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Introducing the most -needed equipment in the 
tape industry...the Quality Control Monitor 

from Otari ... already in use or on order 
by six of the biggest names in tape duplicating. 

Will your tapes stand the comparison? 

For details call collect to Jack Ames, Director of Marketing, Otari of America, Ltd 
(213) 678 -1442 / 8295 So. LaCienega Boulevard, Inglewood, Calif. 90301 
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Coming 
\oxt 

Month 
:\ special report on the four -channel 

stereo phenomena as detailed at a 
recent N.V.- section AES meeting is 
discussed by John Eargle. Included in 
his article are short summaries of the 
Scheiber system, Minter system, Feld - 
man- Halstead system, and Jim Cun- 
ningham's Tetraphonic recording sys- 
tem. In addition, the author will give 
his evaluation of the systems and their 
likely impact on the future of the re- 
cording industry. 

New studios exist at AFRTS in 
Washington D.C. Z. C. Jacquett has 
pictures and story on their construc- 
tion. 

Beginning with the August issue, an 
expanded NEW PRODUCTS AND SERV- 
ICES section will appear. 

And there will be our regular monthly 
columnists: George Alexandrovich, 
Norman H. Crowhurst, Martin Dick- 
stein. Arnold Schwartz, and John 
Woram. Coming in db, The Sound 
Engineering Magazine. 

Aoout 
the 

Cover 
The Altec console had a different 

colored knob at each position, making 
it certainly the most colorful product 
to be seen at the L.A. AES Convention. 
A picture gallery of the products shown 
at AES begins on page 34. 
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Put 
an AKG 
on the 
job. 

D -58E 

Differential Noise-cancelling, 
Dynamic Microphone 
$43.00 Net 

It will 
sound 
better! 

l}. 

For complete information 
on AKG performance 

write to: 

MICROPHONES HEADPHONES 

NORTH AMERICAN PHILIPS CORPORATION 

Mc CMWII. WM.» Of GqNll YIMyI,y rl[CIU.t f(MIIp10gKM. CIIIMIG 

Lotters 

The Editor: 

Mr. Sulzer's letter (May issue) makes 
an excellent detailed case for the 
higher- impedance cartridge and quite 
accurately corrects my "wrong" of 
understatement. 

I must comment on the other "wrong ", 
however: Mr. Sulzer says "Mr. Odom's 
statement. . .is in this case wrong," 
the case being a high -Z cartridge with 
Mr. Smith's (Spectra Sonic's) ampli- 
fier. 

Please note that I did not suggest 
such a case. I said that system noise is 
lowest when amplifier and source are 
optimized, which would certainly not 
be so in the case Mr. Sulzer refers to. 
The case, then, is Mr. Sulzer's -not 
mine. 

For clarity, the purpose of my original 
letter was two -fold; to point out a gross 
misapplication of the noise formula in 
\Ir. Smith's presentation, and to seri- 
I'usly question the supposed improve - 
mint in system s/n ratio implied by 
him. I think Mr. Sulzer has very 
capably supported both purposes. 

Incidentally, my reference to a s 'n 
ratio of 80 dB was to a new preamp- 
not a system -and offered only to show 
that a more conventional (and much 
less costly) system can readily fulfill 
the criteria of "system noise below disc 
noise." 

It appears to me and apparently to 
\Ir. Sulzer as well, that the sole value 
in Mr. Smith's presentation is to ac- 
commodate longer cables between the 
cartridge and pre -amplifier plus the 
possibility of less extraneous hum - 
pickup in the cartridge. 

Mr. Sulzer and I agree; existing 
preamps are good enough. 

Roger K. Odom 
Engineering Mgr. 
Sparta Electronic Corp. 
Sacramento, Calif. 
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If spec sheets are among your favorite reading, we don't blame you for getting confused 
at times. Columns of figures aren't always too eloquent on their own, only in context 
or comparison with other specs. And statistics can be used to support anything - 
especially statisticians. 

So it's nice to know how to read between the lines of a spec sheet. To know, for instance, 
that not all makers use the same measuring standards. Take overall frequency response: 
ours is measured at a -10dB level, the accepted broadcast standard. Yet certain other 
brands measure from as low as -24 dB. 

