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Performer 

The Saki Ferrite Replacement 
Head... Developed Exclusively 
For The Scully 280 -B. 

Longer- wearing Reduces Flutter Minimizes Downtime Customized 

Precision -manufactured From Hot -Pressed Ferrite Glass- bonded Gaps 

Heads available for other fine -quality audio tape recorders 

SAKI 
SAKI MAGNETICS INCORPORATED 

1649 12th Street Santa Monica, California 90404 (213) 451 -8611 

(A California Corporation) 
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I he generation of audio waveforms 
is discussed by Walter Jung as he 
leads us down THE SIGNAL P:cl u. This 
is the first in a series. 

One way, according to G. R. Thur- 
mond, of avoiding excessive reverber- 
ation, is to COUNT YOUR AEI'S. Just 
what is an AEP is the subject of his 
article. 

Acoustical management of outdoor 
performances, to keep the audience 
and the neighbors happy, is revealed 
in Michael Rettinger's SOUND C'ON- 
TR01. BY BARRIERS. 

Editor Larry Zide has been travel- 
ling again, this time for a fascinating 
VISIT to I ltr. CBS . EctiN0l.0GY Cr.x- 
I ER in Stamford, Connecticut. 

The columnists will he on hoard .. . 

we hope. December \vill also bring a 

complete index of articles and authors 
for the years 197.1 and I975. 

Ludwig von Beethoven makes the 
big time with a psychedelic interpreta- 
tion by photographer H. Armstrong 
Roberts. 
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Our 
second - 
generation 
delay system is 
first in sound reinforcement 

w 

Heinz Hal, for the 
Performing Arts, 
Pittsburg/-, 
a Delta -T 
installation. 

Which should come as no surprise. After all, Lexicon pioneered the first 
all- electronic audio delay system. Now our second -generation Delta -T 102 
is the digital delay system most specified by acoustic consultants and 
leading sound contractors. They find the Delta -T 102 System significantly 
improves the intelligibility and naturalness of sound reinforcement installa- 
tions by acoustically synchronizing sound from multiple speaker locations. 
The modularity of the Delta -T 102 allows the ultimate in system flexibility. 
Proprietary digital techniques give such important advantages as 90 dB 
dynamic range and 0.2% total distortion. A five -position LED headroom 
indicator with 40 dB range assures straightforward and simple level setting. 
These systems are easy to install and extremely reliable. Most important, 
they are the best performing digital delay units available today at any price. 

To get the full story, circle reader service number or write Lexicon, 
Inc, 60Turner Street, Waltham, Massachusetts 02154. Or call 617- 891 -6790. 

Write on your letterhead for free I4 -page application note. 
AN -2. on sound reinforcement. 

exícon 
60 Tu' Strec 
Waltha P.tassa, 

(617 ) 891-6790 
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The half -inch 8- track. Less than $3500.00* 

Affordable 
The best multitrack tape machine made can't 
help you at all unless you can afford it. 
We don't say our tape recorders are the best 
you can buy. We do say they're good enough 
to produce commercial product. 

And that's what counts. 
Because quality is as much a matter of talent as 
tools. Because the true test of what comes off a 
tape is what goes on in the first place. 

Now if you're rich and famous (or just rich) 
you probably don't need us. But if you have 
more talent than money, check out the 
TEAC/Tascam Series 70. You can find your 
nearest Tascam Series dealer by calling 
(800) 447 -4700. In Illinois, call (800) 322 -4400. 
We'll pay for the call. T E AC 

TASCAM SERIES 
When you've got more talent than money. 

The half -inch 4- track. 
Less than $2000.00* 

TEA(' CORPORATION OF AMERICA 773371Iegraph Road, Montebello, Calif. 90649 TEAT 75 

Prices do nit include consoles. Actual retail prices will be determined by authorized dealers. 
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THE FIRST TRULY EXPANDABLE /CONTRACTABLE 

LIVE MUSIC MIXING SYSTEM 

28 INPUTS 
$6600.00 
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SUPER QUIET LIGHTWEIGHT VERSATILE 

Each input contains the following: mix level control, solo switch, 3- 
band graphic equalizer, monitor and echo send, LED peak indicator, 
mic pads and group assign switches. Output control module features 
include: subgroup level controls, with solo switch and equalizers; 
house, echo receive, and monitor level controls. Additional features on 
the output module are: VU meter and peak indicator switchable to any 
input or output through the solo system, headphone jack, headphone 
level control, and preview selector switch for listening pre or post 
fader; announce level controls for monitor and house, two auxiliary 
receive controls for line inputs. Back panel features: XLR -type con- 
nectors for balanced inputs and outputs, on /off switch for built -in 
phantom power supply for condensor microphones, optional multi -pin 
connector for snake to replace mic and line inputs, external equip- 
ment jacks, echo send and receive jack, subgroup outputs, and sub- 
group defeat switch that inactivates the subgroup system for mono 
operation. Write or circle number for literature and specifications. 
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Manufactured by 

UNI -54íN E AUDIO SYSTEMS DIVISION 
5559 CAHUENGA BLVD. 
NO. HOLLYWOOD, CA 91601 

DEALER AND REPRESENTATIVE INQUIRIES 

CALL (213) 985 -9501 
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THE EDITOR: 
Now you have gone and done it! 

What am I talking about? Well, it was 
the article entitled Handy Black 
Boxes by Don Davis. Now this is the 
kind of article that many of us would 
like to see more of. They are so use- 
ful. How about some articles on the 
equalization of buildings, both the 
engineering and the method of doing 
it? How about some articles that dis- 
cuss the pros and cons of various 
makes of that type of equipment? 
While we are at it, I'd like to know 
about various types of equipment that 
are simple, inexpensive, easily made, 
and solve sometimes knotty problems 
one meets up with -not necessarily 
in the larger systems. I have in mind 
the ever -present problem of rf or 
a.c. interference in lines and similar 
problems. Practical articles are most 
useful. 

Additionally, I liked the article 
about the f.e.t. mixer, which was in 
one of your past .issues. In the same 
issue as the article by Mr. Davis was 
the one on Electret Microphones by 
Basil Lane. an interesting article. 
keeping us up to date on the latest in 
that particular field. 

WILLIAM C. POLLARD 
db -Video Systems 
Manchaca, Texas 

THE EDITOR: 
In your August 1975 issue there 

was an article entitled "In the CD -4 
Groove." As a relatively new reader, 
it took me several hours to figure out 
why the published photographs were 
confusing to me. The photos are 
printed in a a way that makes it appear 
that the pertinent information is 
carved into the sides of mountain 
ridges sticking up out of the surface 
plain. I had to turn everything upside 
down in order to be "In the CD -4 
Groove." I wonder whether other 
readers suffered from the same il- 
lusion. 

EUGENE P. KATONA 
Cincinnati, Ohio 

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

300 North Zeeb Road 
Ann Arbor, Michigan 48106 



Professionals throughout the world are using the unique 

Torsional Transmission Line Principle in our big Studio Standard 

BX -20E. It duplicates and enhances natural reverberation with a 

control and predictability not possible with natural "vibes:' 

Now the Torsional Transmission Principle is available in the 

first truly portable reverb. Our two- channel, studio quality BX -10E. 

It lets you adjust independent decay time of 1.5, 2.5, or 3.5 

seconds. There's also separate high frequency and low frequency 

equalization for each channel. A reverb /dry signal mix for each 

channel as well. Input sensitivity selection of +12, +6, -6, and 

-22dBm. And a stereo /mono switch. 

The BX -10E uses motional feedback circuitry, so instant 

variation of decay time is possible during recording. You can make 

dynamic adjustments to a score while it is being recorded. The 

BX -10E features an ingenious two point pendulum suspension within 

an insulated case with a foam lining. You can use the BX -10E near 

monitors without fear of acoustic feedback or structure-borne 

sound and vibrations. 

Despite all it has going for it, the BX -10E is only 17 x 12 x 19 

inches small and weighs only 55 pounds. Visit your AKG profes- 

sional dealer for a personal introduction. Or write to us. 

AKG MICROPHONES HEADPHONES 
distributed by. 

PHILIPS AUDIO VIDEO SYSTEMS CORP.. 
AUDIO DIVISION 

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

AKG reverbs go beyond natural reverberation. 
Naturally. 
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The 
R.A.Neilson 

Company. 
MARKETING SERVICES FOR 
THE PROFESSIONAL AUDIO 

AND VIDEO INDUSTRY. 
Consultation Advertising 

Sales Promotion Research 
Industrial Design Technical 
Writing Personnel Search. 

A technically oriented 
Full- Service Agency. 

3378 Oak Glen Drive 
Los Angeles, Ca. 90068 

(213) 851-6855 

FREE LITERATURE 

ELECTRONIC KITS 

The new catalog from this manu- 
facturer lists their extensive line of 
electronic kits, including two new 5 

MHz oscilloscopes. Mfr: Heathkit. 
Circle No. 85 on R.S. Card. 

MAGNETOSTRICTIVE ALLOYS 
Nickel -iron and nickel- cobalt alloys 

in 0.0005 inch strip form are de- 
scribed in this bulletin. Mfr: Mag- 
netics. Circle 86 on R. S. Card. 

SPEAKERS 
A variety of speakers, with numer- 

out different applications, are de- 
scribed in this 10 -page booklet. Mfr: 
CTS of Paducah, Inc. 

Circle 87 on R. S. Card. 

DIGITAL DELAY NOTES 
A detailed application note de- 

describes and diagrams various loud- 
speaker setups, with very specific in- 
structions. Also included is a bibliog- 
raphy. 14 pages. Mfr: Lexicon, Inc. 

Circle 88 on R. S. Card. 

INVENTORS 

Of special interest to the indepen- 
dent inventor is this booklet entitled 
"The Link Between the Inventor and 
Industry." It contains hints on how 

to market ideas to industry. Mfr: 
Lawrence Peska Associates, Inc. 

Circle 89 on R. S. Card. 

CERMET TRIMMERS 
A two -page data sheet on model 63 

cermet trimmers shows seven con- 
figurations and contains complete 
technical specifications. Mfr: Spectrol 
Electronics Corp. 

Circle 90 on R. S. Card. 

REPLACEMENT STYLI 
A complete listing of replacement 

styli for this manufacturer's cart- 
ridges. including keying information 
for matching the proper stylus to the 
appropriate cartridge is available in 
this 15 -page booklet. Mfr: Shure 
Bros. 

Circle 91 on R. S. Card. 

MICROWAVE AMPLIFIERS 
Technical information regarding 

their solid state miniaturized amplifi- 
ers are offered in this brochure, desig- 
nated IFA -2102. Mfr: RHG Elect - 
tronics Laboratory, Inc. 

Circle 92 on R. S. Card. 

AMPKLIP SEMICONDUCTOR FUSES 
A lineup on their SF 60C series 

600 volt ampklip semiconductor fuses 
is featured in data sheet No. PD- 
8.005. Mfr: International Rectifier. 

Circle 93 on R. S. Card. 

You can buy one channel of really good 
spring reverb for $695 

OR... 
You can buy two channels of really good 

spring reverb for $375. 

The Sound Workshop 242 STEREO REVERBERATION SYSTEM 

MIC rt 

INPUT 

\ I-/ 

INPUT 
LEVEL 

LEFT 

EU 

OVERLOAD 

R,CMT 

INPUT 
LEVEL 

<- Sound Workshop . 
PROFESSIONAL AUDIO PRODUCTS 

INPUT MI% 

POWER 

STEREO REVERE MODEL 242 

Judge it by its' SOUND... not by its price. 
See our complete line of recording consoles, electronic crossovers, 

disco mixers and more at Booth 17 AES Convention, New York. 

Sound Workshop 
PROFESSIONAL AUDIO PRODUCTS 

exclusive distribution 
AU01E] 9`/ 
ZI IZ1EZ 

BUILT BY THE PEOPLE WHO USE THEM 
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1038 NORTHERN BLVD., 

ROSLYN, N.Y. 11576 (516 -6210138) 



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

TURNTABLE 
PREAMPS 

. _ o. 
.0.= 

MIC & LINE 
AMPLIFIERS 

STUDIO MONITOR 
AMPLIFIERS 

REMOTE POWER 
CONTROLLERS 

AUDIO DISTRIBUTION AMPLIFIERS 

AUTOMATIC TAPE CARTRIDGE 
& CASSETTE LOADERS 

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

TURNTABLE PREAMPS 

Preamps costing almost 3 times more will not com- 
pare with these units. RIAA /NAB equalized 3-1db, 
0.5MV sensitivity at 1KHz for - -4dbm out, balanced 
outputs, -75db s/n at 10mv in, 0.05% distortion, 

21dbm max. out. Internal power supply. 
61P -BE Mono $86 SP -8E Stereo $137 

MIC & LINE AMPLIFIERS 
Dual function and superb performance. Inputs for 
mic and line, 3-0.5db response 10Hz-20KHZ, 67db 
gain on mic channellsl -t -26db gain on line inputs. 
Balanced inputs & outputs, -i 21dbm out max, 0.1% 
distortion. Internal power supply. 
MLA -1E Mono S98 

MLA -2E Dual Mono /Stereo $139 

AUDIO DISTRIBUTION AMPLIFIERS 

From I in /6 out to 20 in/ 80 out in one small pack- 
age. Whatever your distribution requirements we 
have an answer. All units meet or exceed the fol- 
lowing specifications: Balanced bridging /matching 
inputs, balanced 600ohm outputs, 4-0.5db re- 
sponse 10Hz- 20KHz, 3-3db 5Hz- 40KHz, 26db gain, 

21dbm out. max. capability, 0.1% or less distor- 
tion, outputs isolated by 80ób, hum and noise 90db 
down referenced to i 21dbm out. Internal power 
supplies. 

DA -6 /E Table top. 1 in /6 out. $131 

DA-612,'E Rack mount. 1 in /6 out. $149 
DA -6BR 'E Rack mount. 1 in /6 out. Individual 

level controls for each output. 5165 
DA- 6RS;E Rack mount. 1 in /6 out stereo or 2 

in/12 out mono. $229 

DA- 1611R,'L Rack mount. 1 in/8 out stereo or 2 

in /16 out mono. Individual output 
level controls, selectable metering & 
headphone monitoring. $287 

DA- 2080'L Rack mount main frame with protected 

power supply, metering & headphone 
monitor. Will accept up to 10 slide in 
modules. Each module has 2 inputs 
& 8 outputs. Individual output level 
controls & selectable meter switch. Up 
to 20 in /80 out. 

DA- 2080/E Main Frame $150 

DA- 2080 /E Modules 2 in /8 out $135 ea. 

AUDIO CONSOLES & CONTROLLERS 

Our new series 35 audio controller introduces a 

new concept in audio mixing. Allows separation of 
controls from the audio functions. Controls can be 
placed in any convenient location in the studio, 
while electronics may be mounted anywhere for 
easy maintenance & hookup. Remote DC control 
for completely unaffected audio. 
This versatility gives you a custom designed con- 
sole at a standard production model cost. 

features include; 8 channels, mono, dual channel 
mono, stereo, dual channel stereo, or combina- 
lions; paralleling 2 units for quad, fail safe power 
supply & plug in interchangeable cards. 

Performance specifications are; 0.3% or less dis- 
tortion, 124dbm equivalent noise on low level chan- 
nels, approximately 25w power consumption. 
-70db crosstalk, balanced bridging 'matching in- 
puts & response within +2db 20Hz- 20KHz. Series 
35 audio controllers start at $1200. 

AUTOMATIC TAPE CARTRIDGE AND CASSETTE 
LOADERS 

So easy to use & accurate that our largest winder 
competitor has been using one of these to load 
their own carts. 
Eliminates guesswork. Set the dials to the length 
desired. The exact amount of tape is fed onto the 
cart or cassette hub and then shuts off automatical- 
ly. Also has exclusive torque control for proper 
tape pack on different size hubs. Winds at 30 IPS. 

ACL -25/E $185 

Circle 17 on Reader .S'errice Card 

Winders also come in higher speed models (ACL - 
60 series). Same operation as above but winds at 
60 IPS. Accepts 14" pancakes. 

ACL -60T /E (tone stop only) $266 

ACL -608 /E (Blank tape loader) 

ACT- 60137/E (for both prerecorded and 
blank tape) 

$331 

$375 

STUDIO MONITOR AMPLIFIERS 

Exceptional reproduction! Internal muting. ±2db 
response from 20Hz- 40KHz. 25w music power, 20w 
RMS into 8 ohms. Hum & noise 65db below rated 
outputs. 
Distortion less than 0.25% at less than 20w out, 
1% or less at 20w. Works into 4- 16ohms. Balanced 
bridging inputs, variable bass contour, internal over- 
load & short circuit protection. 
SMA -50 /E Table top (mono) $125 

5M4 -500 /E Rack mount (mono) $142 

SMA- 1000 /E Rack mount (stereo -40w) $196 

REMOTE POWER CONTROLLERS (DUAL) 
Safe, transient free means of controlling 110V /AC. 
Turntables, on the air lights, etc. 

PR -2 (toggle switch on /off) $39 

PR -213 (momentary contact actuation) $54 

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

CALL COLLECT -- (916) 392-2100 

WRITE - 3516 -C LaGrande Boulevard 
Sacramento, California 95823 

RAMKO RESEARCH 



PERFECT tailoring of octave -wide bands ... Infinitely variable adjustment flexibility.. 
L.E. D.'s for zero gain monitoring... Instant re- setting via Computone- Charts 

USE AS STEREO, OR AS TWO COMPLETELY SEPARATE MONO EQUALIZERS 

RADIO - TV APPLICATIONS Equalize telephone "talk shows" for voice intelligibility 
Preprogram tape production for automated or engineered 

programming Enhance live and taped broadcasts for optimum frequency balancing 
Improve "remote audio-casts" for studio quality performance 

Equalize various instruments for proper recording balance 
Compensate for difficult microphone placement Adjust 

individual frequency ranges for room acoustic inadequacies 
RECORDING - STUDIOS 

SOUND REINFORCEMENT Blend voice and instrumental live performances Eliminate 
feedback and reduce the possibility of ringing 

FEATU RES DISCRETE -OCTAVE EQUALIZATION CONTROL of ten octaves on each channel, +12db 
each octave FULL -SPECTRUM LEVEL CONTROL for each channel AUTOMATIC 

CONTINUOUS MONITORING by light-emitting diodes for visual warning of overload in output circuits 
VISUAL ZERO -GAIN EQUALIZATION BALANCING on music, white noise or pink noise LINE OR TAPE 

equalization selector AUTOMATIC EQUALIZER -DEFEAT when line or tape equalizer is not in use 

TOROIDAL and ferrit -core inductors FREQUENCY response: yy, db from 20-20, 480 Hz at 
zero setting HARMONIC DISTORTION: Less than .1% THD @ 2 v.. Typ: .05% @ 1 v. 

IM DISTORTION: Less than .1% @ 2 v., Tye' .05% @ 1 v. SIGNAL -TO -NOISE RATIO: Better than 
90 db @ 2v. input. 

includes walnut -grain 
cabinet or rack mount 

SPECS 

phone 714-556 -6191 RP2212 -600 - $399.50 
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The duplicator ! 
We'll solve your tape duplicating problems ... large or small ... 
whatever your operating budget! A complete, professional line of tape 
and cassette duplicating gear ... reel -to -reel, reel -to- cassette, 
cassette -to- cassette. 

