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Next best thing 

to a sound proof booth. 

Shure's new headset microphones are coming through loud and clear. With 
their unique miniature dynamic element placed right at the end of the boom, 
Shure's broadcast team eliminates the harsh "telephone" sound and stand- 
ing waves generated by hollow -tube microphones. The SM10 microphone 
and the SM12 microphone /receiver have a unidirectional pickup pattern that 
rejects unwanted background noise, too. In fact, this is the first practical 
headset microphone that offers a high quality frequency response, effective 
noise rejection, unobstructed vision design, and unobtrusive size. 

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

H U R E 
Manufacturers of high fidelity components, microphones, sound systems and related circuitry. 
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Coining 
Next 
Month 

Signal control systems are our topic. 

David Robinson of Dolby Labora- 
tories has contributed DOLBY B PROC- 

ESSING FOR F.M. AND T.V. SOUND 
TRANSMISSION. In it. this broadcasting 
method for improving sound quality is 
fully explored. 

Martin Dickstein takes a broad look 
at a fascinating new studio tool - 
VARIABLE SPEECH CONTROL. 

Sid Smith will detail the advantages 
that a specially designed vcctorscope 
can offer to recording and broadcast 
engineers. 

A db Test will examine a new dbx 
product, the Model 162 stereo com- 
pressor limiter. 

Coming in October in db, The 
Sound Engineering Magazine. 

lit 
This cover shows a 1906 Edison 

Home Phonograph Model -C. As a 

cylindrical type with a sophisticated 
(for its time) spring motor, speed con- 
stancy was achieved. And since there 
was straight line tracking of the stylus. 
sound was equal in quality from the 
start to the finish. If you think that 
modern stylus shapes are a recent de- 
velopment, note that this system had 
an elliptically polished stylus. As with 
all Edison units, even later discs, 
groove modulation was vertical (hill 
and dale). We thank the Audio Tech - 
nica Company both in the U.S. and 
Japan for the photograph by Susumo 
Endo. 
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PURE PRO 
audio design 

The new standard in Professional 
Sound offers you everything: 

Spectrum- Master Equalization 
Most complete line available: /%- 
Octave Equalizer /Test Set: two addi- 
tional 1/3 and 1- Octave Equalizers; a 
unique Tunable Notch Filter; a ver- 
satile Equalization Test Set. 

Spectrum- Master In -Wall Amplifiers 
There is nothing to equal these pro- 
fessional units, each with built -in 
1- Octave Equalizer and exclusive 
Dynamic Range Extender. Available 
in 35 -watt, 60 -watt, 100 -watt outputs. 

Spectrum Master Amplifiers 
Imcomparable DX and TAX Solid - 
state amplifiers, designed for opti- 
mum continuous -duty performance. 
Available in a broad selection from 
70 to 250 watts RMS to meet any 
professional audio requirement. 

6000 
Series 
Equalizers 

DX, TAX 
Amplifiers 

4700 
Seies 

4907R 

1 
9 

4400 
Series 

Spectrum- Master Mixer -Amplifiers 
Superior 4400 Series with less than 
1.5% THD and program equalization 
provisions. Flexible, advanced de- 
sign; professional in every sense -for 
the most demanding applications. 

Spectrum- Master Input Equipment 
Have optimum mixing performance 
with maximum flexibility in the 4900 
Series. Ideal for broadcast and re- 
cording use, theatres, auditoriums, 
and churches. Distinguished for ultra - 
low distortion and wide- range. 

quality's other name in 
Sound and Communications 

WRITE FOR TECHNICAL BULLETINS 

RAULAND -BORG CORPORATION 
N 3535 W. Addison St., Dept. N., Chicago, Ill. 60618 
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THE EDITOR: 
Some comments on Patrick Finne - 

gan's article on f.m. broadcast moni- 
tors (Broadcast Sound, June, 1977). 
The most effective, and I believe most 
simple, way of matching the monitor 
load to the coaxial cable feeding it is 
to place a fixed attenuator at the input 
to the monitor (rf input). A fixed 10 
dB attenuator (50 ohm impedance) 
with power handling capability ade- 
quate to handle the power level at the 
monitor input will effectively dampen 
any reflections that might otherwise 
arise due to the mismatch of the co- 
axial feeder cable and the monitor. 
The available rf level will of course 
have to be 10 dB higher than other- 
wise required, due to the 10 dB inser- 
tion loss of the pad. High quality pads 
are available from numerous sources 
at reasonable cost. The use of a 10 
dB pad improves the "match" by 20 
dB, i.e. any reflection is reduced by 
20 dB. If you're really fussy about 
this match you could use a 20 dB pad 
and reduce the reflection by 40 dB! 
We do this all the time in matching 
cable t.v. head -end equipment to long 
feeders. Most of the tests that Mr. Fin- 
negan describes using a communica- 
tions receiver can be done much more 
easily and accurately with a good lab- 
oratory-type spectrum analyzer. e.g. 
Tektronix 7L13 system. If you don't 
have one, go out and rent one. It will 
save you time and money! 

I. SWITZER 
Switzer Engineering Services 
Mississauga. Ontario 

Mr. Finnegan replies: 
Mr. Switzer is correct on both 

counts. The use of a good rf pad will 
properly terminate the line, and there 
is no question about the spectrum ana- 
lyzer checking the accuracy of the car- 
rier deviation. The use of the direc- 
tional wattmeter, however, will also 
permit measurement of the input to 
the monitor at the same time you are 
adjusting for a good match to the co- 
axial cable; it is important that the 
monitor input not be overloaded as 
well as matching the line. Many of 
the smaller f.m. stations cannot afford 
expensive test equipment, so other 
methods must often be used. The com- 
munications receiver is often more 
available than a spectrum analyzer. 

(continued) 
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NOW! 
See what you hear 
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ADM® 66b 
Audio Spectrum Analyzer for 

Recording Mixdown Broadcasting 
MasteringMaintenanceAudio Testing 

FEATURES 

Higher resolution and visibility than available LED displays. 
Divides 40 Hz to 20 kHz spectrum into 28 third octave filters 
that are displayed on a TV monitor screen as 28 individual bars, 
allowing constant monitoring of audio frequency spectrun. 
Dynamic range of 25 dB with Y dB resolution. Accepts 
signals from 1 MV to 10 V RMS. 
Screens from 12" to 23 ". 
Low cost. Compact. 

APPLICATIONS 
Facilitates disc mastering. 
Precise monitoring of program material. 
Exact evaluation of apparent loudness curve. 
Frequency response tests. 

LET'S SEE WHAT 
AUDIO DESIGNS 

CAN DO FOR YOU. 

Call collect, or write AILNDIO 
DESIGNS 

ALSO AVAILABLE 

Unique 28 channel Vue -Scan 
designed for operation with 

ADM 660. Same display 
screen can be used for 

both units. 

AUDIO DESIGNS 
AND MANUFACTURING, INC. 
16005 Sturgeon, Roseville, Michigan 48066 
Phone: (313) 778 -8400, Cable: AUDEX 
TLX -23 -1114 

DISTRIBUTED OUTSIDE U.S.A. 
BY AMPEX INTERNATIONAL OPERATIONS, INC. 

4) 
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Model ATl5Se /H Dual Magnet 
Stereo Cartr doe l' e m 

Universal -1 

To find out how much 
better our cartridge 
sounds, play their 

demonstration record! 
There are some very good test 

and demonstration records avail- 
able. Some are designed to show 
off the capabilities of better -than- 
average cartridges...and reveal the 
weaknesses of inferior models. 
We love them all. 

Because the tougher the 
record, the better our Dual Magnet'" 
cartridges perform. Bring on the 
most stringent test record you can 
find. Or a demanding direct -to -disc 
recording if you will. Choose the 

Audio -Technica cartridge that 
meets your cost and performance 
objectives. Then listen. 

Find out for yourself that when 
it comes to a duel between our 
cartridge and theirs...we're ready. 
Even when they choose the weapons! 

What you'll hear is the best 
kind of proof that our Dual Magnet 
design and uncompromising 
craftsmanship is one of the most 
attractive values in high fidelity. 
For their records...and yours! 

audio technica 
INNOVATION PRECISION INTEGRITY 

AUDIO -TECHNICA U.S., INC. 
Dept. 97, 33 Shiawassee Avenue, Fairlawn, Ohio 44313 

In Canada: Superior Electronics, Inc. 
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THE EDITOR: 
I've been fascinated by Norman 

Crowhurst's columns about education. 
After getting straight As at MIT in 
every math and engineering course I 

took, I now find I understand very lit- 
tle of the material I'm supposedly fa- 
miliar with. 

My request is a specific one: I would 
like to purchase Mr. Crowhurst's Basic 
Mathematics series. No bookstore I 

can find in Seattle has them and I 

could not keep the library's copies long 
enough for them to be useful. I'm also 
told that they are no longer in print. 
Do you know of some place where 1 

could get a set? 
HARRISON J. KLEIN, Chief Engineer 
King Radio Eleven 
Seattle, Washington 

Mr. Crowhurst replies: 
Mr. Klein's letter just about makes 

my day. 1 have received letters similar 
to Mr. Klein's from professors and 
graduates of Yale, Harvard, Princeton. 
Georgia Tech, and a great many other 
prestigious institutions. Although the 
Basic Mathematics series is out of 
print, 1 have a small stock of my alter- 
native book, Taking the Mysticism 
from Mathematics. Rather than being 
a textbook, this tells why people have 
hangups in mathematics and similar 
subjects, the condition to which Mr. 
Klein refers, and how to overcome 
these hangups to effective learning. 
Anyone interested in obtaining this 
book can get a copy for $5.50 by writ- 
ing to me at 1183 S.E. Godsey Rd.. 
Dallas, Oregon 97338. 

THE EDITOR: 
In my article, Low- Frequency Sound 

Reproduction, which appeared in the 
May 1977 issue of db, several edi- 
torial lapses occurred. 

1. In the text, reference is made to 
"points" on the four figures which 
identify the results in the examples. 
When my figures were redrawn, the 
points were omitted but the text 
stayed the same. 

2. On Figure 4. at the top, the 
quantity which should be DF equal to 
200 is erroneously labelled 2,000. 

MICHAEL RETTINGER 
Encino, California 

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 
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Live Music 
Mixing System 

Ililillllllllll'Nis 
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INPUT FEATURES 

BALANCED MIC INPUTS 
HIGH Z LINE INPUTS 
IN /OUT JACKS 
20dB ATTENUATION 
MONITOR SEND 
ECHO SEND 
3 -BAND GRAPHIC EQUALIZER 
SOLO /PREVIEW SWITCH 
LEVEL CONTROL 

OUTPUT FEATURES 

SOLID STATE LED VU METER 
HEADPHONE JACK /LEVEL 

CONTROL 
BUILT IN SPRING REVERB 
HIGH /LOW CUT FILTERS 
HOUSE /MONITOR LEVEL 

CONTROLS 
HOUSE /MONITOR OUTS 

See your local dealer or 
write for our free catalog: 
UNI -SYN E 

TROUPER I Live Music Mixing System, expandable 
8 inputs ($749 suggested retail value) to 18 inputs 
($1447 suggested retail value). 
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Calendar 

SEPTEMBER 

16 -18 Consumer Iii-Fi Show. Shera- 
ton Motor Inn, New York, N.Y. 
Contact: Charles Ray, Com- 
munications Show Corp. 30 E. 
42nd St., Suite 1620, New 
York, N.Y. 10017. (212) 986- 
7592. 

26,27 Electronic Representatives As- 
soc. Show. Statler Hilton Hotel, 
New York City. Contact: Gil 
Miller c/o Gilbert E. Miller 
Assoc. 375 N. Broadway, 
Jericho, N.Y. 11753. 

19 -21 Altec Sound Contractors' Semi- 
nar /Clinic. Lancaster, Pa. Con- 
tact: Altec Corp., 1515 Man- 
chester, Anaheim, Ca. 92803. 
(714) 774 -2900. 

29- 
Oct. 1 Altec Clinic. Litchfield Park. 

Arizona 

30 Society of Broadcast Engineers, 
regional convention, equipment 
show. Syracuse Hilton Inn, 
Syracuse, N.Y. Contact: Charles 
Mulvey, WNYS -TV Syracuse. 
N.Y. 13214. 

OCTOBER 

5 -7 Synergetic Seminar, Boston, 
Mass. Contact: Don Davis, 
Synergetic Audio Concepts. 
P.O. Box 1134, Tustin, Ca. 
92680. (914) 838 -2288. 

18 -20 Synergetic Audio Seminar. 
Philadelphia, Pa. 

5 -9 Hobby Electronic Fair, O'Hare 
Exposition Center, Chicago, Ill. 
Contact: Industrial & Scientific 
Conference Management, Inc.. 
222 W. Adams St., Chicago. 
III. 60606. 

OCTAVE BAND ANALYZES 

FEATURES 

THE NEW MODEL 150 
Simultaneous display - TEN one octave bands -31.5 Hz to 16 kHz 

Light Emitting Diode readout Meets ANSI 1.11, Class II for 
Octave Band Filter Sets Fully calibrated in dBspl Broadband 
dBspl Line Input -calibrated in dBm Flat or A- weighted measure- 
ments Hand held- battery operated (rechargeable nickel- cadmium 
cells) Precision microphone, carrying case, noise generator, 
battery charger included 

APPLICATIONS 
Sound system set -up 
Noise surveys 
Octave equalizer 
adjustment 
Speaker checkout 
Horn alignment 
Room surveys and 
speaker placement 

ALSO: Active and passive 
equalizers Other real time 
analyzers 
Dealer inquiries invited 

\V\ 
A \` Call or a : E, 

I.VVV /// J P.O. BOX 698 
writetod 

5 12/ 892 -075WHITE 2 AustinINSTRUM 

NTS, 
Texas 78INC. 767 

Circle 12 on Reader Service Card 

9 -14 Audio -Visual Institute, Indiana 
University, Audio Visual Cen- 
ter, Bloomington, Ind. 47401. 

15 Start Your Own Business Semi- 
nar, sponsored by the Wharton 
School, U. of Pennsylvania. 
Hartford, Conn. Contact: Heidi 
E. Kaplan, New York Man- 
agement Center. 360 Lexing- 
ton Ave.. New York. N.Y. 
10017. (212) 953 -7262. 

16 Start Your Own Business Semi- 
nar, New York, N.Y. (See 
above) 

15 -19 Instrumentation - Automation 
Conference. Philadelphia Civic 
Center, Philadelphia, Pa. Con- 
tact: Instrument Society of 
America, 400 Stanwix St., Pitts- 
burgh, Pa. 15222. (412) 281- 
3171. 

11 -12 Sound Business Show (ERA 
Consumer Products Div.) Rod- 
ger Young Ctr., Los Angeles. 
Ca. Contact: Alan Gediman. 
Marshank Sales (213) 559 -2591. 

16 -21 SMPTE Technical Conference 
& Equipment Exhibit. Century 
Plaza Hotel, Los Angeles, Ca. 
Contact: SMPTE, 862 Scars- 
dale Ave., Scarsdale, N.Y. 
10583. 

18 -20 Western Educational Society 
for Telecommunications Con- 
ference. Harrah's Hotel, Reno, 
Nevada. Contact: Wendell H. 
Dodds. Radio -Television Ctr.. 
University of Nevada 89557. 

25 -26 New York University R &D 
Management Seminar. Chi- 
cago, Ill. Contact: Heidi Kap- 
lan, New York Management 
Center, 360 Lexington Ave.. 
New York. N.Y. 10017. (212) 
953 -7262. 

NOVEMBER 

2 -9 Synergetic Seminar, Washing- 
ton, D.C. Contact: Don Davis, 
Synergetic Audio Concepts, 
P.O. Box 1134, Tustin. Ca. 
92680. (714) 838 -2288. 

2 -6 Dixie Electronics Representa- 
tives Convention. Boca Raton 
Hotel & Club, Boca Raton. 
Fla. Contact: Kimball P. Ma- 
gee, Dixie Elec. Reps. Inc. 
1611 Perimetter Center E., At- 
lanta, Ga. 30346. 

4 -7 Audio Engineering Society Con- 
vention and Show, Waldorf - 
Astoria, New York, N.Y. Con- 
tact: A.E.S., 60 E. 42nd St., 
Rm. 449, New York, N.Y. 
10017. (212) 661 -8528. 

(continued) 
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POWE 
AMPS 
to th¢ 
PEOPLE 

TAPCO 
T O O L S O E T H E T R A O E F O R 

Power amplifiers have been the stepchildren of the electronic 
revolution for too long. Many so-called power amps are nothing 
more than redesigned hi -fi amplifiers. Others sacrifice sound 
quality to attain high volume levels. Still others risk blowing out 
expensive speakers every time the volume is turned up. 

Tapco meets the challenge with two new stereo power amplifiers. 
Both are designed from the ground up. Both employ Tapco's 
exclusive Power Sentry to control clipping distortion and help 
protect expensive horn drivers. Both are designed to reproduce 
distortion -free sound at the volume levels demanded by today's 
professional musicians. And both are engineered and built by the 
most respected name in sound reproduction. 

e - - r- 

CP 5OO/ CP 5OOM 
Designed for full -range sound amplification, or for bi -amp setups 
with its counterpart. the CP -120, this fan -cooled stereo amp is 
rated at 255 watts per channel in stereo. 510 watts mono. Tapco's 
exclusive Power Sentry - protects against prolonged clipping 
distortion. and consequent loss of tonal quality and danger to 
speakers. Output protection circuitry is safe and confident. Each 
of the 8 output devices per channel is rated at 250 watts, providing 
a total output stage dissipation of 2000 watts. An optional readout 
package is available (CP -500M). 

CP 12O 
Rated at 61 watts per channel in stereo, 122 watts mono. Each 
output is capable of 500 watts total stage dissipation for only 61 
watts of rated output power. Sophisticated protection circuitry 
guards against gross fault conditions without ever affecting sound 
quality. Power Sentry protects against clipping distortion, and 
advanced -design convection cooled heat sinks keep the CP -120 
running cool even at full power. 

Tapco power ratings are in accordance with the Federal Trade Commission 
rulings concerning power output claims. 

i 
i 

Send me full information and specifications on 
Tapco Power Amps. 
H Yes, I'd also like this ad reproduced on a T- shirt. 
I an- enclosing $3 95 for each shirt ordered. 
Size: H small LI medium large ex. large 
Make checks and money orders payable to TAPCO 
NAME 

ADDRESS 

CITY STATE 71P 

Send to: Ahmet Akimbo. Tapco. 3810 148th Avenue 
Northeast. Redmond. WA 98052 
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STARWARS 

Dolby Laboratories 
is proud 

to be associated 
with 

° 

ilik? 
M 

Making Films Sound Better 

DOLBY SYSTEM 
Noise Reduction - High Fidelity 

1977 20th CENTURY fOX CORP. ALL RIGHTS RESERVED 
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In 16 years, more than 300 studios 
have chosen our tape duplication 
system. 

Here's why 
they made 
the right 
choice. 

Since 1960. the Magnefax tape duplication system has de 
performance. long service life and low cost to the professional studio 

Our new model does an even better lob Five simultaneous copies are 
made at 60 IPS to professional standards All head configurations are 
available One model will duplicate bulk cassette tape And for best repro 
duction. our high speed bulk eraser gets you off to a clean start. 

We've made the system so efficient. so easy and so good. you II agree 
that when you need faithful reproduction. you neec t.`agnefax 

megnefex_ 
RFD 1. ROGERS ARK 72756 501 925 -1818. RES 925 -1127 
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calendar (cont.) 

NOVEMBER 

6 Start Your Own Business Semi- 
nar, Chicago, Ill. Contact: Heidi 
Kaplan, New York Manage- 
ment Center, 360 Lexington 
Ave., N.Y.C. 

7 -8 N.Y.U. R & D Seminar. Los 
Angeles, Ca. Contact: Heidi 
E. Kaplan, New York Man- 
agement Center, 360 Lexing- 
ton Ave., New York, N.Y. 
10017. (212) 953 -7262. 

10 Society of Broadcasting Engi- 
neers, N.Y. Chapter meeting. 
WQXR Presentation Theater, 
N.Y. Times Building, 230 W. 
43rd St., New York, N.Y. 7:30 
p.m. (Cafeteria dinner avail- 
able.) Speaker: Ron Simon. 
Contact Tom Padwa. 

14 -17 B &K Seminar, Acoustical Ma- 
terials. Cleveland, Ohio. Con- 
tact: B &K Instruments, 5111 
W. 164th St., Cleveland. Ohio 
44142. (216) 267 -4800. 

15 -17 Synergetic Seminar. Nashville. 
Tenn. See above. 

16 -19 Videodisc /Home Video Pro- 
gramming Conference, Loeb 
Conference Facility, N.Y.U.. 
New York. Contact: Robert 
Hamilton, 24 Washington Sq. 
N., New York, N.Y. 10011. 
(212) 982 -5244. 

22 -25 Video Tradex '77 trade ex- 
hibit and conference. Heathrow 
Hotel, London Airport, Eng- 
land. Contact: Video & Audio 
Visual Review, Link House, 
Dingwall Ave., Croydon CR9 
2TA, England. 

29- Synergetic Seminar. Orlando. 
Dec. 1 Fla. See above. 

Copies of db 
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 
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Nearly every concert tour by a "super group" in recent years has had its origin at 
Showco. We design and build the huge, high -level sound systems, intricate lighting and 
special effects systems, and provide the stage 
designs for over 1000 concerts a year. At the 
conclusion of the tour, the tapes that we produce 
have resulted in best -selling "live" albums. 

Now, through Showco Manufacturing Corp., we 
are bringing this same highly acclaimed expertise 
into discotheque sound systems. We are in full 
production of the S -2500 Disco Mixer, S -2501 
Electronic Crossover Network, and our concert 
proven Pyramid' 1000 and 900 speaker systems t ' 
designed to be suspended from the ceiling or to 
be floor mounted with the optional base. Develop- 
ments are underway for still other new and 
innovative products. Call or write for the name of 
your nearest dealer. 