Unfair to us? Yes. But more important, it's unfair to you. 
Of course, there are other ways to play the numbers game. We say go ahead and compare 

specs till your head spins. But do it right: consider your own overall needs and objectives. 
Consider specs in relation to other specs on the same component. Compare that unit 
spec for spec, standard for standard, with competing models. Then go give a listen. 

True, you can't be a computer. 
But you shouldn't have to be a speculator, either. 

TEAC 
TEAC Corporation of America 2000 Colorado Avenue Santa Monica, California 90404 

NUMBERS GAME. 
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AN EQUALIZED 

PRE -AMPLIFIER 

WITH HEAD ROOM! 

That's right, QRK, now 
offers a line of mono and 
stereo equalized pre- ampli- 
fiers, which can achieve +10 
dbm output without distort- 
ing or clipping. Normally. 
the output of a pre- amplifier 
is only -20 dbm, but with 
loud passages, "head room" 
is required!! Only with the 
QRK "Ultimate" pre- 
amplifiers, can you be sure 
of true reproduction of your 
loud passages. Other fea- 
tures -0.1% distortion; -75 
db noise; built -in rumble 
filter; self contained power 
supply; balanced output 
transformer. 

Contact the QRK Plant or 
your CCA Area Represent- 
ative for details: 

ELECTRONIC 
PRODUCTS, INC. 

1568 NORTH SIERRA VISTA, FRESNO, 
CALIFORNIA 93703 Phone: 209 251 -4213 

Subsidiary of 
CCA ELECTRONICS CORP. 
716 JERSEY. AVENUE, GLOUCESTER CITY. 
NEW JERSEY 08030 Phone: 609 456 -1716 
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The Auclo 
Engineer's Hanc000k 

GEORGE ALEXANDROVICH 

'this month I will depart from my 
usual themes to share with you im- 
pressions carried with me after attend - 
ing two spring conventions and shows; 
one ill Chicago -the NAB and the 
second in Los Angeles--the AES Con- 
vention. Unfortunately only a small 
percentage of engineers get a chance to 
participate in these conventions. \lost 
engineers. technicians, and specialists 
in the field of communications acquire 
their information through reading ac- 
counts and reports in various publica- 
tions including the one appearing in 
this issue. Being fortunate enough to 
participate in all the major conventions 
and shorts over the last ten years and 
then reading afterwards the reports of 
the saine shows, prompted me to write 
a summary of my own impressions. I 

rarely pay attention to the lengthy de- 
scription of the exhibits ,or the enumera- 
tion of the new devices -which are just 
another variation of the units shown 
last year. I look for less obvious things; 
unique gadgets and ideas. 

Since my prime interest is in audio 
(the subject most conventions side - 
track- except for the . \ES Conven- 
tion), I will attempt to highlight the 
happenings in this field. To characterize 
my attitude towards the importance 
of audio over video I like to remind the 
reader that video without sound can 
not survive as communication while 
sound can. However, video sound is 

often taken for granted so little im- 
provement work is planned for the near 
future. I ant now referring to the 
products at the NAB Convention. The 
focal point of the Convention was the 
picture. \lost beautifully designed 
equipment can zoom, tilt, rotate, split, 
modulate the screen, superimpose, 
switch, and fade -in otherwords you 
can do almost anything you wish to a 

picture to get superb quality, but 
when you get back into your hotel 
room and turn on the TV set you listen 
to a 4 -in. speaker driven by a single 
stage audio amplifier -and wonder 
about the human hearing apparatus 
and what it has to tolerate. 

The N : \13 convention is not a par - 
ticularly fertile ground for innovations 
and improvements in audio. What TV 

sound is all about is new and different 

packaging. Seldom can one see the use 
of slide faders which slowly force out 
"good old reliable" rotaries. The simple 
fact that rotaries require about 3 -inch 
spacing between the faders while slide 
faders can be set at I -inch intervals, 
dictates the use of sliders if the de- 
signer builds the console to he used by 
by an average size human with a hands 
spread of 6 feet. Philosophy of design 
has not changed, components and 
packaging has. The reason that we see 

Scare of the more complex consoles at 
N. \l3 is because many radio and TV 

stations are in the business of studio 
recording of commercials, concerts. or 
the production of tales, each seeking 
new revenues. 'l'here, the demand for 
better- quality sound (heated by the 
customer calls for much better equip- 
ment. One can see low -profile mixing 
boards, illuminated pushbuttons, pro- 
gram equalizers, and compressors. Sepa- 
rate echo channels and pan lxtts are not 
a rarety. flow-ever a strong demand for 
inexpensive equipment still comes from 
the independent stations working on 
tight budgets, while networks try to 
consolidate their audio production fa- 
cilities so that expenditure for audio 
consoles can he increased and better 
equipment obtained. 