System 200 offers professional quality cassette /tape duplicating. 
D -8 and RR- Series duplicators produce multiple reel -to -reel 
dubs for recording studios and commercial duplicating firms. 

The Model 102 Cassette Copier ... for the office or library 
produces two superb C -30 cassette duplicates in one minute! 

Call Infonics Sales (219 879 -3381) today ... or write to: Infonics, 
P.O. Box 1111, 238 Hwy. 212, Michigan City, Indiana 46360 
Export Representative: 

D-8 RR-SERIES 

SYSTEM 200 

>' 

SINGER PRODUCTS / ........... 

infonics 
A Subsidiary of PHOENIX ENTERPRISE 

MODEL 102 
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CALENDAR 
NOVEMBER 

3 -7 Conference on Rate- Controlled 
Speech, hosted by Dr. Emer- 
son Foulke. of the University 
of Louisville. Louisville. Ken - 
tucky 40205. Stouffer Inn. 
Louisville. 

1 -7 Meeting of the Acoustical So- 
ciet3 of America. San Fran- 
cisco, Ca. 

NAB Fall Conferences. Con- 
tact: NAB. 1771 N St.. N.W.. 
Washington. D.C. 20036. 
1202) 293 -3500. 

9 -I I New Orleans 
12 -14 Chicago 
16 -18 Denver 
19 -21 San Francisco 

Sony Workshops. General Elec- 
tronics. Oakland. California: 
Hoffman Electronics. Los An- 
geles. Ca. Contact: Jeff Glas- 
ser. Sony. 700 W. Artesia Blvd.. 
Compton. Ca. 90220. 

DECEMBER 

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

WORAM AUDIO ASSOCIATES 
Consultants in Studio Systems 

Engineering, Design and Installation 

-offering- 

A COMPLETE CONSULATION 
SERVICE FOR STUDIO 

PLANNING AND 

CONSTRUCTION 

FREE -LANCE RECORDING 

SERVICE IN THE 

NEW YORK AREA 

212 673 -9110 
64 University Place 

New York, N.Y. 10003 



Studio equipment home fhopping guide 

In the world of the professional sound engineer, advance follows advance, 
and new product follows new product. Bring yourself up -to -date with the 
Shure Professional Products Catalog, 24 pages of Shure products to make 
your job easier: the SM61 Microphone, beautiful to look at and virtually 
immune to noise in hand -held applications ... the SM7 Microphone, with 
built -in, visually monitored, response tailoring ... the ultra -versatile SM53 
Microphone, with its own system of accessories ... the SE30 Gated Com- 
pressor /Mixer, for "hands- free" gain riding ... the SC35C Phono Cartridge, 
the first cartridge optimized in design especially for on- the -air playback ... 
and the incomparable V -15 Type Ill Phono Cartridge! For your own copy of 
the catalog No. AL 312, write: 
Shure Brothers Inc. 
222 2 artrey Ave., Evanston, III. 60204 
In Canada: A. C. Simmonds & Sons, Limited 
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NORMAN H. CROWHURST 

At the Brigham Young University 
Workshop this year, one of the spe- 
cial pleasures was the opportunity to 
meet Bill Putnam again. Bill had been 
responsible for introducing me to 
BYU, but we had not met in many 
years. When we got together to dis- 
cuss old times, as inevitably happens 
on such occasions, we discovered that 
we first met back in 1959 when both 
of us received the award of a Fellow- 
ship in the Audio Engineering Society 
at the same banquet. 

But we have much more than that 
in common. At this year's workshop, 
Bill opened his remarks by reading 
from something he wrote in 1962, 
which he followed with a 1969 up- 
date. This was a recital of the quali- 
fications required to be a successful 
sound mixer. I will quote them here, 
verbatim. 

1962 ORIGINAL 
The qualifications of a successful 

sound mixer represent a unique and 
rare combination of skills. He must 
be adequately technically oriented to 

understand and evaluate the perfor- 
mance of the various electronic and 
acoustical devices with which he 
works. He must have sufficient musi- 
cal aptitude to interpret the wishes of 
the arranger -conductor; he must be 
creatively artistic, imaginative, have a 
flair for showmanship, willing to try 
the impossible, and have the ambi- 
dexterity of an octopus. He must 
have the unique talent of being able 
to communicate with artists and direc- 
tors at any artistic level, be able to 
perform his functions deftly under ex- 
treme pressure and. above all, must 
have the patience of Job. 

1969 UPDATE 
His countenance, appearance, ward- 

robe, vernacular and externalized image 
must be appropriately compatible with 
the environment and clime established 
by the group of performers with 
whom he's involved. He must be con- 
temporarily knowledgeable and articu- 
late regarding the latest pot pourri of 
narrative dissertae of the underground 
periodical community. He must be 

Our selling premise is 

Si 
STL magnetic Test Tapes 

are the Most Comprehensive 
We offer precision magnetic in the World 
test tapes made on precision 
equipment for specific jobs in 1" and 2" sizes as well as 
flutter tapes and all other formats. 

When you use STL test tapes you combine interchange- 
ability with compatibility. You know you are using what 
other leaders in the professional recording, equipment 
manufacturing, government and educational agencies 
throughout the world are using. 

Make sure your system is in step with the rest of the industry. 

Write for a free brochure and the dealer in your area. 
Dis ributed exclusively by Taber Manufacturing & Engineering Co. 

T 'STANDARD TAPE LABORATORY, Inc. 
208 Edson Avenue 
San Leandro, CA 94577 
(415) 635-3805 
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subtly esoteric and effuse an aura of 
non -committal aplomb while espous- 
ing an extemporaneous and original 
glossary of quasi -technical linguistic 
exercises to instill the confidence of 
those involved. He must have a thresh- 
old of pain in excess of130 decibels, be 
expertly capable of "doing his thing" 
in light levels below 0.02 lumens, 
while maintaining his normal respira- 
tory functions in an atmosphere of 
less than one part oxygen to four 
parts nitrogen. and wonder why Job 
was such a square. 

APPLICABLE TO 1975 -76? 
Bill questioned whether it is not 

time he produced another update. 
While little of his 1969 statement is 

obsolete, there are new features on 
the scene that should be included. 
Just before Bill came to Provo, he 
had recorded a new album for Bing 
Crosby. When Bing had asked Bill to 
do this, Bill responded, "If you can 
still sing, I can still mix." 

The essence of Bill's remarks, speak- 
ing as a man who has been responsible 
for the mixing of more records than 
any other man of our generation, was 
to stress the importance of the kind 
of nitty- gritty things the workshop had 
been covering for its participants. Be- 
ing able to produce something that 
will be in demand in a competitive 
world will always require creativity. 
never be subject to setting down by 
numbers, like a recipe book. 

OF DOERS AND TALKERS 
This tied in well with the experi- 

ence earlier in the workshop that I 
told about last month -concerning the 
people who wanted formulas for 
everything. Implicit in Bill's listing of 
qualifications is the ability to do, 
rather than to talk about it. 

When a musician or an artist ap- 
proaches the mixer to explain what 
he wants, the mixer must wear his 
own artistic hat, yet understand what 
it is the performer wants. He makes 
the translation of how to achieve it in 
his own head without giving the per- 
former a dissertation on the techni- 
calities of the subject. And he just 
does it! 

But to produce what is needed ef- 
fectively, he must know all that tech- 
nical stuff. If all he knows are the ap- 
propriate formulas -even if he can 
keep them straight and use the right 
formulas in the right places -he will 
not have the creativity needed to in- 



Old-New 
Reel Time 
Recorder 

Telex /Magnecord series 1400 
broadcast quality recorder /re- 
producer. An old name that spells 
reliability. A new design for to- 
day's state of the art. 

The Old. Telex /Magnecord 
products are still made in the 
USA so parts and service are 
always available. The series 1400 
is still built on a solid die cast 
aluminum main frame for reli- 

able operation around the 
clock. It's still available 
in full, half 
and 

quarter track configurations, has 
fail safe differential brakes and 
accepts 8% inch reels. It also still 

comes with three motors -but 
then, that's touching on the new. 

The New. A bn.tshless d.c. servo 
drive with a crystal oscillator con- 
trol reference so accurate it vir- 

tually eliminates program timing 
errors. New, three speeds: 334 - 

7% - 15 ips. New catenary head 
block for straight tape loading, 
the convenience of one hand 
cueing and the bi -level illumina- 
tion of push button controls. 
New DTL logic controls 
eliminate EMI and 
provide fast, 
spill 

proof tape handling gentle 
enough for half mil tape. And 
new electronics, clean to 60 dB 
S/N at all speeds. 

If you're looking for a real time, 
reel recorder with old name reli- 
ability but designed for today's 
demands, you'll find it in the 
Telex/Magnecord series 1400. 
For complete infor- 
mation please 
write: 

PRODUCTS OF SOUND RESEARCH 

TELEX® 
C O M M U N I C A T I O N S . I N C 

9600 ALDRICH AVE. SO. MINNEAPOLIS, WINN. 55420 U.S.A. 

Europe: 22, rue dela Legion- d'Honneur, 93200 St. Denis, France 
Canada: Telak Electronics, Ltd., Scarborough, Ontario 
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and give yourself another 10dB headroom as 
a bonus with the 16- channel dbx 216. 

16 record and 16 play 
processors give you simultaneous 
encode, decode or bypass functions 
at the flip of a switch, and you 
never have to level match. 

You get a compact seven -inch rack 
panel mount which installs in minutes using 
the prewired XLR cable assemblies we 
supply as standard equipment. 

You get zero downtime with our free 
310I) spare two -channel plug -in module. And 
you can buy all this from dbx professional 
audio dealers for $9,500. 

For complete information and list of 
dealers, circle reader service number or contact: 
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After you use the 1056, we'll know 
one thing about your dub quality: 

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

GARNER INDUSTRIES 
4200 NORTH 48TH STREET 

LINCOLN NEBRASKA 88504 
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theory & practice (cont.) 

terpret the performer's needs. 

OF PERFORMERS AND TEACHERS 
As we have commented before, the 

sizeable element of truth in the adage, 
"Those who can, do; those who cant, 
teach" is responsible for many of our 
problems in education today. This 
points up a difference between work- 
ing for a performer and working for 
educational purposes, in many in- 
stances at least. 

Unfortunately, the tendency is all 
too often almost exactly the reverse of 
what it ought to be. When we work 
with a true professional -a performer 
-he or she knows what he wants, he 
knows his work, and assume you 
know yours, so he leaves the techni- 
cal outworking to you. Perhaps too 
much so, at times, when a little com- 
munication might produce better re- 
sults. 

But when audio, visual experts work 
with most educators, they often adopt 
the attitude that they know precisely 
what is needed and will often tell you 
how to do your job, even if they know 
nothing about it. 

Performers are different from teach- 
ers in another way -the basic role 
they fill, or should fill. 

Any performer has primary con- 
trol of the performance -and should 
have. A performer will modify his 
performance from time to time to 
adapt to what pleases his public. But 
what he does is, and should be, his de- 
cision. The public is there to enjoy 
what he does, because he does it. 

In education, the purpose is, or 
should be, quite different. A teacher 
should not be a performer, in this 
sense, although many of them act as 
if they are. A teacher's concern 
should be that the students learn. That 
should be the primary control, not the 
aggrandizement of the teacher. 

Too often, teachers are frustrated 
would -be performers, as well as drop- 
outs from whatever subject it is they 
aspire to teach. Such a situation can 
call for a great deal of tact on your 
part when offering mediated a/v ma- 
terials, perhaps even more than Bill 
suggested in his "qualifications of a 
mixer" in order to get across in fin- 
ished result something far more than 
a good rendition of the teacher talking 
to his class! 

It is useless to tell a teacher some- 
thing like, "Your objective should be 
to have every student in your class 
learn," especially if the teacher's atti- 
tude is the average, "I teach it the best 
way I know how, so if they don't 
learn it, it isn't my fault." Translated 
into mediated instruction, this be- 



Serious about recording? 
GO ALLTHE WAY WITH 
AN AMPEX AG -4400. 
You're going to love your new Ampex AG -440C. 
When you settle down with this, the finest, most 
versatile audio recorder /reproducer ever produced, 
you'll be ready for anything life tosses at you, all 
the way way from monaural to advanced multi- 
track situations. 

Reliability is one of the strongest features 
of an AG -440C. Like its distinguished ancestors 
(and many are still in professional service 
after twenty years of constant use), the 
AG -440C is built to last. Give it a little pre- 
ventive maintenance now and then, and it 
will spin on and on. 

Versatility is built into the basic 
design. If you begin with a monaural, 
1/4 -inch version, you can move up to 
2 -track and 4 -track work as easily 
as adding electronics modules and 
changing the heads. Motion sensing 
and improved edit controls make 
post- production more convenient. 
The rigid,die -cast transport plus 
sapphire guides give precision tape 
handling regardless of reel size. 

Maintenance is easier than 
ever, thanks to many improvements. 
Plug -in etched boards can be 
swapped in a jiffy, and the recording 
electronics modules are fully inter- 
changeable. 

And now there are accessories such as the VS -10 
Variable Speed Oscillator, Pick -Up Record 
Capability (PURC), WBP -2 Wideband preamp, 
and synchronizing equipment to further 
expand your capabilities. 

This is the one machine that is uncom- 
promisingly a professional workhorse. 

Complete specifications and technical 
details are presented in the AG -440C 
brochure, which we'll send you without 
obligation. They say that "All Brides 

are Beautiful:' But when the honeymoon 
is over, you're going to be happy that you 
settled down for the long haul with an 

AG -440C ... the professional 
recorder /reproducer that goes all 
the way with you. 

AMPEX 
Ampex Corporation 
Audio Video Systems Division 
401 Broadway 
Redwood City, California 94063 
(415) 367 -2011 
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Creation of the new 
Calibration Standard 
filkd a need... 
the accEptancE of 
Stantoris 681 TRIPLE-E 
is unprecedented! 

It was no accident! 
The Recording industry needed a new cali- 

bration standard because it had been cutting 
discs with higher accuracy to achieve greater 
definition and sound quality. 

So, the engineers turned to Stanton for a 
cartridge of excellence to serve as a primary 
calibration standard in recording system 
check -outs. 

The result: the new calibration standard, 
the Stanton 681 TRIPLE -E. 

The rest is history! 
Major recording studios adopted it . .. as 

did many of the smaller producers. Radio sta- 
tions across the world put the 681 TRIPLE -E 
on all of their turntables, both for on- the -air 
broadcasting and for disc -to -tape transfer. 

And, audiophiles by their purchases have 
voted it the outstanding stereo cartridge 
available. 

The Stanton 681 TRIPLE -E offers improved 
tracking at all frequencies. It achieves perfectly 
flat frequency response beyond 20 kHz. Its 
ultra miniaturized stylus assembly has substan- 
tially less mass than previously, yet it pos- 
sesses even greater durability than had been 
previously thought possible to achieve. 

Each 681 TRIPLE -E is guaranteed to meet 
its specifications within exacting limits and 
each one boasts the most meaningful warranty 
possible. An individually calibrated test result 
is packed with each unit. 

As Julian D. Hirsch of Hirsch -Houck Labs 
wrote in Popular Electronics Magazine in April, 
1975: "When we used the cartridge to play the 
best records we had through the best speaker 
systems at our disposal, the results were 
spectacular ". 

Whether your usage involves recording, 
broadcasting, or home entertainment, your 
choice should be the choice of the profes- 
sionals ... the STANTON 681 TRIPLE -E. 

Write today for further information to 
Stanton Magnetics, Inc., Terminal Drive, 

Plainview, New York 11803 

STaNIC)I] 
All Stanton cartridges are designed 

for use with all two and four -channel 
matrix der,ved compat,ble systems. 
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theory & practice (cont.) 

comes, "That is the best mediated in- 
struction possible. So any student who 
cannot learn from it must be very 
dumb!" 

With that as the teacher's philos- 
ophy, you are not going to change it 

by telling the teacher his or her phil- 
osophy is wrong. Presumably the 
teacher does expect some students. at 
least, to learn from the material be- 
ing put together. So you must work 
from there. Put yourself in the place 
of the student. Could you learn from 
the lesson? Would you have difficulty? 
If so, why? Are you average? Better 
than average? Less than average? 
Should you he able to learn the ma- 
terial, or isn't it for the likes of you? 

In other words, play just a little bit 
dumb, instead of acting authoritarian. 
One authoritarian in the room is usu- 
ally enough, if not more than enough! 
Use leading questions, like those in 
the previous paragraph, to get the 
teacher, hopefully, to question whether 
the instruction being put together 
really is adequate. 

You have to be careful to simu- 
late just the right amount of "dumb- 
ness." If you act too dumb, the 
teacher is likely to say, "Just mediate 
what I give you. and don't bother try- 
ing to understand it." Act bright 
enough so that teacher will think that 
you ought to be able to get it, but are 
having troubles with it. 

This approach may not be enough 
to bring about the desired change. 
Many teachers don't have the creativ- 
ity to view the learning situation from 
the perspective of the student. So do 
some puzzling through on your own. 
Try to think of a better way to con- 
vey the information, if it seems foggy 
to you the way it is. Then ask if some 
approach you think up wouldn't be a 
way to explain it. Don't suggest it as 
if you think you've a better way than 
teacher's, but just as if you want to 
make sure you have the right idea - 
would that be another way to ex- 
plain it? 

You might get a surprise. More 
than one instructor we have worked 
with has been turned on by this kind 
of attitude. The fact that you show 
yourself interested is a help. And once 
you have gotten more than one meth- 
od into the picture, many teachers 
will open up to discuss the merits of 
different approaches, and you may 
finish up working together on some- 
thing that's better than the ideas either 
of you started with. 

WHAT PART DOES AUDIO PLAY? 
In the world of performance /enter- 

tainment, audio can fill different roles, 

VERSA CONSOLE 
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r- 
Compact rack -nwunt single chan- 
nel mixer ideal for CATV, CCTV. 
film studios and remote broad- 
casts. Transformer coupled inputs 
with externally switchable levels. 
Line and PA outputs. 

50 SERIES MONO 

Complete small console for pro- 
duction, on-air, educational or 
CATV use. 8 switch selectable in- 
puts to four sealed mixers with 
cue detents. Built in muting re- 
lay and monitor amps. Rack 
mount available. 

100/200 SERIES 
MONO & STEREO 

Full dual channel consoles with 
5 or 8 mixers. Pushbutton se- 
lected inputs available to high or 
low level ( switchable) plug -in pre - 
amps. FET switching for quiet 
operation. Dual channel outputs 
at over +18 dBm peak. Complete 
internal monitoring and muting 
functions. Stereo models provide 
in -phase stereo from mono 
sources. 

SLIDE TYPE 
CONSOLES 

rr:: nr:.- 
. ..... . . ..... 

Available mono or stereo with 
plug -in mixers for expansion after 
purchase. Conductive plastic lin- 
ear faders with cue switch. Built 
in muting, monitor and intercom/ 
talkback provision. 