THE DISCO SOUNDIly 

symmetrical folded bass horn which in turn allows 
the mid and hi frequency drivers to be optimally 
l ltNoted:t r; wlde.diiepérsion. The overall result is a 

i webbu teìei extremely efficient 

SfDWCO SHOWCO MANUFACTURING CORPORATION íßü b 1225 Round Table Drive / Dallas, Texas 75247 
Phone (214) 630 -7121 TWX (910) 861 -4278 U.S. Patent No. 3,912,866 
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Write for complete infor- 
mation on specifications and 
features! 

tangent 
musical engineering 
2810 south 24th street 
phoenex, arisons 66034 
602-267-0653 

o 

Circle 24 on Reader Service Card 

PATRICK S. FINNEGAN 

roadcast Sound 

Monitoring Audio 

Distribution 

The audio output of the modula- 
tion monitor is an important signal be- 
cause this represents the program, at 
the output of the station, that is now 
on its way to the public. Since it is an 
important signal. it is distributed to 
various places within the station where 
it serves a number of different pur- 
poses. This month we will discuss this 
distribution and some of the methods 
and problems involved. 

SIGNAL USE 

The primary function of the signal. 
of course, is aural monitoring, but it 
will be put to other important uses 
also. It is vital that the operator make 
sure that the program is on the air and 
hears what it sounds like. There's a 

similar need to monitor the air audio 
from other operational positions. so 
the air audio is distributed to the con- 
trol room, as well as to the news room 
and recording booths. Besides these 
positions, the air audio is also chan- 
neled to various speaker locations 
throughout the building by a house 
monitoring system. 

Although aural monitoring is an im- 
portant function, the audio produced 
by the modulation monitor is often 
also recorded for various reasons, for 
example. air checks. a verification tape 
of a special program or speech, or by 
slow speed audio recorders for pro- 
gram logging or verification. 

THE SIGNAL 
The audio which the modulation 

monitor provides -the station's pro- 
gram audio which has been demodu- 
lated from the transmitter's modulated 

carrier -makes the modulation moni- 
tor a very special off -air receiver. 

There are no operational gain con- 
trols on the monitor; the amplitude 
level of the audio output is controlled 
directly by the modulation of the car- 
rier wave. If, for example. the audio 
were very loud and distorted or per- 
haps very low. adjustments of the 
audio ahead of the transmitter are re- 
quired -not of the monitor, since the 
monitor is an aural monitoring facility. 
not an audio amplifier. Should the an- 
nouncer be busy gathering program 
material instead of watching the meters 
and there is a sudden change in the 
audio heard from the monitor, this 
change in level will alert him to the 
fact that something is wrong with the 
modulation and requires his attention. 

OUTPUT LOADING 
The audio output stage of the modu- 

lation monitor provides a signal level 

Figure 1. Some typical uses for off -air 
audio. 

MODULATION 
MONITOR 

AUDIO OUT SLOW SPEED 
LOGGERS 

OPERATING 
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Unplug it 
with vie 

!vie just eliminated the power line 
cord on professional audio test equip- 
ment. Our state -of- the -art designs are 
going portable. You can leave those 
heavy boxes and their extension cords 
in the office, because the new IE -10A 
Audio Spectrum Analyzer puts audio 
analysis in the palm of your hand. 

The IE -10A is an extremely versatile 
audio analyzer combining the power of 
a sound level meter with that of an oc- 
tave bandwidth spectrum analyzer. 
Calibrated in both dB SPL and dBm, 
the unit measures a broad variety of 
signals quickly and accurately. 

The built-in calibration microphone is 
equalized to the IE -10A case to ensure 
flatness. An external input is provided 
for on -line signal monitoring and use 
with other types of microphones. 

From the equalization of rooms, 
speakers and tape recorders to noise 
analysis and sound pressure level test- 
ing, the IE -10A is an audio pro. Using 
inexpensive accessories the IE -10A will 
also measure amplifier power, voltage 
and total harmonic distortion. 

If you think our specifications are im- 
pressive ... you should check out the 
prices! So get "unplugged' with an 1E- 
10A. Ask us for a brochure, or see your 
local Ivie dealer for a demonstration. 

Spec Briefs 

Frequency Range 22Hz - 22KHz. 
45 dB "on- screen" display range. 
Ten octave channels w/160 LEDS. 
Selectable 1. 2 or 3 dB resolution. 
Calibrated 45 to 140 dB SPL (A or C). 
Calibrated - 116 to +9 d8m. 
Rechargeable Nickel - Cadmium batteries. 
Weight is 15 ozs. (430 gms). 

For free literature and data, contact: 

IVIE ELECTRONICS, INC. 
500 West 1200 South 
Orem, Utah 84057 
(801) 224 -1800 

Or return the reader service card. 

The IE -10A .. . 

a complete audio analysis system 
in the palm of your hand. 
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The Ivie family is growing with a powerful 
new set of accessories. Pictured above is the 
IE -20A Pink Noise Generator and the IE -15A 
Harmonic Distortion Analyzer is shown below. 
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Figure 2. A typical d.a. system. The type 
and number of d.a.s. depends upon 
system needs. 

of +4 or +8 dB (according to the 
model) into a 600 ohm load. This level 
is not high enough to drive a speaker 
directly, although it is suitable for ear- 
phone monitoring and is a standard 
broadcast program distribution level. 
As a standard level, it can be handled 
by normal distribution methods. 

The manner in which the distribu- 
tion is done will have a direct bearing 
on both the quality and amplitude of 
the signal available at various loca- 

tions. Here we are talking about the 
load presented to this output stage by 
the various distribution circuits con- 
nected to the monitor. Unless this is 

done with care, too many low impe- 
dance loads may be connected across 
the output stage so that it is looking 
at a near short -circuit. This would se- 
verely overload the stage, cause it to 
draw heavy current (and possible cre- 
ate damage), resulting in a signal level 
at various locations that is so low as 

to be unusable. 

CROSS TALK 
When monitor audio is routed 

throughout the studio system for vari- 
ous purposes, this must be done care- 
fully so as to avoid crosstalk problems. 
The monitor level is a high level sig- 
nal, so its routing should avoid micro- 
phones or other low level circuits. 
Particularly when the audio has been 
amplified to speaker levels for distri- 
bution, extra special care must be 

taken since this is a very high level 
and it can crosstalk into normal high 
level program channels. 

Crosstalk is undesirable in any audio 
system, but the monitor audio is also 
the output audio of the station and so 
it has some additional factors of phase 

áW 
reliability 
all 
way down 
the 

w line. t. 
(V 

Whether you're using a TDK 
cassette for a high -quality stereo 
dub from a master tape, running 
off 10,000 sales promotion cassettes 
on TDK duplicator cassettes, or 
need a high -quality 1/4 inch mas- 
tering tape, you get the same high 
degree of performance and reli- 
ability from every TDK tape 
product. 

TDK SA, AD & D cassettes 
are setting new standards for fine 
cassette sound and performance. 
TDK duplicator cassettes give you 
outstanding dubbing results up to 
speeds of 120 ips (not just 60). 
TDK Audua open reels provide 
the ultimate in 1/4 inch laboratory 
quality tape formulations. And 
TDK offers a complete line of A V, 
endless loop and special -purpose 
test cassettes. 

We'd like to show you how the 
proper use of TDK products can 
upgrade the quality of your product 
and operation -and save you time, 
too. Write us for more information, 
or call direct. (516) 746 -0880. 

No obligation, of course. 

&TD e 

TDK Electronics Corp., 755 Eastgate Boulevard, Garden City, N.Y. 11530 
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Figure 3. A switch arrangement can be 
set up to monitor left or right channel 
alone, in normal stereo fashion, or 
bridged together for a SUM or mono 
signal for detecting phasing problems. 

and time delay. When this audio cou- 
ples to earlier sections which carry the 
same audio, the delay can produce an 
echo in the resulting audio signal. If 
the crosstalk is in phase with this 
earlier audio, then we can have plain 
old fashioned feedback oscillations. 

DISTRIBUTION 
The distribution of the air audio de- 

pends upon the station and its needs. 
A very small station, for example. 
may only have one or two speaker 
locations, so the audio may be simply 
routed to the control room and to one 
or two speaker locations. But a larger 
station may be dispersed over a wide 
area and will also require the audio for 
many other purposes. This requires 
some type of distribution system. 

When a considerable amount of dis- 
tribution is required, the best arrange- 
ment is a system made up of d.a.s (dis- 
tribution amplifiers). There are sev- 
eral commercial models to choose 
from when designing a d.a. system. 
so the station should have little prob- 
lem in selecting those that will fit its 
needs. Individual amplifiers are avail- 
able in a variety of configurations. for 
example, one -in /one -out isolation am- 
plifiers, one -in /multi -out amplifiers, 
some with gain and others as unity 
gain. Most of these will provide for 
both a bridging input or a terminating 
input. 

An important consideration in the 
design of a d.a. system is the output 
driving stage of the modulation moni- 
tor. If all the d.a.s in the system are 
to perform adequately, their input lev- 
els must be consistent. The best way 
to handle this is by using the output of 
the monitor to drive only a single 600 
ohm -terminated bus- nothing else. All 
other distribution, whether by d.a.s or 
through other amplifiers or loads. 
should be bridging connections to this 
bus. With all connections bridging, am- 
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THE INDISPENSABLE HARMONIZER 

The Eventide Harmonizer is the most versatile 
special effects instrument ever packaged in a single 
unit. Not only is it a full -fledged digital delay line, a 

pitch changer with a two octave range, and an anti - 
feedback unit which allows boosting of sound levels, 
but it can also be used to speed up or slow down 
tapes. Although it has only become available recently, 
it has already produced some of the wildest effects 
on record. 

The possibilities are endless. Its digital circuitry 
and Random Access Memories (RAM's) transpose 
input signals anywhere up to an octave above or 
below the original, while preserving harmonic ratios 
(and thus musical values). As a low -cost, versatile 
delay line, the Harmonizer is used for "doubling" 
(or tripling) vocals, for delay equalization in sound 

reinforcement, and for many types of reverb /echo 
special effects. An optional phase -locked Keyboard 
allows the performing musician to construct harmo- 
nies in real time. In addition, through the combin- 
ation of feedback, delay, and pitch change, the 
Harmonizer permits previously unavailable special 
effects. Only personal experience and experimen- 
tation will show you the full range of its capabilities. 

Harmonizer H910: $1500.00 
Readout option 02: $125.00 
2nd output option 04 $240.00 
Keyboard (mono) $500.00 
Keyboard (polyphonic) $600.00 
Write for spec sheet and name of nearest dis- 
tributor. 

Eventide 
'Eventide Clockworks, Inc. also manufactures the 1745 Digital Delay Line, 
custome delay lines, the Instant Flanger ®, and the Omnipressor ®. 

EVENTIDE CLOCKWORKS, INC. 265 WEST 54TH STREET NEW YORK, N.Y. 10019 212 -581 -9290 
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BRIDGING B LEVEL 
BALANCING RESISTORS 

POSITION A-51111e--e MONITOR 

POSITION B-y' -. AMPLIFIER 

CONSOLE OUT o--o--- 
TRANSMITTER IN --o 

MODULATION --91.1r--. 
MONITOR 

SELECTOR 
SWITCH 

4 
SPEAKER 

Figure 4. A multi- switch monitor test 
arrangement. (May be part of a console 
or added to a console.) 

plifiers or loads can be connected or 
disconnected from the bus at any time 
without affecting the signal levels on 
the bus, or the rest of the system. 

HOUSE MONITORING 
Distribution throughout the station 

for general house monitoring is usu- 
ally done with a power amplifier driv- 
ing a speaker distribution system. A 
number of locations. such as the con- 
trol room, have their own monitor 
amplifiers. These monitor directly from 
the air monitor bus. The house monitor 
feeds speaker locations throughout the 
building which have less importance 
than the operating positions. 

A simple speaker system that re- 
quires only one or two speaker loca- 

tions can simply connect the speaker 
by running directly to the power am- 
plifier output terminals. The impedance 
tap should match the speaker or 
speakers. Remembers that when more 
than one speaker are in parallel, the 
output tap must be selected to match 
the combination impedance. If two 8 

ohm speakers are parelleled across the 
output, use the 4 ohm tap of the 
amplifier. 

For a larger system of many speak- 
ers. either the 70.7 volt or the 25 volt 
constant voltage distribution is nor- 
mally used. This is not a difficult sys- 
tem to design and the component parts 
are readily available. The design pa- 
rameters for the system arc these: the 
distribution bus is a constant voltage 
bus (either 70.7 or 25 V) -the am- 
plifier maximum power rating is di- 
vided up among all the speakers of 
the load. Each speaker connects to the 
bus by a transformer which matches 
the speaker to the bus and. through 
primary taps, channels the desired 
power to the speaker. Power distribu- 
tion does not have to be equal, but the 
total of the power distributed must be 
equal to the maximum power rating of 
the amplifier. 

STEREO 
A station in stereo distributes the 

Get your signal processed 

{U111L!1 a iHl 1 11J .. 
THE TROUPER SOP -I OUTPUT SIGNAL PROCESSOR 

NINE BAND GRAPHIC 
EQUALIZER 

±10 dB adjustment at one 
octave frequencies 

Peak Indicator 
In /Out Switch 

ELECTRONIC CROSSOVER 
16 Individually selectable 

frequencies 
High Frequency Level Control 
Peak Indicator 

DUAL LIMITER 
Two Independent Peak Limiters 

On Cross -Over Outputs 
Input /Threshold Level Controls 
Solid State LED Output and 

Gain Reduction VU 
Indicators 

Interaction Control determines 
amount of cross limiting 

May be used to limit high and 
low frequency outputs of the 
crossover separately. 

ADDITIONAL TROUPER SERIES 
ACCESSORIES 

METER LINE AMP PACKAGE 
QUAD LIMITER 
DUAL 9 -BAND GRAPHIC EQUALIZER 
DUAL ELECTRONIC CROSSOVER 
9 -BAND EQUALIZER /CROSSOVER 

COMBINATION 

See your local dealer or 
write for our free catalog: 
UNI -SYNC 

A BSR COMPANY 

742 HAMPSHIRE ROAD 
WESTLAKE VILLAGE. CA 91361 
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monitor audio by stereo and sometimes 
by a SUM (monaural) signal. There 
can be a number of locations where 
the stereo is not needed, so the left and 
right are properly bridged together to 
provide a monaural feed. 

For testing and other critical listen- 
ing, there may be at least one monitor 
position which can monitor the left or 
right channel separately, in normal 
stereo fashion, or SUM the two for 
checking on phase conditions. Such a 

test position may be at the transmitter, 
or perhaps in the shop. By the use of 
a stereo amplifier and speakers, and 
by a suitable switching arrangement at 
the monitor's inputs, these various tests 
can be performed. By SUMMING the 
channels, a tape recorder that has the 
head leads out of phase, for example, 
can be easily detected, for as soon as 

a tape that was made on this machine 
comes on the air, the signal will suffer 
a serious drop in level at the output 
of the SUMMED amplifier. 

The important factor in stereo dis- 
tribution is retaining proper identity of 
the left and right channels and main- 
taining the correct polarity of each of 
the runs. 

TESTING 
Any large audio system will have a 

test arrangement so that audio from 
various parts of the system appears on 
a selector switch to feed a monitor 
amplifier and speaker. The modulation 
monitor output should be on one of 
these switch positions. An arrangement 
such as this allows for "switching 
through the system" and gives an ex- 
cellent before and after observation of 
the program over the program path. 
For troubleshooting problems of dis- 
tortion and poor response curve, such 
an arrangement can help quickly to 
isolate the problem to a particular 
section of the system. 

To be most effective, the audio from 
each of the sources should he at the 

Figure 5. Asymmetrical modulation is 
about 2 dB difference between positive 
(A) and negative (B) modulation peaks. 
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5d 

This is the BRH90, a ninety de- 
gree radial horn for two inch and 
one and three -eighth inch com- 
pression drivers. Its an easy 
name to remember -Big 
Radial Horn, 90 degrees- very 
simple. But there's nothing simple about 
our design or construction. 

correct radial horn, wheth- 
er it is metal or fiberglass, and 

only Community does it the 
way it should be done. And not 
only do we do it right, we do it 

cheaper. 

Community horns are made of fiber- 
glass. Not sprayed -up cheaply -made 
fiberglass, but fiberglass hand -lami- 
nated by experts and constructed to our 
exact requirements for maximum acous- 
tical accuracy, resonance -free rigidity 
and unparalleled strength. Our horns are 
absolutely weatherproof. They will never 
corrode or rust out. Nor are they ever 
likely to break. Not now and not forty 
years from now. 

But the real mark of Community radial 
isn't apparent unless you cut it in half as 
we have done here. If you look closely at 
the cutaway, you will see that the cor- 
ridor in the horn just past the throat gets 
extremely narrow before it flares out. That 
pinch in the horn is absolutely necessary 
to any mathmatically and acoustically 

We also make two 90' radials or use with 
one inch and screw -on drivers -the 
RH90 and the SRH90. Both have the same 

flare rate, but the SRH90 (Small 
Radial Horn) has a smaller mouth, 

and is usually used as the high end 
in three way systems. 

Talk to your Community distributor. Even 
though he also sells our competitor's 
products, he'll probably tell you that there 
is nothing available today that equals a 
Community horn. 

He's right. 

BRH90 RH90 SRH90 

Flare Rate 

Operattnq Range 
240H. 
500Hz up 

345Hz 
600Hz up 

345Hz 
1.000Hz up 

Size: H. 11 ls" 12's" 6t:" 
W 334s. 30 'ii" 243/4" 

D. 21' 201/2í 184." 
Weight 25 LB. 20 LB. 12 LB. 
Finish Black. High Gloss - - 

Horizontal Dispersion KHz -3dB -6dB KHz -3dB -6dB KHz -3dB -6dB 

6 85 95 .6 80 90 12 95 100 
2 90 90 2 90 100 3 90 95 

10 80 90 10 85 90 10 85 100 

Vertical Dispersion KHz -3dB -6dB KHz -3dB -6dB KHz -3dB -6dB 

.6 50 90 6 55 100 12 50 70 
2 35 50 2 35 50 3 40 65 
10 20 35 10 20 35 10 20 30 

C 
COMMUNITY LIGHT & SOUND, INC. 5701 GRAYS AVE., PHILA., PA. 19143 (215) 727 -0900 S, 
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You're 
in 

Good 

when you use 
STL magnetic Test Tapes 

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

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

Write for a free brochure and the dealer in your area. 

Dis ributed by Taber Manufacturing & Engineering Co. 

T !STANDARD TAPE LABORATORY, Inc. 
26120 Eden Landing Road / Suite 5 
Hayward, CA 94545 
(415) 786 -3546 
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r intercom systems can handle the Acadamy Awards. 
ammy Awards & the Montreal Olympics. imagine what 

they'll do for your production! 
offer versatility & adaptability in a wired system with 
le & permanent installations. 40- station capacity. single 
2 channels. call -light cueing & choice of headsets. 

1 
CA)Clear-Corn intercom systems 

759 Harrison St.. San Francisco. CA 94107 
(415) 989 -1130 
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same level as the switch. This will not 
require changing the amplifier gain 
each time. All inputs to this switch 
should be a bridging arrangement and 
also use these resistors to balance the 
audio from different busses so that the 
output of the switch is of the same 
amplitude in each case. 

ASYMMETRICAL MODULATION 
A situation peculiar only to the a.m. 

station is the asymmetrical modulation 
technique. With this technique. the 
negative modulation peak is limited to 
100 per cent, while the positive peak 
is limited to 125 per cent modulation. 
The audio output from the a.m. modu- 
lation monitor depends upon which 
peak is selected for observation by the 
monitor. If the modulation peaks are 
hitting 100 per cent respectively, there 
is about a 2 dB difference in the audio 
output signal between these two. For 
normal system operation, the station 
should decide which peak will normally 
be observed by the monitor and the 
switch left in this position. If the engi- 
neer happens to notice that the air 
monitor bus seems to be low but the 
modulation appears correct, he should 
check out the position of the monitor 
switch. Someone may mave forgotten 
to place the switch back into the cor- 
rect monitoring position. 

SUMMARY 
The off -air audio is an important 

signal that will be distributed to many 
places in the station for monitoring 
and recording purposes. This should 
be done by a properly designed dis- 
tribution system that will deliver the 
signal to where it is needed and at the 
correct levels, but watch out for cross- 
talk into program channels. 

MOVING? 

Keep db coming 
without interruption! 

Send in your 
new address promptly. 

Enclose your old 

db mailing label, too. 

Write to: 

Eloise Beach, Circ. Mgr. 

db Magazine 
1120 Old Country Rd. 

Plainview, N.Y. 11803 
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SAE Power 
SAE's goal today, just as it has been for 
over 12 years, is the design and production of 
fine audio components which offer the best 
value in both sonic performance and quality 
construction. Our line of amplifiers stand 
as a testament to this goal. 

First, their design - all SAE amplifiers have 
fully complimentary circuitry. In this unique 
design approach, not only the output (as in 
conventional amplifiers), but the drive and 
input stages, are completely complimentary. 
This ensures low transient and steady -state 
distortion, plus full stability and fast over- 
load recovery. Combine this with our high 
slew rate for accurate transient response, 
feedback gain controls which will not 
degridate the input signal (2600, 2400L), and 
monocoque construction with its low weight 
and high reliability (2200, 2400L). 

The result is state -of- the -art performance, 
but to realize this performance we must have 
the second part of our goal - production. 
In order to ensure optimum performance 
from these unique design concepts, SAE 
retains total control over the manufacture, 
selection, and assembly processes. We main- 
tain 40,000 sq. ft. of production area where 
the latest techniques in metal and circuit 
board fabrication, component selection and 
product assembly are employed. The result 
of these efforts is the line of high quality 
amplifiers pictured here, each an outstanding 
value in its power range and each a true 
SAE component where performance and 
value come together - that's SAE Power! 