In striking contrast to the low 
budget operation and marginal quality 
demand of NAB, is the atmosphere at 
the AES convention. Anyone engaged in 
the serious production of equipment for 
audio recordings (be it in the form of 
tape or disc). faces the dilemma of a 

demanding customer and keen competi- 
tion. While a radio station can com- 
pete successfully with others as long 
as programming and sound are good (no 
matter what shoe -strings it runs on), 
in the recording field talent gets in 
touch with the equipment. They are sot 

biased that unless the recording studio 
can do anything the other studio 
around the corner can do it has very 
little chance to get the job. Even the 
brands of equipment can stake the dif- 
ference; no matter how well equipment 
of different manufacture can perform, 
it can he as incorrect for the job. 

Naturally, the prices for the equip- 
ment soar according to the demand for 
styling reliability and complexity. Stu - 

Circle 18 on Reader Service Card -> 

www.americanradiohistory.com

www.americanradiohistory.com


IMAGINATION + RESEARCH = BREAKTHROUGH 
GATELY BUILDING BLOCK CONSOLE MODULES . . . A GIANT STEP FORWARD! 

At last, a breakthrough in sophisticated audio console construc- 
tion. Gately Electronics proudly announces its new building 
block concept, the most important innovation since the intro- 
duction of the "strip ". A development made possible by Gately 
imagination, research, and technical know -how. 

Whether your console application is recording tomorrow's far - 
out sounds, staid theater arts, deafening rock sound reinforce- 
ment, or creative motion pictures, the Gately Series Eight 
console building blocks are for you. These building blocks are 
a new approach to console construction, not another "Me Too" 
module. 

Now you can start with an 8 input -2 output console and ex- 
pand it to 24 inputs, for 8 or 16 track work, merely by adding 
the appropriate Gately Series Eight building blocks. All the 
sophisticated features so necessary in today's applications are 
standard: panning, equalization on every channel, choice of 
7 different peaking frequencies (5 high, 2 low), full 8 channel 
program assignment with solo, 2 or 4 channel echo assignment, 

full mix down facilities to stereo and derived mono, and slide 
attenuators with optional cue. All these and many more fea- 
tures are included in this new approach. 

The Gately Series Eight components reduce console interwiring 
between modules up to 75 %, substantially lowerirg the cost of 
the finished console and permitting sophisticated console con- 
struction and wiring by the average studio engineer. 

In addition, these consoles feature the very latest in integrated 
circuit design. Guaranteed noise is -127 dbm and output is in 
excess of +24 dbm. 

So whatever your console application may be, check with your 
dealer or with Gately Electronics and find out how Gately Series 
Eight building blocks can do a job for you. You'll discover that 
you can meet your own individual console requirements with a 
system that is both surprisingly inexpensive and easy to build 
-as easy as ABC! 

GATELY ELECTRONICS 
57 WEST HILLCREST AVENUE, HAVERTOWN, PENNSYLVANIA 19083 (215) HI 6 -1415 
... have you checked Gately lately? 
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TIMEKEEPER 

ppec121061 

iastnuments 

$29.95 

$24.50 

CERTIFIED HYGROMETER 

NO. 161 

This model is certified to be 

accurate within 2 %. Dial 
indicates range of 0 to 100% 

relative humidity. Each 

instrument has been tested at 
three different positions of the 

dial at temperatures ranging 
from 32° to 230° F. Original 
calibration and certification 

done at the G. Lufft 
Metallbarometerfabrik, GmbH 

Stuggart under the standard 
conditions of the Federal 

Republic Test Society. Casing is 

solid brass gleaming finish, 
black dial with white numbers 

and lettering, red tipped 
pointer, casing is drilled for 

wall mounting. Direct reading 
dial. Size is 6" overall, 

dial face is 5" diameter. 

