library, it would not be
necessary o change music wpes. Nonetheless, it is normally
necessary from an cconomie standpoint. The question ix;
low much tape-changing should be done in a given opera-
tion? Hourly? Twice o day? The same sort of questions arise
in a host of other arcas. How mueh time should he devoted to
announcement setup? Should newscasts be live or should they
be taped for airing?

The answers to questions such as these will inwrn de-
termine the type of svstem hest siited for a particular sta-
tion's operation,
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Stereo Synthesis Systems

ROBERT ORBAN

The two products described in this article
have been designed to function in the gap created
by the diverse needs of mono and stereo
production and listening.

NEwW crass of audio signal-processing devices has
recently been introduced to the professional audio
market. The devices are the Stereo Synthesizer
and the Stereo Synthesizer-Matrix. Just as a com-
pressor controls dynamics and an equalizer controls frequency
response, this new class of processor controls stereo space.
The first device to be developed was the Stereo Synthesizer.
Its development was prompted by the need to develop real-
istic-sounding stereo from mono originals. Most techniques
in use at the time of its development were unscientific,
witches'-brew techniques whose results were, at best, unpre-
dictable. The stereo synthesizer was thercfore developed
around the following two criteria: first, the electrical sum of
the output channels was to be proportional to the mono input;
second, the sum of the power spectra of the left and right
channels was to be proportional to the power spectrum of the
mono input.
The technique of Bauer!, using pure phase shift between
the channels, met these criteria. However, the Bauer tech-
nique had the disadvantage of heing largely ineffectualized

Robert Orban is involved in many musical and lechnical projects
in his native California. Among them is the production of
preducts, including those described tn this article, for the pro-
fessional audio irade.
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Figure 1. The frequency response of the Stereo Synthesizer at one
position of the dimension control.

by reverberant listening acoustics which tended to destroy
phase relationships, particutarly at higher frequencies.

Nevertheless, the criteria above remain desirable. The first
implies that the lateral modulation on a stereo disc. and the
main channel of an f.n. stereo broadcast will both be equal
to the original mono, thus producing stereo ‘mono compatibil-
ity. The second implies that the perceived frequency and
musical balance of the stervo will be identical to the mono.

Tt turns out that these criteria may also be met by a system
which combines frequency band-splitting with phase shifting.
This is the system used by the sterco synthesizer, Frequeney
response of the two channels for one position of the dimension
controls (which are frequency hand pan-pots. moving bands
from one output channel to the other) is shown in ke 1.
Listening tests revealed that the use of five hands gave
highly satisfactory results for virtually all program material.
The positioning of the bands is adjustable for different spec-
tral content of different program material so that good left-
right subjective channel balance may always be obtained.

The stereo synthesizer has six controls: two dimension
controls, a separation control, an fnput pad, a stereo/mono
mode switch, and a power on/off switch. These controls were
chosen to speciticatly affect the stereo effect without changing
anyv other parameters of the system. The dimension controls
affect nothing but spectral balance hetween left and right,
while the separation control adjusts the amount of stereo
spread, and actually serves to adjust the amount of difference
signal (1.-R) appearing in the output. None of these controls
in any way affect the stereo ‘mono compatibility. which is
automatically maintained provided that the two output
channels beyond the synthesizer are kept in gain balance.

Interestingly, the synthesizer has a good immunity to
phase errors in the output tracks, such as errors that occur
in any stereo tape machine due to the left and right head
gaps not lining up precisely. Most audio people are familiar
with the swishing, constricted sound of phase distortion,
which occurs, for example, when a full-track mono tape is
played on a stereo machine, and the stereo outputs are added
together. It occurs because the spectrum cancels at the point
when the tape machine's phase shift causes a given frequency
to go 180 degrees (or odd multiples thereof) out-of-phase on
one track compared with the other.

By splitting the sound into bands, the stereo synthesizer
makes it highly unlikely that there will be equal amplitudes
on left and right. Therefore, at the 180-degree points, unequal
cancellation will take place, and the hole in the frequency

spectrum will be much shallower. One application therefore
suggests itself: the phanio n center may be processed through
a stereo synthesizer in the course of left/center/right multi-
track to two-track mixdown. In this wav, phase distortion
from the phantom center track (which may frequently be
heard when listening to f.m. stereo stations monophonically)
will be eliminated. An added bonus will he that the classic 3
dB3 center-channel buildup in the mono mix will be entirely
absent.

Other applications of the svnthesizer besides processing
old mono material into stereo may be found. These include
conversion of mono echo returns to stereo, selective localiza-
tion and movement of instruments without pan-pots, and
use of one channel only to obtain various special filter effects
(including “phasing™).

It is possible to realize the synthesizer with circuitry vield-
ing harmonic distortion in the order of 0.05 per cent with an
overtoad/noise ratio in the order of 100 d13, so that it will not
cause degradation in any current application.

THE MATRIX SYSTEM

Out of the econcept of the stereo synthesizer arose the stereo
svnthesizer-matrix. This device was designed to solve a num-
ber of problems which currently plague the pan-pot technique
of ecreating sterco space in multi-track to two-track mixes.

Most of today's pop music has heen recorded sterco-
phonically only in name, It is a group of mono tracks, pan-
potted across the stereo stage and smicared with echo o give
sonie semblance of a real acoustical environment. This is a
far ery from true stereo recording, where two or three micro-
phones in the same acoustic space were used to get a true
sense of acoustic environment to the listener. Yet, the advan-
tages of the multi-track technique in terms of control of
individual tracks makes it the essential technique for pop
music recording today. Simultaneously, the requirement for
mono compatibitity causes severe problems with the classical
stereo miking technique, since this technique is highly subject
to acoustic phase distortion in mono mixdown.

The sterco synthesizer-matrix was designed to return to
the big space of classical stereo recording, while simultaneously
permitting total control and automatic stereo/mono com-
patibility, Fieure 2 shows a Dlock diagram of the matrix. It
consists of four stereo synthesizers and a phase-shifter. The
left and right synthesizers have had one of their output chan-
nels phantom-centered through —4.52 dB pads. When these
svithesizers are fed by a left or right mix, they will spread
this mix between left or right and center. The synthesizers
are connected so that the low bass is phantom-centered.

Another synthesizer is connected straightforwardly to the
left and right outputs. Its purpose is to spread and ditfuse
the echo return signal throughout the stereo space. thus
giving the impression of reververation in a ball with good
acoustics,

Still another synthesizer has heen connected directly to the
left and right. "T'his one has been modified so that frequencies
helow about 230 1z appear equally in the left and right
outputs. ‘Fhis is to aid the mixer in keeping the bass in the
center, for compatibility, and for the most efficient use of the
power output capahilitics of the typical consumer stereo
amplifier. This synthesizer is designed to take w center feed.