2600 - 400 Watts' - our most powerful amplifier, designed for high 
power home environments. The 2600 ensures clean, dynamic repro- 
duction at the highest power levels. 

2400L - 200 Watts' - combining performance and reliability in a 
surprisingly compact package. This amplifier can reproduce the most 
demanding program material without strain. 

2200 - 100 Watts* - Incorporating our advanced circuitry and tech- 
nology, the 2200 offers high levels of clarity and definition at a 
popular power level. 

'All power ratings are per FTC requirements and are stated with the 
following parameters: 20Hz to 20kHz, from 250 mW fo rated power 
with less than 0.05% Total Harmonic or lntermodulation distortion. 

Scientific Audio Electronics, Inc. P.O. Box 60271 Terminal Annex, Los Angeles, CA 90060 

www.americanradiohistory.com

www.americanradiohistory.com


maxell 
SATISFACTION 
GUkRkNTEED 

GREAT LISTENING/ 
PLUS FULL WARRANTY 

P.SK US! 

AUDIO SALES LTD. 
FULL LINE DISTRIBUTOR 
FOR AUDIO RECORDING 

1370 Avenue of the Americas 
New York N Y 10019 ;212) 581 -6950 
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Switch to a better idea 
LOU ALIZATION_ 

HIGH INTER. LOW I Í-P 

Dual- channel tape reproduce 
amplifier for studio recording 
and broadcast automation. 
3 -speed E0; lowest residual noise. 
Works with virtually all repro- 
duce heads and transports. 

Inovonics' 
Tape 
Reproduce 
Amplifier 
Model 376 -$550 

Inovonics Inc. c 
503 -B Vandell Way 
Campbell, CA 95008 
(4081 374 -8300 n 
"See us at AES demo room 10W." 

NORMAN S. CROWHURST 

lhaory & Practice 

How Loudspeakers Work 

In the last two issues, 1 have 
discussed analogs. One of their im- 
portant applications is in examining 
how loudspeakers are operating. This 
involves the recognition of the way 
sound waves are transmitted, influ- 
enced by two properties of air, or any 
other medium, through which they 
pass. Mass, or density of the medium, 
gives it the property of inertia, the 
tendency to persist in its state of rest 
or of uniform motion. Elasticity, or 
compressibility, makes the medium 
"springy." In wave propagation these 
two properties interact to cause the 
waves to move forward at a velocity 
natural for the medium involved -a 
little over 1,000 feet per second for 
air. 

To generate these waves, which is 
what loudspeakers have to do, the 
elements of the speaker are designed 
to deal separately with the two prop- 
erties, density (inertia) and compres- 
sibility (springiness). For example. 
the diaphragm, or cone, of a loud- 
speaker should be as rigid as possible, 
with minimal springiness while the 
parts supporting it, the surround and 
the centering spider, should be as 
springy, at least in the desired direc- 
tion, to facilitate back and forth move- 
ment of the cone, as possible. 

While various parts of a speaker 

Table 1. The table 
of mechanical 
analogies. 

are designed with the idea of having 
one property or the other, in fact all 
parts possess both properties to a de- 
gree. The complete loudspeaker must 
also be designed to transfer as much 
as possible of the energy delivered to 
it to the air in the form of radiated 
sound waves. 

LOUDSPEAKER EFFICIENCY 
You will recognize that I am now 

talking about the efficiency of a loud- 
speaker. With most engineering de- 
vices, we think of high efficiency as 
meaning something like 80 or 90 per 
cent. Some devices may even deliver 
higher than that. But in loudspeakers. 
the best ever built ran around 50 per 
cent efficient. What is more commonly 
called a high efficiency loudspeaker 
will probably have an efficiency be- 
tween 10 and 20 per cent. which 
would be pretty poor in other kinds 
of mechanical devices. A low efficiency 
loudspeaker often has an efficiency 
of far less than 1 per cent. That gives 
you an idea of what we are talking 
about. 

But now, why is this? Had we been 
born fish, or dolphins. with an interest 
in making sound equipment to radiate 
sound under water, we might have 
come up with much higher efficiencies. 
From this you might conclude that 

TABLE 1 

Mechanical 
system 

Analogy I 
Impedance 
Diagram 

Analogy II 
Admittance 

Diagram 

force / voltage v current i 

velocity v current i voltage v 

impedance z impedance z admittance Y 

mass m inductance L capacitance C 
compliance c capacitance C inductance L 
elastic energy /zcf= t /zCv2 1/2 Li' 
kinetic energy 1/2 mv1 1/2 LP '/zCv' 

www.americanradiohistory.com

www.americanradiohistory.com


One Great Performer 
ForAnother. 
The gauss monitor series. 

Ce Audio 
For the Educated Ear. 

i 

Main Office 
A division of Cetec Corporation 
13035 Saticoy Street No. Hollywood. CA 91605 
(213) 875 -1900 TWX: 9104992669 

European Office 
A division of Cetec Systems Ltd. 
16 Uxbridge Rd. Ealing, London W52BP England 
01 -579 -9145 Telex: (851) 935847 

Now, three great performers that upgrade the 
standards of professional sound. The Gauss sound is 
full- bodied and smooth. 

All three Gauss monitors feature our 4140 horn. Foam 
filling in all the cavities eliminates unwanted 
resonances. And roll off is so good that very little 
room equalization is needed. 

Available with single 15 ", double 15" and double 12" 
woofers. Our model 2154 puts out more sound 
pressure level than any studio monitor on the market 
today. Our monitors are offered in the bi- amplification 
mode only; so you may select both crossover frequency 
and filter slope ... with any of the currently available 
electronic crossover networks. 

So you get our smooth Gauss sound...Great 
performance that you can hear. 

Circle 27 on Reader Service Card 

Better Vocal Quality Begins Here. 
Orban /Parasound's 516EC Dynamic Sibilance Controller 
is the key to the remarkable new vocal quality heard on 
many of today's biggest hits. The 516EC solves the 
long- standing conflict between high frequency boost on 
vocal tracks and excessive sibilance. For the first time, 
producers have been able to compress and equalize 
vocals for maximum presence and impact, while letting 
the 516EC hold "esses" to an ideal level. That's why 
the 516EC is considered indispensible in virtually every 
major studio. 

The 516EC's success was assured by two fundamental 
virtues: outstanding performance and ease -of -use. Oper- 
ation is so automatic that there is only one user control - 
a sibilance level adjust. De- essing is constant over an 
input level range of 15 dB or better. Noise and distortion 

meet highest contemporary studio equipment standards. 
For once, a piece of equipment simplifies a mixer's life! 

The 516EC contains three independent de- essing 
channels, making it ideal for motion picture re- recording 
as well as recording studio use. And its $595 price makes 
the competitive edge it provides affordable by anyone 
seriously into commercial recording. For more informa- 
tion, see your local Orban /Parasound dealer or contact 
us directly. 

orben /paraiound 
680 Beach Street, San Francisco, CA 94109 
(415) 673 -4544 

..... .>.Y 
_ 

..-,. 
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WHICH ONE 
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IS THE BGW? 
Theirs and ours. Brand C and the BGW. We 

aught it was about time to give the whole 
»y -ín one glance. Here are twelve good rea- 
rs why you should demand a BGW for your 
xt amp. It's obvious. isn't it! 

A massive heat sink assembly -33o square 
nches,- modular. 
_.E.D. front -panel clipping indicators (driven 
ay a sophisticated one -shot circuit, they are 
:umed on to full brilliance if the amplifier is 

dipped). 
lonially superior performance - virtually 
inmeasurable Transient Intermodulation 
)lstortion. 
inhmited output stage design; no form of 
rutput limiting is required. 

5. Extremely stable output which delivers 30 

watts minimum average continuous power 
per channel, with I.M. distortion less than 
o.or% to rated output. 

6. Instantly convertible normal dual channel 
operation to bridged mono mode (8o watts, 
I.M. distortion less than o.oi %). 

7. Fully shielded power supply for noise 
improvement: Hum and noise level -better 
than ioódB below rated output into 8 ohms, 

8. Teflon insulated harness wiring, modular 
epoxy glass circuit board for ease of 
servicing, hermetically sealed metal an 
transistors in all signal handling circuitry, and 
5% tolerance precision resistors. 

5). 16 gauge welded steel packaging. 

ro. Individual channel gain controls. 
ii. Both chassis and circuit grounding available 

at rear panel barrier strip- eliminates 
troublesome ground -loop problems. 

12. Professional Cannon -type input connectors 
and provisions for plug -in input matching 
transformers available (order option 
Model loo -or). 

Take a dose look. And don't be surprised if 
you never again see the inside of the above amp. 
It's the Model roo from BGW -just one in a full 
line of proven amplifiers built for the professional. 

THE PROFESSIONAL'S 
CHOICE 

BGW Systems. Ha 3o South Yukon Ave.. Hawthorne. CA no:So tv3) ntt-Sono In Canada Ommmedu Coryonnon. noir Cote de Liese, Dorval. Quebec H9P IA; 01.41636 nn +t 

SYSTEMS 
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theory and practice (cont.) 

underwater loudspeakers, for use in 

swimming pools, are more efficient 
than speakers for use in air. That is 

not usually true, because underwater 
speakers are just modified speakers 
originally designed for use in air, not 
necessarily designed for maximum 
efficiency in water. But why is loud- 
speaker efficiency so low in air? 

MATCHING 

Primarily, it is a question of match- 
ing. Air is light and everything that 
you might ever use with which to 
move it is relatively heavy. By using 
a thin diaphragm, made as rigid. as 
well as light as possible, you will im- 
prove the efficiency of a direct radia- 
tor loudspeaker. Use of the well -known 
conical shape gives rigidity. as does 
the introduction of ribs and other 
shapes which reinforce without add- 
ing weight. 

Although. when sound waves are 
propagating freely in space or across 
a room. the mass and elasticity of the 
air perform an equal function in the 
transmission of the wave, in proximity 
to a loudspeaker, one or the other 
property invariably becomes the more 
important in various positions around 
the loudspeaker. The air in front of 
the cone exhibits mass more than elas- 
ticity. The air inside the box. whether 
it be infinite baffle. bass reflex, or some 
variant of either, such as acoustic sus- 
pension, or port loaded reflex, be- 
haves more like a spring, and its 
mass is unimportant. 

How come that different properties 
of the same air assume importance. 
according to where the air is? The 
air does not change just by being in a 
different place. What changes are the 
parameters of the parts of the loud- 
speaker that are adjacent to it, which 
makes different properties of the air 
become important. The air in con- 
tact with the front of the cone moves 
with it, or that is what the cone tries 
to have happen. As well as moving its 
own weight, the cone has to move a 
weight, or mass of air, in contact with 
it. This action starts the sound wave. 

This, primarily, is where loud- 
speaker efficiency disappears. Too 
much of the drive energy is spent 
moving the cone, and too little mov- 
ing the air that ultimately becomes 
the sound wave. 

The air inside the box does not move 
so much because it is compressed and 
expanded by movement of the cone. 
This is true whether the box is of the 
so- called infinite baffle type, sealing 
in the back of the cone, or whether it 

is of a reflex design. in which air 

MC 
Cc 

(A) 

(B) 

-B1 

Figure 1. Alternative equiva lent 
diagrams for infinite baffle enclosure. 
(A) impedance diagram. (B) admittance 
diagram. Symbols: Mc -mass of cone; 
Cc- compliance of surround; MA= 
mass of air moved by cone; R.= 
acoustic radiation resistance; 
compliance of air inside box. 

escapes from the box at some point 
to augment the sound wave at cer- 
tain frequencies. 

Immediately adjacent to the back 
of the cone, the air moves with the 
cone, and thus its mass is of some 
importance. The mass of air in a port 
or duct, or adjacent to a drone cone. 
if one is used, which moves with the 
generation of sound waves, is also 
of some importance. But in most of 
the box, this movement causes the air 
inside to be alternately compressed 
and expanded. which means its im- 
portant property is its rem? pressiNifty. 
or elasticity. 

CONTROLLING CONE MOVEMENT 

So what controls the movement of 
the cone, and thus the generation of 
the sound wave it eventually radiates? 
On the driving side. the force is the 
electrical voltage and the current de- 
livered to it by the amplifier. On the 
driven side, the properties of the cone 
and its suspension, which cannot be 
eliminated, as well as the properties 
of the air in contact with the cone 
influence the sound wave. 

On the drive side, current provides 
the driving force, and voltage repre- 
sents the motion associated with it. If 
the cone is artificially locked in place 
so it cannot move, no sound will he 
radiated and the voice coil will possess 
a purely electrical impedance, con- 
sisting of a resistance and an induc- 
tance. In that condition. the electrical 
impedance will determine the relation- 
ship between voltage and current that 

the loudspeaker takes from the 
amplifier. 

But to have a loudspeaker work. its 
voice coil and cone must be free to 
move. This movement modifies the 
electrical impedance, or the relation- 
ship between voltage and current used 
from the amplifier. Let us look at what 
this modification means in terms of the 
electrical impedance the amplifier has 
to feed with voltage and current. 

A constant current from the ampli- 
fier, as frequency is changed. will re- 
sult in a constant driving force at the 
voice coil, but not necessarily in con- 
stant movement of the cone. This 
depends on what induces the opposi- 
tion to movement. At higher frequen- 
cies, the opposition is caused mainly 
by the mass of the cone and of the 
air it drives to cause a sound wave. 
The higher the frequency. the less 
readily will the wave keep reversing 
its movement and the less its move- 
ment will be. 

At lower frequencies. the opposition 
will be due to the restraint caused 
either by the mechanical suspension 
of the cone. by the compressibility 
of the air inside the box. or by both 
acting together. This is what will limit 
movement as frequencies get lower. 

At some frequency, called the res- 
onance of the loudspeaker. the two 
causes of opposition balance one an- 
other. This means that the springiness 
of the air inside the box. and of the 
cone suspension. will act in conjunc- 
tion with the combined mass of the 
cone and of the air that moves with it 

to produce a resonant effect, like a 

spring and a weight. Very little force. 
at this frequency. will produce quite 
large movement. 

What will resonance look like in 
the electrical circuit? A big movement 
accompanied by a big voltage and 
small force will he accompanied by 
small current. 

Now if. in the way most amplifiers 
are designed, the voltage output repre- 
sents the frequency content of the 
audio wave, rather than current, what 
stays put as frequency is varied will 
be cone movement. The current 
needed to produce that cone move- 
ment will vary according to the force 
needed at each frequency. 

So far, so good. But uniform cone 
movement achieved in this way would 
depend on using a much higher effi- 
ciency than any loudspeakers possess, 
so we have to consider what that cone 
movement actually does. By the way. 
before we go any further, what is 
uniform, is not the distance of move- 
ment, but the rate of movement. 

If the cone moves at the same maxi- 
mum rate, or velocity, as frequency 
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goes up, the distance it moves will go 
down because it travels for a shorter 
time in each direction. That agrees. 
in general, with what the sound waves 
require. A low frequency wave re- 
quires a larger air movement because 
the waves are so big. A high frequency 
wave requires a much smaller, more 
rapid air movement because the waves 
are much smaller. 

SMALL /FORCE LARGE MOVEMENT 
Now we need to take a look at what 

happens to all the other parts of the 
loudspeaker. This is where the analogy 
gets difficult. Take the loudspeaker's 
resonant frequency as the starting 
point. At this frequency, a relatively 
small driving force from the voice coil 
produces much larger cone movement 
than at other frequencies. This hap- 
pens because there is resonant inter- 
change of energy between the moving 
mass of the cone, with the air in con- 
tact with it, and the springiness of 
its suspension, including the compres- 
sibility of the air inside the box. 

A small force resulting in a large 
movement at just one frequency can 
be represented as an analog by a 

series resonant circuit. The applied 
voltage is the force, the current is the 

movement. the inductance is the mass. 
and the capacitance is the compliance. 
or springiness. 

ELECTRICAL VIEW 

But that is not what the loudspeaker 
looks like electrically. Movement trans- 
lates to voltage and force translates 
to current. So a relatively small cur- 
rent produces a relatively large volt- 
age at this one frequency. It looks 
like a parallel resonant circuit. But 
if you think of it that way, how are 
you going to get the other elements 
into the "circuit." such as the port. 
if you use a bass reflex, and so on? 

You could use the other analog in 
the set I introduced in the July issue 
(see reproduced TABLE I). But as you 
probably understand by now if you 
have been following this series of 
columns, neither analog is completely 
satisfactory. Each can only go so far. 

There is another factor. Perhaps you 
could make an analog of this by using 
mutual inductance, hut that is difficult 
because it changes phase with fre- 
quency. In the bass reflex, both move- 
ments -that of the cone and that of 
air in the port- interact. Because at 
resonant frequency the air movement 
from the port supplements the sound 

wave radiated, the air pressure fed by 
the cone is increased. This is equiva- 
lent to increasing the mass of air that 
the cone has to move at that frequency. 

When you go to a lower frequency. 
where air just shuffles through the 
port. from the back to the front of 
the cone, as it does around the edges 
of an open baffle at low frequencies. 
the release of air from behind re- 
duces the apparent load on the front 
of the cone. And at higher frequen- 
cies, movement of the cone. as well 
as radiating a sound wave from the 
front. merely compresses and expands 
the air in the hack, too quickly to 
allow much movement to take place 
in the port. 

Now. to complete the perplexity 
about how you apply analogs, think 
about this: how do you represent the 
fact that opposition to cone movement 
is the combined effect of air against 
it. in both front and back: does that 
look like a series, or a parallel 
combination? 

Actually, you can have you pick. 
according to which analog you prefer. 
I have included both of them in 
FIGURE 1 in the accompanying illustra- 
tions of an infinite baffle -type en- 
closure. 

Sound Workshop will introduce 
its new 16 Track Recording Console 

at the Audio Engineering Society Convention 

in New York City 

on November 4th, Sth, 6th, and 7th. 

We suggest you check it out. 

Sound Workshop 
PROFESSIONAL AUDIO PRODUCTS 

bringing the technology 
within everyone's reach, 

Sound Workshop Professional Audio Products, Inc.. 1040 Northern Blvd.. Roslyn, New York 11576 (516)- 621 -6710 
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JOHN M. WORAM 

The Sync Wack 

Since this issue of db features sev- 
eral articles on various aspects of 
the tape -to -disc transfer process, it 
might not be a bad idea to spend some 
time here exploring the subject from 
the point -of -view of the small studio 
operator. For every studio that does 
its own disc cutting, there are very 
many that don't. Consequently. there 
are a lot of mixers around who have 
not had the opportunity to get in- 
volved in transferring their master 
tapes to lacquer. This can be un- 
fortunate, since there is a lot that 
can happen at the cutting lathe to 
make or break the production. If the 
recording engineer doesn't know a 
little something about the process, he 
may not get the best possible finished 
product. 

First off is the question of whether 
the tape -to -disc transfer is the last step 
in the creative process or the first step 
in the production process. Depending 
on to whom you talk, it's definitely 
one or the other. But actually, it's 
probably a little bit of both. 

Some companies cut their lacquers 
right at the pressing plant. That means 
you'd better make very sure your tape 
is ready for transfer before you let 
it out of your hands. Here, the job 
is "stage 1" in the production line. 

It's probably more common -espe- 
cially in the United States -for the 
disc cutting facility to be near the 

FREE CATALOG 
HARD -TO-FIND PRECISION TOOLS 
t nb moe.. than 31MW nrms: piten. tuee:rn, ulre 
strippers, vacuum systems, relay tools. optical 
equipment. tool kits and cases. Also Includes ten 
pages of useful 'tool Tips' to aid in tool selection. 

©JENSEN TOOLS Ó[ ALLOYS 
pSOU, pnle5T pn1y, T 95:91 
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Figure 1. What goes down must come 
up. Excessive vertical modulation has 
caused the cutting stylus to lift off. 
perhaps due to some out -of -phase 
components in the master tape. 

studio (in the same building. down 
the block, or perhaps across town). 
In this case. the tape is often sent out 
for transfer along with the producer. 
who may then spend hours driving the 
tape -to -disc engineer out of his mind. 

Each method has its arguments. For 
the former case, there is some evidence 
that the lacquer disc deteriorates some- 
what during the interval between cut- 
ting and plating. Consequently, it 

should not he subjected to the rigors 
of a long voyage between the cutting 
room and the pressing plant. Also, if 
the pressing plant has plating prob- 
lems, a new lacquer can he cut with- 
out delay. 

However, if the transfer facility is 
reasonably near the studio, the pro- 
ducer can take advantage of all the 
gadgets that are availabe to help him 
make a better product. Here, it be- 
comes vital to know what can -and 
what can't -be done, since disc master- 
ing engineers get paid by the hour 
too. 

Begin by regarding the cutting lathe 
as a giant transducer. for -like the 
microphone and the loudspeaker -it 
is converting one form of energy into 
another. And, as with other trans- 
ducers, there are limitations to 
consider. 

For example. playing time versus 
dynamic range. On tape, these vari- 
ables are completely independent: 
neither has an effect on the other. 
Not so on the disc, where each revo- 
lution takes up space. and therefore. 
time. So. as required playing time is 
increased, the spacing between grooves 
must be decreased. However, as the 
cutting stylus swings back and forth. 
space must be allowed so that adjacent 
grooves do not run into each other. 
In other words, the louder the pro- 
gram, the shorter the playing time. 
Every time a loud passage comes 
around, the spacing between the 
grooves must be widened at least 
one revolution in advance. The wide 
spacing must then be retained for at 
least one more revolution, so that the 

Figure 2. The ultimate test for playback 
stylus tracking? Not quite -it's just an 
example of what may happen when the 
mastering engineer gets some mislead- 
ing test tones up front. 
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next groove does not cut into the pre- 
vious one. And, when you get near 
the label area, the program is over. 
whether you like it or not. 