MODEL 13 BAROMETER 

This fine precision barometer 
is the same size and general 
appearance as the Certified 

Hygrometer No. 167. 

Features an open dial graduated 
from 28 to 31 inches with a 

visible precision polished 

mechanism and solid brass case. 

$22.50 

MODEL 123 DIAL 

THERMOMETER 

A precision thermometer to 

match the above units and is 

often used with them to make 

a matching set. Large, easy to 

read dial graduated in 2 

degrees. Range minus 30' to 
plus 130° F. Same case 

specifications as No. 167. 

GUARANTEE 

100% absolute satisfaction or your money returned 
within 10 days without question. To order send check 

directly to: 

TIMEKEEPER 
P.O. Box 162, Mineola, N.Y. 11501 
N. Y. State residents add 5% sales tax 

Include $1.00 per order for shipping 
Circle 33 on Reader Service Card 

dins think it normal to pay tens of 
thousands of dollars for multi -track 
tape machines. 

I think that the broadcast industry 
has sidetracked audio. approaching one 
extreme, but the recording field is 
hitting the other extreme. ('u ul ine the 
two and you could have hi -ti trans- 
missions Irons the moon in stereo, 60 
dB of signal -to -noise in telephone con - 
versations and four -channel TV sound. 
\Coukln't it be great tu have Dolby 
reduce noise in TV ,radio and discs. 
After all we use RIAA and NAB pre- 
emphasis curves. Can't we go further? 

AES PRODUCT HIGHLIGHTS 
The AES show was by far the largest 
audio convention held on the west 
coast. It is interesting to note that there 
were at least ten major professional 
tape machine manufacturers exhibiting, 
but only two companies snaking turn- 
tables. After all how can they compete 
with 48 tracks and 6 -in. wide tape as 
shown by the 3 \l people. (yes, six-inch 
wide tape). Also intriguing was Meteor's 
all solid -state reverberation device with 
50,000 transistors (yes, fifty thousand) 
shown but not demonstrated. One 
could admire the high degree of so- 
phistication reached in the design of 
the electro- mechanical systems such as 
tape duplicators running at 120 in. /sec. 
using continuous loops with air -jet 
controlled storage bins. A tape deck by 
\lagnetic Recording Systems was shown 
using a servo motor for the capstan 
drive -with the ability to select speeds 
instantly and control them using feed- 
back signal from the tone wheel. Low - 
inertia printed- circuit pancake motors 
are used for the supply and take up 
functions. 

The clays of Iii -fi shows were partially 
revived at the AES Convention when 
several speaker and system manufac- 
turers set up separate denso rooms and 
then tried to vibrate curious con- 
ventioneers to death with 120 dB . sp.l.s. 

I got an impression that at least half 
of the companies at the show wanted to 
contribute to the cause of environ- 
mental equalization, be it by coming out 
with a sweep generator, scope for the 
visual scanning of the response of the 
auditorium, or the filter systems. 

This active participation of so many 
audio companies cats be attributed to 
the fact that aside from the fact that 
using filters is an elegant way of coping 
with acoustical problems, it is also an 
easy task for an experienced audio 
design engineer to come up with a set 
of filters. Equipment appeared like 
overnight mushrooms, threatening mon- 
opoly and creating serious competition 
for the firms responsible for promotion 
of the original concept. 

The AES show can be also character- 
ized as all solid -state show. Not a tube 

Figure 1. 3M is still keeping it under lock 
and key, but here is the very first illustration 
of 48 tracks on six -inch wide tape. A head 

and tape, but no machine. Maybe next year? 

could be seen (except for a crt) in the 
equipment. Conversion of the industry 
to solid -state devices can be con- 
sidered an accomplished fact. Although 
electronic packaging using i.c. micro 
component devices has started pene- 
trating the circuit design of professional 
gear, the majority of manufacturers 
have expressed their disappointment in 
attempts to use i.c.'s for their equip- 
ment. Discrete components are still 
preferred. It is my feeling that since 
many manufacturers use plug -in tran- 
sistors (apparently some may fail and 
have to be replaced ) they believe that 
the i.c. being an outgrowth of a single 
semiconductor chip have a bigger chance 
to fail because they pack so many more 
components in much smaller space. (By 
the way, flying back home from con - 
ventions in the newest aircraft ntv 
friend and I witnessed failure of the 
audio systems on two separate flights. 
Discrete components so far are hard to 
surpass in consistency, reliability, and 
cost. The Opantp Company exhibit (lid 
attempt to change the image of i.c.'s. 
I sincerely hope they will be able to 
divert the attenation of transistor 
manufacturers to assign some research 
time to audio problems.) 