Finally, a wide-band phase shift network is included. Tts
purpose is to handle soloists or featured instruments, when it
is dvsired 1o hold these on dead-center. The center synthesizer
will tend to move instruments to eitber right or left of center,
bercause a large portion of its spectral output is predominantly

www americanradiohistorv com


www.americanradiohistory.com

REVERB

GENERATOR
Vd
ECHO STD'- ]
SEND | fert]” B—e———
| -4524B 5
S
o |___ L =
o cB M ©
z CENTERL_R e
: | b
3 PHASE SHIFTER 3
z |
= ECHO So| =
3 RETURN A g
=
5 e ' 3
SOLO| £69 s =
I
o
| L'—‘ — =
-452d8
RIGHT" | & NG
R COMBINI
MIXING CONSOLE  STEREQ NE TWORKS

STD: STANDARD STEREQ SYNTHESIZER
CB:CENTER-BASS STEREQ SYNTHESIZER

Figure 2. A block diagram of the Stereo Synthesizer-Matrix system,

left or right, as opposed to being equally split between the
channels.

In the Bauer discussion on phase shifters mentioned earlier,
he states that as the phase is varied from 0 degrees to 90
degrees between channels, that the apparent source of the
sound moves from a point source until it fills the entire space
between the loudspeakers. It nirns out the stereo/mono com-
patibility requirements call for a phase shift of 65 degrees in
the synthesizer-matrix mode of operation. listening tests
have revealed that the apparent width of a 65 degree shifted
source is much narrower than a 90 degree source, so the soloist
does stay well-confined to the center.

It is, nevertheless convenient and economical to provide a
center phase split mode of operation, available by means of a
mode switch. This technique for obtaining stereo,/mono coni-
patibility has been described in the literature?. In this mode,
left and right are applied directly to the outputs, and the
center input is phase-shifted 90 degrees (quadrature split),
thus avoiding the 3 dB3 center-channel buildup in mone.

This technique has all of the spatial problems of the pan-
pot technique (point source teft and right), with the added
problem that the apparent width of the center has been
spread to the entire width of the stereo stage. The author
feels that the svnthesizer-matrix technique gives a far more
natural spatial effect. Nevertheless, some producers mayv
prefer the former technique, so it has been made available.

The third mode which is available is a left ‘right quadrature
split. This is used in creating ex post facto compatibility from
two-track mixes that have already heen mixed through pan-
pots. Again, it has been described in the literatured. Here, the
phase of one track is shifted 90 degrees with respect to the
other, atfecting how the material common to the tracks adds
up in mono. In addition to the problems encountered with
the center-phase-split technique, this process also passes the
left and right information through phase-shifting networks,
which may alter the transient response of this material
unnecessarily.

A few comments about practical operation in the svnthe-
sizer-matrix mode are in order. The multitrack master should
be mixed down to four tracks: left. right. svnthesized center.

and phase-shifted center. All equalization, compression, etc.,
should be applied to the individual tracks before mixing. so
that maximum control can be exercised. The four cutput
tracks and the echo return are applied to the five inputs of
the synthesizer-matrix. The dimension controls are adjusted
to get the spatial effect that the producer desires. The output
of the matrix is the source which should be monitored for all
adjustments. In practice, it will be found that the matrix
utilizes the psycho-acoustical properties of the ear far better
than the pan-pot technique, so the matrixed mix wilt sound
louder for a given peak level, and the ear will be better able
to separate the various instruments. In addition. the sterec
space will sound smooth, panoramic, and real. Mono com-
patibility will be automatically maintained for all inputs
except for the reverberation input. Here, in order to get
maximum field spread. it is necessary to lose 1.5 dB of reverb
level in the mono mix of the stereo output. It was felt that
the mono. with the constriction of its single channel, could
well withstand the increase in clarity that the loss of 1.5 dB
in reverh tevel could bring.

It turns out that material produced by the matrix tech-
nique also has distinct advantages in providing the mechan-
ical compatibility of a stereo disc. It is well known that
reducing the vertical modulation results in a disc which is
easier to cut, easier to manufacture, and easier to track.
However, reducing the vertical modulation has the same ef-
fect as reducing the separation in ordinary circumstances.
This is not true in the case of the synthesizer-matrix. It turns
out that the vertical laterat ratio for the center inputs is a
constant 0.65. For the left and right inputs, it is frequency-
dependent, ranging from 0 to 1.00 and averaging (under cer-
tain assumptions) about 0.619. We then conclude that the
typical vertical /lateral ratio is about 0.6 to 0.7., giving us
simuttancously no loss in the width of the stereo field. The
loss of different information goes instead into filling in the
field.

In contrast., a conventional left ‘center/right recording
gives ratios of 1,00 for the left and right, and 0.0 for the
center. The center phase split technique, while solving the
halance compatibility problem, makes the mechanical com-
patibilitv: problem far worse: here, the left and right ratios
stav at 1.00, and the center ratio has also heen made 1.00,
making the vertical modulation equal in magnitude to the
lateral modulation under all conditions. Any attempt to
solve the problem by the use of difference signal bass rollotf
or elliptical equalization will only result in a different fre-
quency balance between the stereo and the mono mix in the
bass region. Since the lateral signal is usually hass-boosted to
compensate for the loss of power spectral material in the
vertical signal, the power spectrum of the stereo may remain
constant, but the mono must suffer a bass boost.

The stereo synthesizer system, then, solves many problems
of extant techniques, and, if used with taste and judgement,
should further the state of the art of professional audio
recording.
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imeron Methods and Scales o
Noise Measurement, Part 2

WAYNE RUDMOSE

Last month's installment dealt with the fields
of measurement and the relationship of media to
sound propagation

FREQUENCIES AND THEIR RELATION
TO SOUND MEASURES

The range of frequencies that coneern us can be classilied
as the sonic range (20-20,000 [1z), the ultrasonic range
(20,000 Hz and above). and the infrasonic range (20 Hz and
helow). The problems of hearing and noise exposure are
normally associated with the sonic range; jet engines, ultra-
sonic cleaners, etc., are common sources which generate ultra-
sonic as well as sonic energy'; and machines with parts which
rotate very slowlv. as well as large rockets, are common
sources of infrasonic and sonic waves.

The specification of frequencies in acoustics is usually in
frequency bands, atthough certain sounds such as the turbine
whine of our jet aireraft engines will be specified as pure
tones or a one-cyele per sec (Hz) bandwidth. The reason for
using the larger bandwidths is that psvchophysical experi-
ments relating psychological response to physical stimuli
have shown that very narrow-band subdivision by frequency
of the stimulus is not especiatly meaningful in relating the
psychological response to the physical stimulus. Clearly there
are exceptions to such a generalized statement, as evidenced
by pure-tone audiometry, but for the vast majority of the
cases the general statement is a reasonable description of the
situation.