PREPARING A TAPE FOR 
DISC MASTERING 

White leader is great stuff for visual 
identification of the beginning and 
end of a complete musical program: 
that is, one side of an Ip or a 45 
rpm single. However, between cuts 
on an Ip, it is probably better to use 
recorded (but blank) tape instead. 
If leader tape is used, the sudden cut 
into total silence between songs can 
he audibly distracting. 

Contrary to popular belief, the disc 
mastering engineer does not need white 
leader tape to see when to make 
spirals. What he does need is accurate 
timing information. such as: 

Elapsed time: 
"Song #1" ends at 3:48 
spiral (:05) 

"Song #2 starts at 3:53 
ends at 6:14 

spiral 
"Song #3 

(:02) 
starts at 6:16 

etc. 

The elapsed time data allows hint 
to anticipate the spirals. Writing out 
the time between songs (in paren- 
theses, above) just makes it that much 
easier to get the spirals placed where 
they belong. And remember that 
spirals are made by rapidly advancing 
the cutter head. That means that 
although the pause between songs may 
he only a few seconds in duration, 
each spiral may "eat" about 25 seconds' 
worth of available playing time. 

If your tape is anything more than 
a collection of standard -type songs 
with obvious beginnings and endings. 
let the transfer facility know what to 
expect. Many disc mastering engineers 
have become prematurely gray from 
contending with abrupt endings, seg- 
ments of backwards program. chan- 
nel imbalances and other assorted 
strangeness. If strange is part of your 
production, let the engineer know 
about it. Otherwise, he may try to 
make corrections that you don't want 
made. 

TEST TONES 
And even if your tape is riddled 

with strangeness (creative, of course), 
make sure the test tones at the head 
of the tape are not in the same cate- 
gory. One reader wrote in recently to 
describe how he prepared his tape 

for disc mastering. ". . . record the 
following tones at 0 dB on the left 
track. 15 kHz. IO kHz. I kHz, 50 Hz. 
Then rewind the tape and do the sanie 
thing on the right track." Wrong!! 

If you do it this way. there will 
be no phase relationship whatever be- 
tween the tones on the left and right 
tracks. The disc mastering engineer 
will go beserk trying to get his sys- 
tem's playback head azimuth aligned 
to your tape. Give the poor guy a 

break, and record your test tones 
simultaneously on both tracks. Also. 
clearly indicate what sort of meter 

readings should he expected. For ex- 
ample; "I kHz test tone at head of 
tape. Set tape recorder output level 
to read 0 VU = +4 dBm. Frequency 
response (or 10 kHz, or whatever) 
follows, recorded x dB below 0 VU." 

If you've used a noise reduction 
system, don't forget to pass along that 
information too. In fact, you might 
even want to mention which one. 

In short, anything you can do to 
make things easier for the disc master- 
ing engineer will pay off in reduced 
expenses, and probably in a better 
sounding record. 

THE NEW OCTAVE EQUALIZER 

NING- 

N M m NO aO NO L NaE "NO MOO 

NM.. 
LLD. -01ILIAIIIO 

TWIN -0MPNI : OCTAVE EOUALLTER Not DMA, 
TO- 220/ -00 BALANCED IN /OUT 

VON. n.N. 

SWITCHABLE HI or LO IMPEDANCE 
SWITCHABLE BALANCED or UNBALANCED INPUTS 
SWITCHABLE BALANCED or UNBALANCED OUTPUTS 
TWO SEPARATE MONO SECTIONS, IDENTICAL CONTROLS 
L.E.D.'S FOR VISUAL INPUT /OUTPUT BALANCING 
SWITCHABLE HI and /or LO SHELVING 
SEPARATE ZERO -GAIN SPECTRUM CONTROLS 
GOLD- PLATED CONTACTS ON ALL SWITCHES 

ZERO -GAIN: Unity ±0.5 dB, controllable 20- 
20, 480 HZ +6 dB, -12 dB. 
FREQUENCY RESPONSE ±0.5 dB 20 Hz to 
20,480 Hz at zero setting. 
DISTORTION: Less than 0.05% THD @ 2 volts. 
RATED OUTPUT (600 -OHM BALANCED): +20 
dBm into 600 ohms. 
OUTPUT CIRCUIT: FET Op -Amps (Balanced or 
Unbalanced). 
MAXIMUM INPUT LEVEL: +20 dBm. 
EQUIVALENT INPUT NOISE: Below 90 dBm with 
E.Q. switched in. Below 110 dB at max. output. 
EQUALIZATION FREQUENCIES: Each octave cen- 
tered at 30, 60, 120, 240, 480, 960, 1920, 
3840, 7680 and 15,360 Hz. 
BOOST /CUT RANGE: -- 12 dB at center fre- 
quencies. 

FILTER TYPE: Toroidal and Ferrite -core. 
POWER REQUIREMENTS: 120 ± 15% VAC 50/ 
60 Hz less than 10 Watts or 240 ± 15% VAC 
50/60 Hz less than 10 Watts. 
FULL -SPECTRUM LEVEL: Front panel 18 dB, 
variable master level controls. 
OCTAVE -EQUALIZATION: 10 Vertical controls 
each channel, , 12 dB per octave. 
EQ. IN -OUT: Front panel pushbutton switch for 
each channel. 
TERMINATIONS: 3 -pin XLR's for inputs and 
outputs. 
WEIGHT: 18 pounds. 
SHIPPING WEIGHT: 23 pounds. 
FINISH: Front panel horizontally brushed, black 
anodized aluminum. Chassis cadmium plated 
steel, with black textured finish. 
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MARTIN DICKSTEIN 

4V Sound With Imagés 

'Tis the season to rejoice -for some 
parents, that is. The kids are back in 
school! The youth, however, can't 
quite figure out what happened to all 
the time they had this summer and 
some are even complaining about 
going to school again. After all, didn't 
they go last year? In either case, the 
responsibility is once again in the 
hands of the educators to try to pre- 
sent their subject matter so that as 
many students as possible will gain 
something from their efforts. 

To assist the educators, the school 

audio Tape 
for professionals 

REEL TO REEL TAPE 
Ampex. 3M. All grades, 
On reels or hubs. 

CASSETTES, C- 10 -C -90, 
with Agfa. Ampex, 3M Tape 

LEADER & SPLICING TAPE 

EMPTY REELS & BOXES 
All widths, sizes. - COMPETITIVE FROM STOCK - 

Recording Supply Co. 
1233 Rand Road 

D of 
Des Plaines, IL 60016 

iy. 
Polyline Corp. 312/297 -0955 

Circle 28 on Reader Service Card 

systems make use of many (if not 
most) of the audio -visual aids avail- 
able. In fact, the educational field 
especially colleges and universities, is 
one of the largest users of audio -visu- 
als. Auditoria are specially designed in 
the newest schools to permit use of 
some of the most sophisticated equip- 
ment made. Older schools are adding 
equipment and quite a few are rede- 
signing present facilities or adding new 
ones to make use of the latest equip- 
ment on the scene. 

Schools at the high school and ele- 
mentary levels are also making use of 
much of the equipment that can be 
found. Generally, slide and film pro- 
jectors, overhead (transparency) pro- 
jectors, and film strip projectors are 
employed. It is not very difficult to 
set up a projector with a wall or ceil- 
ing pull -down screen, or even a tripod 
unit, and everyone knows that a pic- 
ture is worth -whatever the rest of the 
cliche is. There is no doubt that using 
transparencies or films can make a 
subject, a lesson, a fact, come to life. 
or at least add some interest so the 
students (and the teachers) will stay 
awake, and the material will get across 
better with greater retention. 

PURCHASING KNOW -HOW 
The widespread use of audio visual 

equipment is a good thing, of course, 
but it raises many questions. How do 
schools decide on what equipment to 
buy? Not only what type, but also 
what brand? Is it always wise to buy 
more of the same type that is already 
on hand when additions are to be 
made? Knowing how school budgets 
work, is there some way that those re- 
sponsible for the selections can be 
better informed on what to look for. 
what to look out for, or even what 
questions to ask? 

Now there is. Actually, there has 
been a guide around for the past 
eleven years, but only a small number 
of people knew of its existence, and 
not many educational institutions have 
made all the use of it that is available. 

The answer is EPIE, an acronym that 
comes from Educational Products In- 
formation Exchange Institute. Based in 
New York City. it is a completely non- 
profit, non -commercial. and non- biased 
service organization. 

In November of 1966 the U.S. Of- 
fice of Education provided a planning 
grant and thus made it possible for the 
foundation to be laid for the organiza- 
tion of EPIE. It is chartered by the 
University of the State of N.Y. Board 
of Regents and was officially estab- 
lished in June of 1967. The National 
School Boards Association is one of 
the more than 25 educational organi- 
zations nationwide that gave EPIE its 
blessings at the start. and still serves 
on the EPIE National Advisory Board. 
The American School Board Journal. 
a publication of the National School 
Boards Association, has called EPIE a 
"Consumers Union" for education. 

Its function is to protect and advise 
schools, school districts. and all the 
rest of its members in the matter of 
selection and use of any material of 
any kind to be used by an educational 
institution. EPIE has become the 
watchdog of the educational field. 
Manufacturers of educational prod- 
ucts of any kind -publishers. and ma- 
terial producers. respect the opinions 
expressed by the organization. and 
even look for the results of the inde- 
pendent research EPIE carries out. 

It performs its function in part by 
operating its own research laboratory 
that can run extensive tests on a wide 
variety of items, and by gathering in- 
formation provided by educators, stu- 
dents, experts in various fields, state 
boards of education, publishers. etc. 
This data is then checked out as much 
as possible whenever necessary. filed 
and collected, and then passed on in 
distilled form to members, or sub- 
scribers, in their newsletters. As new 
information keeps coming in. readers 
are kept up to date. In several sub- 
jects, very extensive reports have been 
published with in -depth type of infor- 
mation on the subject. A very brief 
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look at some of the many things with 
which EPIE has become involved will 
indicate the vastness of the field and 
the value of the work performed. 

PRODUCT TESTING 
During the past few years, EPIE has 

undertaken projects that involved re- 
viewing as many as 2,000 products 
being sold to educational institutions. 
The study covered such items as the 
quality of color reproductions, the in- 
structional design of materials, and 
whether book bindings were sturdy 
enough to last as long as five years. 
One particular project they undertook 
was an effort to provide guidelines to 
educational agencies on mandating 
procedures for Learner Verification 
and Revision of many of the materials 
marketed to schools. A 39- member 
task force which included teachers as 
well as students, administrators, re- 
searchers, school board members, and 
producers looked at whether various 
items used in the classroom (such as 
workbooks, for example) really helped 
students learn what they were sup- 
posed to, and whether revisions have 
or should be made to those features 
which hindered rather than helped the 
learning process. 

Another project involved a National 
Survey and Assessment of Instruc- 
tional Materials. This was a first -of -a- 
kind and included a study of the ef- 
fectiveness of instructional as well as 
curriculum materials that are available. 
They even became involved with in- 
structional software such as tapes and 
filmstrips meant to assist the education 
process in the lower grades. Some of 
the software failed because they were 
never tried on children of the particu- 
lar age for which they were intended. 
and the youngsters did not even com- 
prehend some of the instructions. It 
was also found that what worked in 
some arcas of the country did not do 
well in others. 

In the educational materials area. 
EPIE become aware of products used 
for gluing, for example, and ran tests 
to determine if the products do what 
they claim, are harmful in any way, if 
the cost generally was worth the pur- 
chase, and if it was wiser to buy in 
bulk or small quantity at a time. EPIE 
has checked on learning kits, programs 
for various subjects, cassettes for video 
systems, and even consumer education 
materials. 

HARDWARE 
When it comes to hardware, EPIE 

again runs full tests on as many items 
in question as possible to determine a 
series of answers related to value, op- 
erating cost, safety, case of operation, 
and whether items meet published spe- 

cifications. For example, a series of 
tests were run on projector bulbs sev- 
eral years ago. It was found that the 
same bulb made by three different 
manufacturers had a wide variance 
from their specified life spans. One 
manufacturer was far better than 
spec (as much over 100 per cent bet- 
ter), while the other two were less 
than 50 per cent of spec. The matter 
was brought to the attention of the 
faulty -bulb makers and the poorer 
products were brought closer to spec. 
This in no way reflected on any other 
type of bulbs made by them, just the 
one model under test. The laboratory 
investigation was run under strictly 
controlled conditions. 

In the audio -visual field, with which 
this corner is usually most concerned. 
EPIE has obtained some valuable in- 
formation which is probably not avail- 
able through any other source. Much 
of the information they receive, as 
well as inquiries, comes to them from 
members on EPIEgram feedback 
forms. A short series of questions on 
the form requests that certain infor- 
mation be provided. Sometimes com- 
plaints, many times technical questions. 
and very often requests for advice and 
information give EPIE the subjects in 
which the members are most inter- 
ested and which require the most study 
and further investigation. 

SAFETY 
In the matter of safety of electrical 

devices, numerous questions came to 
their attention on the subject of double - 
insulated equipment and the 3 -wire 
electrical power grounding system. 
ENE went into some detail to explain 
the differences and examined where 
each type is most likely to be used. 
They also went into why it can be 
unsafe to use the common 3 -to -2 prong 
adapter, and why, in audio -visuals. 
where equipment is usually intercon- 
nected (as differentiated from items 
such as drills or office equipment 
which are used singly and independ- 
ently of any others) there can be 
problems and safety hazards in the 
use of the two methods of power 
wiring, when hooked together. 

One of the most valuable studies 
undertaken by EPIE was an evalua- 
tion of the cost -effectiveness of a.v. 
equipment. Some interesting results 
came through. For example, they ran 
surveys on lifetimes of various types 
of equipment, checked manufacturer 
specs of the life of lamps, and costs 
of electricity in different sections of 
the country, finding an average value, 
and measured projector outputs in the 
lab. 

Following that, they charted the in- 
formation and got some fascinating 

results. For slide projectors, as one 
example, they found that the use of 
one type of bulb could cost the user 
as much as almost $4,000 in replace- 
ments during the expected 3200 -hour 
life of the unit. With another lamp. 
the cost over the same span could be 
as little as $200. As another example. 
one type of overhead projector, priced 
$27 less than another in original pur- 
chase cost actually ran over $250 more 
in operating costs over the life span 
of 3,400 hours. Quite a difference 
when one considers the individual 
items in relation to future budget 
allocations. 

Another subject for much discus- 
sion is the use of the 1 /4 -in. jack on 
some film projectors. and the 0.206 in. 
on others. It was explained that there 
might be some advantage to the smaller 
diameter jack which prevented naive 
users, such as young students. from 
putting a headphone plug into the out- 
put of a film projector with the level 
set fairly high, thus avoiding the pos- 
sibility of hearing damage. Counter 
complaints came that in some areas 
it was not possible to find the smaller 
plugs and thus prevented the output 
from being fed to either other speak- 
ers or through other audio systems. 
The discussion and study continues. 

EPIE has also published in -depth 
reports on a multitude of subjects. One 
was a how -to handbook on writing 
equipment specifications. Another cov- 
ered the subject of Materials for Indi- 
vidualizing Math Instruction. Still an- 
other was on the subject of electrical 
safety in schools. In the field of hard- 
ware, they wrote on the Life Expect- 
ancy for AV Equipment: A User Re- 
port, Heavy Duty Audio Cassette Re- 
corders, and evaluations of 16mm 
motion picture projectors and 35mm 
silent filmstrip viewers. And these are 
only a few of the topics. And in both 
the EPIEgrams and the full- length re- 
ports, EPIE mentions names. 

There are just too many topics and 
subjects to mention in this limited 
space with which EPIE has dealt, and 
with which they still plan to get in- 
volved. It seems only right that more 
people, both in the educational field 
and those associated with them in any 
way, should get to know what the or- 
ganization has to offer. Even educators 
could learn something, save money at 
the same time, make their work a little 
easier and safer, and find that it might 
even be the season for them to he 
jolly -err at least a little jollier 
than they have been. 

EPIE has just moved to new quart- 
ers, and can be reached at 475 River- 
side Drive, N.Y. 10027. We would 
appreciate your mentioning us in your 
correspondence. v 
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THE NEW 
GENERATION OF 
RECORDING 
INSTRUMENTS IS 
AVAILABLE AT THESE 
TASCAM DEALERS: 

ALABAMA 

Sonics Associates Inc. 
Gadsden 
Roy Grantlands Sound World 

ALASKA 
Anchorage 
Team Electronics 
Juneau 
Alaska Music Supply 

ARIZONA 
Phoenix 
Bruces World of Sound 
Tangent System 

ARKANSAS 
Fayettev:;:e 
BSC Audio 

CALIFORNIA 
Burbank 
United Sound Systems 
Chico 
Sounds By Dave 
Costa Mesa 
The Express Sound Co. Inc. 
Hollywood 
Audio Industries 
Long Beach 
ACT Electronics 
Los Angeles 
Audio Concepts 
Federated Electronics Inc. 
West LA Music 
North Hollywood 
Everything Audio 
Oakland 
Leo's Music Inc. 
Redwood City 
Accurate Sound Company 
Sacramento 
Advance Sound & 

Electronics Inc. 
San Diego 
Apex Music Co. Inc. 
Pacific Recorders & 

Engineer Corp. 
San Francisco 
Sound Genesis 
San Jose 
Alco Paramount 

Electronic Corp. 
Guitar Showcase 
San Louis Obispo 
Warehouse Sound Co. Inc. 
San Rafael 
Bananas At Large 
Santa Barbara 
Fancy Music 
Torrance 
Quantum Audio 
Upland 
Sun 7lonics 
West Los Angeles 
The Eighth Note 

COLORADO 
Denver 
DTR Sound Corporation 
Sight & Sound Ena Inc. 

CONNECTICUT 
Berlin 
Fred Locke Stereo 
Stamford 
Audiotechniques Inc. 

DISTRICT OF COLUMBIA 
Washington 
Shrader Sound Inc. 

FLORIDA 
Fort Lauderdale 
Modern Music 
Jacksonville 
Stereo Systems Inc. 
Miami 

Ace Music Center Inc. 
Hi -Fi Associates 
World Electronics 
Orlando 
Discount Music Center Inc. 
Pensacola 
Grice Electronics Inc. 
Tallahassee 
Norton Music 
Tallahassee Music Studio Inc. 
Tampa 
Audio Visual Services 

GEORGIA 
Atlanta 
Citizens Jewelry Co. 
Environmental Electronics 
Meltons 
Chamblee 
Pro Audio Atlanta 
Tucker 
B & H Distributing 

HAWAII 
Honolulu 
Audissey 
Electronic Systems Inc. 
Mountain View 
Rain Recording 

ILLINOIS 
Arlington Heights 
Roy Baumann Music 
Chicago 
Continental Music House 
Midwest Enclosure 
Midwest Sound 
Sound Market Recording Co. 
Cicero 
D J Music Ltd. 
Collinsville 
Swing City Music 
Manssa 
Ye Olde Music Shop 
Normal 
Glenn Poor's Audio Video 
Palos Hills 
Gill Custom House Inc. 
Pekin 
Milam Audio 
River Grove 
BSC Inc. 
Roselle 
Roselle Music 
Schaumburg 
The Stereo Studio 

INDIANA 
Evansville 
Risley Electronics 
Fort Wayne 
Classic Stereo Pak 
Indianapolis 
Graham Electronics Supply, Inc. 
South Bend 
Audio Specialists 
Communications Systems 
The Stereo Scene 

IOWA 
Des Moines 
'Iliad Productions, Inc. 
Victor's House of Music 
Iowa City 
Advanced Audio 

Engineering Inc. 

KANSAS 
Hays 
Hayes Music Company 
Lawrence 
Innovative Electronics 
Overland Park 
David Beatty Stereo 
Wichita 
Superior Sound 

KENTUCKY 
Covington 
American Sound & 

Electronics Inc. 
Louisville 
Hi Fi Corner 
McDonald Sound Goods 
Paducah 
Risley Elect. 
Rowton TV & Sound Corp. 

LOUISIANA 
Baton Rouge 

Home & Commercial Audio 
Kadairs Inc. 
Monroe 
Specialty Sound 
New Orleans 
Sound Enterprises Inc. 
Southern Radio Supply Co. Inc. 

MAINE 
Portland 
New England Music Co. Inc. 

MARYLAND 
Elkton 
Mars Piano & Organ 
Timonium 
Sound Factory 
Wheaton 
Washington Music 

Sales Center Inc. 

MASSACHUSETTS 
Boston 
Lebow Labs Inc. 

MICHIGAN 
Ann Arbor 
Ann Arbor Music Mart 
Detroit 
Fiddlers Music Company 
Farmington 
Sound Patterns DXM 

Rec. Studios 
Grand Rapids 
Audio Distributors Inc. 
Jackson. 
Jackson Music Mart 
Kalamaz 
Sound Room 
Livonia 
Audioland 
Mt. Clemens 
Audio Land Men of Music Inc. 

MINNESOTA 

Audio King, Inc. 
AVC Systems. Inc. 
Moorhead 
Marguerites Music 

MISSISSIPPI 
'Jackson 
Sound & Communications Inc. 

MISSOURI 
Kansas City 
Burstein Applebee Co. Inc. 
David Beatty Stereo 
Superior 
Springfield 
Mr. Music's Rock Shop 
St. Louis 
Antech Labs Inc. 

NEBRASKA 
Omaha 
Seco Labs, Inc. 

NEVADA 
Las Vegas 
Commercial Sound Studios 

NEW JERSEY 
Bur::ngton 
Eastern Audio 
New Brunswick 
Hi Fi Haven Inc. 
Paterson 
Professional Audio Video Corp. 
Oakhurst 
Sound Arts Co. Inc. 
Scotch Plains 
Audio International Corp. 

NEW MEXICO 
Albuquerque 
Hi Fi House 
Maynords 

NEW YORK 
Albany 
Seiden Sound 
Amherst 
Transcendental Audio Ltd. 
Buffalo 
Purchase Radio 
Unistage Inc. 
Hemstead 
Professional Sound Labs Inc. 