Despite Ilse few new things at the 
show (most were really new packaging 
of old circuits), it looked like arace for 
more channels, controls and knobs- 
only to remix everything back to stereo 
or mono. There were no laser -beam 
recorders, nor preamps which could not 
be overloaded. Except for the solid - 
state reverts, one could almost guess 

what to expect at the show. Neverthe- 
less, it was great fun to see and learn by 
looking at the equipment --and learn 
we do even- day even if it is by looking 
at the familiar equipment, old or new. 

One irreplaceable advantage con - 
ventions offer is the program of tech- 
nical sessions where exchange of ideas 
and experiences combines efforts of 
many isolated Irons individuals into a 

stream of new ideas and findings from 
which stem new trends in technology 
and science. 
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"High quality pressings 
begin with quiet lacquer masters "- 

John Eargie, Chief Engineer of Mercury Records. 

"We should never forget the impact that a low- distortion, low -noise 
master tape can have on the sound of a well made pressing. 

Recent studies' have shown that pressings benefit from the use 
of the Dolby System even under the ideal conditions of cutting 

master lacquers from original low -noise tapes. Under more usual 
conditions the cutting is done from tapes once and even twice 

removed from the original, and in these cases the benefits of 
noise reduction are all the more apparent." 

'John M. Eargle. "Perfornence Characteristics of the Commercial Stereo Disc," J. Audio Eng. Soc. 17, 416 (1969) 

Write for full technical details and advice on how the Dolby 
System can be of value in your own professional audio recording 

or transmission application. 

DOLBY LABORATORIES INC 
333 Avenue of the Americas New York N Y 10014 
telephone (212) 243 -2525 cables Dolbylabs New York 
for international inquiries. 

346 Clapham Road London S W 9 England 
telephone 01 -720 1 1 1 1 cables Dolbylabs London 

Contact us for the name 
and address of your 
nearest professional 
Dolby System dealer. 
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The 
Feedback Loop 

Last month I discussed how band- 
width (the range of frequencies over 
which the signal is transmitted without 
significant loss) in disc recording is 
limited by frequency response. If disc 
recording were an all -electronic system, 
frequency response would be the only 
limiting factor. In an all- electronic 
system the response of all the devices 
in the signal transmission path combine 
to give an over -all response, and thereby 
define the system bandwidth. In the 
disc -recording system the signal is 
converted from electrical to mechanical 
energy, and is then transferred to a 
storage device, the disc. It is this trans- 
fer, cutter head -to- storage on a disc, 
and then back again from disc -to -phono 
cartridge, that introduces another as- 
pect to disc recording not present in the 
all- electronic system. Because the disc 
is an information storage device there 
are other considerations besides that of 
frequency response that limit band- 
width. This is an important concept; 

DISC CENTER 

Figure 1. A dia- 
graming of wave- 
length. 

ARNOLD SCHWARTZ 

frequency response alone does not de- 
fine the bandwidth of the disc- recording 
system. 

WAVELENGTH 
Basic to all discussions of energy trans- 
fer to- and -from the disc is the concept of 
wavelength. Because information is 
transferred to the disc for storage, and 
is then mechanically scanned by the 
phono- cartridge stylus, the disc- record- 
ing system performance is dependent 
upon wavelength; a phenomenon not 
normally present in an all- electronic 
audio system. 