ALSO TAPE CARTRIDGE 
MACHINES AND STUDIO 

ACCESSORIES 

BROADCAST I 
ELECTRONICS, INC. I 

- A FILMWAVS COMPANY - 
8810 BROOKVILLE ROAD 

SILVER SPRING, MD. 20910 
PHONE 301- 588 -4983 
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The ultimate 
in concert 
audio control: 
Kustom's SRM 

A 24 -in, 8 -out, studio -quality mixing 
console is now available from Kustom, the 
industry's leading producer of sound 
reinforcement components. 

Specifically designed for concert sound 
reinforcement, the %á SRM is modular in 
construction and is also available in standard 
configurations of 12, 16 and 20 channels. 

When sound is everything .. . 

Aft b )n 
Chanute. Kansas 

Circle 25 on Reader Service Card 



rn 

(D 

theory & practice (cont.) 

and part of your job is to see that it 
fills the right role on the job for 
which you are engaged. In radio, or 
sound recording, audio is everything. 
In t.v. or motion pictures, its role may 
change. Sometimes it is merely sup- 
porting. Sometimes the audio is the 
main thing, and the picture is sup- 
porting. And sometimes the two blend 
together so you can hardly tell which 
is which. 

That is the kind of skill about 
which Bill's qualifications were con- 

cerned -being able to do just what is 
needed. 

What role does audio play in edu- 
cational material? Most often, prob- 
ably, it will fill the role of an instruc- 
tor, leading, telling, hinting. But it 
will also carry sounds that are part 
of the instruction. If you are using 
any kind of audio visual -printed 
page, pictures, projected or even in 
motion -you need to correlate audio 
and visual for maximum effect, ac- 
cording to what you are trying to do. 

It helps, in building educational 
material and coordinating its parts, to 
think about the degree of initiative it 

expects of the student. Good, crea- 

QUICK. 

HOW MUCH 
DOES A NEUMANN 
KM 84 COST? 

WRONG. 
It's only $230. 
And that's for traditional NEUMANN quality! It's also true 

for the KM 83 omni -directional and the KM 85 cardioid with 
built -in low frequency roll -off. The KM 84 and KM 85 feature 
the NEUMANN "linear admittance" cardioid capsules which 
maintain linear frequency response even for a sound source 
as much as 135 degrees off axis. This means that unavoidable 
leakage from off -mike instruments, while properly attenuated, 
will remain natural sounding, without that typical low -end 
boost and high -end roll -off. For extra flexibility the 83, 84 and 
85 screw -on capsules are available separately. 

So, remember: you never go wrong with NEUMANN. And 
now, even the price is right: KM 83, 84 or 85, just $230 com- 
plete with swivel and pop screen . \ For mere informatnon wnte [ / OTHA1 

AUDIO CORPORATION N 

Headquarters. 741 Washington Street, New York, NY 10014 
(212) 741 -7411 

West Coast Sales Office: 1710 N. La8 rea Ave., Hol lywood, CA 90046 
(213) 874.4444 
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tive educational material has the stu- 
dent doing virtually all of his own 
thinking. The material doesn't tell him 
anything, just gives him hints and 
other guidance to lead him to think it 
all through for himself, also making 
sure that if he cannot quite make it 
on his own, the material can come to 
his rescue. 

Today, few students are ready for 
that, straight off. They've been too 
long conditioned to the "instructional" 
type of teaching/learning, where they 
are told everything, requiring very 
little initiative. So you need to build 
up to good material, or you will leave 
the mass of poor students behind. 

One more thing. If you have a good 
relationship with your subject- matter 
expert, this comes easily. If not, it re- 
quires a great deal of diplomacy. 

Too much of today's education is 

shrouded in mysticism. Do what 
teacher tells you, and presto, magic, 
eventually, you know how to do some- 
thing. So, you may find yourself able 
to solve equations, for example, with- 
out having the vaguest idea what an 
equation is! 

My little book, "Taking the Mysti- 
cism from Mathematics" addresses 
this situation relative to mathematics. 
But it is a far more universal prob- 
lem. Since most teachers seem com- 
mitted to perpetuating it. changing it 
must come from outside the teaching 
profession. 

One device is taking the student 
into your confidence. This can have a 
great many advantages, beside making 
learning ever so much easier. Prob- 
ably the biggest plus is that the stu- 
dent himself knows whether he is 
learning or not. So he can pace him- 
self, correct himself, and thus con- 
tinuously become a better learner. 
With well designed educational ma- 
terial, a student should never have to 
ask a teacher "How am I doing ?" He 
should know. 

Of course, that doesn't mean that 
sometimes he would not like teacher's 
evaluation as well. But he should not 
be almost totally dependent on that, 
as is the situation most of the time 
today. 

Another very important advan- 
tage of taking the student into your 
confidence, is that measurement be- 
comes much easier. When taking a 
test yourself, how often have you 
asked, "Now I wonder what's the 
point of that question ?" That is a 
sure indication that you were not 
taken into the confidence of the ma- 
terial. But if you know the point of 
the question, and still cannot answer 
it, you know exactly what your prob- 
lem is. 

That is the way your material 
should make it clear for the student. 



TEKTRONIX 
ANNOUNCES 

A new 
concept in portable 

instrumentation 
The TEKTRONIX TM 515 Traveler Mainframe looks like fashionable flight 
luggage, compact and easy to carry, or slide under an aircraft seat. 
In reality, it's a five -compartment power module /mainframe that provides 
power and interface connections for TM 500 plug -in modular instrumen- 
tation. Plug in the new (two -wide) SC 502 15 -MHz dual -channel oscillo- 
scope, and you have the beginnings of a powerful take -along instrumen- 
tation system. 

You can optimize a TM 500 system to your needs by selecting from more 
than 30 plug -in modular instruments. With the TM 515 Traveler Main- 
frame and SC 502 Oscilloscope as a nucleus, select from DMM's, coun- 
ters, generators, power supplies, signal processors, and even blank plug - 
ins for your "home- built" circuits. Intended applications include areas 
from digital field service to medical, from audio /communicatons to on- 
site industrial controls maintenance. 

The SC 502 is Tektronix quality, featuring clean triggering characteristics, 
delay line input, trigger view, trigger holdoff, 1 mV sensitivity, and the 
capability of working through the rear interface circuit board with other 
TM 500 instruments. It features a specially brilliant crt designed and 
built by Tektronix for use in areas of high ambient light. Include a DD 501 
Digital Delay alongside the SC 502 and gain the capability of delay -by- 
events -you can then obtain stable digital displays from electromechani- 
cal sources like disc drives that would otherwise be too jittery for accur- 
ate viewing on any conventional oscilloscope. Include the DC 505A Uni- 
versal Counter and DM 502 Digital Multimeter to complete your TM 515 
package, and discover the benefits of simultaneous counter and DMM 
capability with trigger level readout at the touch of a push button. 

The TM 500 concept lets you take along on field servicing trips the same 
instruments you use in the lab or for production testing, thereby enabling 
you to maintain the same standards on the "outside ". The SC 502 Oscil- 
loscope, for example, may be used as a bench instrument in any multiple - 
compartment TM 500 mainframe, and it offers unique systems capabilities, 
as well, when operated in a rack in the RTM 506. 

Contact your local Tektronix Field Engineer or 
circle the appropriate reader service number 
for a demonstration of TM 500 instrumentation 
or additional technical information on the TM 
515 Traveler Mainframe and SC 502 Oscil- 
loscope. For an up -to -date TM 500 Catalog 
write to Tektronix, Inc., P. O. Box 500, 
Beaverton, Oregon 97077. In Europe write 
Tektronix Limited, P. O. Box 36, St. Peter 
Port, Guernsey, Channel Islands. 

committed to 
technical excellence 

g - 
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Underneath the blankets: 36 inputs, 
32 equalizers, 16 outputs, 6 limiters, 
3 patch bays, and some other stuff. 
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Relax, we've never lost one yet! 

One small step for the console; one big 
ulcer for the Institute of Audio Research. 

Up Goes the Console 
Disregard the title of the column for this month: there is no 

Sync Track column this month. What with finishing the last few 
pages of my first -born book (an excerpted chapter is elsewhere in 
this issue) there just hasn't been time. 

As if that wasn't enough, there were other distractions such as 
a new baby at the Institute of Audio Research. Junior weighs 
about 1800 pounds and the delivery took a bit longer than expected. 

The new baby is a 36 -in 16 -out console that proved too big for 
the elevator and too heavy for the stairs, so it had to be "flown" in 
courtesy of Conventry Movers, midwives at many a recording 
studio delivery. 

The pictures tell the story. Did Junior survive the delivery? 
Tune in next month. 

We've cleared the supermarket okay. 
keep going. 

A little hands -on experience in the 
recording industry as students learn 
how to recalibrate a wall. 

Going in. 

Some students just can't wait. 



.® ° '/, 

1 ò 

.® 

0:031 =0P wilminimuIAour 

Superhearing is no longer reserved 
for Supermen. We have developed a 
system analogous to a microscope to 
hear every loudspeaker component 
and system we manufacture. 

Listening at four inches from 
the diaphragm of the Model 22 
Compression Driver while under power 
test (60 watts of pink noise for 5 
minutes; 162dB S.P.L.) is an ear -opening 
experience. So is listening at 20 Hz, 
four and one half octaves below the 
passband where the fundamental 
output is well below the mechanical noise 
of the moving system. 

We listen to each production unit in these and other ways to insure 
uniformity. 

Would you like Superhearing? Come to room 5C Waldorf Astoria during 
the A.E.S. Convention and hear a new world. The Model 22 Wide Range 
Compression Driver and the SP 1, a 5% efficient Two -way utilizing 22, 
will be available for your listening. 

What we make today sounds like what we made yesterday. 

SPIDER /PEAVEY BOX 2898 / MERIDIAN, MS. 39301 
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Just five years ago, almost to the 
month, db carried a three -part story 
on the then latest development in the 
video field -the video disc. It wasn't 
until this year that the device finally 
made its appearance on the market, 
but only in Europe so far. It just so 
happened, that on two consecutive 
days in March of this year, two new 
disc developments were announced. 
These, supposedly, will be ready for 
the market in 1976 or 1977, although 
there has been some comment that it 
might even be 1978. Anyway, this 
seems to be the year the public gets 
its chance to decide which method of 
producing video they prefer. Let's 
take a quick look, with only some de- 
tail, at the differences, since not one 
process is compatible with either of 
the other two. 

The whole thing started back in 
1927 with the first attempts to put 
pictures on discs. At 78 rpm, with 
a bandwidth of 5 kHz, the invention 
was able to reproduce 30 frames a 
second of a 30 -line transmission. It 
wasn't until 1965, however, that fur- 
ther development took place, and five 
years after that, in 1970, Teldec came 

out. It was only one of several which 
were in the experimental stage, but this 
one, after a great deal of difficulty, 
finally made it. 

TELDEC 
The principal of operation is sim- 

ilar to that of an audio record player, 
but with some major differences. The 
disc, made of a very flexible poly- 
vinyl material, is placed on the turn- 
table, but instead of there being just a 
single center hub, there are three pins 
to hold the record more firmly in place. 
With a rotational speed of 1800 rpm, 
it was found necessary to lift the disc 
slightly off the table itself. An air 
pressure was built up under the disc 
to lift it slightly while spinning. 

The arm, actually two parallel rods, 
extends across the radius of the disc 
and supports a sliding pickup head. 
The cartridge moves in toward the 
center by sliding along the rods a dis- 
tance of 0.008mm, the width of each 
groove, with each revolution. Although 
the grooves contain the video (and 
audio) information, the stylus does not 
ride within the cut but along the hills - 
and -dales and (by pressure) reads the 

images and sound for reproduction on 
a t.v. set. The specially designed stylus 
and the extremely thin, closely packed 
grooves, combined with the high speed 
of rotation, results in a 3.0 MHz band 
width, as required for video reproduc- 
tion. (Compare this to the standard 
15 kHz needed for audio only. With 
audio only on the video disc, the fre- 
quency response would be somewhere 
around 70,000 or 80,000 Hz with a 
multiple channel capability.) 

Although there is a limited time 
on each disc -just 15 minutes for a 
12 in. disc -and the record is cut 
on only one side, the records can be 
reproduced (stamped, not pressed) 
very quickly, in quantity, inexpen- 
sively, and they are practically in- 
destructible. The records are capable 
of being played more than 1,000 times 
with no noticeable signal deteriora- 
tion, and can be handled with no 
fear of finger marks hurting the 
quality. 

The obvious feature of quick cueing 
up as with an audio disc, the freeze - 
frame capability and quick replay of 
any desired portion of the record, as 
well as the simplicity of operation 
make this a strong contender for the 
home market where video tape has 
not seemed to be able to make strong 
inroads. 

The SensualEqualizer. 
Whether on record or in live performance, todays 

most commercially successful music is more visceral, 
immediate, and sensual than ever before. This impact has 
been achieved through advances in the musician's art, 
and through a quantum jump in the control available in 
audio processing. 

The Orban /Parasound Parametric Equalizer, Model 
621, has received outstanding acceptance since its 
introduction because it combines economy ($340/ 
channel) with extraordinary control. Each of its four non - 
interactingbands permits continuous, stepless adjustment 
of bandwidth, equalization, and center frequency Each 
band can be tuned over a 20:1 frequency range with no 
change in curve shape (unlike some competitors), and 
peak gain remains constant as the bandwidth is varied. 
The unique "constant -Q" equalization characteristic is 
more musical than the usual reciprocal curves, and lets 
the equalizer create infinite -depth dips to remove hum, 
whistles and ring modes- making it ideal for cinema and 
sound reinforcement as well as recording studio and 

broadcast applications. Other outstandingly useful features 
include a front -panel gain control and a peak- stretching 
overload lamp which indicates clipping anywhere in the 
equalizer circuitry 

While our spec sheet (available from the address 
below) gives the details in cold black- and -white. it cannot 

- describe the sensual interaction between man and 
machine wh' -ch occurs when the frustrating limitations of 
conventional equalizers are finally overcome, and the user 
is given the power to create sound that feels really rtqW, 
Our ability to deliver this power at an affordable price is 
the true reason for the 0/P Parametric's success. But 
don't take our word for it- discover the Sensual Equalizer 
for yourself, soon. 

For further information, contact 

orbon /poMiOUnd 
680 Beach St. 
San Francisco Ca. 94109 
Or contact your local 
Orban/Parasound distributor 

41*.\* 
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There were other contenders in the 
field at the time Teldec first demon- 
strated in this country, but for one 
reason or another they faded out and 
went to black (as they say in televi- 
sion). Remember Cartrivision, which 
was a tape system? Then there was 
CBS' EVR which was a film system. 
Maybe it's better not to recall these, 
but there was another one called Se- 
lectaVision by RCA which was also 
around then, only not in the same form 
as today. 

The RCA system is also a grooved 
disc /arm- and -stylus method of video 
reproduction, but very different from 
the Teldec operation. The record mas- 
ter is first cut mechanically with a spi- 
ral groove similar to that on an audio 
disc, but with much greater concentra- 
tion. The record is aluminum with a 
copper coating and another coating 
sensitive to an electron beam. A modi- 
fied scanning electron microscope is 
then used to aim a beam modulated 
by the video signal onto the sensitive 
coating in the grooves. The result is a 
series of transverse slots varying in 
width and spacing at the bottom of 
the previously cut groove. The record- 
ing is done in a vacuum to prevent 
scattering of the electrons during 
cutting. 

After the master is made, the vinyl 
records are pressed, covered with a 
metal coating, styrene, and a thin 
layer of oil. The first two are for the 
purpose of enhancing the variations in 
capacitance, the latter for lubrication 
to preserve the life of the record and 
the stylus. 

During playback, the sapphire sty- 
lus rides in the groove but does not 
vibrate as in an audio pickup. Instead, 
it is made to read capacitance varia- 
tions in the indentations of the grooves. 
These are then converted to video sig- 
nals and fed to the usual t.v. screen. 
Audio is included both in the record- 
ing and playback. Chrominance, lumi- 
nance and audio are recorded in a 
composite f.m. signal; bandwidth is 
3 MHz. (As many as 125,000 records 
can be made from one master, it is 
estimated.) 

The record spins at 450 rpm, in 
contrast to the 1800 by Teldec. This 
means that four t.v. frames per revo- 
lution have to be reproduced (com- 
pared to one in the other process) 
and this prevents the capability of 
stop- action or slow motion that other 
systems have. The slower speed, how- 
ever, makes for a simpler mechanism 
and the automatic tracking of the 
stylus in the groove eliminates the 
necessity for complex control systems. 
Automatic drop -out compensation is 

included in the system, and an "arm - 
stretcher" (no kidding) is incorpo- 
rated to control the relative speed of 
the record and stylus to account for 
variations in the event of uneven disc 
rotation. The turntable itself is run 
by a synchronous motor locked to the 
power line. 

The record, 12 in. in diameter and 
0.07 in. thick, which will contain 30 
minutes of video in more than 5,500 
grooves on each side, has a video sig- 
nal -to -noise ratio of better than 40 dB, 
and an audio bandwidth of 15 kHz. 
More than 500 plays are considered 
possible with no loss of signal, and 
the stylus is expected to last between 
300 and 500 hours. Replacement of 
the inexpensive cartridge is supposed 
to be almost as simple as that of the 
home audio unit. It is expected that 
this disc system -closest in design to 
the present hi -fi turntable -because of 
the low cost of the player and the 
discs, the ease of handling, the rug- 
gedness of the records, and the greater 
simplicity and slower speed than that 
of previous versions, will prove to have 
strong inducements for the consumer. 

MCA- PHILIPS 
The other very strong contender in 

the home video field represents a com- 
bination of designs developed by MCA 
and Philips. Both companies came out 

Complete information on 
STUDER Professional Audio 

Equipment and the name of the sales/ 
service representative in your area is available 

from. Willi STUDER America, Inc. Our new U.S. address is 
1819 Broadway. Nashville, Tennessee 37203. In Canada. 

Willi Studer Canada, Ltd. Phone 416 -423 -2381. 
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multiswitches 
A3M 

A3F 

audio 

jack panels connectors 

3 i 

C 
CALIFORNIA SWITCH & SIGNAL 
A complete line of audio accessories 
OEM Prices Immediate Delivery 
1009 W. Arbor Vitae, Inglewood, 
California 90301 12131 776.3554 
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with units which were compatible, so 
they combined their talents and have 
developed an optical video -disc sys- 
tem. Here the disc turns at 1,800 rpm, 
but instead of its having grooves as 
do the other records, the video signal 
is impressed in minute indentations. 
These individual tiny marks, made by 
a laser beam, carry both video and 
audio information. The width of the 
indentation is about 1/25,000 of an 
inch and varies in length from 0.8 to 
23 microns. The depth is about 0.1 
microns. (A micron is a millionth of 
a meter, or 1/25,400 of an inch.) Al- 
though there are no distinct tracks as 
such, the indentations do spiral; the 
spacing is abouttwo microns between 
the marks. 