Ithaca 
Stereo Shack of Ithaca 
Jamestown 
Transcendental Audio Ltd. 
Massena 
Michelle Audio 
Morris 
Boynton Studio Inc. 
New York City 
Harvey Sound Inc. 
Lyric Hi Fi Inc. 
Manny's Musical Instruments 

and Accessories Corp. 
Martin Audio/Video Corp. 
Rensselaer 
Cathedral Sound 
Rochester 
Maynards Sound World 
The Sound Chamber Inc. 
Roslyn. L. I. 
Audio by Zimet Inc. 

NORTH CAROLINA 
Bur::r:átor. 
Don's Music City 
Charlotte 
Reliable Music 
Sounds Impressive 
Greensboro 
Audio Unlimited of 

No. America 
Raleigh 
Sound Ideas 
Winston -Salem 
Long Engineering Corp. 

OHIO 
Akron 
Audio Hall 
Chillicothe 
Appalachia Sound 
Cincinnati 
Swallens Inc. 
Columbus 
Custom Stereo Electronics Inc. 
Palmer Stereo Center 
Sound Advocate Inc. 
Dayton 
Dayton Communications Corp. 
Niles 
United Electronics 
Parma 
Winter Radio Inc. 
Youngstov: r. 
New York Music 
United Electronics 

OKLAHOMA 
Oklahoma City 
Ford Audio & Accoustics Inc. 
Stillwater 
Stillwater Music Center 
Tulsa 
Ford Audio & Accoustics 
Imperial Sound Inc. 
Music Sound World 

OREGON 
Oregon City 
Electronic Control Co. Inc. 
Portland 
Rex Recording Co. 

PENNSYLVANIA 
Allentown 
Heiffrich Recording Lab. 
Narberth 
Barclays Electronics 
New Brighton 
Television Parts Co. 
Pittsburgh 
Audio Innovators Inc. 
Wynnwood 
Barclays Electronics 

SOUTH CAROLINA 
Columbia 
Pecknel Music Co. 
r. tresse 
Whitestone Inc. 

eer.'r 
Pecknel Music Co. 

SOUTH DAKOTA 
Falls 

U A Recording 

TENNESSEE 
B::sr_ 

Joe Morrell Music Co. 
Chattanooga 
Music Mart 
Memphis 
Strings & Things 
Nashville 
Audio Systems Inc. 
Hi Fi Comer Inc. 
Nashville Studio System 

TEXAS 

Billy's Band -Aid 
Dallas 
Recorder Center 
El Paso 
Casa Sonida, Inc. 
Garland 
Arnold & Morgan Music Co. 
Houston 
Sound West of Texas 
,ng 

Audio Video Designs 
Odessa 
Electronic Service Centers 
Richardson 
Collins Radio 
San Anton, 
Bill Case Sound 

UTAH 
Ogden 
The Hi Fi Shop 
Salt :.Jake C::y 
Broadway Music 
Sound Systems 

VIRGINIA 
Norfolk 
Ambassador Sound 
Music & Sound 

WASHINGTON 
Bellingham 
Quad Corner 
Seattle 
Electricraft Stereo Centersinc 
Electronic Music Box 
Joe Farmer Music Inc. 
Spokane 
Hoffman Music Co. Inc. 
Wenatchee 
Belmont Music Center Corp. 

WEST VIRGINIA 
Hant:°g`on 
Pied Piper Inc. 

WISCONSIN 
Green Bay 
Sound Design 

American TV & Appliance 
Spectrum Audio 

Harry Melcher 

TASCAM SERIES 
BYT EAC- 

Circle 20 on Reader Service Card 
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THIS LS WHERE TOMORROW'S 
GREAT MUSIC LS COMING FROM. 

We think musical 
styles change 
because musical 
talents change. 

There is hardly a 
musician making 
money today who 
doesn't know as 
much about 
recording music as 
he does about 
playing it . And 
recordists know as 
much about playing 
music as they do 
about recording it. 

Because both know 
the equipment that 
captures music can 
also be used to 
improve it. 

(CTEAC 1977 

So while musical 
styles may change, 
the interdependence 
of musician, recordist, 
and the instruments 
they use will not. 
And that is the 
reason for the 
TASCAM Series by 
TEAC. 

For not very much 
money TASCAM 
lets both musician 
and recordist get 
their hands on 
mixers and recorder/ 
reproducers that let 
both tailor their 
music their way. 

The Model 5 -EX shown with four 
Model 201 input modules. 

Model 5 shown with Model 204 
talk back/slate modules. 

For every kind of 
music, for every 
kind of need, at 
home and on 
the road, by price 
and application, 
everything we make 

has the same goal 
as everything you 
make -be the best. 

Because it still takes 
great talent to make 
great music. 

TASCAM SERIES BYTEAC. 
A new generation of recording instruments 
for a new generation of recording artists. 

TEAC Corporation of America 
7733 Telegraph Road 
Montebello, California 90640 
In Canada TEAC is distributed by White 
Electronic Development Corporation 
(1966) Ltd. 
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 í New Products 
& Services 

DIRECT BOX 

Direct box PS -9 is equipped with 
a noise fader with an adjustable sensi- 
tivity to accommodate various input 
levels, ranging from microphone to 
professional amplifiers or to create 
special effects. High frequency input 
is retained by providing a very high 
input impedance which avoids loading 
down the instrument pickup. The di- 
rect box's +9 dBm output is suffi- 
cient to drive professional amplifiers. 
When long cable runs are required, 
very low output impedance reduces 
loss of high frequency and pickup of 
hum and noise. All of this works with 
the guitar amplifier even if no inter- 
face with professional equipment is 
used. Phone jack and 3 -pin XLR con- 
nector included. 
MJr: Tycobrahe Engineering Co. 
Circle 51 on Reader Service Card 

DIRECT BOX 

y/l 
rowan-e' 44ö 

DISCO CONSOLE 

Oriented to disco use, D.J. Disco 
consoles incorporate electronic music 
synthesizer techniques. DC -300 fea- 
tures voltage controlled stereo mixing. 
switchable headphone monitor, stereo 
metering, automatic voice -over for mic- 
rophone, slide cue control with l.e.d. 
indicators and master equalizer. There 
are two turntables with magnetic car- 
tridges and diamond styli with a four - 
pole synchronous motor. The console 
has three separate stereo line outputs 
for power supplies, as an amplifier 
with pre -amp, and a third for stereo 
reproduction. The unit is modular, 
comes with a transporter cover. 
Mir: Earth Sound Research 
Circle 52 on Reader Service Card 

SPEAKER ENCLOSURES 

Made for the road and its on- 
slaughts, Series A 1917 monitors are 
enclosed in husky low resonance wood- 
en carrying cases (in 5 colors) and 
pampered with foam linings. The 
panel holding the speakers is sus- 
pended, so they are protected from 
direct contact with outside impact. The 
units incorporate electronic tweeter- 
protector circuitry. They have three 
usable angles: 70 degrees, 30 degrees. 
and 90 degrees. 
Mir: Amanita Sound Co. 

roi Circle 53 on Reader Service Card 

INSTANT RECORDING 

Loss of material through blank 
leaders is eliminated in the IRC line 
of cassettes. Leaders are of 1.5 mil. 
tape recording tape, accepting mate- 
rial the instant the recorder is switched 
on. The body of the cassette is com- 
posed of 1 mil tape, in recording ca- 
pacities of 30, 60, and 90 minutes. 
Mir: 3M Company 
Price: $1.50 -$2.50. 
Circle 54 on Reader Service Card 

ECHO /REVERB UNIT 

An endless tape loop is featured on 
Echo 200 echo and reverb. The motor 
speed is electronically controlled and 
the echo delays are continuously ad- 
justable from 100 psec. to 380 µsec. 
Included are one record head and one 
playback head, universal input with 
switchable and adjustable input sensi- 
tivity, echo channel with echo dura- 
tion, echo tone and echo return con- 
trols. There is a connector for ampli- 
fiers. The unit is portable, with carry- 
ing case, measures 17 x 13 x 3 in. 
Mfr: Dynacord. Inc. 
Circle 55 on Reader Service Card 
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LIVE MIXER 

If you mate an output control 
module with eight inputs with a ten - 
input expander. Trouper I puts eight- 
een inputs on the road. Each input 
stacks up with the following features: 
low level balanced input, high Z in- 
put, in /out jack. 20 dB of mic at- 
tenuation, monitor send, echo send. 
three band graphic equalizers, solo 
switch for individual channel monitor- 
ing. The vu meter follows the solo 
system. The output control module 
also features house and monitor out- 
puts, echo send /receive jacks, head- 
phone jack, solid state vu meter, echo 
send master to the built -in reverb. 
headphone level control, house /mon- 
itor echo receive, high /low cut filters, 
and house /monitor level controls. 
Mir: Uni -Sync, Inc. 
Price: Output Control Module: $749. 

Expander: $698. 
Circle 56 on Reader Service Card 

RECORD TRANSDUCER SYSTEM 

Two transducers, directly coupled 
to the stylus system by a tiny rubber 
ring system, are employed by model 
9210SG. This enables the device to 
pick up vibrations of ultra -sonic fre- 
quencies (20 kHz -50 kHz). R.I.A.A. 
playback equalization is accomplished 
mechanically at the transducer. The 
cartridge incorporates a semiconduc- 
tor strain gauge element that utilizes 
the variable resistance effect of semi- 
conductor materials when deflected. 
The electronics provide the source 
current for the cartridge and the ad- 
ditional amplification required to sup- 
ply a high level input to any auxiliary 
preamplifier. Frequency response is 
5 Hz to 20 kHz -!- I dB, with claimed 
less than 0.1 per cent thd, dynamic 
range in excess or 70 dB from 20 Hz 
to 20 kHz. R.I.A.A. accuracy within 
1 dB. 
Mir: Ram Audio Systems, Inc. 
Price: $299.00. 
Circle 57 on Reader Service Card 

New 
Literature 
MAKE -IT KITS 

400 electronic kits are listed in this 
catalog. Mfr: Heath Company, Ben- 
ton Harbor, Michigan 49022. 

PROFESSIONAL EQUIPMENT 

A 100 -page catalog contains com- 
plete fact sheets on the manufacturer's 
entire line of products. Mfr: Commu- 
nity Light & Sound, 5701 Grays Ave., 
Philadelphia, Pa. 19143. (Christine 
Kofoed) 

AUDIO CONNECTOR 

The Quick Ground Professional 
Connector, especially suited for rigor- 
ous entertainment settings, is described 
in a four -color brochure. Mfr: Switch - 
craft, 5555 N. Elston Ave.. Chicago. 
Ill. 60630. 

SWITCHING TRANSISTORS 

XGSR series high voltage switching 
transistors are described in an 8 -page 
data sheet. Mfr: General Semiconduc- 
tor Industries, Inc. P.O. Box 3078. 
Tempe, Az. 85281. 

TEST INSTRUMENTS 

More than 40 test instruments and 
their accessories are described in a 48- 
page presentation. Mfr: Leader Instru- 
ments Corp., 151 Dupont St.. Plain- 
view, N.Y. 11803. 

SKEW AND TENSION 

How to eliminate skew or tension 
errors in video is revealed in a two- 
page publication. Mfr: 3M Company. 
P.O. Box 33600, St. Paul. Minn. 
55133. (Clark Duffey) 

AUDIO /VISUAL AIDS 

290 products for the aid and com- 
fort of a/v presenters, such as storage, 
retrieval. security, and mobility equip- 
ment, are detailed in a color catalog. 
Mfr: H. Wilson Corp., 555 W. Taft 
Dr., S. Holland. III. 60473. (Kathi 
Jenin) 

OUTLET STRIPS 

The conversion of one electrical out- 
let into many is achieved through out- 
let strips. This catalog shows how, as 
well as giving information about 
wheeled carriers. Mfr: Waber Electric, 
300 Harvard Ave., Westville, N.J. 
08093. 

WORAM AUDIO ASSOCIATES 
Consultants in Studio Systems 

Engineering, Design and Installation 

-offering- 

A COMPLETE CONSULTATION 

SERVICE FOR STUDIO 

PLANNING AND 

CONSTRUCTION 

FREE -LANCE RECORDING 

SERVICE IN THE 

NEW YORK AREA 

516 764 -8900 

45 Lakeside Dr. 

Rockville Centre, N.Y. 11570 

What's 
cooking? 
IC Op -Amp Cookbook by 
Walter G. Jung. Explains 
basic theory of the IC op 
amp in a down -to -earth 
manner. Includes over 250 
practical circuit applica- 

tions. Fully illustrated and designed 
for all interested in modern linear IC 

design techniques. Covers general operating 
procedures, such as offset nulling, frequency 
compensation, and protection against abuses 
and failures; signal -processing circuits; audio 
circuits including low -level preamps, active fil- 
ters and equalization circuits, power -booster 
stages up to 100 watts, and a variety of other 
specialized circuits. Includes unique devices 
that cannot be categorized with standard types 
- programmable op amps, operational trans - 
ductance amplifiers, quad current -differencing 
amplifiers, etc. $12.95 

SAGAMORE PUBLISHING CO, INC. 
1120 Old Country Road, 
Plainview, N.Y. 11803 
Please send_copies of IC Op -Amp Cookbook 
at $12.95. N.Y.S. residents add 8% sales tax. 

Name 

Address 

City 

State /Zip 
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Overseas agents and distributors are waiting 
to sell your products in foreign markets. 

Find out how to find them. Fast. 
You've got a great product. With great 
domestic sales. And now you want your 
share of the annual $107 billion U.S. export 
market. But who's going to handle that 
product thousands of miles from home? The 
U.S. Commerce Department can tell you. 
Because through our Agent/ Distributor 
Service, we'll match your product with up to 
six firms that are ready, willing and able to 
represent you in the countries you choose. 
Send us the coupon now and let us show you 
how we can put it all together. 

( $ecretary 
of Commerce 

U.S. Department of Commerce, BIC I IA 
Washington, D.C. 20230 

Please tell me about the Commerce Department's 
Agent/ Distributor Service. 

Name 

1 

Title 

Company 

Address 

City State Zip 

A gtir. SerAoe d Tlia Miwate d The AOstay Coud , 

www.americanradiohistory.com

www.americanradiohistory.com


PETER "PETE SKYE" DWORSKY 

The Audible Effect of 
Disc Center Accuracy 

For rriticval musical reproduction, precise centering of 
a disc requires exact measurement. 

THE PROCESS of creating the center hole in a phono- 
graph disc starts when a "lacquer" is cut on a lathe. 
usually from a master tape. A hole, to be used in 
centering the lacquer on the lathe, has been placed 

there by the manufacturer. During cutting, the center hole 
is ignored -the lacquer is held down by suction -so it 
makes no difference if the hole is too big for the lathe's 
spindle, as long as the lacquer does not shift during the 
cutting process. The outside edge of the lacquer is also 
ignored during this stage. so if it is not truc to the center 
hole, it makes no difference. 

The first error may occur during the plating process, in 
which one or more "stampers" are made. These stampers 
need center holes and one must he placed in each. The 
stamper is placed in a punch press, which has a die in a 
round rotating table. The operator examines the grooves in 
the stamper with a stationary microscope, much like on a 
mastering lathe, while he spins the table. By tapping lightly 
on the edge of the stamper with a small steel bar which 
with each tap moves the stamper slightly. he centers the 
stamper by causing the grooves to move evenly in one 
direction across the face of the microscope. Then he pulls 
the punch press lever, which punches out the center hole 
in the stamper. The center hole size is specified by the 
pressing plant which will get the stampers. 

Now the stamper is placed on a similar rotating table 
fitted with a spindle and similarly examined. If the hole 
has not been punched accurately enough. it is tapped on 
with a metal hammer which moves a slight amount of 
metal into the hole and scraped with a sharp -edged instru- 
ment until the hole's accuracy is acceptable. 

At the pressing plant, the stamper is mounted into a 
record press. This requires the use of brute force and a 
wooden mallet if the hole is too tight; some of the hole's 
accuracy can he destroyed in the mounting operation. The 
actual hole in the record comes from a permanently 
mounted spindle die in the press. Since the stamper hole 
and the mounting die in the press are much larger than a 
spindle hole. the accuracy of the hole's position here de- 
pends on two things, the accuracy of the stamper's hole 
and the accuracy of the spindle die in the press. 

MEASURING THE ERROR ON A FINISHED DISC 
A setup similar to the one used in the processing plant is 

"Pete Skye" Dworsky is the chief engineer at 
Watermark Studios. Inc. in N. Hollywood. Ca. 

suggested. The spindle should fit very snugly. so that the 
pressing does not slide slightly from side to side. If the 
spindle is slightly beveled, mounting and dismounting the 
pressing will he facilitated. The lockout groove near the 
center of the disc should he used for the measurement 
since, hopefully, it will not move across the calibrated 
microscope's face as the turntable is revolved. When mak- 
ing a reading, divide the distance between the lockout 
groove's excursions by two to get the error from true center. 

STAMPER STRETCH 
My attempts to measure differences caused by "stamper 

stretch" were inconclusive. I could not find any changes 
in the distance from true center to any selected musical 
passage in either of two pressing runs of 275 copies each. 
I did, however, find that e, the actual center hole's error 
from true center, increased in varying amounts; in one 
case it reached nine mils on the last copy. This could indi- 
cate that the stamper sometimes shifts while in use in the 
record press. 

CALCULATING PERMISSIBLE ERROR 
If we forget about warped records and work in two 

dimensions, and if we ignore the slight changes created by 
today's computerized lathes, there are only three parameters 
to work with: f, the shift in frequency (as a ratio) caused 
by the inaccurate center; e, the distance from the true disc 
center to the erroneous center; and r, the radius from the 
true center to the point on the groove under investigation. 
Note that the speed of rotation is not a parameter. 

We have the following relationship: 

f= (r +e) /r 
or, r= a /(f -1) 
or, e = r* (f - 1) 

The best musicians can sometimes hear a three -cent 
error in a musical note.' A cent is taken to mean one of 

TABLE 1 

ACCEPTED DISC DIMENSIONS IN INCHES 
Groove Dimension 33 -, 

Starting diameter I I.5 6.5625 (6-9/16) 
Starting radius 5.75 3.28125 
Ending diameter 4.75 4.25 
Ending radius 2.375 2.125 
Lockout diameter 4.125 0.796875 (3-51/64) 
I.ockout radius 2.0625 0.3984375 
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one hundred equally ratiocd intervals of a half -tone. There 
are twelve equally ratioed half -tones in an octave and an 
octave is the interval which is hounded by two frequencies 
having the ratio 2. Thus, a half -tone would have the ratio 
of (21' 12. A cent would have the ratio (half- tone)'iion. 
Thus, three -cents would be the ratio (((2)' 12) 1 /100) 3 

(2) 3 1200 = (2) 1/400. 

This is approximately 1.001734370. So we will assume 
that the best musician could, for example, sometimes hear 
a change in frequency from 1000.0Hz. to 1001.734370 
Hz. but could not hear the change if it was less than that. 

If we take el as the radius error which will just cause the 
(2 )1 400 pitch change between the fastest and slowest 
groove velocities, we can calculate el /r. the maximum per- 
missible error for any groove radius. Take f.high as the 
highest pitch. f.low as the lowest pitch. From the above 
relation. 

t'.high=(r+el)/r 
f.low = (r-e1)/r 
and we want f.high/f.low = (2)1"4°n 
Findel/r: ((r+el)/r)/(r-el)/r) =21'400 
(r +el)/(r-el) =21140° 
(r el) = (r -el)* 21/4°0 
cl* (1 -{-21.4°°)-r* (21140°-1) 
cl/r - (21 400-1)/(2114°0+ 1) 

0.000867 

= 0.001734370 
2.001734370 

Exanlph 1: Suppose we have an Ip being pressed and we 
grab a sample off the line. We find the error at the lockout 
groove to he 5 mils (a 10 -mil total excursion). or 0.005 in. 
We measure the distance from the center to the closest 
musical groove and on this disc get r = 2 -13/32 in. = 
2.40625 in. Can this error he heard? 

YOUR "FISH SCALE" WAS DESIGNED 

TO WEIGH FISH! 

The Tentel tape tension gage is designed to diagnose 
problems in your magnetic tape equipment. Throw away 
your fish scales (or put them in your tackle box where 
they belong). The TENTELOMETER will measure tape 
tension while your transport is in operation, so you 
can "see" how your transport is handling your tape 

. smooth, proper tension for quality recording? or 
oscillating high or low tensions causing pitch problems, 
wow and flutter? 

"See" what your heads "See" and HEAR the difference. 

Tentel (408) 377 -6588 
50 Curtner Avenue Campbell CA 95008 

Circle 21 on Reader Service Card 

Of high) 

r + e 

TRUE DISC CENTER 

OFFSET DISC CENTER 

\ r -e OFFSET 
SPINDLE HOLE 

\(f. low) 

Figure 1. We are attempting to find el, the largest 
value of e which will not be heard. This value is 
calculated to be 0.000867 *r. 

Solution: f = (r + e)/r 
= 2.41125/2.40625 
= 1.002077922 

The frequency shifts both up and down by this much. 
The actual ratio of the two frequency extremes is 

f2 = 1.004160162, which is greater than our 1.001734370. 

Thus the error could he discerned by some people. 

Example 2: How far away from the center must we get for 
our 5 -mil error to be undiscernable? 

el/r = 0.000867 
r = 0.005/0.000867 

= 5.767012687 

On a typical recording, this means that perhaps the first 
two minutes of each side would he okay for everyone. 

Example 3: How much error should we allow? If we allow 
music no closer than 2.375 in. from the center (the lockout 
groove is at 2.0625 in.), then 

r = 2.375, so 
el = 2.375 * 0.000867 

= 0.002059125 
2.06 mils. 

For critical music. very tight quality control should be 
exercised on each pressing run. The acute listener might 
want to consider purchasing a calibrated microscope so 
that he could center his discs on his turntable before 
playing. 

The ending groove dimensions are minimums. Mastering 
engineers may end a side further from the center if pos- 
sible to reduce discernible program changes caused by 
lower groove velocity. 