Let us review the concept of wave- 
length. We have in FIGURE 1 a diagram 
of a vibrating recording stylus cutting a 
modulated groove. The direction of 
vibration of the stylus, driven by the 
recording head, and the motion of the 
disc due to the rotation of the recording 
lathe are shown. As the disc moves 
linearly past the stylus, a modulated 
groove will be cut into the lacquer. The 

LINEAR VELOCITY 
OF DISC 

DIRECTION OF 

VIBRATION OF 
STYLUS 

CROSS SECTION 
OF RECORDING 

STYLUS 

wavelength is the distance, in the di- 
rection of linear record travel, covered 
by one complete cycle of the modula- 
tion. Wavelength depends upon two 
quantities; 1) the frequency of vibra- 
tion of the recording stylus, and 2) the 
linear velocity of the recording disc. 
Linear velocity is defined as the velocity 
of the recording blank, at the point of 
contact with the recording stylus, in 
the direction perpendicular to the 
record radius. Linear velocity should not 
be confused with modulation velocity 
(usually referred to as velocity). This 
latter quantity refers to the motion 
of the recording stylus, while the linear 
velocity that we are talking about 
refers to the motion of the recording 
disc. Linear velocity depends on the 
rotational velocity and disc diameter. 

Two cases can be described to help 
visualize the concept of wavelength. 
At a given diameter the linear velocity 
is constant, and if the frequency of 
vibration of the recording is increased, 
wavelength will decrease. On the other 
hand, if the frequency of vibration is 
held constant, and the linear velocity is 
decreased (by decreasing the recording 
diameter), the wavelength will also 
decrease. Wavelengths on actual re- 
cordings vary from 0.0005 inch to more 
than 0.4 inch, and can be calculated by 
the formula: 

0.052DN 
X= X= wavelength in inches 

D =recorded diameter in 
inches 

N= rotational velocity in 
rpm 

f= frequency in kHz 

We now have a quantity, wave- 
length, which exists because we have 
cut a mechanical replica of the electrical 
signal. The process of transferring this 
mechanical energy, to and from the 

www.americanradiohistory.com

www.americanradiohistory.com


How to 
record on a higher 

level! 
i 

With automatic peak control 
The CBS Laboratories' Recording Volumax Model 420 
automatic peak controller for recording: 

permits higher recording levels without 
overloading. 
eliminates the distortion of clippers and the 
thumping and pumping of conventional limiters. 
provides the maximum peak output at all 
frequencies even as a function of record diameter. 

The completely solid -state Model 420 Recording 
Volumax is unconditionally guaranteed. 

Stereo model also available. 

CZ 
With automatic level control 
Unconditionally guaranteed to outperform ordinary 
compressors, or AGCs, the solid -state Audimax Ill 
offers the ultimate in automatic level control for 
recording engineers. 

The exclusive Gain Platform principle permits gain 
to remain on a stable plateau over a wide range of input 
levels rather than the continuous rise and fall - with 
consequent distortion, thumping and pumping, and 
audio "holes" - so frequently encountered with 
ordinary AGC amplifiers. Its unique Gated Gain 
Stabilizer acts to bridge through program lapses and 
thus eliminates "swish -up" of background noise. 

A special Return -to -Zero feature returns gain to normal 
during standby conditions. In short, the Audimax reacts 
to any gain situation in exactly the same manner as 
an engineer. Price: $625. Stereo model also 
available - $1,250. 

With the world's first 60 dB -wide 
linear scale meter 
The Model 600 Wide Range Program Monitor is the first 
monitor to combine the latest developments in audio 
technology with the reliability of solid -state design for 
accurate audio measurement and analysis on a single 
60 dB -wide scale. 

Where the standard Volume Indicator measures only 
the top 23 dB of signal level logarithmically, this new 
Program Monitor displays information from -+3 to 
-57 dB on a single linear, decibel scale, thus permitting 
accurate reading of low level audio material as well as 
line noise during program pauses. The 0 dB reference 
settings are adjustable from , 18 to -22 dBm. 

The 600 is also equipped with a separate DC output 
for graphic logging over the full 60 dB range or to drive 
a second meter for remote monitoring. 

While not intended as a replacement for the standard 
Volume Indicator, the 600's meter ballistics are such 
that its readings are compatible with VU indications. 
It's a practical program monitor as well as a valuable 
measuring tool. 

It is also available in a standard 19 -inch mounting 
rack from which it can be easily removed for portable 
use. Price: $505. Rack mounted: $550. 