One difference is evident in the play- 
back, unique to the MCA -Philips unit. 
The other video -discs use arm /stylus 
pickups, but in this device an optical 
reader uses a laser (blue light) to read 
the information. The laser, with mir- 
rors, is mounted internally in the 
player, and reads the bottom side of 
the disc rather than the top as do the 
others. Accuracy of reading is con- 
trolled by a servo mechanism and a 
split beam to keep the main beam fo- 

cused at the center of the marks. The 
beam bouncing off the indentation is 
read by a light- sensitive cell and re- 
converted to video and audio informa- 
tion. (The 1,800 rpm speed permits 
one frame per revolution. This means 
that by holding the reflecting mirror 
stationary, a stop- action image is pos- 
sible. Similarly, it is also possible to 
crawl forward, watch in reverse, or 
scan quickly through the disc to the 
desired portion without any delay.) 

The cost of the player and discs, 
which will play up to an hour, will be 
close to that of the RCA units. The 
records will be coated so that han- 
dling will not mar the quality of their 
reproduction. With the MCA- Philips 
system, the records are literally longer 
lasting because there is absolutely no 
wear at all during play since only a 
beam of light hits the surface. The 
laser is said to last well over a thous- 
and hours and can be replaced easily. 

It is widely agreed that there is a 
place for a video disc system for the 
home. Whether there will be a market 
for more than one, none compatible 
with any other, is something else 
again. Since Americans spend nearly 
two billion dollars a year for audio 
records (sound only), what will the 
video -plus -sound record bring? The 
year of the bicentennial may show - 
and -tell. 

The Sensible 
Alternative 
MX-7308 

Sensibly priced at $7600 Compatible 
one -inch eight -track format Motion 
sense logic prevents tape damage 
Reel tension servo improves start time 
Optional capstan servo available 
Professional type 600 ohm -4dB outputs 
and XL connectors Optional remote 
synchronous- reproduce on all channels 

15/30 ips tape speeds (71/2/15 also 
available). 

Circle 35 on 

Otan Corporation 
981 Industrial Road, San Carlos, Calif. 94070 
(415) 593 -1648 TWX: 910- 376 -4890 
In Canada: Noresco Mfg., Toronto 
(416) 249 -7316 
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MONO CONSOLE 

1I1 titiV4.0 4.0 6r6.+6rt4 

Capability for mixing 28 sources 
(10 microphone. 18 line level) through 
IO mixers is present in model 3310 
monaural console. Switching is noise- 
less d.c. controlled. All mixers have 
remote turn on and can he activated 
by an audio or video source. A bridg- 
ing input for Mixer 8 accommodates 
up to 5 tape cartridge playbacks with- 
out interaction. The 10 microphone 
level inputs appear at Mixers 1 -4; line 
level inputs in Mixers 5 -10 include 
two mixers which are switch select- 
able for five sources each. Audio 
from either bus can he sent back 
down any of the five remote lines or 
can assign the selected remote line 
to a particular mixer. Other features 
include 5 watt intercom, precision 
step attenuators with cue detent, and 
full dual channel operation with iden- 
tical program and audition metered 
busses. 
Mfr: Sparta Electronics Corp. (Cetec) 
Price: $2,600. 
Circle 50 on Reader Service Card 

SNAP -ON MIC STAND 
ACCESSORY i 

%NS 

Flexibility in placing mies in dif- 
ferent situations is the aim of US01 
snap -on, snap -off microphone stand 
accessory. The two piece unit con- 
sisting of a male and female attach- 
ment eliminates the need for thread- 
ing and unthreading mie holders and 
baby boom attachments from floor 
stands. 
Mfr: University Sound 
Circle 51 on Reader Service Card 

AUDIO DUPLICATING HEADS 

Improved core design for extended 
bandwidth, reduced crosstalk and re- 
duced bias and signal power require- 
ments are claimed for a new line of 
glass- bonded ferrite duplicating heads. 
The heads are available in 8 -track 
cartridge and 4 -track cassette formats 
for direct replacement of metal or 
ferrite heads used on Cetec (Gauss), 
Electrosound and Ampex high speed 
duplicating systems. Precision grind- 
ing eliminates the need for mechanical 
azimuth and tilt adjustments. The 
heads feature a newly designed roller 
guide which is said to improve flutter 
characteristics and help maintain the 
proper tape wrap angle across the 
heads. 
Mfr: Saki Magnetics, Inc. 
Circle 52 on Reader Service Card 

DELAY /ECHO ACCESSORY 

I RI 
Q. 

Designed for use with the Revox 
A77 tape deck, this delay /echo unit 
incorporates an endless loop cassette 
that can be attached to the deck by 
removing the deck plate and reel turn- 
tables and affixing a cassette mounting 
plate. The device can be used for 
automatic message repeating continu- 
ous short -term program monitoring, 
time delay of programmable machin- 
ery, and tape echo. In the echo appli- 
cation, the variable speed control unit 
can be used to extend the range of 
available time delay. 
Mfr: Revox Corp. 
Price: (Including tape) $187. 
Circle 53 on Reader Service Card 

One of a series of brief discussions 
by Electro -Voice engineers 

WILLIAM 
RAVENTOS 

Marketing 
Manager 

Professional 
Products 

The 
INCREDIBLE 
ELECTRET 

Many engineering innovations have the un- 
fortunate habit of solving old problems only 
to create new ones. The history of the con- 
denser microphone is a case in point. 

The introduction of the electret condenser 
mike, with its permanently charged dia- 
phragm, eliminated the troublesome power 
supply and problems caused by other prod- 
uct complexities. Well -made electrets bad the 
physical durability of dynamics -but the first 
generation of products failed in the area of 
reliability. Performance specifications of early 
electrets were severely deteriorated by heat 
and humidity, both in short -term, temporary 
loss of operation, and more gradual. but ir- 
reversible, long -term deterioration. 

Now, with the introduction of a new genera- 
tion of professional electret microphones. 
such as the Electro -Voice CS15 and COBS, 
the cycle of prohlem and solution finally 
seems broken. 

These new Electro -Voice electrets are the re- 
sults of exhaustive research into electret dia- 
phragm materials and charging techniques: 
research that led E -V to develop a combina- 
tion of a unique fluorocarbon material and 
a proprietary charging process that produced 
greater charge stability and better heat /hu- 
midity resistance than had been possible in 
any previously marketed electret condenser 
mike. 

The benefits of E -V's new electrets were 
more apparent after I took the microphones 
with me as a part of our field testing under 
"worst case" conditions. Even after being 
left in the trunk of a parked car in Las Vegas 
(where temperatures reached 180') for six 
hours, and exposed to the tropical humidity 
of Florida and Hawaii, E -V's electrets showed 
no measurable charge degradation. 

For the ear with a brain. 
Electro- Voice, Inc. 
A GULTON Company 
Dept.1153BD, 686 Cecil Street 
Buchanan, Michigan 49107 

glect occ 
A SUBSIDIARY OF GULTON INDUSTRIES. INC. 
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products & services (cont.) 

PRECISION OSCILLATOR 

Performance testing of audio equip- 
ment accepting input levels from -80 
dBm to +18 dBm can be achieved 
with model 3600 oscillator. The unit 
is equipped with its own output trans- 
former and attenuator for normal 
testing and an unbalanced low im- 
pedance output for use in slate /tone 
systems. The unit features stable out- 
put level of ± 0.25 dB, 33 calibrated 
frequencies from 20 Hz to 20 kHz, 
selectable output impedance of either 
600 or 150 ohms, transformer cou- 
pled output and calibrated output at- 
tenuator. 
Mfr: Modular Audio Products 
Circle 54 on Reader Service Card 

DOLBY F.M. COMPENSATOR 

F.m. time -constant compensation. 
an important adjunct to Dolby f.m. 
broadcasts, is provided by model 
622P1. The new model compensates 
for the reduced transmitter pre -em- 
phasis in Dolby f.m. use, offering 
somewhat more flexibility than the 
model produced previously by the 
same manufacturer. Model 622P1 is a 
2- channel device which can be used 
for receiving Dolbyized f.m. and play- 
ing Dolby recorded tapes, as well as 
operating when connected in -line for 
listening to regular f.m. broadcasts. 
Dolby noise reduction circuitry may 
be in a free -standing unit or included 
as part of a tape recorder. The unit 
contains no amplification, power sup- 
ply or power lead. It can be hooked 
up with two processor noise reduc- 
tion units simply to decode Dolby or 
in two alternate ways which provide 
recording without changing hook up. 
Mir: Switchcraft 
Price: $24.95. 
Circle 55 on Reader Service Card 

Got the TOUR GIG equipment blues? 

Your sound equipment 

problems SOLVED by our tour 
experienced technicians 
We know how difficult it is to select the proper sound 
equipment when going on tour. We've travelled that 
route ourselves. Our technicians know the best way 
to bring your true sound to audiences in the various 
auditoriums, theaters, clubs, indoor and outdoor 
arenas. Our staff membershave played in many of 
these situations and so can guide you in the selection 
of the correct audio systems to convey a true 
rendition of your particular sound regardless of the 
halls or stages you will play. Now that sounds like 
a pretty big statement ... why not drop in and see 
how well we can back it up! 

See, Hear, Try...BEFORE You Buy! 

Professional Sound Reinforcement 

Quantum Audio, Inc. 
200 Park Ave. So., New York, N.Y. 10003 

{Íh Tel.: 212 260-2300 

Demonstration equipment of all 

major sound system manufac- 
turers on display in a working 
environment with expert audio 

consultants. 

We stock Altec Pro, Community Light & Sound, Crown, Gauss. 1BL Pro, BGW, Malatchi, 
2005 AD, Shure SR and other famous audio equipment. 
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MODULAR CONSOLE 
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A unit which eliminates the need 
for jury- rigged consoles to handle 8- 
track recording and can be expanded 
to full 16 -track capability is a prac- 
tical choice for the budget setup. 
Grandson H. model 110 -8 is a free 
standing console expandable to 24 
mixing positions -48 inputs -in 50 
in. width, applicable to recording /re- 
mixing /on -air control. It offers com- 
plete metering, two echo send /receive 
channels, talkback communications, 
separate control room and studio 
monitoring, either 8- or 16- channel 
monitor matrix, test oscillator, simul- 
taneous stereo and 8 channel outputs. 
two independent headphone cue fold - 
back circuits, and a full line of match- 
ing accessories, including a plug -in 
patch bay. There are 8 program out- 
put channels and 8 vu meters. Moni- 
toring functions and muting circuitry 
are TTL logic controlled and may be 
individually programmed. Solo func- 
tion with 1.e.d. indicator on each in- 
put may be used without interrupting 
a program. 
Mir: Auditronics, Inc. 
Circle 56 on Reader Service Card 

STUDIO CONSOLE 

. l 
A system called MIXLOG is built 

into console model Eclipse. which 
logs settings of faders. echo sends and 
pan pots for future reference. The 
unit is equipped with 20 inputs and 
16 output -mix channels. plus quad, 
stereo, and mono mixdown. Other 
functions include four echo and two 
cue channels. The patching system is 
provided with a custom -fitted vu 
screen monitor, closed circuit t.v., 
tape machine remotes and digital 
timer. The console includes extensive 
graphic equalization on all inputs, as 
signable group submasters, presettable 
input muting and discrete operational 
amplifier circuits. 
Mfr: Sphere Electronics 
Circle 57 on Reader Service Card 



products & services (cont.) 

SINE /SQUARE WAVE 
GENERATOR 

LAG -26 generator produces a fast 
rising square wave for testing tran- 
sient response and a low distortion 
sine wave. It has a sine wave output 
range of 20 Hz -200 kHz at zero to 
5V rms with ± IdB flatness and dis- 
tortion less than 0.5 percent below 
20 kHz. The square wave output is 
20 Hz to 20 kHz in the zero to 10V 
p -p voltage range with 0.5 us rise 
time. The unit synchronizes signals 
from an external source and has a cal- 
ibration accuracy of ±3 percent. The 
output impedance is 60051 unbalanced 
and the frequency range is in 4 -dec- 
ade bands. 
Mfr: Leader Instruments Corp. 
Price: $139.95. 
Circle 58 cm Reader Service Crud 

TWIN- GRAPHIC EQUALIZER 

1 

1 

Two completely independent ten - 
octave equalizers with separate equal- 
ization panels arc contained in the 
TG2209 -600. The unit handles tape - 
to -disc transfers, radio and t.v. pro- 
duction, p.a. feedback suppression, en- 
vironmental equalization, and sound 
reinforcement. Front panel pushbut- 
tons select either equalized or un- 
equalized output, low and /or high 
shelving, and zero -gain lights on or 
off. There are separate terminations 
for input and output of sections A 
and B. Four I.e.d.s provide visual 
front panel display for balancing in- 
put to output signal ratios. The equal- 
ization panels have -!- 12 dB boost 
and cut provided individually for each 
octave. Separate equalized signal zero - 
gain controls are used for each chan- 
nel, enabling exact balancing of in- 
put to output with a 6dB and 
-12dB range. L.e.d.s are used in 
conjunction with the zero gain level 
controls. 
Mfr: Soundcraftsrnen 
Price: $550.00 
Circle 59 on Reader Service Card 

REEL DEGAUSSER 

Model R24024 demagnetizes reels 
up to 1 in. wide and 17 in. in diam- 
eter. Operating on 115V a.c., 50 -60 
Hz, 18 amps, the unit is capable of 
degaussing 100 reels of '/z in. tape in 
approximately 15 to 30 minutes. One- 
inch reels are handled by doing one 
side and then flipping over the reel to 
repeat the erasing operation through 
the action of turning on the main 
power switch and slowly rotating the 
reel on the spindle for several revolu- 
tions. The device has a forced air 
cooling system; it may be operated 
for 40 minutes continuously before 
requiring a cooling off period. An 
automatic overheat phase is indicated 
by a panel light; during this phase the 
magnetic field is automatically shut 
off but a cooling fan continues. In- 
cluded are a three -conductor power 
cord, fuses, and pilot light. 
Mfr: Robins Industries Corp. 
Price: $240.00. 
Circle 60 on Reader Service Card 

Complete Audio Distortion and 
Frequency Response 

...Automatically 

RADIOMETER .gall 
COPENHAGEN 

Comprehensive distortion and frequency response measurements are 

easily performed with the BKF10 Automatic Distortion Analyzer. 

This unique instrument combines a distortion meter, a low distortion 
audio sweep oscillator (<0.01% t.h.d.) and an input /output ratio 

meter. Operation is totally automatic ... No balancing, nulling or level 

setting is required. Addition of a recorder provides complete distortion 
and frequency response curves. Send for complete information. 

IlTHE LONDON COMPANY / 811 SHARON DRIVE / CLEVELAND, OHIO 44145 / (216) 871 -8900 
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products & services (cont.) 

VARI -DEPTH COMPUTER 

Designed to operate in conjunc- 
tion with the manufacturer's vari- 
pitch computer, for disc -mastering, 
the new vari -depth unit utilizes state - 
of- the -art low power cmos logic ele- 
ments to digitize the incoming audio 
and transfers this information to the 
master disc. The operator may pro- 
gram the system to deepen on lateral 
as well as on vertical information. 
This feature, when used with the vari- 
pitch system, permits high level cut- 
ting at nominal pitches above 500 
g.p.i. The system can be programmed 
for automatic deepening during lead - 
in, banding, expand and finish oper- 
ations. The complete system can be 
installed quickly on any Scully or 
Neumann lathe and is compatible with 
all Westrex. Neumann and HAECO 
solid state systems. 
Mir: Capps & Co. /nc. 
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CABLE BOX 
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An ingenious arrangement of con- 
nectors eliminates running cables from 
a mixing console to the stage in live 
performance concerts. The multi -con- 
nection cable panel has 15 female 
and 5 male cannon XLR connectors. 
two of which are wired in parallel. 
From this panel placed on the stage. 
a single 200 ft. multi conductor cable 
runs back to the mixer console, where 
all patching cables can he plugged 
into another cable panel on the side 
of the cable box. It is possible to use 
two of the cable extension boxes, left 
and right of stage for multiple micro- 
phone applications. The mother unit 
has a handle on the side which is used 
to wind in the cable at the end of the 
performance and can be removed and 
placed inside the panel box. 
Mir: Lamb Laboratories, Inc. (RSE) 
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WIRELESS REMOTE CONTROL 

Maximum communication distance 
with minimum antenna and power re- 
quirements are claimed by the manu- 
facturer of the WR 420. The system 
is based on a building block approach 
to audio visual system planning. The 
receiver and transmitter can be ex- 
panded by additional control modules 
in ten -function increments. The con- 
trols, which are suitable for remote 
operation of projectors. tape equip- 
ment, sound systems, lighting, etc. 
can be placed in any location. They 
are able to operate through walls or 
any obstruction because of a coded 
matrix system which does not permit 
interference with the command. Any 
number of pieces of equipment can 
be controlled simultaneously with a 
touch of the appropriate button on the 
remote control. 
Mir: International Visual Products, 
Circle 63 on Reorder Service Card 

ALLEN & HEATH'S 

BUILDING 
BLOCKS 
Separately or as a package, Allen & Heath's 

"Mini" components lay a solid foundation 
for either a small studio or portable 

sound system. The 6in /tout Mini -Mixer 
features EQ, echo and cue sends, as 

well as panning. Add the Mon -Mix 
and you can have the capability 

of monitor -mixing 5 channels down 
to stereo with a separate cue mix. 

Top off the system with the 
Aux -Box, and you've added 

a line oscillator, talk 
back and monitor control. 

Separate units or complete 
system ... your choice. 

Write for details. 

Mon -Mix $195 

Mini -Mixer 
$595 

Aux -Box $195 

#echniques,inc. 
142 Hamilton Avenue, Stamford, CT 06902 Telephone: 203 359 2312 
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Standing Room Only for SR 

Shure's SR auditorium -size professional sound reinforcement componentry 
is probably the only equipment that's been field -proved in Opryland, Las 
Vegas and Moscow. The SR's modular flexibility has proved its adaptability 
in outdoor rockfests, theaters, amusement parks, and on the road with many 
of the world's popular entertainers. Best of all, the SR's rugged durability and 
enormous power potential make it the expandable sound investment of a 
lifetime. SR components can be used as a system, or inserted as individual 
links within a system of quality componentry in virtually unlimited combina- 
tions. For our "SR Sound Ideas" application guide, as well as the complete 
new SR catalog, write: 

Shure Brothers Inc. 
222 Hartrey Ave., Evanston, IL 60204 
In Canada: A. C. Simmonds & Sons Limited SHURE 

Manufacturers of high fidelity components, microphones, sound systems and related circuitry. 
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NORMAN CROWHURST 

Being Practical 
About Feedback, part 2 

Where phase is involved, gain is modified by something 
more complex. Most simply, phase is associated with low - 
and high frequency roll -offs -the latter unavoidable. 

s WE SHOWED in part 1, feedback takes care of vari- 
ations in gain due to a variety of causes, as long 
as they do not involve phase. Whether the gain 
changes at different parts of a signal wave- 

form or is due to variation in the parameters of various 
components, negative feedback reduces the amount by 
which gain changes, by the factor we introduced, called 
the feedback factor, 1 + Aß. 

From the purely mathematical view, this still applies, 
even when phase enters the picture, but it is complicated 
by the fact that 1 + Aß then becomes a complex quantity, 
and thus gain is modified by something other than the 
simple numeric we discussed in part 1. 