SOUND MEASUREMENT EQUIPMENT

The most commonly used instrument is the sound levet

Wayne Rudmose is a group wvice president of Tracor, Inc..
located in Austin, Texas. The material of this series originally
appeared in the American Speech and IHearing Association
Reports 4 (February 1969).

meter. If the sound is reported as having been measured with
the sound level meter, the data will most likely: be reported
as sound level in B or sound level in dB3A. When the sound
level is reported as dBA, the frequency range should be in-
terpreted as approximately 400-10,000 Hz. If it is reported
stimply as sound level in dB, the measurements were probably
made on the “C’" frequency scale which covers a range of
approximately 25-10,000 Hz. Unfortunately these frequency
ranges are not as well defined as the numbers might indicate
since the response of the sound level meter does not stop
abruptly cither below or above the frequencies which have
heen listed as the frequency range. Stated another way, the
sound level meter has certain simple electrical circuits which
provide a degree of frequency analyvsis of sounds. These
circuits are referred to as “weighting networks™ in that they
give greater “weight” or importance to sounds in certain
frequency ranges than in other frequency ranges. The labels
associated with these networks are the “A™, *B", and “C”
scales. ‘The A\ scale has an upper range of about 10,000 Hz
and discriminates against frequencies lower than about 400
Hz. The B scale. which is seldom used, has about the same
upper range as the A scale and discriminates against fre-
quencies lower than about 125 tlz, whereas the C scale repre-
sents littte or no discrimination over the frequency range of
approximately 25-10,000 Hz,

It behooves anyvone interested in acoustics to study in de-
tail the response characteristics of sound level meters so that
he may gain an appreciation of the meaning and implication

LAn earlier reference was 10-¥ watt, which is now superceded. Tlie reference is
on page 24, January.
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of data taken with such a device. More and more data are
being reported based upon sound level meter measurements,
a trend that represents a significant change in our method of
measurement. Beginning with World War Il a verv high
percentage of all acoustical data were measured with acousti-
cal instruments much more sophisticated in frequency dis-
crimination than the sound level meter. Although the trend
of sophisticated instrumentation still continues, the sound
level meter is once again considered a useful instrument for
the measurement of sounds.

Let us turn to those more sophisticated instruments just
referred to. They fall under the generalized heading of “ana-
lyzers.” The most common type is an octave-band analyzer.
An octave is any frequency range in which the value of the
upper frequency of response (fH) is twice the value of the
lower frequency of response (fi.). The octave analyzers com-
monly used before 1960 had such frequency limits as 75-150
Hz. 150-300 Hz, 300-600 Hz, etc. This older instrumentation
defined the octaves in terms of their lower and upper cutoff
frequencies. Beginning almost 10 years ago the method of
designating the octave bands was changed from designating
the cutoff frequencies as illustrated above to designating the
center frequency of the band. Unfortunately, the center fre-
quency of an octave band is not the arithmetic mean of the
low and high cutoff frequencies but is their geometric mean.
The geometric mean is equal to ViLfu, and since fu = 2f1,,
this makes the center frequency numerically equal to V2
times the lower cutoff frequency (1.4141). The center fre-
quencies of the new octave analyzers start with 1000 Hz and
extend up and down in frequency. If the center frequency is
stated. a quick and reasonably accurate way of determining
the low frequency cutoff is to multiply the center frequency
by 0.7 which is equal to +/2/.2. The upper cutoff frequen-
cv of the bandwidth can then be calculated as two times the
lower cutofi frequency. As an example. if the center fre-
quency is 2000 Hz, the low frequency cutoff is 0.7 x 2000 =
1400 Haz: and the upper cutoff frequency is 2 X 1400 = 2800
Hz.

It is only natural that once the frequency domain was
divided into octaves the next logical step would be to divide
it into ranges of fractions of an octave. For a short period
there was an “instrumentation struggle” between one-half
and one-third octaves, but the hattle was short-lived and the
one-third octave analvzer was the victor. A one-third octave-
band analyzer simply divides each octave into three one-third
octaves. Thus an analvzer with 8 octave hands would now
become an analvzer with 26 one-third octave bands. If one
has data based on one-third octave band measurements, it is
straightforward to calculate the octave-band data; however,
it is not possible to calculate a one-third octave-hand analysis
from an octave analysis.

The development of all analyzers naturally follows the
advances and capabilities of the electronics art, since the
frequency bands are all obtained electronically within the
analvzer. Recognizing this. one must accept the fact that
in the competitive world of instrumentation other forms of
analyzers will be developed according to the ingenuity of
the people engaged in research. Manufacturers normally will
wait until the market for new analyzers has been defined
before embarking upon the development of commercially
available products. This tvpe of research and development
has led to analyzers whose cutoff frequencies can be varied
more or less continuously over wide ranges of frequencies.
The size of the bandwidth will vary from one instrument to
another, and it may or may not remain constant as a func-

tion of frequency. There are, in fact, two common types of
narrow band analyzers: one called the constant bandwidth
analyzer and the other a constant percentage bandwidth
analyzer., A constant bandwidth analyzer has a passband
which is constant and independent of the center frequency
of the passband. A 10-cycle bandwidth analyzer would imply
that if the center frequency of the passband is at 200 Hz
the bandwidth would be 10 Hz, and if its center frequency is
at 2000 Hz the bandwidth is still 10 Hz. On the other hand
if the analyvzer were a 109, constant percentage bandwidth
analyzer and the center frequency is at 200 1z, the band-
width would be 20 1{z. If, however, its center frequency were
at 2000 Hz, the bandwidth would he 200 Hz. It is relatively
easy to explain the mathematical relationships just given,
but the effect on the data obtained using these two types of
analyzers is not as easy to explain.

It must be understood that the output indication of any
analyzer depends upon the bandwidth of the analyzer. If
one therefore measures the same sound with an octave-band
analyzer, a one-third octave-band analyzer, a 10-cycle
constant bandwidth analyzer, and a 109, band analyzer,
the data obtained with these four analyzers would ditfer
significantly from each other even though the noise measured
is identical. If these four analyses are displayed on the same
graph, the four spectral curves will be different. An untrained
observer might therefore think that there were four different
noises, whereas the sophisticated person would recognize
these four spectral curves as representing the same noise,
provided sufficient information is shown on the graph to
indicate the type of instrumentation used to obtain each
of the four spectra.

It is clear that as one divides the sound energy into various
size frequency bands, the energy in a particular frequency
band cannot equal the total energy in the sound. If a sound
has equal energy in every cycle (this is called white noise).
a little thought will convince yvou that as the bandwidth be-
comes more and more narrow, the output of the analyzer will
decrease accordingly-.