FOR FURTHER INFORMATION, WRITE: 
PROF ESSIONAL PRODUCTS 

CBS LABORATORIES 
A Division of Columbia Broadcasting System, Inc. 227 High Ridge Road, Stamford, Connecticut 06905 

(;ire lr I + rnl Reader .Service (;u rd 
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FAIRCHILD'S 
PRECISION 
MAKES 57 OF THE 
WORLD'S FINEST 
PROFESSIONAL 
AUDIO 
COMPONENTS 

. Fairchild's complete 
Series of Attenuators: 10 
models with new 
packaging plus Slide Wire 
Fader / The Integra I 

Series: an automatic 
Attenuator, 3 
Preamplifiers, 3 
Compressors, 3 Program 
Equalizers, 4 Dynalizers, 
De -Esser / 692 Remote 
Card Series: over 12 
inputs with extensive 
switching capacity / 
Integrated Control 
Module Series: Input - 
Output- Monitor Modules/ 
7 Audio Control Devices 
including the well known 
Conax, Limiter and 
Reverbertron Systems / 
2 Gain Shifter Intercom 
Systems / 7 Power 
Supply Models / over 24 
Accessories. Contact 
your Fairchild Distributor 
or write FAIRCHILD 
SOUND EQUIPMENT 
CORPORATION 
Dept. DB -7 10 -17 45th Avenue 
Long Island City, N.Y. 11101 
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Professional development courses for 

AUDIO 
ENGINEERS 
TECHNICIANS 

201- FUNDAMENTALS OF 

AUDIO TECHNOLOGY 

202 -AUDIO /VISUAL 
PRODUCTION & TECHNIQUES 

intermediate technology 

101 -STUDIO TECHNOLOGY & PRACTICE 
advanced technology 

301 -SURVEY: AUDIO SYSTEMS 
DESIGN 

302 -HIGH SPEED TAPE DUPLICATING 

303 - OPERATIONAL AMPLIFIERS - 
APPLICATIONS IN AUDIO 

304 -STEREO DISK MASTERING: 
PRINCIPLES 

EgECHNOLOGY 

305 -INTRODUCTION TO 

AUDIO ENGINEERING 

Your job security and advancement depend 
upon your skill and knowledge of present 
technology and practices. 
Our proven courses embody the latest 
disciplines of today's audio technology and 
prepare you for tomorrow's top positions 
in the industry. 

The 

15STITI TE OF .-1CDIO RESEARCH, IBC. 
156 Fifth Avenue, New York, N.Y. 10010 
212-242-1915 
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Figure 2. This is 

what happens dur- 
ing long wavelength 
cutting. 

Figure 3. This is what 
happens during short 
wavelength cutting. 

CROSS SECTION 
OF RECORDING 

STYLUS 

. 

disc, is wavelength sensitive. That is, 
the system output varies with wave- 
length, and this output variation im- 
poses a restriction on the disc -recording 
system bandwidth. 

If the linear velocity were constant, 
as it is in magnetic recording, then each 
wavelength could be related to a speci- 
fic frequency, and wavelength effects 
could be dealt with as a frequency - 
response phenomena. As it is, the 
linear velocity of the disc varies by 
almost 2.5 to 1, and wavelength effects 
must be dealt with independently of 
frequency response. The failure to dis- 
tinguish between these two related (but 
basically independent) quantities is 
the cause of much confusion and fuzzy 
thinking. I have come across the pub- 
lished results of time- consuming re- 
search in the disc -recording field that 
turned out to be hopelessly confused, 
and therefore useless, because of the 
failure to separate and isolate these two 
effects. 
A detailed cross -sectional view of a 
recording stylus cutting a groove is 
shown in FIGURE 2. Cutting actually 
consists of two almost simultaneously 
processes. The first is the cutting and 
removal of the material from the groove. 
The second is the interference action of 
the burnishing facet with the groove 
wall which smoothes the roughness 
left by the cutting process. This polish- 
ing action of the burnishing facets is an 
essential feature of the recording stylus, 
but which can cause problems as we 
shall now see. 

In FIGURE 2 the stylus is shown cut- 
ting a long wavelength. The burnishing 

ACOUSTIC DELAY RECORDERS 
and Delay Lines 

For all P.A. work - churches, theatres, 
stadiums, conference rooms, audito- 
riums, transportation terminals, etc. - 
available from stock or custom built 
to specifications. Write. 