PHASE -HIGH AND LOW ROLL -OFFS 
While phase can enter the picture in some quite com- 

plicated forms, the simplest, and quite unavoidable ones, 
are associated with high and low roll -offs. Direct coupling 
avoids low frequency roll -offs and thus simplifies feedback 
design for the low frequency end. But anywhere that you 
put in either capacitor or inductive coupling, you are in- 
serting a low frequency roll -off that will need considera- 
tion if it is included in a feedback loop. 

Although low frequency roll -offs can be avoided, high 
frequency roll -offs are unavoidable. Using direct coupling 
extends response down to zero frequency -d.c. -but there 
is no way to extend high frequency response up to infinity! 
There has to be a high frequency roll -off somewhere. 

Any roll -off can be represented by a simple r -c com- 
bination, or a simple r -I combination (FIGURE 1). While 
avoiding the use of inductors will keep the 1 out of it, the 
r -c variety, or its equivalent, due to time effects in active 
devices, cannot be avoided. 

T 
HIGH FREQUENCY ROLL -OFF 

LOW FREQUENCY ROLL -OFF 

Figure 1. Basic configurations of reactance elements 
that contribute to each kind of roll -off. 

Any single stage, high frequency roll -off will be charac- 
terized by a 3 dB point, at which the phase delay is 45 de- 
grees. This occurs, when an actual r -c combination is in- 
volved, where the reactance of the c is equal to the r value 
it shunts. For design purposes, the frequency where this 
occurs is a good point to which to normalize the response. 
(FIGURE 2). 

Thus at double this frequency, reactance will be half 
the value of the associated resistance, and phase will have 
risen to about 63.5 degrees. At half this frequency, reac- 
tance will be double the value of the associated resistance, 
and phase will be about 26.5 degrees. FIGURE 2 shows the 
response as a polar diagram, with frequency plotted along 
the curve. If we plot the same thing out as an amplitude 
and phase response, it looks as shown at FIGURE 3. 
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Figure 2 -A polar plot of a single high frequency 
roll -off. 

An advantage of plotting it out as at FIGURE 3, is that 
when you have several stages, you can add the gains, as 
well as the dB amplitude, and the phase responses, to get 
the overall response all the way through. For the simple 
case where all roll -offs are identical, FIGURE 4 shows the 
response of two stages, and FIGURE 5 the response of 
three stages. 

Note that in FIGURE 2 the curve never crosses the re- 
actance axis to enter what we may call the positive zone. 
We will see what this means for feedback presently. In 
FIGURE 4 the curve does cross the reactance axis, going 
on to curves into the zero point, almost at the 180 degree 
phase angle. But the fact is, it only reaches the full 180 
degrees, which constitutes positive feedback, when the 
amplitude gets down to zero -too late for it to cause 
oscillation. 

In FIGURE 5, the curve goes further around the zero 
point as it turns in and thus crosses the 180 degree line, 

Figure 4. A polar plot for two identical high 
frequency roll -offs. 
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Figure 3 -The same response as that shown at 
Fig. 2, plotted as dB and phase angle, against 
frequency, normalized. 

where its amplitude has dropped to 1 /8th of its starting 
amplitude. What this means is that if the Aß product is 
eight or greater, its value will reverse its phase from nega- 
tive to positive feedback, or from positive to negative in 

Formula 1: [AF = 4 e - 1 + Aß 
(Al: is the gain with feed- 

back)] It will still have an amplitude of one or greater in 
the positive direction. 

So an amplifier with three identical roll -offs within a 
feedback loop will become unstable when the loop gain 
reaches eight, which is 18 dB. The value of 1 + Aß for 
which this happens is nine, before phase angle starts in, 
representing a dB feedback of just over 19 dB. 

FIGURES 2, 4, and 5 are what form the basis of Ny- 
quist plots, which are plots for simple systems with one, 
two or three identical roll -offs. It is possible to make such 
a plot for any system, or loop. So let us generalize, to see 
what we could learn from such a plot. 

NYQUIST PLOTS 
Let us assume that the polar plot we make is for the 

value of Aß. The usual way is have zero at the right and 

Figure 5. A polar plot for three identical high 
frequency roll -offs. 
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Figure 8. A completed set of rulings, using the construction of Fig. 7. 

measure the unphasc- shifted vector to the left. Now if 
(FIGURE 6), we measure to the same scale we used to 
measure off AS. to the left, we measure off one to the 
right, the new point can be labeled - I. And as the dis- 
tance from zero to the point of the vector represents Aß, 
the distance from the -1 point to the same end of the vec- 
tor will represent 1 Aß. A useful result! 

Further. if we use as the origin, the first zero point. 
against which to plot a polar curve of Aß, the same curve, 
using the I point as origin, will also he a polar curve 
of 1 - Aß. 

PROVIDING A SCALE 
Now, in most feedback systems (except where feed- 

back is used to modify response, which we will deal with 
in part 3), ß is a constant, a fraction. So all the phase 

;Aa 

PHASE WITH FEEDBACK 

Figure 6. The construction for the Nyquist diagram for 
criterion of stability. 
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shift and amplitude change is in A. The curve representing 
the locus of Aß can be used to represent the locus of 
vector A by merely dividing by ß. Since (, is always frac- 
tional. the result is that A is always bigger than Aß. 

Gain with feedback, from Formula 1, is given by A 
divided by the feedback factor 1 Aß. Now the quantity 
Aß /(1 + Aß) is the ratio between the two vectors, one 
with its origin at zero and the other with its origin at -1. 
So the gain with feedback is this same ratio, divided by 
ß which, as we have assumed for the moment, is a con- 
stant. 

This means that if we can provide a background scale 
of lines that represent constant ratios of these two vectors. 
we will be able to see what happens to response with feed- 
back, at a glance. Let's take the case where Aß is half 
of I - Aß (FIGURE 7). 

When Aß is -1/3, 1 -- Aß is -- 2/3. And when 

Figure 7. Construction for the circular scale rulings 
that enable the Nyquist plot to show response with 
feedback. 



Figure 9. Some of the kinds of thing that a Nyquist 
plot can show: (a) a progressive roll -oft with no 
peaking; (b) a response that has peaking before 
cut -off; (c) a response that will be positively 
unstable; (d) a theoretical response, shown in some 
textbooks to explain conditional stability. 

Aß is +1, 1 + Aß is -I 2. The locus of all points so 
that Aß is half of I + Aß is a circle passing through the 
points -1/3 and -I- 1. If you are not sure of that, take a 

point on the circle that is easy to figure. such as where 
Aß is at 90 degrees. Here its value will he 1/ 3, which 
is approximately 0.577. Applying your right triangle geom- 
etry, 1 -I Aß is 2/1[3, so it is true here. 

Actually, all the loci for points at which Aß and 1 + 
Aß have the same ratio are circles, except for where 
Aß - 1 Aß, the locus for which is a straight line. 
If we draw these circles at, say, dB intervals, and then 
plot the curve for Aß using it as background, the scale 
provided by the circles will show the response of the 
amplifier with feedback. These scales are shown at FIG- 
URE 8. 

That takes care of amplitude response. in dB. For 
phase angle, we already have phase angles for gain with- 
out feedback, Aß, and for the feedback factor, 1 -i- Aß, 
leaving the phase of the amplifier with feedback as the 
angle between the other two. 

Notice that, for large amounts of feedback, the angle 
between the two vectors Aß and 1 ' Aß is much smaller 
than the angle of Aß or I -!- Aß individually. So feedback 
reduces phase shift in a manner similar to the way it 

reduces gain. 
Now if we plot the locus of vectors for Aß against fre- 

quency using this scale of circular rulings as background. 
we can see what kind of response we get with feedback 
(FIGURE 9). If the curve moves uniformly inwards to- 
ward the zero point, the response with feedback is a modi- 
fied roll -off. If the curve moves outward over the circles, 
possibly even into the area where the circles curve around 
the -1 point instead of the zero point, then the response 
with feedback peaks, but is still stable. If you want to, you 
can read the amount of peak from the circles it crosses. 

Finally, if the curve encircles the -1 point, the ampli- 
fier with feedback is unstable, because at the frequency 
where phase shifts 180 degrees for loop gain (Aß), the 

Solve all studio timing 
problems with ingeniously 
simple, low- priced digital 
timers from... 

ES-300 

75 530 

ES-500 

ES-400 

ES-302 

It V i Sb 

sss 

ES-134 

110 
ES-510 

ES -300: A 100 minute upldown timer with incandescent digital display 8 momentary 
pushbutton controls on top of an etched aluminum case. 

DIMENSIONS Po" high x 8" wide x 5W' deep 
ELECTRICAL 117 VAC 60 Hz IOW max. 
OPTIONS. B.D.G.H,1.8.P.O.R,S.T.W,Y Price: $168.00 

ES -301: Same as the ES -300 except with Planar gas discharge display. 
DIMENSIONS. 2, f" high x 8" wide x 6" deep 
ELECTRICAL 117 VAC 60 Hz 7W max. 

OPTIONS. B.D.G,H,I.K,P.O.R,S.1.W,Y Price: $185.00 

ES302: Same features as the ES-301 PLUS lever -wheel. last -set programming. 
DIMENSIONS: 252" high x lO wide a 6" deep Price: $238.00 

ES -400: Three-digit. ten minute timer in etched aluminum case. 
DIMENSIONS 23/4" high o 6" wide e Si n deep 
ELECTRICAL 117 VAC 60 Hz 8W max 
OPTIONS: B.D.1.K.P.O.R,S,T.W Price: $98.00 

ES -510: Four-digit, sixty minute timer with momentary pushbutton controls and etched 
aluminum case. 

DIMENSIONS: 24: high x 6" wide x 551" deep 
ELECTRICAL: 117 VAC 50 Hz 859 max. 
OPTIONS: B.D,1,K,P,O,R,S,T,W Price: SI 25.00 

ES-132: Twelve volt. 12 hour D.C. digital clock in black anodized aluminum case; no 
60 Hz Hum.m.m.m. 

DIMENSIONS Pe" high x ate" wide x 1" deep 
ELECTRICAL. 12 VDC 

OPTIONS. B.D.E.F.I.K.P.O.R,S,W Price: $200.00 

ES- 134: Same as the ES -132 except 24-hour. military time. Price: $200.00 

ES -500: A twelve-hour. six digit, combination clock timer with five action momentary 
pushbutton controls. etched aluminum case. 

DIMENSIONS. 23/4" high x 8" wide x 55é deep 
ELECTRICAL: 117 VAC 60 Hz 12W max. 
OPTIONS: B.C.D,1.1CP,O,R,S,W Price: $150.00 

OPTIONS 

B BCD Output 
C Crystal Timebase 
0 Remote Connector. 6' Cable and 

Pushbutton Set 
E AC Operation with Crystal 

Timebase 
F AC Operation with Line Frequency 

Timebase 
G Stop at Zero 
H Relay Contact Closure and Stop 

at Zero 

P 

0 

R 

S 

W 

220 VAC. 50 Hz 

Kit 
19 Front Panel, 31, high 
9" Front Panel, 3r :a" high 
Remote Connector 
Slave 
Tenths of Seconds 
Three Wire Cord and Molded Plug 
Relay Contact Closure at Zero 

Call or Write for our catalog of Timers. Counters. Measurers. Programmers. Clock 
and Simple Solutions To Custom Problems. 

r ils 
15051/2 

CENTINELA INGLEW00D, CA 90302 

(213) 674-3021 

Reliable, Simple Products Designed To Serve You, Not "Break You." 
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The Optek 7400 
Automatic Bulk 

Tape Degausser. 
It does it all. 
All by itself. 

The Optek 7400 Bulk Tape Degausser is, quite 
simply, the best in the business. Dollar for 
dollar. Feature for feature. 
Start with flexibility. The 7400 accommodates 
the full range of tape types and sizes. Quadra- 
plex and helical video tapes. Cartridges. Cas- 
settes. Multi- channel professional audio tapes. 
From quarter -inch to two inches. On reels up 
to 16 inches. 
The real beauty of the Optek 7400 is that it 
accommodates them all- automatically. The 
reel, once mounted, revolves into and out of 
the magnetic field; the operator is freed to do 
other, more important things. And what it used 
to take that operator five or so minutes to 
accomplish, the 7400 does better -in just 45 
seconds. 

Designed for heavy -duty, round -the -clock opera- 
tion, the Optek Automatic Degausser has been 
thoroughly tested and proven in the field. 
Erasures in excess of -90 dB are easily deliv- 
ered. And to maximize tape erasures regardless 
of a tape's recording format, the 7400 features 
a unique Flux Pattern Selector. 
The 7400 Automatic Bulk Tape Degausser. 
From Optek. No question. Dollar for dollar and 
feature for feature, it does a better job, a 
faster job. It does it more efficiently, more 
'economically -and all automatically. 

For standard ferrous oxide audio tape. 

OP°TEI 
Special products for the special needs 

of the broadcaster. 
5526 E. La Palma Avenue 
Anaheim, California 92807 

(714) 528 -2321 
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Figure 10. The complete response for an amplifier will 
include both high frequency and low frequency 
roll -off characteristics, where there is a low frequency 
roll -off (i.e. where direct coupling is not used 
throughout). 

gain is more than 1, and thus it will oscillate. The text- 
books usually give one more condition, called conditional 
stability, and illustrate it by the last kind of curve shown 
at FIGURE 9. 

Here, technically, the curve does not encircle the -1 
point, but returns to zero without actually going round the 
-1 point. According to the theory postulated by the text- 
books, such an amplifier will be stable, until shocked into 
a condition of oscillation, at which the loop gain is more 
than one, but is averaged to one by distorting the wave- 
form so that, for part of the waveform it has a value on 
the curve beyond -1, and for part of it the gain is zero. 
because the amplifier is saturated. 

Possibly an amplifier could be constructed that would 
fulfill that condition. I have never made one, but I have 
encountered conditional stability, about which we will 
have more to say in part 3. 

NUMBER OF ROLL -OFFS 
The characteristics we have been discussing have re- 

lated to high frequency roll -offs. Where r -c or r -1 couplings 
are also used between stages, there will also be low fre- 
quency roll -offs, that will rotate the other way toward the 
zero point (FIGURE 10). 

While it should be fairly obvious that the more stages 
you have inside a feedback loop, the greater the ultimate 
phase shift, in its multiples of 90 degrees, and thus the 
greater will be the possibility of running into either peak- 
ing or instability. This means that juggling values to make 
the amplifier stable becomes more difficult. 

In this part, we have given the basics of the theory re- 
lating to phase in feedback circuits. In the final part, we 
will apply that theory to some practical criteria that can 
aid in feedback design, take a look at practical ways that 
feedback can be used in audio circuits, discuss some of 
the things that can happen that the simplified theory we 
have discussed so far does not cover, including some 
causes of conditional stability met in practice. 
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JOHN WORAM 

Echo and Reverb 

The author provides a clear description of delay, 

doubling, and reverberation and decay. 

The benefits of each are detailed. 

SOURCE 
ON STAGE 

Figure 1. Echo and reverberation within a room. The 
listener hears a combination of (1) direct sound (2) early 
reflections l echo(es)] (3) later reflections [reverberation]. 

Herewith an excerpted chapter from John Woram's 
soon- to -be- published book on studio techniques 
and operation. When published, this chapter will 
contain more information and illustrations than our 
pages presently permit. When is the book due? 
Watch these pages for future announcements. 

WITH THE EXCEPTION of the anechoic chamber, 
all monitoring environments have some effect 
on what the listener hears. The perceived 
"sound" of a musical instrument will vary 

from one room to another, and an acoustically dead studio 
will never be confused with a concert hall with superb 
natural acoustics. 

Since the sound of a musical instrument radiates in all 
directions, the listener hears something quite different than 
the direct output of the instrument. Although some sound 
certainly reaches the ear via a direct path from the in- 
strument, other signals are also present, as the sound 
radiates from its source to the various room surfaces; 
walls, ceiling, floor. Each of these surfaces absorbs some 
portion of the signal and reflects other portions back into 
the room. Consequently, the listener hears an incredibly 
complex mixture of direct and reflected information. The 
proportion varies according to where he is seated. If very 
close to the sound source, he will hear mostly the direct 
signal. On the other hand, the listener at the rear of a 
large concert hall may hear a signal that is almost totally 
reflected sounds. 

The character of the reflected sound is influenced by the 
construction of the room surfaces and the room's volume. 
Some materials are more reflective than others, and all 
have some influence on the frequency response of the re- 
flected signal. Carpeting for example, tends to absorb 
higher frequencies, while glass may efficiently reflect these 
same frequencies. 

I.n the older concert halls, one often fords mirrored 
walls, panelling, thick plaster surfaces and perhaps par- 
queted wood floors -all of which reflect sound and con- 
tribute to that illusive "concert hall realism." 

On the other hand, the surfaces of a well -designed rock 
studio may reflect very little sound back into the room. 
And, since so much recording is done with close micro- 
phone placement, the microphone "hears" a signal that is, 
for all practical purposes, only the direct sound of the 
instrument. 



Whether the primarily direct pickup is due to close mik- 
ing, a dead studio, or a combination of both, the resultant 
sound is usually described subjectively as dry, right, or by 
some other descriptive term that suggests the absence of 
reflected information. 

As a corrective measure, some sort of signal processing 
is often required to simulate a more natural sound. Or, 
for a special effect, an apparently greater than normal 
amount of reflected information may be sought. The en- 
gineer has several tools at his disposal to either simulate 
the ambience of the concert hall, or, create a unique effect 
that would otherwise he unattainable. 

Before describing these methods, a few definitions, and 
a brief discussion of room acoustics, are required. 

TERM 

Echo 

GENERAL 
DEFINITION SPECIFIC DEFINITION 

A repetition of a One (or a few at most) repetitions 
sound. of an audio signal. 

Reverberation A re- echoed Many repetitions, becoming more 
sound. closely spaced (denser) with time. 

Delay To postpone to a The time interval between a 

liter date. direct signal and its echo(es). 

Decay Progressive The lime it takes for the echo(es) 
decline. and reverberation to die away. 

ROOM ACOUSTICS 
The total energy present within any listening environ- 

ment is a mixture of three components: the original, or 
direct sound, the early reflections, and the later, more dif- 
fuse reflections or reverberation. These three components 
are illustrated in FIGURE 1. Although there is, of course, 
only one direct path from sound source to listener, there 
will probably he a few early reflections and very many 
later reflections within the typical music listening room. In 
fact, a pictorial representation of an actual sound field 
might appear as shown in FIGURE 2. 

At first, the direct sound, is heard. After a very short 
interval, ( I ), a repetition is heard as the direct sound, re- 
flected from a nearby surface, reaches the listener's ear. 
Still later, (t2), another repetition is heard, and then 
(t3), perhaps another, as the sound reflects from other 
nearby surfaces. As time passes, more and more repeti- 
tions occur as the sound waves spread through the listen- 
ing environment, striking and being reflected from the 
myriad surfaces within the room. As we reach (t4), (t5), 
(t6) . . . the reflections have become so closely spaced 
they fall almost on top of one another and the listener 
is no longer aware of their individual identities. 

As a matter of fact, even the very earliest reflections, 
(tl), (t2), (t3), are seldom consciously noted as such. 
Instead, their presence is sensed rather than distinctly 
heard. However, in some cases, an early reflection may be- 
come audibly noticeable, and perhaps distracting. In cer- 
tain concert halls, for example, the space under a balcony 
may produce an undesirable echo that is heard as an 
acoustic "slap- back" a moment after the direct sound. 
However, in a well designed room, echo and reverberation 
will not distract from the direct sound, yet their presence 
will add a richness that is conspicuously lacking in a dead- 
ened rock studio. 