The foregoing background on how the center hole in a 

phonograph disc is placed there is based on my observa- 
tions at only three cutting rooms. one processing plant. and 
one pressing plant. Operations may he different elsewhere. 

REFERENCE 
I. "Build a Pitch Reference," Popular Electronics, September. 

1968, p. 47. 
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STAN RICKER 

Half Speed Disc Cutting 

The author, with much experience at this subject, views the 
value of half -speed cutting in the production of disc masters. 

A 
LT half -speed cutting has recently received 

some attention in connection with the pro- 
duction of CD -4 quad records, it is by no means 
a new technique. In fact, its advantages for 

regular stereo disc mastering have been well known since 
the early days of the Ip. English Decca used the tech- 
nique up until 1968, since they felt it gave them a superior - 
quality disc. 

In this country however, many mastering facilities were 
using the Westrex system, and real -time tape -to -disc trans- 
fers seemed to satisfy producers most of the time. Yet at 
least one major label resorted to half -speed from time to 
time as a problem -solving technique, especially on sibilance - 
prone recordings. 

Given the current state of the art tape -to -disc transfer 
systems, half -speed cutting may now seem (at first glance) 
to be more trouble than its worth, but let's take a closer 
look before putting it in the CD -4 -only category. Here 
are two questions frequently asked. 

QUESTION ONE 
Doesn't bass response suffer? Theoretically, perhaps. but 

for all practical purposes, no. Measurements at the JVC 
Cutting Center show that the cutting system's low fre- 
quency output is flat down to 7 Hz, and is down 3 dB 
at 4.5 Hz. In real -time, these frequencies move up an 
octave to 14 Hz and 9 Hz. With the addition of peripheral 
equipment (tape deck, noise reduction, transfer con- 
sole, signal processing devices, etc.). the total system 
response begins to roll off at 14 Hz. and is down 3 dB 
at 11 Hz. In other words, the real -time response of the 
total system is flat down to 28 Hz. with a 3 dB roll -off at 
22 Hz. These limits impose no practical restrictions on the 
low frequency response of practically any record pro- 
duced today. 

Stan Ricker is chief engineer of the JVC Cutting Center, 
Inc. in Hollywood, Ca. 

QUESTION TWO 
What about the low per- unit -time lacquer production 

rate? In the very real -time world where production is more 
important than quality, this is a definite problem. On the 
other hand, it is not uncommon to spend many months 
(and many dollars) to produce that final master tape. 
When it is finally ready for transfer to disc. doesn't it 
deserve more than a half -hour or so of the disc mastering 
engineer's time and attention? 

If you don't think so, then half -speed cutting is probably 
not for you. On the other hand, if you are interested in a 

better -quality record, consider some of the arguments for 
half -speed cutting, such as: 

1. More accurate high frequency phase response. 
2. Better transient response. 
3. Less high frequency cross -talk. 
4. Lower distortion within the total transfer system. 
5. Smoother groove cuts, and therefore better electro- 

plating at the pressing plant. 
6. Less noise and better high frequency response at 

inner diameters. 

The first three points are closely related, so we'll examine 
them together, as behavior patterns of cutter heads in 
general. Cutter head systems are classified as dynamic 
motional feedback systems; that is, for each channel, there 
is a driving coil and a feed -back coil. The feed -back coil 
could probably use some explanation. 

Like the driving coil, it operates within a strong mag- 
netic field, and generates an EMF corresponding to the 
motions of the cutting stylus and connecting rod. This 
EMF is fed back to the drive amplifier through some 
sophisticated circuitry. and is compared with the input 
signal. Deviations in either amplitude or phase indicate 
that the cutter is not doing precisely what is desired of 
it. Therefore, the phase and amplitude errors are "seen" 
by the motional feedback circuitry, and proper voltage 
and phase corrections are made, with the corrected result 
fed to the drive coil. w 

ot 
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Although the operating theory may be reasonably 
straightforward, in practice there are at least a few "varia- 
tions on the theme." 

FEEDBACK UNIFORMITY 
For example, the amount of feedback control available 

is not uniform across the audio frequency bandwidth. as 

seen from the chart in TABLE 1. We find that, while feed- 
back control at the primary resonance point (about 900 
Hz) is somewhat in excess of 35 dB. control in the upper 
registers is marginal. A quick glance at the chart shows 
that if we cound bring the troublesome upper frequencies 
down by one octave, we could have much more feedback 
control available at the cutter head. 

A high pitched voice. close -miked by a condenser micro- 
phone with a rising high end (it happens all the time. 
folks), can create tremendous energy clusters on the tape 
in the 8 kHz vicinity. As most cutting engineers know. 
this type of program will cause lots of problems through- 
out the system. Chances are, the circuit breakers in the 
cutting system will trip, due to power drain by the ampli- 
fiers on the associated power supplies. If the level is 

dropped to a point where the sibilance can be safely cut. 
the over -all level on the disc will be too low. The usual 
compromise solution is to use program peak limiters at 
the transfer console, and high frequency limiters, or ac- 
celeration limiters within the cutting system itself. Either 
method provides less- than -optimum transfer of the offend- 
ing sibilants, with thumps and popping noises heard behind 
castenets. maraccas. cymbals, and such. These noises are 
usually traced to d.c. offsets in the power supplies of one 
or more pieces of equipment in the recording chain. (not 
necessarily within the cutting system alone). 

By transferring the offending program an octave lower 
(that is, at half -speed) we see that we'll have over 12 dB 
of feedback control (at 4 kHz on the chart) as opposed 
to 5.5 dB in a real -time transfer. By dropping the music 
frequencies an octave, we are able to put more of the total 
music spectrum in an area where there is more feedback 
control over cutterhead motion available. And, since high 
frequency response and phase accuracy are largely a func- 
tion of this feedback control, we can expect better per- 
formance in both of these areas. 

RIAA PROBLEMS 
Within the upper frequency area, there is yet another 

"fly in the ointment," and that is the RIAA recording 
equalization curve. Most of us know it's there, but many 
just aren't sure what the numbers are, so the RIAA 
equalization chart is printed here, as CHART 2. Note that 
10 kHz is 13.7 dB above the 1 kHz zero reference level. 
Realizing that every increase of 3 dB is a doubling of 
power, it soon becomes apparent that the normal cutter 
system may begin to run out of "gas" in an area where it 
can least afford to do so. 

AMPLIFIER POWER 
This brings us to the fourth point listed above. Obvi- 

ously. if we run a tape and lathe at half -speed. it takes 
twice as long to cut a given piece of music. By taking 
twice as long to do the job, we also find that it requires 
only one quarter of the power to cut the disc, since the 
acceleration of the cutter stylus is only one quarter of its 
real -time counterpart. In fact, using a 600 watt cutting 
amplifier for half -speed cutting is about the same as a 

real -time big brute of 2400 watts per channel. In fact. 
it's even better, since the phase accuracy at half -speed is 
better! 

On playback, the improved phase accuracy of the cut- 
ter head and the reduced high- frequency cross talk is 

heard as a dramatically- improved image stability. Full 

Chart I 

15k - 0.6 1K -34.0 70 -16.4 
10k - 3.2 910 -35.5 50 -15.7 
9k - 4.2 900 -35.0 40 -14.9 
8k - 5.5 800 -32.0 30 -13.5 
7k - 6.9 700 -29.0 20 -10.8 
6k - 8.4 600 -26.9 15 - 8.2 
5k - 9.9 500 -24.5 12 -- 5.9 
4k -12.1 400 -22.4 1 I - 4.9 
3k -15.0 300 -20.5 10 - 3.5 
2k -19.6 200 -18.5 8 - 0.0 

1.5k -24.0 100 -17.0 7 + 2M 

Table 1. The amount of feedback control available at the 
cutter head, indicated in dB. One channel only is shown 
for clarity. Resonance on this example is at 910 Hz. 

Chart II 

Recording Frequency Halfspeed 
dB Hz Hz 

- 19.3 20 10 
- 18.6 30 
- 17.8 40 20 
- 17.0 50 
-16.1 60 
-15.3 70 

- 14.5 80 
-13.1 100 50 
--12.4 110 
-11.6 125 
- 10.2 150 

8.3 200 100 

- 6.7 250 
- 5.5 300 
- 3.8 400 
- 2.6 500 
- 1.9 600 
- 1.2 700 

- 0.7 800 
- 0 1,000 500 
+ 1.4 1,500 
+ 2.6 2,000 
+ 4.7 3,000 

6.6 4,000 2000 

- 8.2 5,000 
9.6 6,000 

10.7 7,000 
- 11.9 8,000 
+ 12.9 9,000 
+ 13.7 10,000 5000 

+ 15.3 12,000 
+16.6 14,000 
+17.2 15,000 
+ 17.7 16,000 
+18.7 18,000 

19.6 20,000 10.000 
+ 25.6 20.000 

Table 2. The RIAA Recording Equalization curve at 
normal and half speed operation. 
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left, half left, and center are instantly discernable Per- 
cussion effects panned between (or among) channels 
stay where they've been put. So do brasses and cymbals. 
There is a naturalness to voices, either solo or in ensemble. 
that must he heard to be believed. 

OTHER FACTORS 
Although many manufacturers of both hi -fi and pro 

hardware would have us believe that all equipment is a 

straight wire with gain, we know deep down that it just 
"ain't so." 

Therefore, we find that the cutter system itself is not 
the only part of the transfer chain to benefit from opera- 
tion at half -speed. In fact, most of the other components 
within the system benefit from the lengthened rise -time 
information being fed through the chain, as well as from 
the reduced power demands. 

CUTTING STYLI 
At this point, it might he worthwhile to look at recent 

developments in cutting styli, which together with half - 
speed cutting techniques, will lead to a finer disc master. 
Early on in CD -4 cutting, it was found that the standard 
cutting stylus was not up to the task of cutting the carrier 
signal that contains the difference information of the com- 
plete quadriphonic program. Even at half -speed, the upper 
frequency range is extended to 22.5 kHz, and the typical 
stereo stylus is simply too large at the cutting edges 
(called burnishing facets) to engrave such short wave- 
lengths. Typically, the 30 kHz (real -time) carrier fre- 
quency wavelength at 11.5 inches is 0.00069 inches, while 
at the inner diameter it is about 0.000285 inches. To 
accommodate these very small dimensions, a new cutting 

stylus was developed, with a tip radius of 0.00157 inches 
(1 micron), and an average burnishing facet width of 
2 microns. (25.4 microns = 0.001 inch.) In addition to 
its application for CD -4 disc cutting, the new stylus offers 
significant improvement in cutting any high frequency 
program, as well as transients and steep wave fronts in 
general. 

This re- engineering of cutting styli, together with the 
parallel development of Shibata -type playback styli. per- 
mit improvements of up to 3 dB in high- frequency response 
at the innermost diameters of an 1p record. 

The length of the new cutting stylus has been shortened 
to 1.17 mm, as compared to 2.1 mm for a standard stereo 
stylus. This reduction of approximately 44 per cent greatly 
decreases carrier cross -talk in CD -4 records, since there 
is less "whipping action" at the stylus tip. And of course. 
this improvement applies to stereo record cutting as well. 

The high degree of precision required in the manufac- 
ture of these styli, together with the slower cutting rate. 
produces a smoother groove wall, and consequently, less 
noise. 

Finally, there is one more technique that may he used 
to ensure a better tape -to -disc transfer, and this one applies 
at real -time as well. Make sure there are adequate test 
tones at the head of the tape. Although this could he the 
subject of a separate article (we're working on it. Ed.). 
suffice it to say here that even the most meticulous half - 
speed cutting job may suffer if the transfer engineer does 
not have sufficient information for aligning his system to 
your tape. 

Yes, it's your tape, so why not give it the care it deserves. 
In other words, give half -speed cutting some serious con- 
sideration. The additional time spent will probably pay 
off. 

frr^ --------- II:IIII Ililll 
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Monitor Flattener 
You can make sure your studio monitors generate 
a truly flat response curve, regardless of brand. 
Install the new Crown EQ -2, a two -channel, octave - 
center equalizer. 

Each of the eleven bands per channel provides 
f15 dB of boost or cut. The center frequency of 

each band is adjustable i1/2- octave to allow precise 
matching of equalization with the environment. 
Constant bandwidth filters minimize distortion. 

Sophisticated tone controls include variable 

hinge -points on treble and bass for each channel. 
The EQ -2 can be cascaded to create a 22 -band, 
1/2- octave monaural equalizer. 

Like all Crown equipment, the EQ -2 is designed 
to add no coloration of its own. S/N is -90 dB; fre- 
quency response (20 Hz to 20KHz, all controls flat) is 
-0.1 dB, and IM distortion is less than .01 %. 

The EQ -2 will flatten any monitors you can name - 
even mismatched pairs. Call your Crown supplier 
tcday. crown International 

BOX 1000, E11-41-tart In 46511 

Circle 29 on Reader Service Card 

CO 

www.americanradiohistory.com

www.americanradiohistory.com


GEORGE ALEXANDROVICH 

Quality Controlling 
Scampers and Matrices 

Newly devised styli solve a disc cutting problem: 
quality- monitoring sound at the matrix and stamper stages. 

WE ALL KNOW that a chain is only as strong as 

its weakest link. In the field of sound record- 
ing and reproduction, the chain of events 
which involves sound recording, mastering 

and disc manufacturing is long and intricate. The longer 
this chain is and the more stages of signal processing are 
involved, the more stringent the quality control require- 
ments have to be for each individual step in the entire 
process. In talking about the process of sound recording. 
let us review in our minds the picture of all processes tak- 
ing place between the microphone in a recording studio 
and the speaker in the home of the hi -fi enthusiast. 

After the sound is picked up by the microphone, it is 

amplified. Then it can normally be processed through 
equalizers, compressors, and limiters and mixed with re- 
verberated or delayed signals. The outputs of the mixing 
console where signal grooming takes place are fed into 
the multitrack tape machine where the signals are stored 
for final editing and mixdown. Then a master tape is used 
for tape duplication and for the production of records. 

Up to this point, every step of sound processing is care- 
fully monitored and controlled. The minute the master 
disc is cut. we enter the region of partial QC blackout 
which lasts until the records are pressed and familiar 

George Alexandrovich is vice president of field engineering 
and professional products manager at Stanton Magnetics. 
Inc., Plainview. N.Y. 
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Figure 1. The signal processing chain preceding the 
actual cutting of the disc. 

sounds re- emerge as we play the finished pressings. Just 
as when a spacecraft returns to earth and we keep our 
fingers crossed as it burns its way through the atmosphere 
until it splashes down safely, so we send our master 
lacquers through the series of plating tanks, hoping that 
at the end of this intricate process the sound from the 
records will be the exact replica of the sound heard on 
the master tape. 
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Figure 2. The plating sequence when 
producing the matrix, mother, and 
stampers from the acetate master, 
leading to the two -step or tour -step 
process. 
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For decades, the whole record manufacturing industry 
operated without knowing if the quality of the vinyl press- 
ings would he acceptable or not until test shots were made 
or in many cases, until the production of records had 
actually started. Not many people are aware of all the 
complicated plating processes which precede actual record 
pressing. Most of us know that records are cut and then 
they are pressed or stamped. In order to describe the 
procedures that lead to the manufacturing of the stamper. 
we have to start with the lacquer master. 

LACQUER MASTER 

The master disc is made of a circular sheet of aluminum 
covered with a thin layer of acetate lacquer which is 

placed on the turntable of a disc -cutting lathe and into 
which we cut modulated grooves. Grooves cut in the 
lacquer resemble grooves in the final product; you can 
play them with a cartridge having an ordinary stylus de- 
signed for vinyl records. However, because the lacquer 
is soft, if you play it, the groove will quickly wear out, 
resulting in the deterioration of the frequency response, 
and an increase in surface noise and distortion. Therefore, 
it is the accepted practice not to play masters. If the master 
were played, a reputable disc manufacturer would not use 
it for further processing. 

There are two basic processes of manufacturing records 
-the two -step preccss and the four -step process. The first 
step in both processes consists of plating the master with 
a hard metal, such as chrome, which makes the negative 
impression of the record. Before doing this, the surface 
of the master has to be made conductive by spraying the 
lacquer with a special silvering solution. One side of the 
master is covered with insulating material and the whole 
assembly is lowered into the plating tank. When the thick- 
ness of the plating reaches approximately 0.01 inches. the 
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VINYL RECORD 

681 BPS 
STAMPER STYLUS 

..........:......::: METAL STAMPER 

Figure 3. Locations where the bi- pointed stylus touches 
the ridge of the stamper should coincide with the 
contact area in the record groove. 

master is pulled out of the tank and the metal plating is 

peeled off, producing a record negative called a matrix. 
(In Europe they call it the father.) The lacquer master 
can be plated only once. It is destroyed after the first 
plating when the matrix is peeled off. 

The two -step process, used when a small number of 
records are to be produced, employs the matrix for stamp- 

The fast, sure way to 
professional quality dubs 
Garner Model 1056 is the professional's answer to 
low -cost, high -quality, fast dubbing. Here's why: 
Five 1200' copies in four minutes. Single capstan 
drive provides constant speed. Solid -state 
electronics and custom -made head guarantee 
uniform frequency response ( ±1 db max. of master 
from 50 Hz to 15 KHz). 30 or 60 ips. Rewinds in 
60 seconds. Built to last for years. 

Garner Model 1056 is the best duplicator buy today. 
Costs less than half of some competitors. We'd like 

to prove to you just how good it is. Write or 
call today for a brochure and specifications. 

GARNER 
GARNER INDUSTRIES 
4200 N. 48th St.- Lincoln, NE 68504 -402- 464 -5911 
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ing records. Records produced in this manner are also 
called strike -offs. 

When a great many records are to be made, the four - 
step method is used. In this process. the matrix is plated 
again, producing a negative of the negative, or a positive 
called a mother. This mother, in all respects, duplicates 
the original master and previews the final product; there- 
fore it can be played with an ordinary cartridge. 

STAMPERS 
Many negative impressions, called stampers. can be 

produced by plating the mother. Stampers are mounted in 
the record pressing machines, where they squeeze a 

"biscu't" or "cake" of preheated vinyl and form it into a 

thin record. When many thousands of records are to be 
produced, a great number of stampers are necessary because 
each stamper can produce only a limited number of vinyl 
pressings, a couple of thousand at the most. Impurities 
in vinyl slowly but surely wear down the stamper by 
dulling the originally sharp ridges which produce grooves 
in vinyl. 

QUALITY TESTING 

Up until recently, there has been no way to monitor the 
quality of the plating beyond listening to the mother before 
the stampers were made. Usually we could perform only 
an optical inspection of the matrix and stamper, which 
did not tell us very much. We could monitor the quality 
of the sound or signal at every stage of the mixing con- 
sole in tape recorders and in the cutting amplifier. but 
nothing could be done to listen to the matrix or the stamper. 

Stanton Magnetics has been instrumental in the develop- 
ment of a special bi -point stylus to be used to play or 
"ride" ridges (negative grooves) of the matrix or stamper to 
enable it to be heard for quality control. Because of the 
basic differences between records and stampers, special 
hardware is needed to accomplish this. The stamper or 
matrix is the reverse of a record in some ways. Vinyl 
records are rotated in a clockwise direction. the stamper 
in a counter -clockwise direction. The record has grooves: 
the stamper has ridges. It's possible to play a stamper like 
a conventional record, with a special stylus, but the sound 
comes out backwards, not too pleasing to the ear. There- 
fore, a turntable with counter -clockwise rotation is used 
with a special tone arm, which is placed to the left of 
the center of the record with the offset angle in the 
opposite direction from the one we are used to. Even the 
cartridge wiring is unique. The left channel becomes the 
right channel. so in order to keep sound coming from the 
same direction, the channel wiring has to be reversed. 

The stylus used to play the ridge of the stamper has 
to have two diamond tips positioned very close to each 
other in the plane, perpendicular to the record surface and 
passing through a line joining the stylus tip and the record 
center. The cartridge body used to convert vibrations of 
the special stylus tip into electrical signals is of ordinary 
design. The main trick is to design a stylus which is able 
to ride the ridge without falling off, without touching the 
adjacent groove or touching the bottom or the space be- 
tween the ridges and is able to track all high frequency 
modulation. 

Playing the stamper enables one to check the quality 
of the plating. Many times an impatient plater increases 
the current during the process to speed up production of 
the stamper. thereby producing a "burned" or a rough 
surface. This in turn increases surface noise in the finished 
product. We can detect this by playing the stamper. Im- 
proper cleaning and silvering of the master can produce 
pops and clicks in the finished product. These imperfec- 
tions appear either as holes or bumps on the plated sur- 
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Figure 4. An actual photograph of the Stanton 681 
BPD /M bi- pointed stylus tracking the ridge of a 

stamper. ^ Stanton Magnetics, Inc. For comparison, 
a stylus is shown in the groove of a record. 

face. By playing metal parts we can detect these imper- 
fections before the final production of the vinyl pressings 
and take corrective steps. 

Once we establish the quality of the plating and find 
that there are an acceptable number of imperfections 
present on the modulated portions of the stamper, since 
it is more economical to polish out a few pops and clicks 
rather than throwing away the stamper, we use the same 
double- pointed diamond tip to burnish the rough spots 
in plating. 

REPAIR STYLI 
For this we have designed two types of stylus assemblies. 

One we call 681 BPS -M, a light device tracking only at 
3/4 to 11/2 grams, to play stampers and check the quality 
of sound. The other assembly is a heavy tracking, heavy 
duty assembly designated Model 681 BPS -R (R stands 
for repair). This stylus sscmbly is designed to work with 
vertical tracking force from 3 to 7 grams. which we recom- 
mend to do repair work. 

We suggest that the stamper be played in the area 
where clicks have been detected. As the first click is heard. 
stop the turntable, back up to the spot where the click 
was detected, increase force to 7 grams, and move the 
turntable hack and forth a few times so that the stylus 
rides over this spot several times, burnishing it. This type 
of repair of metal plating is being practiced professionally 
by several record manufacturing companies who use the 
Stanton 681 AMC stylus assembly to repair metal mothers. 