Lquipment Limitations. Up to this point I have not con-
cerned myself with the method of displaving the output of
noise measuring instruments. Most of you are aware tha tthe
common form of output registration is a simple meter.
Data are secured by recording the dellection of the meter
needle in terms of the scale on the meter. and this detlection
is normally combined with the setting of a control or controls
associated with the instrumentation. In nmiost cases these con-
trols move in fixed steps of 10-dB intervals.

The point to be stressed is that the mechanical and electri-
cal characteristics of the indicating meter itself cannot be
disregarded. If the sound is more or less steady. the character-
istics of the meter have well-defined effects upon the deflec-
tion of the meter needle. If, however. the sound changes in
intensity rather quickly with time, the effects of the meter’s
characteristics can no longer be well defined. The meter
movement does not respond to alternating current (AC)
signals but is responsive to direct current (DC) voltages;
hence, the AC signal which corresponds to the acoustic
signal must be converted into a DC signal before being
applied to the output meter. The needle of the output meter
can respond to changes in the DC voltage, but not if these
changes take place in a time shorter than about 0.2 sec. As a
consequence, the use of conventional sound level meters and
analyzers must be restricted to steady types of noises or to
steady noises that are not rapidly interrupted.

(Continued next monlh)
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STEREO STUDIO IN
AN ATTACHE CASE

A Six Channel Portable Mixer to Help
You Get the Show on the Road

Now a mixer for professional use
that weighs only 25 pounds—in a
case measuring 18" x 12%" x 5%"1!
Can be carried anywhere. Great for
“remotes”. An excellent standby sys-
tem. Low price but no sacrifice in
quality. Ideal for colleges.

THE MODEL 1800
AUDIO LIMITER

fout limiters in 6 inches of space

Unsurpassed for Price . . . Quality . . .
Compactness . . . and Performance

At last . . . build full control into the
console itself with Model 1800 Audio
Limiters, protecting every input against
unexpected peaks and permitting the
amount of limiting on each channel
to be controlled. Only 1%6" x %" x 7.
Exceeds rack-mounted limiters in
performance.

GATELY ELECTRONICS
57 WEST HILLCREST AVENUE

HAVERTOWN, PENNA. 19083
AREA CODE 215 « HI B-18i5
. Fou checked Gately lafely 7

Cirele 29 on Readey Seviice Card

New Products

TAPE RECORDER

@ The British-made  Ferrograph tape
recorders are now available in a 60-11z,
117-volt wversion distributed by Elpa
Marketing Industries, The Series Seven
are three-speed machines with  three-
head factlity and editing features, Full
servicing and  stocking  facilities  will
be maintained by the distributor, on a
national hasis.

Mdr.: Elpa Marketing Industries

Price: (approx.) $6350

Crrele 60 on Reader Service Card

DUPLICATOR

® High-speed cassette-to-cassette dupli-
cation is the featnre of this new system.
The two-track duplicator operates at
15 in. sec. (8XN). Four duplicate cas-
settes mav be simultaneously made
from an original cassette every four
minutes (for a C-00), Both tracks are
duplicated simultaneoushy (mono). The
svstem i extremely casy to operate,
making it ideal for sehool and industrial
use where semi-technical operators are
all that are available. An additional
four-stage =lave mayv be added for a
total of eight-cassette capability.
Mfros Infonics, Ine.

Cirele 65 on Reader Service Card

REVERB SYSTEM

@ The Reverbertron 639 features full
range equalization, an improvement in
s/n of 10 dBB ove the previous 638\
model, complete metering of all signals
in  the syvstem, selection of short,
medivm, or long decay times. local and
remote selection of three degrees of
reverh, continuous mix, and  plug-in
p.c. electronics. A transformer isolated
input and output of 6002 or 1500 hal-
anced or unbalanced is provided.

Mfroe Fairchild  Recording  Equipment
Corp.

Circle 62 on Reader Service (Card.
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Lesson Number 11

Would you pass?

Today's lesson is on responding to opening bids of one-of-a-suit.

Cover the box below with a sheet of paper 56 you won't see the answers
to the questions until you've come up with your own answers.

You hold the hand in the photograph.

Your partner has opened the bidding with (14).

What do you bid?

Pass 1 NT 2y 2 NT
READ A 1*uss) &L 2 (B ]
EAD B

What do you re-bid? What do you re-bid?

Pass 3NT (L4 Pass 4y
READ C (I'uss (Pass) READ F (Pus
READ D READE READ G

A} You can’t pass with a hand that strong

B) Your response shows 6-9 high-card points and is not forcing.
C) You have enough for game: don't stop now.

D) This is game, but the wrong one. You found a heart fit
that’s your spot.

E) Correct bidding. Congratulations.

F) Wrong game. Your 2 NT response is to hlame. You can get to
no-trump later if that's right, but first you should show your
good heart suit.

G) You should have hid 2% in the first place. because now you
really took a stab in the dark by bidding 4%. This time you were
lucky 4% is the right contract. But what if partner had no
heart support for you?

The comments about your bidding
were from Charles Goren. His com-
ments and the lesson were taken from
a revolutionary new system for teach-
ing better bridge: Bridgeveryone.

What makes it unique?

Bridgeveryone is based on a very [————————

O: TIMEKEEPER

simple principle: the only way to learn (
to play better bridge is to play better | T
bridge as you learn. | P
So Bridgeveryone starts you off with
Charles Goren, America's master player
and teacher, practically coaching over
your shoulder. He supervised prepara-
tion of all the lessons and he com- | Name.
ments on all your play. He teaches you :
to tell right from wrong in every lesson. | Address .
So when you make o mistake, you'll | City
know why. And won't repeat it.
Bridgeveryone puts cards in your
hand. L

. 0. Box 762

| Mineola, N. Y. 11501

| Enclosed is a check for $
| Bridgeveryone Bridge course at $29.95 each. Shipping costs: add 75¢
| regardless of quantity,

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

From the first lesson on, you play a real game
of bridge with real cards. Alone or with friends-
It's all made possible by an ingenious device
called the “Automatic Dealer™" that takes the
Bridgeveryone cards and deals out four hands

automatically in 40 different pre-pro-
grammed games.

It sets up over 2000 real situations that you
can run into at the bridge table. And with
Charles Goren's help, you solve them all.

{About the only thing the "Automatic Dealer"
can't teach you is how to shuffle.)

By the time you've finished the lessons, you'll
have a sounder gome and play better bridge
than 90% of those playing now.

What you get for your money.

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

The lessons take you from opening bid to
final trick. From the elements of bidding to the
complexities of signaling. But it's never over
your head because you learn at your own
speed.

Bridgeveryone can teach from one to four
people at a time ... so you don't have to learn
alone. And you don't have to be a beginner to
benefit from it. The instruction becomes subtle
and complex enough so that even an old hand
can learn some new tricks.