Referring again to FIGURE 1, we may label four variables 
within the listening environment. After some delay, there 
is an echo (or echoes), then after further delay, there are 
many closely spaced echoes, or reverberation. In time, the 
reverberation will die away, or decay. 

In order to simulate this natural condition, the engineer 
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Figure 2. Pictorial representation of a sound field, 
showing direct sound, early reflections, and 
reverberation. 

may be called upon to produce artificially one or more 
of these variables. 

THE TAPE DELAY SYSTEM 
To produce an echo, some sort of signal delaying process 

is required. Until recently, this delay was accomplished 
with an auxiliary tape recorder. In addition to the normal 
recording process, the signal to be treated would also be 
fed to this extra machine. Depending on tape speed and 
the distance between the record and playback heads, the 
output would be delayed by some fraction of a second. 
FIGURE 3 illustrates the tape delay process, and lists the 
delays available when the heads are about two inches 
apart, which is typical of many professional tape recorders. 

If it is possible to continuously vary the speed of the 
machine over a wide range, additional delays become avail- 
able. But although the tape delay system is certainly usable, 
it may be inconvenient, since the echo tape must be re- 
wound frequently, and at the slower speeds, the record/ 
playback responses may not be equal to the demands of 
the session. 

THE DIGITAL DELAY LINE 
With the introduction of digital technology to audio, 

the so- called digital delay line may take over the task of 
the tape delay system. The advantage of the digital delay 
line is that the delay is provided electronically, with no 
moving parts in the system. And, the delays may be con- 
tinuously variable over a very wide range (0 -200 millisec- 
onds, typical), with no effect on the frequency response. 
A modern digital delay line may also have two or more 
outputs, so that the input signal may produce two or more 
echoes, each of which is delayed by a different amount. 
To create more than one echo using tape delay, each out- 
put would have to feed an additional input on the auxiliary 
tape recorder. Consequently, each additional delay would 
add one more generation of tape noise. 

ACOUSTIC DELAY LINE 
Another recent development in delay lines is the Cooper 

Time Cube, developed by Dr. Duane H. Cooper of the 
University of Illinois. The device uses acoustical delay 
lines in the form of coiled tubes, through which the signal 



co 
m 

MICROPHONE 

TAPE 
SPEED 

RESULTANT 
DELAY 

3 3/4 IN /SEC 528 ms 

7 1/2 IN /SEC 264 ms 

15 IN /SEC 1 32 ms 

30 IN /SEC 66 ms 

60 IN /SEC 33 ms 

DIRECT SIGNAL PATH TO TAPE RECORDER 

DELAYED 
SIGNAL (ECHO) 

RECORD 
I HEAD 
L 

AUXILIARY TAPE RECORDER 

2° TYPICAL 

PLAYBACK 
HEAD 

ms = MILLISECONDS (THOUSANDTHS OF A SECOND) 

to he delayed travels. A pickup hears the sound after it 
has travelled the length of the tube. Two tubes are pro- 
vided, giving delays of 14 and 16 milliseconds. The two 
may be combined in series to produce a delay of 30 milli- 
seconds; however no other delays are available without 
physically altering the lengths of tubing. Of course, some 
care must be taken to protect the units from mechanical 
vibration, which would be transmitted to, and then through, 
the tubes. The electronic circuitry is less complex than the 
digital delay line, and it is consequently less expensive - 
though admittedly not quite so flexible as devices using 
digital technology. 

DOUBLING 
It is of course possible to produce a delay so short that 

the ear cannot recognize it as such, even if its level equals 
that of the direct sound. Generally, as the delay is in- 
creased between 20 and 40 milliseconds, there comes a 
point within that range at which the echo separates from 
the direct signal and becomes clearly audible. The actual 
time value at which this happens depends on the nature of 
the signal in question. The echo of a drum figure might be 
clearly heard at 20 milliseconds, while a legato string line 
may require twice that delay or more before the echo is 
heard. 

These very short delays may often be used to simulate 
the effect of, say, a larger string section. In a large string 
section. the ensemble is never precisely synchronized. In 
fact. the very slight imprecision of attack within the en- 
semble gives the listener an aural clue that the group is 
large. (Of course, once the imprecision becomes overdone, 
the listener will object to the sloppy playing.) 

Now, by selecting a delay that is too short to create an 
audible echo, the engineer can apparently double the size 
of the string section. The almost instantaneous repetition of 
the signal simulates that very slight imprecision which is 
characteristic of a large group. The result may be particu- 
larly effective if the delayed signal is panned somewhat 
away from the direct signal, to create the illusion that the 
ensemble is spread out over a wider area. 

Once sufficiently delayed signals have been produced, 
they may be mixed with the direct signal to simulate the 
early reflections (echoes) of a concert hall. Or, for a spe- 
cial effect. these echoes may be combined out of proportion 
to the direct sound. However, the natural reverberation 
content of the concert hall cannot be satisfactorily cre- 
ated with a time delay system. 

REVERBERATION AND DECAY 
Reverberation was described earlier as a series of closely 

spaced reflections -so closely spaced that they are not per- 

Figure 3. Artificial echo, 
produced by a tape delay 
system. 

ceived as discrete echoes. Rather, their cumulative effect 
creates an impression of room liveness. 

The time intervals between the multiple reflections are 
entirely random, and to create such an irregular pattern 
with a series of delay lines would require a rather involved 
-and expensive -system. At this time, it is more practical 
to use an artifical reverberation device, which simulates 
the random multiple echo pattern of natural reverberation 
without actually producing discrete echoes. Basically, an 
elastic medium is set into motion by an applied audio sig- 
nal, and the to- and -from vibration is sensed by a special 
type of contact microphone attached to the vibrating me- 
dium. When the applied signal is removed, the vibration 
gradually diminishes, simulating the natural decay of room 
reverberation. 

THE REVERBERATION PLATE 
In professional studios, perhaps the most widely used 

device is the artificial reverberation plate. This unit con- 
sists of a steel plate, protectively suspended within a 
wooden cabinet. Attached to the plate is a driver element, 
not unlike a very small loudspeaker. The element is driven 
by an audio signal, and sets the plate in motion. As the 
plate flexes back and forth, the motion is sensed by two 
contact pickups, also attached to the plate. The audio sig- 
nal produced by these pickups simulates the reverberant 
field of a large concert hall. When the applied signal 
ceases, inertia keeps the plate in motion for several sec- 
onds, although via a mechanical damping system, this 
decay time may be reduced as desired. 

SPRING REVERBERATION SYSTEMS 
Although the steel plate produces a remarkably good 

simulation of reverberant sound, it is rather large and 
quite expensive. Later generation plates, although consid- 
erably smaller, are no less costly and may be somewhat 
beyond the reach of studios with a modest equipment 
budget. 

Reverberation devices using coiled springs are available 
over a wide price range, and although the least expensive 
ones certainly are not the equal of the steel plate, they are 
easily within the financial reach of the smallest studio 
operation. 

Although specific construction details vary from one 
manufacturer to another, this type of system uses a long 
coiled spring, suspended between a driver and a pickup 
element. The applied signal sets the spring in motion, and 
this motion is sensed by the pickup element. 

The simplest spring units are easily recognized by a char- 
acteristic metallic sound quality which is unconvincing as 



a simulation of natural reverberation. However, as a spe- 
cial effect on say, an electric guitar, the springy sound may 
create a unique sound texture not otherwise attainable. 
Inexpensive spring units have been built into a wide va- 
riety of guitar amplifiers and electric keyboard instruments 
with considerable success, and the well equipped studio 
may have a few available for use as the occasion demands. 

The more sophisticated spring systems have decay time 
adjustments, and a sound quality that many find comparable 
in quality to the steel plate. In addition, the decay time 
may be varied while the unit is in use, since this adjust- 
ment does not produce any mechanical vibration which 
might he "heard" by the pickup element. 

ACOUSTIC REVERBERATION CHAMBERS 
The most elegant reverberation device is the acoustic 

reverberation chamber, actually a highly reverberant room 
in which all surfaces have been treated for maximum re- 
flectivity. A loudspeaker placed within the room transmits 
the signal to he processed, and a microphone placed some 
distance away picks up the multiplicity of echoes produced 
as the signal is reflected again and again within the room. 

Although the room is unsatisfactory for normal listen- 
ing, the overly reverberant sound, combined with the 
direct unprocessed signal, creates the illusion that the re- 
cording was made in a very large room with normal rever- 
berant characteristics. 

The acoustic reverberation chamber is a luxury many 
studios cannot afford. In order to function adequately, the 
room must he reasonably large, and of course carefully 
isolated from extraneous noise sources. Especially in high 
rent districts, it may be difficult to justify setting aside an 
appreciable area solely for the creation of reverberation. 
And, decay time may not be varied with ease, as on the 
steel plate or high quality spring system. To significantly 
alter the room's characteristics, some acoustic padding, 
perhaps in the form of draperies, may be added or re- 
moved. Although this is certainly effective, it can be a 
time consuming process to tailor the reverberant sound to 
fit the immediate needs of the session. However, the well 
designed chamber does produce a most pleasant reverber- 
ant field, and is perhaps the closest approximation of 
natural concert hall reverberation that is available at this 
time. 

STEREO REVERBERATION 
By its nature, natural reverberation is diffuse, and the 

listener is scarcely conscious of a recognizable location 
from which the reverberation is coming. Rather, the re- 
verberation envelops the listener from all sides. 

But, regardless of construction details -steel plate, spring, 
or room -a reverberation device with only one output is 
limited in its effectiveness to simulate the natural condition. 
A single output. panned to some specific point, will be just 
that: a point source of sound, reverberant in quality but 
not diffuse. 

Consequently, the definitive stereo reverberation system 
should have two outputs, both derived from the same 
input. For example, the steel plate mentioned earlier has 
two pickup devices, located at different distances from the 
driver element. As the plate flexes, the instantaneous de- 
flection is randomly dis- similar at the two pickup locations. 
However, if the two outputs were compared, one at a time, 
they would sound practically identical since they are, of 
course, reacting to the same input. But, if one output is 

routed to the left and the other to the right, the subtle 
variations in phase will create an overall ambient sound 
field that more closely resembles natural reverberation. 

In the acoustic reverberation chamber, two microphones 
may be set up within the room to create the same effect. 
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Inside view of chassis, showing location of the added 
circuit board, lower left. The cable along the 
left side brings the remote control and light functions 
from the local buttons to the enlarged remote control 
plug at the lower left. 

MITCHELL D. TANENBAUM 

Modifying a Scully 280B 

Several ingenious changes in the transport electronics 
of the Scully 280E improve remote operation, motion 
sense response, and editing capability. 

PON INSTALLING AND TESTING four new Scully 
280Bs at our studios, we found certain lacks 
in the transport control electronics. Pushbut- 
tons did not light and no provision was made 

for lighting them. This means that an operator using the 
machine by remote control had no indication of the status 
of the transport. The stop button was lit when power was 
applied, regardless of the position of the tape -break arm. 

The automatic tape lifter was defeated by depressing 
one of the remote fast wind buttons. We have always pre- 
ferred separate remote and defeat buttons. In addition, 
the transport would often remain in an interlocked state 
due to the motion sense even after tape motion ceased. 
Also, we wanted an edit mode similar to Ampex' play - 
edit. 

We decided that with a little ingenuity, we could alter 

Mitchell D. Tanenbaum is technical director of 
co 
en station WBFO, Buffalo, N.Y. 

the electronics to fit our needs. Because of the flexible 
natur of digital circuitry, these modifications are straight- 
forward and can be made with few alterations to the logic 
board. Fortunately, there are a sufficient number of re- 
dundant contacts on the logic board on which to bring out 
the extra functions. One small additional circuit board 
must be added to switch the lights. This board can mount 
conveniently to the left of the logic board. 

LIGHTING THE PUSHBUTTONS 
In order to light the pushbuttons, logic signals are 

taken from key points in the circuit and fed to a Darling- 
ton configuration light driver. The high input impedance 
and gain of this circuit allows several lights to be driven 
without exceeding the fan -out capabilities of the ttl cir- 
cuitry. Shunt resistor R2 keeps a small warming current 
through the bulb when it is off to prevent a current surge 
during cold turn -on. Four of these circuits are used to 
light the play, fast forward, rewind, and edit pushbuttons. 

The following flip -flops will provide a Logic 1 when 
the transport is in the designated mode: 



Play U5, Pin 10 
Fast Forward U I , Pin 10 
Rewind UI, Pin 13 
Edit U7, Pin 13 

These logic levels are used to drive the Darlington cir- 
cuits. 

In order to have the stop light indicate the status of the 
tape -break arm, the arm switch and its connectors must be 
rewired, with the wiper to ground, the normally closed 
contact to U4, Pin 5, and the normally open contact to 
the low side of the stop light. Remove the hard -wired 
ground to the stop light. 

An open ttl input is at Logic I. However, Scully has 
tied all the inputs to the logic board low, using 180 -ohm 
resistors. 

Therefore, R19 must be removed and R17 replaced 
with a jumper. C20 will still serve to slow the rise and 
fall times of the input, preventing transients from affect- 
ing the transport mode. When the tape -break arm is down. 
U4 Pin 5 is held at Logic 0 and the stop light has no 
ground return. When the arm is raised, U4 Pin 5 is 
opened, raising it to Logic I. Simultaneously, a return is 

provided for the stop light. 

SEPARATE REMOTE ATL DEFEAT 
In order to provide a separate remote atl defeat, CR4, 

CR12, and R33 must be removed. Delay capacitor C18 
may he removed to provide instant response on the atl 
defeat. The application of 5V to R34 will defeat the atl. 

Replacement of R29 (470k) with 150k will improve 
the response time of the motion sensing. 

Removal of CR20 will allow the transport to enter the 
edit mode from play. 

Following are step -by -step instructions for modification 
of the logic board: 

Remove: R19, R33, C -18, CR4, CR12, CR20 
Remove: Rl7 (47) and replace with Jumper. 
Remove: R29 (470k) and replace with 150k. 
Break foil: J202 between Pins 2 and 3. 

J205 between Pins 6 and 7. and Pins 9 
and 10. 

Jumper From 
U5 Pin 10 
U2 Pin 12 
U2 Pin 13 
U7 Pin 13 

To 
J205 Pin 10 
R33 (J202 side) 
J202 Pin 3 

J205 Pin 7 

Function 
Play Status 
F.F. Status 
Rew. Status 
Edit Status 

View of the under -side of the circuit board showing 
the added ¡umpers and broken foil between contacts. 
Some unused holes in the board may be used for 
at least one of the jumpers. 

The following changes in J202 have now been 
made: 

Pin 3: Rewind status -Pin 7: F.F. status. 
The following changes in J205 have now been 

made: 
Pin 7: Edit status -Pin 10: Play Status -Pin 

11: atl defeat. 

MODIFICATION OF THE CHASSIS 
Remove the 9 Pin remote connector (Jill) and re- 

place with a 15 Pin Molex connector. The hole will have 
to be enlarged slightly. The following is the pin configura- 
tion we used: 

PIN NO.: 1 2 3 4 5 6 7 8 9 10 
FUNCTION: Rec Rec Play Play Rew. Rew, F.F. F.F. Stop Stop 

Lite Lite Lite Lite Lite 

PIN NO.: 
FUNCTION: 

II 
atl 
def 

12 13 14 15 

-1-5V +24V Ground 

The remote control buttons should be paralleled with 
the local buttons. The +5V line is common to all buttons. 

The remote lights should be paralleled with the local 
lights, and the 24V line should be bussed to all the 
lights. The low side of each light should go to the col- 
lector of its driver. 

The tape -break arm must be rewired. The wiper is 

grounded, the n.c. contact to J202 Pin 1. and the n.o. 
contact to the low side of the stop light. Remove the 
ground, which is presently connected to the low side of 
the bulb. 

These modifications will be beneficial to remote opera- 
tion of the Scully 280B and will give improved motion 
sense response and edit capability. Also. the status out- 
puts from the logic board can he easily interfaced with 
larger digital control systems. 

Special function sequences can be easily predetermined 
and controlled for production flexibility. Several machines 
can interact. 

REFERENCE 
For more detailed diagrams of the 280B, see Instructional and 
Maintenance Manual for Scully 280B Series Recorders /Rpro- 
ducers, Scully -Metrotech Div., Dictaphone Corp., 475 Ellis St., 
Mountain View, Ca. 94040. 
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Figure 1. The gaps in a headstack. 

JIM GRIMSHAW 
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Figure 2. A perpendicular line 
drawn through the points gives the 
impression of perfect alignment. 

Figure 3. Closer scrutiny of the 
gap points. 

Multi -Track 
Phasing Errors 

Tracing a mysterious misalignment in mono multi -track 
recording discovered a mechanical gap which can be corrected 
with a little care. This article may prove basic to some 
but vital to others and it is so offered. 

THERE EXISTS in the innards of every multi -track 
machine certain problems. The limits of frequency 
response, distortion, noise and the like are com- 
mon irritations. However, one very important 

parameter has been omitted from our ever -growing list of 
limits and specifications. That missing link is the adjust- 
able mechanical phasing error. The phasing error I'm talk- 
ing about is not the mechanical error inherent in every 
headstack, nor the electrical phasing involved in recorder 
electronics, although these are not to be overlooked. 
Rather, the consideration here is with the illustration of 
a third error which can, without proper maintenance and 
care, literally destroy a multi -track session. 

Since the beginning of time, recorder manufacturers 
have played down the significance of recorder phasing 
problems. Their well -worn theory is that "there are too 
many acoustical phasing problems and incompatibilities 
present in the original program material for anyone to be 
concerned with the minimal problems the recorder itself 
may introduce." I contend that most recorders in use to- 
day are misaligned, and probably came from the factory 
that way. 

Jim Grirnshaw is associated with Fred Arthur 

MULTI -TRACK IS THE CULPRIT 
During a multi -track session a few years back, I began 

to get the feeling that what I was hearing during playback 
was not quite what I had heard coming straight through 
the board. Now taking into consideration the fact that we 
all miss things during the heat of recording, I decided to 
run a mono mix on the next take to see which was de- 
ceiving me -my ears or my memory. Later, while alone, 
I had a little time to go back and make some rather de- 
tailed a/b comparisons of the master and the quarter -inch 
mono mix. To my surprise, I discovered that the multi- 
track did indeed appear to have some very serious prob- 
lems which the mono mix did not. The mono mix sounded 
just as I remembered the session to have sounded. The 
multi- track, on the other hand, seemed to have lost some- 
thing in the mixdown. I did my best to duplicate the con- 
ditions under which I had made the first mono mix, but 
regardless of what I did I just could not make the master 
sound like the quarter inch. It didn't take a genius at 
this point to guess that the multi -track machine itself was 
the culprit. 

That assumption, although later to be proven correct, 
did appear to have some hidden ambiguities. The machine 
appeared for the most part to be a reliable unit and had a 
good overall sound. Bench tests proved the unit to be 
meeting specifications and a poll of other engineers using 
the machine proved nothing. The only thing left to do was 



Figure 4. A perfectly recorded tape being played on a 
misaligned head. 

to test under studio conditions and to keep a close eye 
on the unit. 