If there are clicks in the matrix, these clicks will appear 
as holes in the metal mother, which are pretty hard to 
polish out. In the stamper, on the other hand, the same 
click may appear as a hump which can he removed or 
flattened with much less effort. One of the main objectives 
in designing the 681 BPS -M (M for Matrix) and the 681 
BPS -R is to cause it to rest on the sides of the ridge 
where an ordinary stylus would touch the walls of the 
groove. Sec FIGURE 3 to visualize this. 

The use of this stylus may help us find a few missing 
pieces of the puzzle we have been working on for decades 
to complete, learning more about the behavior of the 
playback stylus as we play vinyl and metal discs and com- 
pare frequency responses, signal phase relationships, trac- 

ing problems, and measuring distortion. The styli should 
not only improve the quality of sound from records. but 
facilitate matters for record manufacturers who will he 
able to check the quality of the stamper without wasting 
many precious hours of set -up time and tying up the press 
to start the production run. only to discover that the 
stamper is had. 
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CHARLES REPKA 

A High Quality Custom 
Disc Mastering Studio 

This article examines one of New York City's premium 
studios and offers significant insight into the problems 
of setup and operation. 

CONSIDERING the enormous costs involved, it's 
amazing that anyone ever had the courage to 
start a business that specializes in just cutting 
lacquers. Bob Ludwig's room at Masterdisk, 

Corp. in New York City, for example. contains the follow- 
ing equipment. 

One Neumann VMS 70 Disc Mastering Lathe. This is 

just the mechanism for supporting and moving the cutter- 
head and rotating the lacquer at the proper rpm. It also 
contains the variable pitch and depth electronics. Cost: 
$50,420.00. 

One Neumann SAL 74 Cutterhead Drive Electronics. 
This includes two 600 -watt drive amplifiers, RIAA equali- 
zers, a tracing simulator computer, acceleration limiters. 
monitor electronics and 150 watt speaker amplifiers. Cost: 
$25,635.00. 

One Neumann SX -74 Cutterhead. Cost: $8400.00. 
One Neumann SP -77 Changeover console. The change- 

over console contains two sets of identical electronics 
(eq, limiting, filters, etc.) for each channel which are 
periodically used while cutting. 1f you are cutting a side 
with six bands with different eq. settings for each band. 
Band one would be cut using the A electronics. The B 
electronics would be preset for band two. During the 
spiral between bands, the console is switched from A to B 
and while band two is being cut, the A electronics are 
preset for band three and so on for all six bands. The cost 
of this flexibility is $42,590.00. 

One Studer Preview Tape Player. The preview machine 
has an extra playback head positioned in advance of the 
normal playback head. The signal from the preview head 
feeds the pitch and depth computer at the proper time 
before the signal reaches the cutterhead. The preview 
signal is converted into control voltages that determines 
the proper change in pitch and depth. Cost: $8,000.00. 

Then there are the accessory items such as: Dolby A 
type noise reduction at $750.00 per channel: dhx noise 
reduction at $250 per channel (using K9 cards): ITA 
parametric equalizers at $750 per channel: and an NTP 
Limiter at $1100 per channel. 

I've given these prices in per channel prices because it 

Charlie Repka is a recording engineer with the Vanguard 
Recording Society in New York City. 

is necessary that the preview electronics see a signal 
identical to the one presented to the cutterhead. This 
means that any changes made to the signal (noise re- 
duction, eq, limiting, etc.) must also he made to the pre- 
view electronics and so a separate duplicate set of elec- 
tronics is required. As Bob Ludwig remarked. "Sometimes 
there is as much as $10,000 worth of accessory electronics 
in use whose net effect is a d.c. control voltage that moves 
the cutting stylus a few mm." 

MONITORING 
The final part of the cutting room is the monitor speaker 

system. Here is where Bob's room (and custom cutting 
studios in general) differs greatly from the cutting rooms 
at the major record companies. Up to this point, all the 
equipment listed can also be found at RCA, CBS, or 
Capitol, but their monitor systems usually consist of a 

modest stereo amp and a small pair of bookshelf speaker 
systems. Monitoring levels are kept low because all the 
mastering rooms are clustered together on one floor with 
a minimum of sound isolation between rooms. This is 
not the case at Masterdisk. Bob's mastering room con- 
tains a monitor system that would gladden the heart of 
any hi fi nut. The system consists of a stacked pair of 
QUAD electrostatics per channel, each coupled to a 

Pioneer ribbon tweeter and Hartley 24 -inch woofer. This 
elaborate speaker system is driven by a Mark Levinson 
preamp via a Levinson electronic crossover and Marantz, 
Neumann, and McIntosh power amplifiers. Total cost: 
approx. $6,000.00. All of this is not just to impress the 
client. Bob evaluates his own work from the viewpoint of 
the highly critical listener. To do this, he feels he must 
have the finest monitor system available. 

The total cost of all this equipment is in the neighbor- 
hood of $150,000. This is just for one cutting room. and 
there are four such rooms at Masterdisk. While all the 
rooms are not as elaborately equipped, one can easily see 
where, in equipment alone, the studio represents an invest- 
ment of over $500,000! And that's not including such 
items as rent, utilities, salaries and raw materials (lacquers, 
cutting styli, etc.) Disc cutting is definitely not a low 
budget operation. 

MAINTENANCE 
Fortunately, because of the great care (and expense) 

with which disc cutting equipment is made, it is inherently 
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Figure 1. One at the mastering chains at Masterdisk. 
The equipment is by Neumann. 

stable and trouble free. I should say here that I am speak- 
ing of modern transistorized equipment. While it's always 
been relatively easy to build a lathe that turns quietly at 
a constant rpm, building stable electronics is another 
story. In the days of tube equipment, the electronics had 
to be allowed to warm up for at least an hour before 
cutting and even then tended to drift with heat and age. 
System checks had to be made daily. With modern equip- 
ment, checks are made about once a week and usually 
nothing has changed from the week before. 

Any possible change is usually discovered by tape /disc 
comparisons. These are made frequently during the course 
of a normal day's worth of cutting. The human car can 
hear very subtle changes in the sound of a music program: 
this is also another good reason for having a high quality 
monitor system in the cutting room. 

CUTTING STYLI 
The one area that is subject to change is the cutting 

stylus. This must be checked frequently, about once or 
twice a day, and is done by checking the high frequency 
response at inner diameters. Installation and alignment of 
the new stylus is very critical and must be performed with 
great care using a microscope. Once the stylus is installed. 
the cutting system must be adjusted with respect to noise, 
frequency response, and operating level. Noise is checked by 
making test cuts (with no modulation) at outer and inner di- 
ameters and adjusting the stylus heat for minimum noise 
with the least possible heating current. Too little current 
will increase noise, while too much current will scorch 
the lacquer. 

FREQUENCY RESPONSE 
Checking frequency response can be done by either 

(or a combination) of two methods and introduces the 
problem of reference standards. One method is to make 
a frequency response test cut on a lacquer and check 
the results with a phono cartridge. But the response of 
the cartridge must also be known and can only he de- 
termined by using a test record. Unfortunately, the vari- 
out test records can differ from each other by several dB 
(at high frequencies). This is even true of different press- 
ings of the sante test record. Cartridge aberrations can 
he determined, however, by using the two speed test (the 
same test record played at two different speeds) developed 
by Bernard Jacobs of Shure Brothers. 

The second method is a purely optical one using a 

Buchmann -Meyer collimated light source. Here, one makes 
test cuts at various frequencies and looks for the proper 
pattern when viewed under the light source. The first 

method is easier to use but has possible inaccuracies. The 
second method requires greater skill and accurate optical 
measuring equipment, but it is the only truly accurate 
way to measure high frequencies on a disc. 

Level checks (0 VU = 7 cm /sec lateral cut at 1 kHz) 
can be made easily with either method. Regardless of the 
alignment method used, the final check is always a tape 
versus disc comparison. If there is a significant difference. 
the alignment procedure must he repeated. 

THE TAPE PLAYER 
The piece of equipment that sees the most re- alignment 

is the playback tape machine. It must he realigned to the 
tones on each client's tape. If no tones are present, a 

standard alignment tape is used (and one hopes that the 
client's tape machine was aligned using a similar tape). 
If a noise reduction system and /or a four channel matrix 
encoding system was used and no tones are present, a call 
is made to the client before proceeding. The tape machine 
must also be capable of being adjusted to the various 
tape speeds and equalization standards that have been 
used over the years. This includes 7.5, 15, and 30 in /sec. 
and the NAB, CCIR, IEC, AES, AME curves (just to 
name a few) plus a variety of custom eq. curves used by 
different studios. 

OPERATING PROCEDURES 
It is beyond the scope of this article to give the step - 

by -step procedures that would be taken during the cutting 
of a typical lacquer. Nor can I cover all the possible 
problems that could develop. Therefore, what will be 
presented is a list of items that must be considered by the 
cutting engineer putting stylus to lacquer. 

Length of side. This is used to roughly determine 
the groove spacing (minimum and maximum lines per 
inch) on the disc. Groove spacing is also a function of: 

Program level. The signal level the client wants on 
the disc. The actual level on the tape is not important 
because the over -all gain of the cutting system can be ad- 
justed as necessary. If the average level is high, more 
space will be used per line. (Automatic variable pitch 
is not of much use in this case because it will just stay at 
the maximum LPI setting) If the dynamic range is large 
and the side timing is long, extra care must be taken to 
prevent overcuts and pre and post echo, although here 
the variable pitch and depth computer (fed by the pre- 
view head) helps a great deal. 

Phase content. This can be observed either with an 
oscilloscope or a phase meter. A large amount of out -of- 
phase (or difference) components in the recorded signal 
(as is the case in any four channel matrix recording) 
will result in greater vertical motion in the cutter stylus. 
This will, in turn, limit the maximum possible level that 
can be cut (because of the finite coating of acetate on the 
lacquer). A large amount of vertical modulation will also 
use up a big space per groove. 

Spectral content. A very wide bandwidth can cause 
its own special set of problems. Strong low frequencies 
produce large stylus motions and use up more space per 
groove as well as increasing the possibility of overcuts. 
High frequencies at high levels can cause the cutter head 
to overheat, resulting in damage to the head or, at least. 
activating the thermal protection circuits. There is also the 
possibility of making a perfect cut that cannot be played 
back with the average phono cartridge. 

Space allocation. As a general rule. cutting engineers 
like to stay as far from the center of the disc as possible. 
This minimizes high frequency distortions which increase 
with decreasing radius (caused by a variety of factors 
in both cutting and playback and more thoroughly ex- 
plained in the technical literature). Unfortunately, many w 
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Figure 2. The Neumann SP -77 changeover console. 

producers are under marketing pressure to fill the disc. 
Although the average pop record with five three -minute 
tunes per side would sound better if cut using only half 
the space per side. many clients will insist on cutting 
right up to the label because it is believed that the con- 
sumer would otherwise feel cheated. This is not as much 
of a problem with classical music where musical content 
and sonic quality have a greater influence. 

The good cutting engineer must be able to juggle all 
these factors along with the client's demands (usually for 
more level). There are several solutions to each of these 
problems (usually involving a compromise of some sort) 
but only a great deal of experience will enable the cutter 
to choose the best solution for each situation. Usually the 
custom cutting studio is brought the problem tapes that 
contain all the above problems to excess. Someday some- 
one is sure to bring in a tape containing a 30 minute, 
matrix encoded recording of an Emerson. Lake & Palmer 
arrangement of a Mahler symphony! 

CLIENT COSTS 
When a tape is brought to Masterdisk. a 12 -inch double - 

side reference lacquer is cut, a process that involves con- 
sideration of all the above listed problems. If the client 
approves the reference lacquer, then two single -sided 14- 
inch lacquers are cut and sent to the plating plant. Master - 
disk charges $55.00 for the 12 -inch reference and $65.00 
for each 14 -inch lacquer. The charges for the 14 -inch 
lacquer are for a completed side. If it takes the cutter 
three attempts (ie.. two bad lacquers) before making a 

good cut, the client is still charged only $65.00 per side. 
With blank lacquers costing $8 to $12 each, it doesn't 
take many mistakes to cut into your profit margin. If the 
client wishes to take an active role during cutting (try- 
ing eq. and level changes, etc.) the charge is $70.00 per 
hour. 

QUALITY CONTROL 
You can never really be certain if you have made a 

good cut. The lacquer cannot really be played before 
plating and it is impossible to visually inspect every inch 
of groove. So there will always be a certain number (hope- 
fully low) of returns due to a lacquer flaw, overcuts. 
stylus lifts and the like. Even when a perfect cut is made. 
some lacquers will be lost in the plating process. Some 
plating companies will accept full responsibility for the 
lost lacquer and pay for the recut. Others will pay for lost 
lacquers at some agreed upon discount. And still others 
accept no responsibilty and the question of who pays for the 
recut depends entirely upon the relationship between the cut- 
ting studio, client, and plating company. The plating process 

Figure 3. Masterdisk's sophisticated monitoring system. 

can also aggravate other problems such as noise. pre echo 
and post echo. This problem has reached the point where 
some of Masterdisk's clients now have their lacquers 
sent to Germany for plating and pressing. Different plating 
techniques have been developed in Europe that have 
practically eliminated the pre /post echo problem. It also 
allows a different cutting stylus shape to be used that 
produces a true V groove. All cutting styli used in the 
U.S. have rounded bottoms which can cause noise prob- 
lems with certain types of playback stylus shapes. This 
problem may be solved in the near future with the open- 
ing of a new plating plant in NYC (Europa Disc operated 
by Jim Shelton) which will be using the latest Europa 
Film equipment and techniques. If it is successful, it will 
probably cause improvement in our standards, thus forc- 
ing other plating companies to meet the competition. 

WHAT MAKES A GOOD CUTTING ENGINEER 
The disc cutting process is one that is at the same time 

both simple and complex. Without a doubt, the average 
audio engineer could be taught how to operate a modern 
lathe in a few hours and be making acceptable cuts within 
a few day's time. However, the demands of the record 
business require that those special sounding tapes (pro- 
duced and engineered by some highly exceptional and 
talented people) should still sound special when translated 
into disc form. This requires someone with more than just 
"acceptable" abilities. 

Learning the skills necessary to become an exceptional 
cutter is a difficult process for there are no schools for 
disc cutting. (The Institute of Audio Research does offer 
a 30 hour course in basic disc cutting techniques. but one 
cannot expect to become an expert after 30 hours of in- 
struction.) The real learning process takes endless practice 
with the experienced master craftsman instructing his (or 
her) apprentice. Disc cutting is a craft (in the best sense 
of the word) that requires great skill. ingenuity, artistry. 
and creativity. The person who would become a master 
cutter needs a high level of mechanical dexterity, a solid 
technical understanding of the recording process. the pa- 
tience of a saint, although sainthood is not a requirement. 
and a strong musical background. Bob Ludwig. for ex- 
ample, is a graduate of the Eastman School of Music. 
These high standards make the master cutter a very rare 
breed indeed and as a result, keep places like Masterdisk 
booked solidly for many weeks in advance. 

I would like to thank Bob Ludwig of Masterdisk 
Corporation for graciously permitting me to tour his 
facilities and supply a large portion of the information 
contained in this article. 
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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. 

REELS AND BOXES 5" and 7" large 
and small hubs; heavy duty white boxes. 
W -M Sales, 1118 Dula Circle, Duncan- 
ville, Texas 75116. (214) 296 -2773. 

TASCAM, TEAC. Sound Workshop, Nak- 
amichi. Otari, dbx. MXR, Dynaco, ADS. 
Eventide, E -V, Shure, Maxell, Ampex, 
AKG Pro, Beyer, UREI, Stax. Sennheiser. 
TAPCO, BGW. and more! Send for price 
quotes. Zimet Pro Audio, Dept. DB, 
1038 Northern Blvd., Roslyn, N.Y. 
11576. 

NAGY SHEAR -TYPE TAPE SPLICERS 
FOR CASSETTE W A 
K IN. TAPES 

HAND- CRAFTED 
FIELD PROVEN 
FAST, ACCURATE 
SELF -SHARPENING 

NRPD Box 21111 McLean, Va. 22101 

FOR SALE 

PROFESSIONAL SOUND COMPONENTS 
from Crown, TAPCO, Soundcraft, Even- 
tide, Community, Malatchi, Tascam, Bi- 
amp, dbx, Gauss, Spider /Peavey. Sound 
Workshop, and many more. Hear it all at 
Gary Gand Music, 172 Skokie Valley 
Rd., Highland Park, Ill. 60035. (312) 
831 -3080. 

AUDIO and VIDEO 
On a Professional Level 

Lebow Labs specializes in equip- 
ment sales, systems engineering. 
and installation -full service and 
demonstration facilities in- house. 
We represent over 200 manufac- 
turers of professional and semi- 
professional equipment for record- 
ing, broadcast, sound reinforce- 
ment. and for commercial sound. 
Call or write for information and 
pricing. 

LEBOW LABS, INC. 
424 Cambridge St. 

Allston (Boston) Mass. 02134 
(617) 782 -0600 

PERFORM REAL TIME AUDIO ANALY- 
SIS with your oscilloscope! Just add the 
new ARA -412 Acoustic Response Ana- 
lyzer- $1,450. Write for free data sheet: 
Communications Company, Inc., 3490 
Noell St., San Diego, Ca. 92110. 

CUTTERHEAD REPAIR SERVICE for all 
models Westrex, HAECO, Grampian. 
Modifications done on Westrex. Avoid 
costly down time; 3 -day turnaround upon 
receipt. Send for free brochure: Interna- 
tional Cutterhead Repair, 194 Kings 
Ct., Teaneck, N.J. 07666. (201) 837- 
1289. 

THE RESONATOR is more than a re- 
verb. Designed for use with any console, 
including Tascam. $359.00. Dyma, Box 
1697, Taos, N.M. 87571. 

FREE CATALOG A AUDIO APPLICATIONS 

OOPAMP 4ABS:IN,C. 

,iol:,Iiia 

CONSOLES 
KITS f WIRED 

AMPLIFIERS 
MIC CO AC N, 
LINE, TAa E, DISC, 
POWER 

OSCILLATORS 
AUDIO 
TAPE BIAS 

POWER SUPPLIES 
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FOR SALE 

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

TRACKS!! The complete semi -pro re- 
cording center. Check our low prices 
on Tascam, TEAC, Neotek, Micmix, 
dbx, Multi- Track, MXR, Sennheiser. 
BGW, Shure, TAPCO. and many others. 
Complete studio packages available. 
TRACKS!! from DJ's Music, Ltd. 9520 
47th St., Brookfield, III. 60513. (312) 
485 -0020. 

BELTS. All forms of drive belts and 
idler wheels for over 3.000 makes and 
models of professional and audio /visual 
equipment. Send for free catalog; deal- 
ership and rebuilding service available. 
Projector- Recorder Belt Corp., Box 176, 
Whitewater, Wis. 53190. 

N Neve 
NEW AND USED 

MIXING CONSOLES 
SALES -RENTAL -LEASE 

NEW 24 TRACK CONSOLES, often 
available from stock or on short 
notice. Budgetary prices are: 
Model 8058, 28 -in, $66.900. Model 
8068. 32 -in, $77,900. Model 8084 
32 + 8 -in. $89,900. Get all the de- 
tails on these and other price - 
competitive consoles, built to the 
highest standards. Leasing pro- 
grams available. subject to terms. 

TRADE -IN CONSOLES in excellent 
condition may be available from 
time to time. due to our many 
satisfied customers wishing to up- 
grade to larger Neve consoles. 
Typical prices are: Model 8014, 16- 
in/8 track $20.000. Model 8036. 
24 -in /16 track, $40,000. Model 
8048, 32 -in /24 track, $70.000. 
Leasing programs available, sub- 
ject to terms. 

RENTAL CONSOLES may be avail- 
able for short use. Typical monthly 
rates are: Model 8301, 10 -in /2- 
out, $550. Model 5305, 20 -in /4- 
out, $1.200. Model 8036, 24- in /16- 
track. $2,200. Model 8058. 28 -in/ 
24- track, $2,800. Weekly rates 
upon request. Subject to terms 
and availability. All prices are 
subject to change without prior 
notice. FOB points are Bethel, 
Conn. or Toronto, Ontario. Sales 
and use taxes not included. 

Rupert Neve Incorporated 
Berkshire Industrial Park 

Bethel, Conn. 06801 
(203) 744 -6230 

In Canada (416) 677 -6611 

PRO AUDIO EQUIPMENT 
AND SERVICES 

P.A. and custom touring sound 
systems, studio equipment and 
turn key installations. theater and 
disco sound. Representing over 
100 audio lines including: AKG. 
Allen & Heath, Alembic. Altec. 
Ampex. B &W. Beyer, BGW. Cetec. 
Cerwin -Vega. Celestlon, Commu- 
nity Light and Sound, dbx. Denon, 
Dokorder, Dynaco, Emilar, ESS- 
Pro, E -U, Forsythe Audio, Fons Fur- 
man, Gallien- Kruger. Gale. Gauss. 
Goldring, Grace, J &H Formula 4. 

Kelsey. Koss. Lamb, Langevin. 3M. 
3A, Marantz. Meteor, Mitsubishi. 
Maxell. Malatchi, MXR -Pro, Otani. 
Russound. Revox. SAEC. Senn - 
heiser. Scotch, Shure. Sonab. 
Sound Craftsman. Soundcraft. 
Sound Workshop. Sony. Switch - 
craft. Sescom. Stax. Supex. Tapco. 
TDK. Tascam. Technics. TEAC. 
Thorens. Uher. West Penn. All 
equipment on display in a work- 
ing environment. Competitive pric- 
ing and comprehensive service. 

K &L Pro Audio 
75 N. Beacon St. 