The money it takes to get Bridgeveryone,

The cost complete is $29.95 (plus tax
where applicable).

Is it worth it?

Alan Truscott in “The New York Times” had
this to say: “Bridgeveryone is an ingenious de-
vice that provides a comprehensive bridge
course . . . The product retails at $29.95, which
is substantial. But it provides the equivalent of
a course from an expert teacher that would
cost considerably more.”

As for Charles Goren, expert teacher: “Al-
though I've been playing and teaching bridge
for over thirty-five years, Bridgeveryone is the
most unique bridge-teaching system yet. The
ability to learn bridge by playing bridge with
the “Aufomatic Dealer’' is the greatest bridge-
teaching breakthrough I've ever seen.”

Use the handy coupon. Full satisfaction is
guaranteed or your money will be refunded.

Please send sets of the

Company

State Zip

—— — —— —— ——— ——— —— =)}
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CERTIFIED

HUMIDITY
INDICATOR

SHOWS
RELATIVE
HUMIDITY
AT A

GLANCE

¥297

This precision instrument in gleam-
ing solid brass casing has a large
dial for quick, easy reading. Hu-
midity range 0 to 100%. More
than 30,000 in daily use.

GUARANTEE

100% absolute satisfaction s
guaranteed, or your many re-
turned within 10 days without
question.

TIMEKEEPER

P.O. BOX 762

MINEOLA, N. Y. 11501

Circle 30 on Reader Service Card

Sound with Images

MARTIN DICKSTEIN

LIGHT SOURCES AND THEIR

e\ most important factor in the
installation of the projector and its
light source in any good andio-visual
installation is the color response.  [fach
available light source has a slightly dif-
ferent color output from any other
and this is important in the fdelity
of the final image scen on the sereen.

Let's first take a look at the eve and
its sensitivity,  Most andio engineers
and installers are familiar with the
Fletcher-Munson curve whieh describes
the response of the normal human ear
to vartous frequencies and intensitics.
A curve is also used in deseribing the
color sensitivity of the normal human
eve. It is much simpler than the ear-
cnrve. It looks very much like a
normal probability curve with a low
tlat start from zero on the left, a gradual
increase in rising slope to a rounded
peak and a fall-off to the right resem-
bling the rise on the left of the peak.
The lower right side gradually tlattens
out and disappears into the zero line
apain. What has been graphed is the
wavelength in Angstrom units on the
horizontal axis with the relative re-
sponse of the eye on the vertical axis.

It has been found that the upward
rise starts at about 3800 Angstroms
and rises to a peak of 100 at about
5550.\ and drops 1o zero again at 7600\,
This plot is made under normal day-
light illumination conditions, and shows
that the eve is most sensitive to the
green area of the spectrum. (1A equals
1078 em.) The slope of the curve is
such that for the same amount of
energy of 3000\ tight incident on the
eve, the eve is only about a third as
sensitive, Thus, three times as much
energy at 5000\ is required for the
same response as for light at 3550\,
It can be seen that the eve is only sensi-
tive to a very narrow hand of electro-
magnetic radiation ranging from violet
at the shortest wavelength through
blue, green, vellow, orange and red at
the maximum visible wavelength.

Our principal source of light is the
sun. The photosphere envelope around
the sun which gives us our light is at

www americanradiohistorv com
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about 6000°C, The hotter the tem-
perature of the source in the projector,
therefore, the closer will the output
approach the white of sunlight.

Among the most common sources of
light is. of course, the incandescent
lamp. The modern lamp of this type
contains a tungsten flament and is
filled with a gas such as nitrogen (as
opposed to an evacuated bulb and car-
hon hlament used in the original models
by Edison). The gas prevents oxidation
of the filament and keeps the inside
of the bulb refatively free of evaporated
tungsten by preventing too rapid evap-
oration of the filament. Although dif-
ferent forms and windings of the fila-
ment are possible for special effect, the
usual lamp is heated up to about
3000°C with the resulting characteristic
output.

An intense source of light used a
great deal in searchlights as well as in
projectors is the carbon arc, The carbon-
are lamp consists of two carbon elec-
trodes connected to a source of power
through a reststor. When the carbon
rods are brought inte contact then
separated, an arc is formed and the rods
are heated by the current flowing
through them. The points of separation
hecome very hot, some of the carbon
vaporizes and acts as a conducting path
between the two rods. The positive
terminal, white hot, is the main source
of light at about 3700°C with the vapors
and negative rod contributing a small
amount of additional ilumination. Spe-
clal purpose carbon arcs are also made
with the positive electrodes fitled with
a material other than carbon. The re-
sulting light contains the characteristic
color of the fill material superimposed
ot the white of the arc.

The mercury arc is another important
source of Hght. There are two types of
this lamp: low pressure and high-
pressure arc lamps, In the former, the
lamp contains a pool of mercury at the
hottom of a glass or quartz container
with two metal electrodes sealed in the
ends. The pool is in contact with one
of the electrodes with vapor filling the
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rest of the tube. By tilting the tube
momentarily, the mercury makes con-
tact with the other electrode. When the
bulb ts returned to the normal upright
position, the vapor that has become
ionized becomes  the conductor  for
the current from the electrode at the
top of the tube. The resulting emitted
light comes from the positive electrode
and is characteristic of the mercury
source—rich in hlue and violet light,

The high pressure mercury arc con-
tains a small amount of liquid mercury
which is completely vaporized by a
current passing through the tube. Al-
though the arc starts as a low-pressure
type. the pressure quickly builds up to
as much as 100 atmospheres within the
tuhe. The container is alwavs made of
quartz.  The temperature is  about
3000°A and is a good source of ultra-
violet radiation.

Although not used in projectors, it
might be interesting to mention that
the common fluorescent lamp is essen-
tially a mercurv-vapor lamp. made into
a long glass tube with a coating on the
inside. To make it casier to start the
famp, a small amount of the inert gas
Argon is introduced. To light the
lamp. a current is passed through the
two clectrodes sealed into the glass,
The hlaments emit electrons when hot.
the electrons ionize the gas and vapor
and start the arc. However, because a
higher potential is needed to start the
lamp than to keep it going, a special
starting device is used to provide a
high starting current and a lower operat-
ing potential. The principal source of
light is the low-pressure mercury vapor
which is in the blue-violet range. Also,
a small amount of ultra-violet light
is emitted. This is ahsorbed by the
internal coating on the glass and a
secondary source of light results. This
secondary source can be red. orange,
yellow, or almost any desired color by
the use of the proper coating on the
inside of the tube.