During the next session. a lot of machines were kept 
rolling: the machine in question. a backup unit, a two - 
track. and a mono machine. Everything worked fine. I 

decided to keep this testing procedure in operation for the 
next several sessions in the hope that somewhere along 
the line the multi -track machine would foul up again and 
I'd he able to catch the trouble. 

A couple of weeks went by and still the little beauty 
was performing to heat the hand. Then late one afternoon 
I received a request Io record a drum set in stereo. Well. 
you can guess the rest. Playback in stereo was fine. but 
put those drums in mono -it'll never happen. 

Although I did not know the technical reason for this 
problem at the time. I did come to realize what the differ- 
ence between the fouled up sessions and good sessions had 
been. As long as no attempt was made to record any- 
thing in stereo or as long as leakage was kept low. the 
machine worked fine. But high leakage or stereo splitting 
was verboten. Well. even a first year technical student 
could tell you that you've got a phasing problem some- 
where along the line. 

A quick consultation with the manufacturer proved of 
little value. so the machine went back on the bench again. 
this time for its most thorough checkout ever. Amplifiers 
were tested first. Phase shift comparisons were almost un- 
readable. as the manufacturer guaranteed. All wiring from 
and throughout the machine proved correct. As a last 
ditch effort to prove what I was beginning to believe was 
an erroneous diagnosis, I fed a test tone into the machine 
and began comparing tracks. Well, there it was as plain 
as day. Even though I was putting in a highly compatible 
signal. what I was getting out was definitely' not com- 
patible. A little research and study revealed to me what 
I am now about to tell you. 

The machine in question was a well -known manufac- 
turer's four -track. The test procedure I initiated was to 
inject a IS kHz line level signal from a single oscillator 
into all record inputs simultaneously. This assured a com- 
patible input. Next, I set the machine in record and moni- 
tored the playback, using a 'scope adjusted for vectoral 
analysis. I rigged a switching network to allow me to 
compare all possible combinations of track pairs. I thus 
observed varying degrees of compatibility, depending upon 
the pairs selected. 

ADJUSTMENT ERROR 
From this and a good deal more testing, I derived the 

following theory: our phasing error can be defined as the 
mechanical gap or adjustmental error which produces a 

leading or lagging characteristic between any two or more 
headstacks when a uniphase, unifrequency source is passed 
across the head gaps or coils, or vice versa. 

Let us assume for the moment that the gaps of any 
headstack can be thought of as perfect points. (FIGURE 
I ). Now let's consider the dotted line in FIGURE 1 as the 
tape edges. Passing a line through the points, as in FIGURE 

ALIGNMENT 

Figure 5. Usual output- versus -azimuth of a playback 
head. 

2, gives us a representation of perfect alignment. All gaps 
are in perfect alignment with one another. Gaps are con - 
glomerately perpendicular to the tape edges. In consider- 
ing FIGURE 3, we see a situation somewhat less than per- 
fect. Gap points still appear theoretically aligned with one 
another, but are they? Actually their group alignment is 
highly dependent on their alignment with the tape. FIGURE 
4 gives us a representation of a perfectly recorded tape 
being played on a misaligned head. As can easily he seen. 
the gap conglomerate -to -tape misalignment has caused an 
apparent gap -to -gap misalignment. In this case. track 4 is 
leading track 3, track 3 is leading track 2 and so on. 

So now you're saying to yourself. "This guy is nuts" he- 
cause any fool can see the tape would he off azimuth. 
Okay, I agree, hut this is so only in the most radical cases. 
Remember when we assumed the gaps to he represented 
by single points? Well we all know that it just isn't so in 
real life. Giving the gaps back their length. we must also 
give them hack their width, and herein lies the problem. 
Any head, even a spanking new one, has an output- versus- 
azimuth graph resembling that of FIGURE 5. 

It's in this flat portion of the curve that we are all 
fooled. Trying to adjust out multi -track headstacks with 
an a.c. vtvm, or machine vu meter is like the proverbial 
needle in the haystack hunt. New heads will give a nar- 
rower peak than old worn heads, hut adjustment with 
anything other than a 'scope or phasing meter will not 
produce accurate alignment. 

But you still say you're not convinced that a headstack 
can he giving maximum output and he out of phase with 
its neighbor. Let's take a look at the numbers. Taking a 

standard two -track machine operating at 7.5 in -sec and 
using a test tone of 15 kHz we find that one electro- 
magnetic wavelength is equivalent to only 0.0005 in. That 
being the case one degree is equivalent to 0.00000139 in. 
Not much, huh? In adjustment, these dimensions are rep- 
resented by almost imperceptible movements of the ad- 
justment screws. 

TRANSPORT SPEED 
Many factors affect the problem under discussion. 

Among these is transport speed. Higher transport speeds 
reduce the phasing error. For example, taking our statis- 
tical two -track mentioned before, and upping its transport 
speed to 15 in /sec. at the same test frequency, we find 
that one wavelength is now equivalent to 0.001 in. Con- 
versely. dropping the transport speed to 3.75 in sec., we 
arrive at the very short wavelength of 0.00025. 
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To test and adjust any multi -track machine for phasing 
error, set up as you usually would. You'll need your test 
tapes, preferably new ones -older tapes have a tendency to 
develop a phasing error distortion. You should also have 
good quality oscillator and a 'scope adjusted for vectoral 
analysis. After the usual cleaning and demagnetization, 
put on an alignment tape. Adjust your nominal output at 
700 Hz or 1 kHz to zero for all tracks. Now jump up to 
15 kHz and trim all outputs for zero out. You can go 
back later and set these where you usually would. 

While reproducing 15 kHz. make comparisons of pairs 
of tracks, feeding one of each pair to the horizontal in- 
put and the other to the vertical input of your 'scope. All 
possible combinations of pairs must he checked. Example: 
I & 2, 1 & 3. 1 & 4, 2 & 3. 2 & 4, 3 & 4, for a four -track 
unit. If any pairs of tracks appear to he in anything other 
than a compatible relationship, adjustments are necessary. 
A good procedure to follow is to start with the outside 
tracks and make minute adjustments on the azimuth 
screw until these become compatible. Make sure as you 
do that you do not lose your peak output. 

Now check again all possible pairs to determine if all 
combinations are in phase. As with all things. compromises 
must be made. No two machines are alike; some will ad- 
just out well and others will not. If you are unable to get 
all possible pairs to achieve a less than 90- degree relation- 
ship, check your basic alignment. Check for skew, track- 
ing, tape tension, etc. As a last resort. try a new align- 
ment tape if available. If all else fails, you may be in 
need of new heads. Remember even new heads can be 
defective. 

If you are able to align the playback headstack for 
compatible phase relationship between all pairs of tracks, 
without losing output peak, at 15 kHz, run your align- 
ment tape down to 7.5 kHz. Now check all possible pairs. 
as you've done before. It is very possible to be in good 
phase relationships at 15 kHz, and be out of phase at 7.5 
kHz. After that, check the next sub multiple -3.75 kHz 
or the nearest tone you have. If this checks out. you're 
probably home free as far as the playback head is con- 
cerned. Remember, as the frequency goes down, the wave- 
length gets longer. The longer the wavelength, the less 
error is possible. 

Now let's turn our attention toward the record head. 
Feed in a 700 Hz or 1 kHz tone and adjust the record gain 
while recording for a zero output, at the same time moni- 
toring the playback. Then jump up to 15 kHz and trim 
the outputs for zero out. Again while recording, follow 
the same procedure as you used for aligning the repro- 
duce head. Compare all possible combinations of tracks 
and make slight adjustments in the record head azimuth 
until all tracks appear compatible with one another. Re- 
member, don't lose the peak output in the process and 
don't touch the reproduce head or you'll have to start all 
over. Once you've got the tracks compatible at 15 kHz. 
sweep your oscillator down to about 1 kHz while com- 
paring each pair of tracks. 

If the alignment is correct, phase relationships will be- 
come more compatible as you sweep down. If any phase 
reversals occur, you must start again. Obviously the pro- 
cedure becomes more time consuming and difficult as the 
tracks increase in number. 

In conclusion, I should state that phasing error, as de- 
fined here, is only critical when program material of com- 
mon source is applied to two or more tracks on a multi- 
track machine. Examples of this would be the recording 
of anything in stereo or in quad, such as drums or brass. 
Possibly the most important area is in the two -or four - 
track quad mix where many common sources are com- 
bined together. We must all realize that mano is still with 
us and multi -track compatible air plays are necessary to 
reproduce the sound with the greatest fidelity possible. 
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Balanced and 
Unbalanced Lines 
You must know what the advantages and disadvantages 
of each are before you can use either effectively. 

Reprinted from db July 1969 

IIOW many timez have you asked 
yourself, "Should I use balanced or 
unbalanced lines ?" Before we get into 
any further discussions about the use of 
the lines, let us look at balanced and 
unbalanced lines in general. 

Transfer of electrical signals from 
one location to another can be accom- 
plished only by means of a closet) loop. 
meaning that for energy being seat out. 
an equal :unuuut of energy with the 
reverse is y Should be received 
back. If we talk about electron flow, 
the amount of electrons being sent into 
the line should be replenished through 
the incoming line, thereby producing 
the current Iii We talk here about 
two wires; one, as being used to send 
signal out, and the other which acts as a 
return path fur the same signal. 

Signal currents in the audio -frequency 
range changes its direction many times 
per second, but the direction of current 
flow in two conductors is always oppo- 
site to each other. 

All audio transmission lines work on 
the same principle. In the case of field 
telephones for instance, one wire is 
omitted and grctttod is used as a return 
path (Fi(:t Ru: 1). Therefore. basically 
only one wire (hot) has to be strung. 
This single conductor acts pretty much 
as an antenna. picking up random 
electrical fields surrounding it and mix- 
ing them with the original signal being 
sent through the line. The ability of 
this transmission line to pick up ex- 
traneous harmful fields causes electrical 
interferences. Since one side of such a 
transmission line is at ground potential 
and the other is not, we call such lines 
unbalanced (l'inI'RE 2). Unbalanced it 

SINGLE CONDUCTOR 

STATION I STATION 20 

Figure 1. An unbalanced line such as is 

used by field telephones. 

is. with respect to ground and ex- 
ternal fields. One way to protect such a 
line from picking tip external interfer- 
ences is to isolate it from external fields. 
This can be accomplished through 
shielding. In order to minimize the 
effect of external fields, insulated trans- 
mission wires are kept close together 
with flexible metal shield in the form of 
a tube surrounding them. This shield is 
normally grounded at either one or many 
points. 

If this shield there near 100 per cent 
effective, it would have to he made of 
high -quality magnetic shielding ma- 
terial with an ability to block all 
electrostatic and magnetic fields as 
well. Shields made out of aluminum, 
copper, or other non -magnetic (non- 
ferrous) materials stop almost all elec- 
trical interferences caused by electro- 
static and radio -frequency fields but 
don't protect the wires from picking up 
low- frequency magnetic fields from 
a.c. transformers. over lines, motors, 
solenoids. and other sources). 

Since there are no practical shields 
which protect the unbalanced trans- 
mission lines completely for all types of 
interferences (and in order to accom- 
plish transmission of low- level signals 
economically over long lines) a method 

HOT 

Figure 2. The unbalanced interconnection 
of amplifier stages. 

of balancing transmission lines at both 
ends is being used. This method of 
balancing has been known for decades, 
the largest user of balanced lines are 
telephone companies. Almost all tele- 
phone installations and exchanges use 
balanced lines which allow use of un- 
shielded wires with relatively low losses 
(l' IGOR6. 3). 

In order to balance the line, trans- 
formers must be used at each end of the 
line. Transformer windings connected 
to the balanced line are made with the 
center tap normally grounded, at least 
at one end. The idea behind this hookup 
is to keep both wires of the balanced 
line at the same potential with respect 
to the ground. External fields affecting 
these lines, obviously affect bout sides of 
the line equally at the same tine, 
although both sides of the line may be 
saturated with external fields. Signals 
arriving at the terminating trans- 
former cancel each other out. 

The effectiveness of a balanced line 
depends on two factors. First, on the 
transformers and their symmetry of 
windings; second, on the transmission 
lines and the symmetry of the inter- 
ference signals induced in both sides of 
the line. 

Before we start saying when we w 
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Figure 3. The use of a transformer for the 
conversion of a line to and from unbalanced 
to balanced. 

should use balanced and when unbal- 
anced lines, we ought to examine the 
advantages and disadvantages of each. 

Balanced lines are obviously less 
sensitive to the external interference but 
require transformers which are costly, 
bulky, and can pick up external fields 
themselves. Unbalanced lines are more 
economical to use over shorter dis- 
tances but require much more care in 
connecting two pieces of equipment in 
order not to cause any harmful ground 
loops. Unbalanced lines also are more 
susceptible to external interference. 
Balanced lines are cheaper for longer 
transmission hauls because they do not 
require shielding. Their interwire capaci- 
tance as well as capacitance to ground 
can be kept small (if space is not pre- 
mium) but they require good trans- 
formers which impose limitations of 
their own on frequency response, level, 
noise, distortion. and phase. 

Unbalanced lines are very costly 
on long hauls but very economical 
when used within the system. They are 
very convenient when used with trans- 
former -less transistorized equipment and 
do not present limitations on electrical 
performance found in balanced circuits. 
A disadvantage (but many may think 
of it as an advantage) is the ability of a 
balanced line to have its phase in- 
verted 180 degrees, something that is 
harder to do with unbalanced lines 
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Figure 4. A shielded unbalanced line using 
a double conductor within a shielded shell. 

unless a transformer is used or a phase 
inverting amplifier. 

We come to the point where we 
should decide on an arbitrary set of 
rules guided by the state of technology 
in the field of audio, regarding the time 
and place for the use of balanced and 
unbalanced lines. (Let us just add be- 
fore any final deductions are made that 
its both cases the amount of interference 
picked up by the line is proportional 
to the length of it. Other factors may 
have an influence on the amount of 
pickup, such as the curvature of the 
lines which may have some cancelling 
effect, or ground capacitance which 
would have tendency to attenuate any 
rf type of interference. These factors will 
be neglected at present.) 

The set of rules we have to establish 
are to be developed based on the experi- 
mentation and experience of many 
audio specialists and engineers in this 
field. Let us start with microphone 
lines. 

Don't ever attempt to use unbalanced 
mic -input lines unless they are shorter 
than a few inches. This includes the 
mic for talkback system within a con- 
sole, announcer mics on goosenecks 
with the mic wires going directly into 
the preamp input, or any microphone 
with built -in amplifier (fet condenser 
microphones which may have output 
levels far exceeding levels of conven- 
tional microphones). Although it is 
possible to run some mic lines un- 
balanced, no self- respecting professional 
would dare to run these lines any other 
way than balanced. 

In the cases where inter -connection 
of several pieces of equipment with 
unknown ground potentials and dif- 
ferent power supplies is expected, bal- 
anced lines are mandatory. This refers 
to patch bays in particular. You never 
know what equipment you will be 
called upon to patch in and the only 
sure way to prevent ground loops, 
noises, and melted patch bays, ampli- 
fiers, and power supplies is to use bal- 
anced lines isolated with transformers. 

The trends of today's designs are 
to process the signal from the source 
to the final destination with the least 
amount of deterioration of quality. 
In this age of economical awareness, 
miniaturization, and high performance 
standards, the transformer is the most 
objectionable part of the system, so a 
tendency exists to eliminate it from 
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Figure 5. A balanced transformer. 

as many circuits as possible. I think 
this trend against the indiscriminate use 
of transformers is a healthy one, but I 

also think that we will never get to the 
point where transformers can be en- 
tirely eliminated. Let us consider re- 
cording or broadcast consoles. 

The only place experience dictates us 
we should use transformers for isolation 
and balanced lines is on all inputs and 
outputs from the console. (Except for 
the direct monitor speaker lines not 
going through the patch bays). All the 
rest of the circuits within the console 
can be unbalanced and there is no 
other reason than having access to 
parts of the circuitry balanced, to do 
otherwise (FIGURE 4). 

I doubt very much that you will 
find any patch bays used for access to 
the individual components within the 
system in recently designed consoles. 
Most of the circuits use switches rather 
than patch bays, eliminating the need 
for transformers. 

It is sad to note that there has been 
no successful attempt made over the 
years to improve transformers except 
for some minor improvements in alloys 
for laminations. While other com- 
ponents such as capacitors, resistors, 
switches and transducers have under- 
gone radical changes in their designs 
and performance, transformers from 
today are little better than from the 
1930's. There are no balanced mic 
transformers of quality readily avail- 
able off the shelf which do not have to 
rely on triple magnetic shields to 
eliminate hum pickup, rather than 
having their both halves of primary and 
secondary windings physically posi- 
tioned out -of -phase so that all external 
fields induced into the transformer 
would cancel out (FIGURE 5). 

Foreign countries use such trans- 
formers extensively. We don't. Nor do 
we have any transformers which have 
their coils completely surrounded with 
laminations acting as a magnetic shield? 
Nor do we have laminations, without 
the gap (except for expensive toroids). 
It looks like we have to do some catch- 
ing up with the rest of the world. Per- 
haps we should learn to be more per - 
ceptive to better ideas, designs, and 
practices. 
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FOR SALE 

MCI . . . DOLBY. Two great names! 
Two great products! For authorized fac- 
tory representation in the progressive 
Midwest, contact: Jerry Milam, Milam 
Audio Co., 700 W. Main St., So. Pekin, 
III. 61564. (309) 348 -3112, 9605. 

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

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

MOOG IIC studio modular synthesizer, 
expanded; $3,600.00. David Yost, 289 E. 

Parkleigh, Dr., Seven Hills, Ohio 44131. 
(216)524 -1369. 

NEW YORK'S LEADING PRO 
AUDIO /VIDEO DISTRIBUTOR for 
audio, video, broadcast, public ad- 
dress, and hi -fi systems; represent- 
ing over 200 audio /video manufac- 
turers, featuring such names as 
Ampex, Scully, Tascam, Sony, J. B. 
Lansing. Neumann, Altec, McIntosh, 
AKG. Dynair, T.V. Microtime, UREI, 
3M, and other major brands; the 
largest "in stock" inventory of 
equipment, accessories, and parts; 
competitive discount prices; factory 
authorized sales, service, parts, sys- 
tems design, installation. Write for 
free catalog! Martin Audio /Video 
Corporation, 320 W. 46th St., New 
York, N.Y. 10036. (212) 541 -5900. 

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

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

DECOURSEY ELECTRONIC 
CROSSOVERS 

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

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

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

SCULLY. ELECTRO- VOICE. NEUMANN. 
Shure. Spectrasonics. Quad Eight, Mas- 
terroom. ARP. Pultec, Mictrotrak, Russco, 
dbx. Interface, EMT. and others. The 
Audio Marketplace, Div. United Audio 
Recording, 5310 Jackwood, San An- 
tonio, Texas 78238. (512) 684 -4000. 

STUDER A -80 RECORDER, virtually new. 
$4,850.00. Walker, 323 Grove St., Mont- 
clair, N.J. (201) 746 -2794. 