Watertown, Mass. 02172 
(617) 926 -6100 (Att. Ken Berger) 

CROWN INTERNATIONAL. Complete re- 
pair,- overhaul, and rebuilding service 
for current and early model Crown tape 
recorders and amplifiers. New and re- 
conditioned recorders In stock for Im- 
mediate delivery. Used Crown recorders 
purchased and accepted for trade In. 
TECHNIARTS, 8555 Fenton St., Silver 
Spring, Md. 20910. (301) 585 -1118. 

SOUNDCRAFT MIXING CONSOLES for 
recording and sound reinforcement 
available exclusively in New England at: 
K&L Pro Audio, 75 N. Beacon St., Wat- 
ertown, Mass. 02172. (617) 926 -6100. 

AMPEX TAPE. Ampex Audio studio 
mastering tapes; 631 -641, 406 -407, and 
"Grand Master" in stock for immediate 
shipment; 1/4 ", 1" and 2 "; factory fresh. 
Best prices. Techniarts, 8555 Fenton 
St., Silver Spring, Md. 20910. (301) 
585 -1118. 

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

RAZOR BLADES, single edge; tape ed- 
iting. RALTEC, 25884 Highland, Cleve- 
land, Ohio 44143. 

STAGE / STUDIO / BROADCAST audio 
systems: AKG, Allison Research, Amber, 
Amco. Auditronics, Beyer, Cannon, dbx, 
E -V, Eltech, Eventide Clockworks. Ivie. 
JBL. Lexicon. MicMix. MRL. Nagra, Neo- 
tek, Neumann, Nortronics, Orban /Para- 
sound, Orange County, Otani, Pultec, 
Robins, Russco, Scully. Sennheiser, 
Sescom, Shure, Sony, Soundcraft, Speck, 
Switchcraft, Spectra Sonics, 3 -M, Tas- 
cam, U.M.C., White, & UREI, plus many 
more. For further .information on these 
and other specialty items from our fac- 
tory operations contact: Midwest Sound 
Co., 4346 W. 63rd St., Chicago, III. 
60629. (312) 767 -7272. 

24- CHANNEL Sound Reinforcement Mix- 
er, 100 -ft. snake, balanced input, 3 -band 
eq., 3 submixers, monitor, echo, solo. 
Also UREI Model 527A Graphic Equal- 
izer. Best offer! BC &G Enterprises, P.O. 
Box 1036, Littleton, Colorado 80160. 
(303) 751 -5991. 

SOUND SYSTEM design and installa- 
tion, loudspeaker enclosures for profes- 
sional applications, custom passive 
crosssover assemblies, room equaliza- 
tion, road equipment cases, touring 
sound rental. K&L Pro Audio, 75 N. 
Beacon St., Watertown, Mass. (617) 
926 -6100. 

TEST RECORD for equalizing stereo 
systems. Helps you sell equalizers and 
installation services. Pink noise in 1/3 

octave bands, type OR- 2011 -1 @ $20. 
Used with precision sound level meter 
or B & K 2219S. B &K Instruments, Inc., 
5111 W. 164th St., Cleveland, Ohio 
44142. 

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. 

STUDIO SOUND -Europe's leading pro- 
fessional magazine. Back issues avail- 
able from January '74 through June '75. 
$1 each postpaid. 3P Recording, P.O. 
Box 99549, San Francisco, Ca. 94109. 

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. 

SPECTRA SONICS custom console 16 x 

16, 32 pan pots. Currently in use; good 
quiet board. $11,000 or best offer. Fifth 
Floor Recording. (513) 651 -1871. 
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NEW CUSTOM CONSOLE, factory war - 
rantied, original customer unable to take 
delivery. Construction stopped at point 
where expansion above original 10 -in /8- 
out configuration is possible. 3- band /9 
frequency equalizer on inputs and echo 
return. Ultra -quiet electronics with -( -26 
dBM output. Terms available. Call Gor- 
don: Clark Research Co., 59 -101st St., 
Ft. Lee, N.J. 07024. (201) 947 -4810. 

STEINWAY LRAND PIANOS bought, 
sold, rebuilt. (212) 693 -1363. 

AST: THE PROFESSIONAL SOUND 
STORE. Full line of ALTEC, CROWN. 
CERWIN -VEGA, E -V, GAUSS, SHURE. 
SUNN, and ATLAS pro sound equip- 
ment; factory authorized service on most 
speakers. Large stock of ALTEC, CER- 
WIN -VEGA and E -V replacement dia- 
phragm assemblies available. AST, 281 
Church St., New York, N.Y. 10013. 
(212) 226 -7781. 

WOLLENSAK 2770/2780 cassette du- 
plicating system; 5 slaves, top condi- 
tion, good price. American Audio, E3330 
16th, Spokane, Wa. 99203. (509) 535- 
9904. 

SPOTMASTER 3200 record /playback 
and 3200 playback, stereo cart ma- 
chines. Includes automatic and manual 
fast forward, secondary and tertiary cue 
tones. Never used; less than one year 
old. We overstocked our studios by 
error. Still in factory cartons. $2,300.00 
the pair. Audio Expressions, 403 Church 
La. Baltimore, Md. 21208. (301) 484- 
7500. 

NEVE mixing desk Model BCM, 10 -in/ 
2 -out, plus echo and cue send with great 
road case and spare parts. $10,000. 
Kurt Munkacsi, 10 Beach St., New York, 
N.Y. 10013. (212) 925 -3863. 

TRAYNOR MX -24, 24 -in /4 -out mixer, 
$2,500. Altec 511 -B, horns only $25.00. 
Zorch Audio, 213 W. College Ave., 
Tallahassee, Fla. 32301. (904) 224- 
7654. 

BURWEN PRO. products: Model 1500A. 
Model 1500D, dynamic noise filters; 
Model SP 5200 stereo pre amp. New 
units -below cost. J. B. Parent Co., 
5188 Wedgewood Rd., Medina, Ohio 
44256. (216) 725-8871. 

MEASURE ROOM ACOUSTICS profes- 
sionally. Acoustilog's Model 232 Reverb- 
eration Timer incorporates the following 
advantages: one -person operation, 3% 
accuracy. internal pink noise generator, 
3 -digit readout. Acoustilog, 19 Mercer 
St., New York, N.Y. 10013. (212) 925- 
1365. 

SOUND WORKSHOP mixing consoles. 
reverbs and support equipment setting 
new standards in the semi -pro industry 
available in New England at: K &L Pro 
Audio, 75 N. Beacon St., Watertown, 
Mass. 02172. (617) 926 -6100. 

LIGHTING DIMMER SYSTEM for sale. 
32 - 3k dimmers, 32 faders with 16 
preset memory console. Packed for 
touring. Must sell! BC &G Enterprises, 
P.O. Box 1036, Littleton, Colored, 
80160. (303) 751 -5991. 

4560 KIT! Using new Community fiber- 
glass flare and one sheet of plywood. 
Use 15" speaker of your choice. Only 
$115! Order now from Gary Gond 
Music, 172 Skokie Valley Rd., Highland 
Park, III. 60035. (312) 831 -3080. 

TECHNIARTS, professional audio equip- 
ment: AKG. Ampex, Crown International, 
dbx, Malatchi, Orban Parasound, Ses- 
corn, in stock. Professional audio ser- 
vices: audio and acoustical analysis, 
narrow band equalization, reverberation 
time, frequency response, and noise level 
measurements, broadcast and recording 
systems design, fabrication, and installa- 
tion. TECHNIARTS, 8555 Fenton St., Sil- 
ver Spring, Md. 20910. (301) 585 -1118. 

TASCAM 80 -8's in stock; Loft Modular 
recording consoles; AKG, Shure, E -V, 
and Sennheiser microphones; AKG re- 
verb; Eventide; Crown; Parasound; Sen- 
try Ill's and IVB's. Call today, ask for 
Ben at Rowton Professional Audio, Pa- 
ducah, Ky (502) 898 -6203. 

MAXELL, AMPEX, Capitol and Colum- 
bia reel tape; bulk and custom loaded. 
Custom length duplicator cassettes. 
Reels, boxes, leader tape. splicers. For 
complete catalog. write Omega Audio 
Products, Box 39253, Redford, Michi- 
gan 48239. 

MXR'S DIGITAL DELAY system. Maxell 
tape. all widths. discounted. N.A.B. 
Audio, Box 7B, Ottawa, Ill. 61350. 

AUDIOARTS ENGINEERING parametric 
equalizer, electronic crossover, disco 
mixer, stage mixers. Audioarts Engi- 
neering, 286 Downs Rd., Bethany, Conn. 
06525. 

BUSINESS OPPORTUNITIES 

RECORDING STUDIO. Professional 8- 

track sound studio currently operating in 

the Washington, D.C. area. Good loca- 
tion with room for expansion and good 
potential. $30,000 takes all or will sell 
equipment individually. For more infor- 
mation and equipment list write Dept. 
71, db Magazine, 1120 Old Country 
Rd., Plainview, N.Y. 11803. 

WANTED 

WANTED: TRANSCRIPTION discs. any 
size, speed. Radio shows. music. Box 
724 -db, Redmond, Wa. 98052. 

WANTED: RECORDING CONSOLE 16- 
in /16 -out; 16 -track recorder; misc. 
equipment. Send particulars. LeMans 
Sound, Box 24, Belle Mead, N.J. 08502. 

EMPLOYMENT 

TM PRODUCTIONS, largest radio com- 
mercial and ID firm, is now screening 
applicants for top engineering /mixing 
position. Must be a dedicated pro, and 
one of the best. Exceptional sense of 
organization and efficiency essential. Un- 
limited opportunities with the fastest 
growing production house in the U.S. 
Send resume, sample mixes, and salary 
requirements to Ken Justiss, Operations 
Mgr., TM Productions, 1349 Regal Row, 
Dallas, Texas 75247. Absolutely no 
phone calls accepted. 

PROJECT MANAGER /ENGINEER to take 
charge of design, fabrication, and instal- 
lation of complex professional sound 
systems for large auditoriums, arenas. 
buildings, etc.,You must have an EE de- 
gree or equivalent experience, and a 

proven record of accomplishments. Po- 
sition offers significant individual recog- 
nition. Age no hindrance. This is a new 
position in our expanding engineering de- 
partment and is an excellent opportunity 
to join the national leader. Salary open. 
Phone or write, Mr. David Butz in strict 
confidence. New Jersey Communications 
Corporation, Kenilworth, N.J. 07033. 
(201) 245 -8000. 

CHIEF ENGINEER /STUDIO MANAGER 
with well known midwest 24- track, auto- 
mated studio seeks position with studio 
on East or West coast, or active pro- 
duction house, anywhere. Heavy experi- 
ence with R & B and drum recording. 
Expert tape machine alignment and sys- 
tem troubleshooting. 5 years "hands on" 
16 & 24. 12 years total studio experi- 
ence as musician, manager, and pub- 
lisher. Studied at Institute of Audio 
Research, N.Y.C., 1972 -3. Expect $12- 
15 an hour. Contact: Bill Olszewski, 
(309) 347 -1931 or 22 Chafford Woods, 
St. Louis, Mo. 63144. (314) 962 -3987. 

EXPERIENCED MUSIC MIXER 
Major N.Y.C. studio. New auto- 
mated 24- track. Send resume to 
Dept. 83, db Magazine, 1120 Old 
Country Rd., Plainview, N.Y. 
11803. A V 
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People/Places/Happen ¡ ngs 

A newly created position, vice presi- 
dent of administration, at Shure 
Brothers, Evanston, Ill. has been 
filled by Meyer Langer. Mr. Langer 
was formerly a vice president at the 
Bresler Ice Cream Company. He also 
served in the Naval Reserve supply 
corps. retiring with the rank of 
captain. 

Focussing particularly on the de- 
velopment of advanced broadcast 
equipment incorporating the concepts 
of computers and digital processing 
of audio, Neil J. Miller has assumed 
the post of director of R &D for Eric 
Small & Associates of San Francisco. 
Ca. Mr. Miller has developed several 
real -time computer systems in the 
areas of acoustic recording, analysis, 
and synthesis. An interesting accom- 
plishment was the recreation of an- 
tique Enrico Caruso recordings through 
the digital re- synthesis of the singer's 
voice. 

Of interest to producers of trade 
shows and conventions is the joint 
venture of Andrews -Bartlett & As- 
sociates and L & M Stagecraft, Inc. 
of Cleveland, Ohio in combining their 
facilities. The firm will rent, sell and 
service theatrical and audio-visual 
equipment. 

Paul P. Hoppe, Jr. has joined 
Switchcraft. Inc. of Chicago. Ill. as 
vice president of engineering. Mr. 
Hoppe. with four patents to his credit. 
is well -known in the electronics field. 
He was previously director of engineer- 
ing at Sierra Electric Division of Sola 
Basic Industries and for 23 years 
held important posts at the Amphenol 
Industrial Division of Bunker -Ramo. 

Computerized television control 
and display expert Thomas R. Meyer 
has been appointed product manager 
for Dynair Electronics, Inc. of San 
Diego. Ca.. in charge of new product 
activities. Mr. Meyer was formerly 

ith TeleMation, Inc. 

Coming from Fannon Electric, 
John Woods has been named vice 
president, engineering, for Catel, a 
division of United Scientific Corpora- 
tion, of Mountain View, Ca. 94043. 
Mr. Woods will he responsible for 
all engineering and design for existing 
and new products. 

Lloyd S. Bashkin has been ap- 
pointed manager of Entertainment and 
Industrial Sales for the RCA Service 
Company, Cherry Hill, N.J. Mr. 
Bashkin will supervise and direct sales 
for the company's broadcast services, 
including video tape duplicating. 

Two appointments has been an- 
nounced at Sierra Marketing, Inc., of 
Santa Clara. Ca. Penny Wright has 
been assigned to the post of merchan- 
dising director, coming from Chiat/ 
Day Advertising. Rick Anderson, com- 
ing from the Craig Corporation, will 
serve as a sales representative in the 
Sacramento Valley and northern 
Nevada. 

Radiometer A /S, Copenhagen. Den- 
mark has purchased from Katy In- 
dustries its 80 per cent interest in 
The London Company. The London 
Company. manufacturers of audio 
test equipment. was formerly owned 
jointly by the two firms. 

The reorganization of its sound 
products division into two separate 
divisions has been announced by the 
Altec Corporation, of Anaheim, Ca. 
The commercial sound products divi- 
sion will he headed by vice president 
and general manager Charles E. Van 
Liew. This division will market the 
University Sound Product line, sold 
through manufacturer's representatives 
and original equipment manufacturers. 
Leading the sales efforts at the new 
Altec Lansing Sound Products division 
will he vice president -commercial 
sales James E. Morrison. The other 
new division. Altec Lansing Interna- 
tional, headed by William L. Fowler. 
vice president -general manager, will 
concentrate on consumer products. 

Time flies department! Gotham 
Audio of New York and Hollywood 
is celebrating the twentieth anniver- 
sary of its founding by Stephen Tem- 
mer. Commencing with Mr. Temmer's 
interest in the first stereo records ever 
cut, by the Neumann Company of 
West Berlin, Gotham became involved. 
first with representing Neumann. and 
extending to other European firms. 
They then moved into leasing equip- 
ment and presently not only import 
foreign products but serve as an ex- 
porting outlet for a number of U.S. 
firms. 

Senator Barry Goldwater will be 
the featured speaker at a banquet to 
be held in conjunction with the So- 
ciety of Broadcast Engineers (Ken- 
tucky Chapter) regional convention to 
be held November 30- December 2 at 
the Marriott Inn, Clarksville, Indiana. 
Approximately 50 exhibitors will be 
on hand for the free exhibit of new 
equipment. For information, contact 
Robert J. Klein, KET TV, 600 Cooper 
Dr., Lexington. Ky. 40502. 

De Luxe Laboratories has con- 
solidated their video duplication and 
film -to -tape facilities and relocated to 
1546 N. Argyle Ave., Hollywood, Ca. 
The firm specializes in 70, 35, 16 
and Super 8mm motion picture film 
processing. 

Two new executive vice presi- 
dents have been elected at the Ampex 
Corporation, of Redwood City, Ca. 
Charles V. Andersen, a veteran at 
Ampex since 1951. has served in the 
international area. Charles A Stein- 
berg has been with the firm since 
1963, functioning mainly in the audio - 
video and data products divisions. 

A new 24 -track state of the art 
studio, Forum Productions, has come 
to Covington. Ky. The sophisticated 
studio is designed to serve top- drawer 
recording artists. Forum is located at 
2656 Crescent Springs Rd.. Coving- 
ton. near the Cincinnati, Ohio airport. 

Robert V. "Bud" Payton has been 
appointed to the newly created post 
of national sales manager at Audio- 
Technica U.S. Inc., of Fairlawn. Ohio. 
Mr. Payton. who will oversee all 
field sales activity. working especially 
with reps. comes to Audio-Technica 
from Yamaha International. 

Well -known manufacturer's repre- 
sentative Morris F. Taylor of Silver 
Spring, Md.. has retired after a career 
spanning 47 years in electronics. Mr. 
Taylor's firm. Morris F. Taylor Co.. 
will continue in business under the di- 
rection of James J. Fahy, James W. 
Ferris. Sr., and Eugene Wingo. 

A new audio amplifier manufactur- 
ing firm, know as JRF, was recently 
founded by John R. French in Sparta. 
N.J. According to Mr. French. the 
line. commencing with their Model 
2502 stereo power amplifier will con- 
sist of modular devices emphasizing 
simplicity. The address of the firm is 

P.O. Box 833. Sparta. N.J. 07871. 
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John Woram's 
The Recording 

Studio Handbook 
FOR RECORDI\G E\GNEERS, 

TECHNOA\S AND AAJDOPHILES 

The technique of creative sound recording has never been 
more complex than it is today. The proliferation of new 
devices and techniques require the recording engineer to 
operate on a level of creativity somewhere between a 

technical superman and a virtuoso knob -twirler. This is a 

difficult and challenging road. But John Woram's new book 
will chart the way. 

The Recording Studio Handbook is an indispensable guide. 
It is the audio industry's first complete handbook that deals 
with every important aspect of recording technology. 

Here are the eighteen chapters: 

The Decibel 
Sound 
Microphone Design 
Microphone Technique 
Loudspeakers 
Echo and Reverberation 
Equalizers 
Compressors, Limiters 
and Expanders 
Flanging and Phasing 
Tape and Tape Recorder 
Fundamentals 

Magnetic Recording Tape 
The Tape Recorder 
Tape Recorder 
Alignment 
Noise and Noise 
Reduction Principles 
Studio Noise Reduction 
Systems 
The Modern Recording 
Studio Console 
The Recording Session 
The Mixdown Session 

In addition, there is a 36 -page glossary, a bibliography and 
five other valuable appendices. 

John Woram is the former Eastern vice president of the 
Audio Engineering Society, and was a recording engineer at 
RCA and Chief Engineer at Vanguard Recording Society. He 

is now president of Woram Audio Associates. 

This hard cover text has been selected by several universities 
for their audio training programs. With 496 pages and 
hundreds of illustrations, photographs and drawings, it is an 

absolutely indispensable tool for anyone interested in the 
current state of the recording art. 

Use the coupon at the right to order your copy of The 
Recording Studio Handbook. The price is only $35.00, sent 
to you with a 15 -day money -back guarantee. 

SAGAMORE PUBLISHING COMPANY, INC. 
1120 Old Country Road, Plainview, N.Y. 11803 

Yes! Please send _ copies of The Recording Studio Handbook 
at $35.00 each. On 15-day approval. 

Name 

Address 

City /State /Zip 

Total Amount 

N.Y.S. Residents add appropriate sales tax 

Enclosed in payment for $ 
Outside U.S.A. add $2.00 for postage 

L J 
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1976: ADC CLAIMS THE XLM MK II 
SHOWS "NO PERCEIVABLE WEAR 
OVER THE LIFE OFA RECORD" 
AND PROVES IT. 

1977: ADC CLAIMS THE NEW ZLM 
WITH THE ALIPTIC STYLUS 
HAS EVEN LOWER WEAR AND 
BETTER PERFORMANCE. 
AND PROVES IT AGAIN. 
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Introducing the ADC ZLM 
cartridge with the ALIPTIC n stylus. 
It's a revolutionary new cartridge design 
that has taken the state of the art a giant 
step closer to the state of perfection. 

Because of last year's XLM MK II 
record wear test results, we confirmed 
our thinking on how to design the per- 
fect stylus tip shape. It combines the 
better stereo reproduction of the ellip- 
tical /` \ stylus shape with the longer, 
lower wearing , vertical bearing radius of 
the Shibata ! - shape. The result is our 
revolutionary new ALIPTIC stylus. 

And that's only the beginning. 
The ALIPTIC shape is polished onto a 
tiny .004" x .008" rectangular nude 
diamond shank, which has reduced the 
tip mass of the XLM MK II by an incredi- 
ble 50 %. This tiny stone is mounted on 
our new, tapered cantilever, which 
reduces effective tip mass even further. 

The XLM MK II tests also proved 
the importance of tip polish in reducing 
record wear. So the ZLM is polished 
with a new, more expensive, more 
effective patented polishing method. 

The ADC XLM MK II has long 
been known for its uncolored, true 
sound reproduction. The ZLM goes 
even further. Sound reproduction is 
completely open and spatial. And indi- 
vidual instrument placement can now 
be identified with even greater ease. 

The ZLM tracks between 1/2 

and l'' /, grams. Frequency response is 
± 1dB to 20kHz and is flat to even higher 
frequencies; out to 26kHz ± 1' /2dB. 

As you can see, by reducing the 
tip mass even further, we've come 
closer to the ultimate in pure sound 
reproduction. To prove it, every ZLM 
comes with its own individual frequency 
response curve ., signed by the ADC 
technician who tested it. 

This means that the ZLM car- 
tridge will reach every sound lying 
dormant in your records, transmitting 
them faithfully through your hi -fi system 
without altering the sound or the health 
of your records. 

Not only do we think the ZLM 
is one of the most exciting cartridge 
designs to come along in years, but we 
can prove it. 
Superior performance we can prove. 
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