To illustrate the relative efficiency of
the sources mentioned, it is only neces-
sary to determine the output luminous
flux (with a photometer) and form a
ratio of the total luminous flux emitted
to the power supplied. This factor is
expressed in lumens-per-watt. A\ typical
25-watt tungsten lamp has an output of
260 lumens for an efficiency of 10.4
lumens per watt. A 100-watt tungsten
lamp has an efficiency of 16.3 lumens
per watt and a 1000-watt tungsten
lamp with an output of 21,500 lumens
has an efficiency of 21.5 lumens per
watt. A 1000-watt carbon arc has an
efliciency of 60 lumens per watt, a
100-watt high-pressure mercury arc
has an efficlency of 35 lumens per
watt, a 1000-watt lamp of the same
kind has 65 lumens per watt and a 40-
watt white fluorescent lamp has an
efficiency of 58 lumens per watt.

CLASSIFIED

Classified advertising is an excellent and low-cost way to place
your products and services before the audio professional. I you are
a prospective employer seeking skilled help or an employee seeking
a change you will find that the classified pages of db reach the
people you want. Special low rates apply for this service.

Rates are 50c a word for commercial advertisements. Non-com-
mercial and employment offered or wanted placements are accepted
at 25c per word.

Frequency discounts apply only to commercial ads and are as
follows.

3 times — 109,
6 times — 209%,
12 times — 33149,

Agency discounts will not be allowed in any case.

Closing date for any issue is the fifteenth of the second month
preceding the date of issue.

The Citizen Exchange Corps

Announces

A Counterpart Visit to the Soviet Union

For Recording Engineers and
Others Interested in the Art and
Science of Music and Recording

Dates-April 4 through 25, 1970

The purpose of the trip is to advance the cause of international
understanding by encouraging members of the recording
industry to meet, and exchange ideas with, their counter-
parts in the Soviet Union.

For further details contact:
John M. Woram
Citizen Exchange Corps
c/o db Magazine
980 0Old Country Road
Plainview N. Y. 11803
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BOO KCASE
R D

As a service to our readers we are pleased
to offer these books from prominent tech-
nical publishers. All prices listed are the
publishers’ net. Shipping charges are
included.

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

Broadcasting

RADIO BROADCASTING

edited by Robert L. Hilliard. Each of the five
chapters has been written by a prominent
educator with an extensive background of
practical experience in commercial and edu-
cational broadcasting The areas covered in-
clude: management and programming, oper-
ating and studio facilities, producing and di-
recting. writing, performing. For those of you
who want to, or must, operate on both sides
of the control room, this is virtually required
reading. 190 pages; 6 x 914; indexed;
clothbound.

$6.95 ($8.35 in Canada)

Circle 2 en Coupon Below

Reference

New 17th Edition of the famous

RADIO HANDBOOK

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

$12 95 ($15.50 in Canada)

Circle 10 on Coupon Below

Sagamore Publishing Company, Inc.

980 Old Country Road, Plainview, N.Y. 11803
Plesse send me the books | have circled below. My full remittance in the amount

of$......... is enclosed. N.Y. State residents add 5% sales tax.
123 45678910 11 12 13 14 15 16 17 18 19 20 21 99
23 24 925 26 27 98 929 30 31 32 33 34 35 36 37 38 39 40

How To

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

by Norman H. Crowhurst. 1967. This book
gives all the basics needed to become 4 suc-
cessful PA operator, in any situation where
the reinforcement, relay, or distribution of
sound can provide a service. It shows how to
properly install, operate and service public
address systems. All aspects of the subject,
from survey to the selection of appropriate
equipment, to installation, to routine opera-
tion and the maintenance of a finished sys-
tem, are covered. Attention is given to solv-
ing problems encountered in providing suc-
cessful service. The book’s systematic and
practical approach makes it highly useful to
radio-TV servicemen, hobbyists, and PA
equipment manufacturers. 136 pages; 6 x 9;
illus: softbound.

$3.95 ($4.60 in Canads)

Circle 15 on Coupon Below

CLOSED-CIRCUIT

TELEVISION HANDBCOK

by Leon Wortman. Gives comprehensive
detailed information about the field in an
easy-to-understand presentation. [t's par-
ticularly suited to those who plan to use,
install, and service cctv. Covers the subject
from the simple single-camera system to the
most exotic systems. 288 pages; 51 x 81%;
clothbound.

$5.95 ($6.75 in Canadas)

Circle 18 on Coupon Below

Electronic Music

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

$10.00 ($11.95 in Canads)

Circle 19 on Coupon Below
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General Audio

THE TECHNIQUE OF

THE SOUND STUDIO

by Alec Nisbett. This is a handbook on radio
and recording techniques, but the principles
described are equally applicable to film and
television sound It describes how the high-
est standards may be achieved not only in
the elaborately equipped studio but slso
with simple equipment out on location. 264
pages; 60 diagrams; glossary; indexed; 514
x 814; clothbound.

$10.50 ($11.95 in Canada)

Circle 1 on Coupon Below

DESIGN OF LOW-NOISE
TRANSISTOR INPUT CIRCUITS

by Wiiliam A. Rheinfelder. 1964. Written
for students as well as circuit design engi-
neers interested in low-noise circuit design.
Throughout, the book gives a multitude of
time-saving graphs and design curves for the
practical circuit designer. Simple derivations
of all important formulas are also presented
to help the reader obtain a deeper insight
into the fundamentals of practical low-noise
design. 198 pages; 6 x 9; illus.; clothbound.
$5.50 ($6.50 in Canada)

Circle 14 on Coupon Below

THE AUDIO CYCLOPEDIA

(2nd EDITION)

by Dr. Howard M. Tremaine. New and
updated, here is the complete audio refer-
ence library in a single volume. It provides
the most comprehensive information on
every aspect of the audio art. This new
edition includes the latest audio develop-
ments including the most recent solid-state
systems and integrated circuits. It covers all
subjects in the fields of acoustics, recording,
and reproduction with more than 3400
reflated topics. Each topic can be instantly
located by a unique index and reference
system. More than 1600 illustrations and
schematics help make complicated topics
masterpieces of clarity. 1760 pages; 64 x
9-3/8; hardbound.

$929.95 (335.95 in Canada)

Circle 20 on Coupon Below

ACOUSTICS—ROOM DESIGN

AND NOISE CONTROL

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

$17.50 ($20.90 in Canada)

Circle 21 on Coupon Below
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HANDBQOK OF ELECTRONIC TABLES
& FORMULAS, (3rd Edition)

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

$5.50 ($6.60 in Canada)

Circle 8 on Coupon Below

Test and Maintenance

INTERMODULATION AND
HARMONIC DISTORTION
HANDBOOK

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

$4.25 (35.25 in Canada)

Circle 9 on Coupon Below

Circuitry and Components

PASSIVE AUDIO NETWORK DESIGN
by Howard M. Tremaine. A complete and
comprehensive guide to the design, con-
struction, and testing of all types of attenu-
ators, equalizers, and wave filters for the
practicing audio technician or engineer. This
authoritative text is one of the few written
on the subject, and requires only nominal
mathematical background. Written in easy-
to-understand language, the content presents
the basic design, construction, and testing
considerations without the confusion often
associated with passive networks. 288 pages;
514 x 814; softbound.