AMPEX RECORDERS; Altec console 
components; test equipment; motion pic- 
ture cameras and much misc. $50,000 
worth, surplus to our needs. Call or 
write for list. Northwestern, Inc. (503) 
224 -3456, Portland, Oregon 97201. 

STUDIO AND ORCHESTRA ELECTRON- 
ICS from Dynacord. West Germany. 
Professional sound reinforcement mix- 
ing control units, various sizes and 
types up to 16 x 2 channels. built -in 
equalizers, reverb /echo system, inter- 
com to stage and other accessories 
such as frequency- dependent light con- 
trol, cable drum for multi mic and con- 
trol lines. stage signal box. etc. Special 
organ speaker cabinets and p.a. sound 
columns. Ask for complete brochure. 
Dealer and agent inquiries invited. Im- 
ported by: DISCOtheque- Time- Service, 
P.O. Box 16049, Seattle, Wa. 98116. 

SCULLY LATHE, =503 auto variable 
pitch, vacuum table and suction system, 
$7,500. Scully lathe =501 also available. 
Other surplus gear: Altec A -7s, 604s, 
3M 8 -track plus miscellaneous. Contact 
Jerry Barnes, United /Western Studios, 
6000 Sunset, Hollywood, Ca. 90028. 
(213) 469 -3983. 

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

ONE WAY NOISE REDUCTION for cut- 
ting rooms /tape copies: retains highs, 
rids hiss /surface noise & clicks /pops 
by a full 10 -14 dB and costs $170 up 
per channel! Music & Sound, Ltd., 11 , z 

Old York Rd., Willow Grove, Pa. 19090. 
(215) 659 -9251. 
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* SERIES "B" MIXING CONSOLE 

* VARI -BAND 5 SECTION 
PARAMETERIC EQUALIZER 

* DUAL EQUALIZED REVERB 
* LONG & SHORT THROW SLIDE 

FADERS 
* HIGH BALLISTIC VU METER 

P.O. BOX 3187 
HOLLYWOOD, CA 90028 

(213) 467 -7890 
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FOR SALE 

FREE CATALOG & AUDIO APPLICATIONS 
CONSOLES 

KITS & WIRED 
AMPLIFIERS 

MIC., EO, AC N, 
LINE, TAPE,DISC, 
POWER 

OSCILLATORS 
AUDIO 
TAPE BIAS 

POWER SUPPLIES 

SOUTH'S LOWEST quotes for Dynakits 
and EICO test equipment. AilKits, Box 
864, Destin, Florida 32541. 

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

PERFORM REAL TIME AUDIO ANALY- 
SIS with your oscilloscope! Just add 
the new ARA -412 Acoustic Response 
Analyzer -$1.295.00. Write for free data 
sheet: Communications Company, Inc., 
3490 Noell St., San Diego, Ca. 92110. 

MCI JH 120 2 -track in stock. World 
Electronics, Inc., 229 Sunny Isles Blvd., 
North Miami Beach, Florida, 33160. 
(305) 949 -8918. 

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

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

GENERAL RADIO 1521 -B graphic level 
recorder; low -speed motor; 40- and 80- 
dB potentiometers. Immaculate. $950. 
Details: D. Marx, Route 2, Box 34 -A, 
Ludlow, Vermont 05149. 

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

ONE STOP 
FOR ALL YOUR PROFESSIONAL 

AUDIO REQUIREMENTS 
BOTTOM LINE ORIENTED 

F. T. C. BREWER CO. 
P.O. Box 8057, Pensacola, Fla. 32505 

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

THE LIBRARY . . . Sound effects re- 
corded in STEREO using DolbyT" 
throughout. Over 350 effects on ten 
discs, $150.00. Write, The Library, P.O. 
Box 18145, Denver, Colorado 80218. 

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

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

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

DISKO MIX -MASTER I for disco use 
and /or preparation of disco tapes. Mixes 
two stereo phono inputs with self -con- 
tained headphone cueing amplifier. Send 
for literature. $129.00. Dealer inquiries 
invited. Berkshire Audio Products, P.O. 
Box 35, Great Neck, N.Y. 11021. 

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

ORTOFON 
DYNAMIC MOTIONAL FEEDBACK mono 
disc cutting systems. Complete with 
drive, feedback. and feedback -playback 
monitor amplifiers and cutterhead. All 
systems guaranteed. Spare cutterheads 
available for exchange /repair. Albert B. 

Grundy, 64 University Place, New York, 
N.Y. 10003. (212) 929 -8364. 

AMPEX 300, 352, 400, 450 USERS -for 
greater S/N ratio, replace first playback 
stage 12SJ7 with our plug -in transistor 
preamp. For specifications write VIF In- 
ternational, Box 1555, Mountain View, 
Ca., 94042. (408) 739-9740. 

TUNED ROCK P.A.s. Customized high 
intensity touring /permanent installa- 
tion sound systems. including nar- 
row band (5Hz!) feedback suppres- 
sion. detailed regenerative response 
4cousta- Voicing /environmental equal- 
ization (± 1 dB at your ears). room 
design / measurement / treatment 
15% articulation loss of consonants; 
1000s of customized professional 
products. including fiberglass horns, 
consoles, comp /rms /peak limiters. 18 

dB continuously variable electronic 
crossovers, digital /acoustic delays. 
omnipressors. flangers, reverb. echo, 
doubling /tripling effects. P.A. noise 
reduction: piezo transducers; fre- 
quency shifters from J.B.L. /Altec pro. 
Tascam, U.R.E.I., Eventide, Gately, 
Studer. Beyer, Crown. Community, 
Mom's Audio, McIntosh. Bozak, Allen 
& Heath. Gauss. Cetec, Electrodyne. 
Multi- Track, Parasound. White, etc. 
All shipped prepaid /insured. Music 
& Sound, Ltd., 111í Old York Rd., 
Willow Grove, Pa. 19090. (215) 659- 
9251. 

Inventors /Engineers 

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

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

FREE ROOM EQUALIZATION with pur- 
chase of 1/3 octave filters. This is not 
a misprint. Music & Sound, Ltd., 111/2 

Old York Rd., Willow Grove, Pa. 19090. 
(215) 659 -9251. 
-. S.M.E. Damping Mods -$30.00 

BODE FREQUENCY SHIFTERS since 
1963 ... Announcing the new model 735 
with exclusive (patented) features and 
amazing new sounds. Continuous sin- 
gle -sweep detuning -5 kHz to -5 kHz 
(and the inverse). including smaller 
ranges. In -step detuning with voltage - 
controlled keyboard; voltage controlled 
frequency shift modulation; unlimited 
spiraling echo effects; plus all known 
frequency shifter features. Special price: 
$900.00 f.o.b. N. Tonawanda. For details 
and information on other models. write 
to: Bode Sound Co., Harald Bode, 1344 
Abington PI., N. Tonawanda, N.Y. 
14120. (716) 692 -1670. 

REPAIR 
SCHOEPS (TELEFUNKEN) VACUUM TUBE 
CONDENSER MICROPHONES REPAIRED. 

Original factory parts &factory calibration of capsules. 
Models CM51. 61, 66: M201. 221. MK24. 26 etc. 

F ALBERT B. GRUNDY ` J ' 64 University Pl., N.Y., N.Y. 10003 V 
(212) 929 -8364 Iuf3L' 



AMPEX MM -100 eight -track 1 -in. tape 
machine, with sync and tape lock ac- 
cessories, one alignment tape and 5 

reels of 3M mastering tape. Approxi- 
mately 30 hours use. Box 101, db 
Magazine, 1120 Old Country Rd., 
Plainview, N.Y. 11803. 

CONCERT SOUND SYSTEM, 25.000 
seating coverage; over 200 interna- 
tional artists have used the system. Call 
(213) 997 -0059 for price & information. 

EAR PROTECTION DEVICES. Bilsom 
Swedish Ear Down is an easy to use. 
safe, hygienic. disposable synthetic fiber 
now being used by many major rock 
bands and sound engineers. Save your 
valuable hearing. Send $9.95 for 20 
pocket boxes. plus a free guide on 
hearing conservation. Listen Up, Inc., 
685 S. Pearl St., Denver, Colorado 
80209. 

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

TASCAM REVERBS- -$500; Tascam mix- 
ing consoles -$2.350; Tascam V2 -inch 
recorders; $1.990; Tascam 8 -track re- 
corders- $3.490. All shipped prepaid/ 
insured. including free alignment/equal- 
ization/bias /calibration. Music 8 Sound, 
Ltd., 1 1 t 2 Old York Rd., Willow Grove, 
Pa. 19090. (215) 659 -9251. 

- Note Special Prices 

COMPLETE FOUR -CHANNEL STUDIO 
EQUIPMENT made up of professional 
consumer products (TEAC, etc.). Much 
never used; over $7.000 worth. sell for 
$5,000. Jody Koenig, do Rave -up, 
606 University, Madison, Wisc. 53715. 

B.B.C. REFERENCE MONITORS, 
PRE- EQUALIZED J.B.L. /Altec moni- 
tors; Dahlquist phased arrays; I.M.F. 
transmission lines; Infinity electro- 
statics; Crown/McIntosh 16 :1 /bridged 
bi -amps; Scully /Revox A -700 record- 
ers; Micmix /Parasound /Multi -Track 
reverbs; Eventide flangers /omnipres- 
sors; Lexicon digital delays; dbx/ 
Burwen N.R. companders; Little Dip- 
per hum /buzz notch filters; Cooper 
Time Cube echo send; moving coil 
Denon /Ortofon; B &O /Rabco straight 
line arms /cartridges; Studer /AKG/ 
Sennheiser condensers; Beyer rib- 
bons. U.R.E.I. comp /limiters /cross- 
overs; Gately pro -kits; Q.R.K. turn- 
tables; White equalizers; 1000s more. 
Music & Sound, Ltd., 1112 Old York 
Rd., Willow Grove, Pa. 19090. (215) 
659-9251. 

All Shipped Prepaid Insured 

WANTED 

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

WANTED: ALTEC =633 mike. Contact: 
Box 111, db Magazine, 1120 Old 
Country Rd., Plainview, N.Y. 11803. 

EMPLOYMENT 

PROFESSIONAL RECORDING PERSON- 
NEL SPECIALISTS. A service for em- 
ployers and job seekers. Call today! 
Smith's Personnel Service, 1457 Broad- 
way, N.Y.C. 10036. Alayne Spertell. 
(212) WI 7 -3806. 

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

300 North Zeeb Road 
Ann Arbor, Michigan 48106 

This is a 

three band 
continuous sweep 
equalizer. 

It is 
quiet [- 80dbm], 
small [9" x 7" x 2 "], 
and costs 

$163.50 
For spec's 
call or write 

(SPECK 
MO ELECTRONICS 

Professional Audio 
11408 Collins 
North Hollywood, 
California 91601 
(213) 980 -9919 

Circle 46 on Reader Service Card 

V U METER 

-15 -12 -9 -6 -3 0 .3 

FINALLY A YU METER THAT CAN BE READ! 

* Easily read in daylight or dark 
* Provided in VU or S 

* Vertical or horizontal scale 
* 7 point red LED display 
* All solid state 
* Instant response 

The light emitting diode (LED) meter is an up to 
date technique for providing easily read (even in 
the dark) levels. This all solid state meter is rug- 
ged, very vibration and shock proof. There are no 
bearings to wear or crack; no jewels or pivots to 
damage. This means no inertia. The response is 
instantaneous and the indicating LED is held on 
with sufficient delay to provide easy reading even 
with a rapidly changing signal level. With no 
inertia there is no overshoot. This results in con- 
sistently accurate reading. 

Your check for $10.00 will save your time and 
cost of a phone call and will provide your evalua- 
tion test unit. 

/174\ PULSE DYNAMICS MANUFACTURING CORPORATION 
Box 355, Fulton and Depot Streets, Colchester, Ill. 62326 

C (309) 776 -4544, 776 -4575 
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people places happenings 

NOAKES JONES 

Michael J. Noakes has been named 
national sales manager in the United 
States and Canada by Revox Corp. of 
Syosset. N.Y. Mr. Noakes had pre- 
viously served as national sales man- 
ager for the firm in the United King- 
dom. His responsibilities will include 
Revox sales in the United States and 
Bib products in the U.S. and Canada. 

Russ Jones has joined Oberheim 
Electronics of Santa Monica, Califor- 
nia as a director of the corporation 
and vice -president of marketing. Mr. 
Jones will set up domestic and inter- 
national distribution for the product 
line. He comes to Oberheim from 
Acoustic Control. 

Exclusive distribution rights to in- 
ternational markets, excluding Brazil. 
has been granted by Audio Designs 
and Manufacturing, Inc. to the Ampex 
Corporation, of Redwood City. Cali- 
fornia. The agreement is for a two - 
year period. ADM will continue to 
market its products in the United 
States from its Detroit facility. 

Sudden Rush Music, 750 Kappock 
Street. Bronx. N.Y. 10463. is now re- 
leasing a regular monthly column of 
songwriter leads designed to fill re- 
quests for material coming in from 
various sources. The column is being 
published in Musicians Classified, a 
newspaper which provides New York 
area musicians with specific leads for 
employment and other relevant infor- 
mation. 

An example of the ultimate ambi- 
tion in studios has recently opened at 
the Casino Montreux in Montreux. 
Switzerland. focalized by Alex Grob. 
The facility has a control room and 
studio interfaced with a full -sized 
concert hall capable of holding a 
symphony orchestra. They use a Neve 
desk with 32 inputs and 24 outputs, 
two Studer 16/24 -track tape ma- 
chines. one Studer 4 -track and two 
Studer 2 -track recorders. Dolby 24- 
track noise reduction. two Tannoy 

FUJI! HOCKEMEYER 

monitors and 4 Westlake monitors. 
The quad control room was designed 
and built by Westlake Audio. in ad- 
dition to Mr. Grob. the management 
staff consists of Anita Kerr and John 
Timperley. The interfacing was donc 
by Mercury Electronics and Scenic 
Sounds of London. England. 

Two new appointments have been 
announced by the Cetec Corporation 
of N. Hollywood. Ca. Jules L. Sack 
has been named as director of mar- 
keting and sales and Wesley M. Fujii 
as vice -president and general manager 
of the Cetec Audio Division. Mr. 
Fujii comes to Cetec from Electro 
Sound, Inc. Mr. Sack was formerly 
associated with Stereodyne, Inc. 

A new position. that of national 
sales manager. professional products. 
at Capitol Magnetic Products of Los 
Angeles, will be filled by Larry C. 
Hockemeyer. Mr. Hockemeyer will he 
responsible for all domestic sales of 
studio and duplicator products, as 
well as the educational cassette line. 
Mr. Hockemeyer was previously with 
Data Packaging Corp. 

Four major promotions at James 
B. Lansing Sound of Los Angeles 
have been announced. Arnold Wolf, 
president of JBL since 1970 has been 
promoted to the position of chairman 
of the hoard. Mr. Wolf has been re- 
placed as president by Sterling San- 
der. 1. B. Stern takes on the job of 
vice president of Harman Interna- 
tional. expanding his role to include 
U.S. marketing for JBL. Harman/ 
Kardon, and Tannoy. Rod Bell has 
moved up to the post of vice presi- 
dent. marketing for the professional, 
consumer, and export divisions. 

Convention sites through 1980 
have been selected by the National 
Association of Broadcasters. Next 
year's confab will be in Chicago. 
March 21 -24. In 1977. the convention 
is scheduled for Washington. D.C.. 

1978. Las Vegas, Dallas in 1979, and 
New Orleans projected for 1980. 
Other NAB news includes several elec- 
tions. Wilson C. Wearn, president of 
Multimedia Broadcasting Co., Green- 
ville, S.C. has been unanimously 
elected as chairman of the Board of 
Directors. Harold R. Krelstein, hoard 
chairman of the Plough Broadcasting 
Co., Memphis. Tenn.. was re- elected 
chairman of the radio hoard of direc- 
tors, with V. Kay Melia. general man- 
ager of Station KLOE, Goodland. 
Kansas. elected vice- chairman. Walter 
E. Bartlett. senior vice president for 
television of the AVCO Broadcasting 
Co., Cincinnati. Ohio, was elected 
chairman of the television hoard of 
directors and Robert D. Gordon, vice - 
president and general manager of Sta- 
tion WCPO -TV of Cincinnati as vice - 
chairman of the t.v. hoard. 

TRW, of Los Angeles. has an- 
nounced four new organizational 
changes. James J. Jensen has been 
appointed to a newly created Elec- 
tronic Components Division manage- 
ment position. focusing on the inde- 
pendent telephone market. Karl E. 
Heller and Richard E. Sostek will he 
reassigned to functions relating to 
domestic operations. Mr. Heller will 
be responsible for active and passive 
components and Mr. Sostek respon- 
sible for electromechanical devices. 
In the same division. James J. Hernia- 
cinski has been promoted from the 
position of national sales manager for 
TRW 'Cinch divisions to the new posi- 
tion of ECD director. field sales op- 
erations. 

Two sales management personnel 
changes have been made at Switch - 
craft. Inc.. Chicago. Scotty Wallace 
has been named eastern regional sales 
manger. Wally Wheaton has taken 
Mr. Wallace's position as district sales 
manager for the Chicago area. Mr. 
Wallace was associated with TAB 
Books before joining Switchcraft in 
1973. Mr. Wheaton was at one time 
associated with International Register 
Co. and Shure Bros. 

Christine M. Davis. recently re- 
leased from active duty as an Air 
Force First Lt.. has joined Sparta 
Electronics, of Sacramento.Ca.. as per- 
sonnel and administrative supervisor. 
Also at Sparta, Rigoverto Felix was 
promoted to the post of customer ser- 
vice manager. He had been serving 
as a checkout supervisor in transmit- 
ter engineering. 
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Auditronics solved the "Perfect Console" mystery that faced 8 -track studios. 3efore Grandson II, smaller 
studios wanting an upda-e to 8 01 16 tracks had little to choose from. 

Now our second Grc rdson offers full 8 or 16 track capability with up to 24 mixing positions at a price 
that will fit your budget. 

Get the fully professional Grandson II and Auditronics working for you. 

0 
P.O. Box 12637 Memphis, Tenn. 38104.901/276-6338 
auditronics, inc. 

Circle ll mi Render Serrice Card 



The audience can't see you, but they hear you. 
They depend on you to get that music to them. Un- 

distorted. Balanced. Correct. 
That's an art. 
Presenting the Yamaha PM- 100016 x 4 mixing con- 

sole. 
A technological wonder. 
Chock full of professional controls and features: The 

exclusive 4 x 4 matrix with level controls gives greater 
control of the sound than by driving speaker amps 
directly from the bus output. 

It's standard equipment. 
Like transformer isolated inputs and outputs. Dual 

echo send busses. And an input level attenuator that 

takes +4 dB line level to -60 dB mike level in 11 steps. 
Plus five -frequency equalization. 

The PM -1000 keep; you flexible so that an unexpec- 
ted glitch won't hang you up. 

It helps yo.r maintain because you know your mixer 
won't let you down in the middle of somewhere. 

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

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

YAMAHA 
Box 6600. Buena Park. CA 90620 

THINKOF ITAS 
YOUR MUSICAL INSTRUMENT. 

401100 
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