$5.50(36.45 in Canada)

Circle 5 on Coupon Below

TRANSISTORS FOR AUDIO
FREQUENCY (AUDIO-FREQUENCY
AMPLIFICATION)

by Guy Fontaine. 1967. This systematic and
detailed treatment of the application of tran-
sistors in audio-frequency amplifiers shows
how the published transistor characteristics
are related to the principles of design. To as-
sure clarity, the figures are rendered in sev-
¢ral colors and placed opposite the related
text. Simple equations reinforce the lucid ap-
proach. An ideal textbook or reference on the
subject for engineers and advanced techni-
cians. 384 pages; 534 x 8; illus.; clothbound.
$7.95 ($9.55 in Canada)

Circle 12 on Coupon Below

ACQUSTICAL TESTS

AND MEASUREMENTS

by Don Davis. Provides a solid understand-
ing of the entire subject of acoustical meas-
urements; based on actual field test work,
using commercial equipment. Contains prac-
tical, time-saving solutions to actual problems
encountered in the field; minimum math is re-
quired for understanding. The author is an
expert in this field, and an authority on audi-
torium acoustics. An invaluable book for
phone company special service engineers,
plant maintenance engineers, communica-
tions engineers, noise control specialists, ar-
chitectural engineers, broadcast engineers
and technicians, hi-fi fans and students. 192
pages; 534 x 814; hardbound.

$6.95 (3$8.35 in Canada)

Circle 7 on Coupon Below

Classified

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

Classified Ad Dept.

db

THE SOUND ENGINEERING MAGAZINE
980 Old Country Road

Plainview, New York 11803

Rates are 50¢ a word for commercial adver-
tisements. Non-commercial and employment
offered or wanted placements are accepted
at 25¢ per word.

FOR SALE

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

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

RECORDING STUDIQ REFURBISHMENT
wakes available-— Universal audio consoles:
1 18-pos. 4-ch. output; 2 12-pos. 3-ch. out-
ut. Plus: 3 Grampian cutting systems; 1
airchild lathe; various limiters, compressors,
etc. Write for specifications and full list of
available gear. United Recording Corp.,
6050 Sunset Blvd.,, Hollywood, California
90028. Attn: Jerry Ferree.

AMPEX 601-2 PORTABLE broadcast re-
corder, 200-chm mike inputs, Samsonite
luggage case, supply flutter filter, heads
recently re-lapped for first time. With service
manual and almost-complete spare-parts kit.
Slightly marred case but in excellent operat-
ing condition: $350 plus shipping. J. G.
Holt, RD2, Box 314, Glen Mills, Pa.
19349,

MICROPHONES dynamic, condenser,
ribbon. Precision-built in Germany. Top
value, performance and appearance. Write
for your catalog, distributor cost sheet, and
free booklet "How to Choose and Use
Microphones”. Stanford International, San
Carlos, California 94070.

THREE GOTHAM GRAMPIAN CUTTER
systems including head, amplifier and
power supply. $800. each or $2300 for all
three. Also available, syncronous slave sys-
tem, allows four acetates to be cut simul-
taneously, ready to use, best offer. Universal
gszording Corp., 46 E. Walton, Chicago

11.
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AT LASTI A headset designed specifically
for studio use. Single phone with adjustable
headband and vinyl cushion has 2000 ohm
impedance. Rugged 20 foot cable is super
flexible. $2.95 ea. Quantity discount avail-
able. Studio Engineering Consultants, 19123
Castlebay Ln., Northridge, California 91324

EMPLOYMENT

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

HELP WANTED—SOUND SYSTEM EN-
GINEERS. Experience in audio/visual and
CCTV helpful. East side-midtown Man-
hattan. Immediate openings. All information
held in strict confidence. Call (212)679-
0400.

DISTRICT SALES MANAGER for leading
commercial sound line. To qualify you must
have a minimum of 5 years' experience in
commercial sound sales (industrial school,
etc.) plus solid technical understanding
of the field. Applicants must be capable of
building sales volume through effective
selection, training, and supervision of com-
mercial sound distribution in  multi-state
territories. Send full resume and references
to Rauland-Borg Corporation, 3535 W.
Addison St., Chicago, lll. 60618, attn:
C. Dorwaldt.

YOUNG SALES ENGINEER needed by
reputable manufacturing firm of professional
audio equipment. Some knowledge of
application engineering. Opportunity for
advancement. Little travel, offices in New
York City. Write Box 1A, db Magazine,
98(8)0(3)|d Country Road, Plainview, N. Y.
11 .

SERVICES

CUSTOM  CARTRIDGE RELOADING,

clean-up and replacements. Write for price
list. Professional Audio Services, Box 1953,
Fort Worth, Texas 76101,

WHATEVER YOUR EQUIPMENT NEEDS
— new or used — check us first. Trade your
used equipment for new. Write for our
complete listings. Broadcast Equipment &
Supply Co., Box 3141, Bristol, Tenn. 37620.
CUSTOM STYLUS — cartridge re-tipping,
re-building, replacements. International
Audio Stylus Corp., 111-D Lake Ave,,
Tuckshoe, New York, 10707 (Telephone:
(914) SP9-1297.

0L6L Apniqay qp
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People, Places, Happenings

eThe Audio Engineering Society
has made its call for papers for the
38th convention to he held at the Los
Angeles Hilton the 4th through the 7th
of May. If vou wish to present a paper
at this convention check with the AES
at its New York headquarters at 60
East 42nd St., New York, N. Y. 10017,
Address titles and abstracts directly to
the California chairman. Hugh 8.
Allen, Jr., Gotham Audio Corp.,
1710 N. La Brea Ave.,, Hollvwood,
Calif. 90046.

® Midwest residents note the dates of
the NAB show to he held in Chicago
April 5 through the 8th. As usual there
will be halls full of equipment to sce.
The place is the Conrad Hilton lotel on
Michigan Avenue.

®.\n agreement to create a new com-
pany to manufacture and distribute
recorded entertainment tapes through-
out the United Kingdom was announced
today by GRT Corporation, Sunuy-
vale, California, and Pye Records
Limited, lLondon, England. The new
firm, a joint venture, will he owned
equally by GRT and Pve.

In making the announcement. Alan
J. Bayley, GRT president, said that
the joint venture extends GRT's inter-
national marketing program by making
possible an immediate entry into the
United Kingdom recorded tape market
via a substantial distribution system
that is already in existence. He said that
the new firm will have distribution
rights in the 11K, to the Pve catalog
and to all of the available GRT proper-
ties on a rovalty basis. Of particular
significance, he said, is the ability of
the joint venture to obtain additional
properties via licenses from other record
companies and independent producers.

Pye Records, Limited is now con-
sidered the third largest record com-
pany in the United Kingdom and dis-
tributes in the U.K. recordings of such
performers as Petula Clark, Frank
Sinatra, Donovan, and Ilerb Alpert
and the Tijuana Brass. The new com-
pany will be headquartered in London
and will employ GRT duplication
equipment and technology in the manu-
facture of the tapes. They will be sold
under a variety of labels and marketed
through the existing Pyve distribution
system and through new channels as
well.

oDr. Peter Goldmark, president of
CBS Laboratories was the recent re-
cipient of the Franklin Institute’s
Elliott Cresson Mledal. Dr. Goldmark
was instrumental in the invention of
CRBS’ color television system (recently
used to transmit Apollo 11 space color
t.v.). The medal is being presented for
three specific contributions: the de-
velopment of the long-play record, the
color t.v, system, and the new elec-
tronic video recording system (evr). \ll
told, Dr. Goldmark is credited with 150
inventions.

Hegeman

® The formation of Hegeman Labora-
tories, Inc., a new corporation special-
izing in top-of-the-tine high-fidelity kits
and factory-wired units, color vir and
electronic musical instruments has heen
announced hy A Stewart Hegeman,
chief technical officer. Called Stereo
Age I, Hegeman lLaboratories’ line of
audio equipment will embody a modular
approach providing units which can be
purchased singly or in combination,
plus the switching equipment necessary
for complete flexibility. It will include
products ranging from components to
complete receivers—enabling the buver
to tailor his svstem to meet specific re-
quirements and add to it as his budget
space or sphere of interest expands.
First products in the line—a preampli-
fier control unit, switching panel, vu
meter and power amplifier—are sched-
uted for introduction early this year.
In conjunction with the introduction of
Stereo Age | products, Hegeman l.ab-
oratories plans to complete develop-
ment of a consumer-priced color and
btack-and-white vtr, according to Mr.
Hegeman.,
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Passin

i

@ The appointment of Eli Passin to
the position of vice president was
announced by Stephen F. Temmer,
president of Gotham Audio Corpora-
tion. Mr. Passin was heretofore na-
tional sales manager for the company.
Hugh S. Allen, Jr. continues as v.-p. of
and now directs the operations of
Gotham’s West Coast Office.

\ new affiliate. Telden Sales Corp.,
was founded to act as both leasing and
financing agents for CGotham Audio
products, thereby adding a most im-
portant service for Gotham clients who
wish to obtain long term leases or
financing plans on both individual items
and complete systems.

Tillett

o George Tillett has been appointed
editor of Audio Magazine, the month-
ly consumer publication serving the
high-fidelits: market. Mr. Tillett was
formerly director of engineering at
Fisher Electronics, Inc., and had
been executive vice-president of Audio
Dynamics Corp. Prior to these assign-
ments he was with Armstrong Wire-
less Company, Wharfedale, Heath-
kit, and Decca; all of these companies
are in his native Britain. He is also the
author of many books and articles pub-
lished over the vears.
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REVOX
GUARANTEES

THESE 4 PARTS
FOR ON

RECORD
HEAD

Ry

PLAYBACK
HEAD

L=
CAPSTAN

PRESSURE
ROLLER

THE REMAINING 842 PARTS ARE GUARANTEED FOR LIFE.

Until now, equipment to offer a lifetime guaran-  guaranteed for life.
guarantees were problem-  tee, on what is regarded This unprecedented
atical. Some companies by many as the most com-  offer becomes effective
guaranteed their products  plex link in the high fidelity immediately and has been
for 90 days, some for a chain, the tape recorder. made retroactive to in-
year or two. And one There are 846 basic clude the very first model
rather exceptional com- parts, exclusive of wiring A77 distributed by the
pany went so far as to offer and connectors in the Revox Corporation in
a five year guarantee on Revox A77 tape recorder the U.S.A.
its speakers. and every one of them, Wouldn'tit be nice if

Now, the Revox Corpo-  with the exception of the everyone could make
ration becomes the first four pictured above is the same offer?

Revox Corporation guaraniees 1o the original pur-
chaser of a Revox A77 tape recorder purchased

with the Revox Corporation within the time speci-
fied 1n the card supplied the purchaser with the

from it n the U.S A, except as to fuses and bulbs-
1) 1o replace without charge any part failing within
twelve months after purchase; and 2} to provide a
free replacement in exchange for any part there-
after failing except the record and playback heads,
capstan and pressure roller. This guarantee shall
be void if the purchase has not been regqistered

recorder, or If the recorder has been modified or
altered by anyone other than the Revox Corporation
or its authorized representatives, or if the recorder
has been daraged by misuse or accident. Trans-
portation charges are not ncluded in this guaran-
tee. There are no warranties or guarantees except
those expressed herein.

H wox delivers what all the rest only promise.

Revox Corporation, 212 Mineola Avenue, New York, N.Y 11577 In Canada: Tri-Te! Associales, Ltd., Toronto. Canada
Circle 1l on Reader Service Card
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stay home
intherack...

or follow whereveryougo?

Data Measurements Corporation thinks 1t depends
upon what your requirements are So we've developed
FM calibrators to meet both needs

Our Model 6200 1s a conventional bench or rack-
mounted FM calibrator, designed for checking and
aligning FM modulators and demodulators, particularly
those associated with instrumentation 1ape recorders
(1 consists of an accurate dc supply and crystal oscil-
lators for all reference frequencies. providing nine-
point calibration The Model 6200 provides a stimulus
to an FM modulator or demodulator under test, then
analyzes the response It compares the response 10
internal standards, and displays the error on a zero-
counter null meter, or by an audible signal null, The
null meter indicates error direclly in percentage of
bandwidth — with no manual operations required — On
one of four possible ranges.

For field service engineers and other people on the
go, or for small laboratories, universities and other
facilities where simple and rapid lesting 1s required,
DMC offers the Model 6275 FM calibrator. The 6275
meets instrumentation magnetic tape recording re-

quirements, weighs about 7 pounds, comes In (1S own
carrying case. and costs $550

Along with its portability, the Model 6275 can per-
form independent three-point calibration of modula-
tors and demodulators as well as overall FM chan-
nel calibration Other inexpensive FM calibrators align
the demodulator first and then use the demodulator as
a reference for modulator calibration, usually leading
to calibration errors.

Whichever calibrator you select — the stay-at-home
6200 or on-the-go portable 6275—DMC's professional
quality will meet your FM calibration requirements.

For further information and complete details, contact:

OVE

Data Measurements Corporation
855 Commercial Street

Palo Alto, California 94303

Telephone (415) 328-2961

Circle 12 on Reader Seyvviee Card
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