AUDIO INSTRUMENT CO, INC. 
311 Mountain Rd. 

Union City, N. J. 07087 
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aENJ 
-i'OOVE WALL 

CUTTING EDGE 

BURNISHING FACET 

DIRECTION OF 

STYLUS MOTION 

LINEAR 

J 
VELOCITY 

LINEAR VELOCITY 

facet is virtually in phase with the 
cutting edge, and the amount of inter- 
ference with the groove wall is constant 
along the entire wave. The resulting 
modulation will be a faithful replica 
of the recording stylus motion. In 
FIGURE 3 the stylus is cutting a short 
wavelength. Here the burnishing facet 
lags the cutting edge by a significant 
proportion of a wavelength. This lag 
causes the motion of the burnishing 
facet to be opposite to the slope of the 
modulation, and tends to wipe out that 
modulation. Since the short wavelength 
depicted here occurs at inner diameters 
and high frequencies, the recording 
bandwidth will be restricted according- 
ly. For example, let us assume a re- 
cording system with a flat frequency 
response from 30 to 15,000 Hz. At 
long wavelengths (outer diameters) 
little or no wavelength losses are en- 
countered; the system remains flat to 
15,000 líz. At short wavelengths (inner 
diameters) the modulation tends to be 
erased by the burnishing facet as shown 
in FIGURE 3; there will be a substantial 
loss of recorded level at 15,000 Hz. 

The correct solution to recording 
wavelength loss is the proper design 
of the recording stylus. Elimination of 
the burnishing facets, while eliminating 
wavelength cutting losses, would result 
in an unacceptable increase in noise. 
We are apparently faced with a set of 
equally undesirable results; cutting 
losses and low noise, or no cutting 
losses and high noise level. The problem 
has been resolved by using a 0.00016 - 
inch burnishing facet, set at the correct 
angle, in combination with an ex- 
tremely fine cutting edge. The resulting 
signal -to -noise ratio is about 70 dB, 
and cutting losses are less than 1.0 dB 
at the shortest wavelengths encountered. 
Efforts to counteract cutting losses at 
short wavelengths by increasing the 
drive to the cutter head, that is radius 
equalization, can only be considered a 
second -best solution, and tend to in- 
crease distortion and cause cutter 
overload. 
Circle 21 on Reader Service Card -s 
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Sony professional at work. 

r 

"': You're looking at Sony s new ECM 50Tie Tac/ 
Z. ,. , Lapel Electret Condenser Microphone. It's 

^ 

-` ....tiv,..,. one of the new line of Sony Professionals- -6. :r. .. w.h.---\ 
. a ̂ r` . .. 4 5. ; - products specifically designed for special 

," - : - 

applications. 
.11p, 

' For example, TV announcers long bur- 
dened by the cumbersome lavalier version of 
the standard dynamic microphone, will wel- 'M comethe miniaturized SonyECM-50Tie-Tac/ 
Lapel condenser microphone. Employing 
the electret principle, it is so small it literally 

Y~-; cannot be seen on camera. Yet its con- 
` " 

... 
denser performance with tailored fre- 

quency response and high sensitivity is 
V.% .. 's vastly superior to any dynamic lavalier 

' " microphone. . . .: The Sony ECM -50 is an excellent exam- 'q' ple of the new line of Sony /Superscope 
special application products that have a 

* unique ability to solve difficult problems 
in modern communications. - J The ECM -50 is available at select Sony/ 
Superscope dealers. For their names, as 

.= well as complete details and specifica- 
:.. .Q.t.: fions, please write Special Application 

a, M ._ Products Division, Sony /Superscope, 
*-;41 : s 8150 Vineland Ave., Sun Valley. CA 91352. . .'+ +. SUPFRSCOPF 

. 

80/KY. 
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We May Have 
The Man 

or 
Woman 

You Need! 

Announcers Disc Jockeys 
Newscasters Sportscasters 

We've provided thousands of well - 
trained and motivated men and women 
for stations coast -to -coast and overseas. 
Tell us your requirements. We'll put 
you in touch with Career graduates 
(from your port of the country) who 
meet your needs. No cost to you or 
the graduate. 

CAREER ACADEMY'S 
Division of Famous Broadcasters 
National Placement Department 

611 East Wells Street 
Milwaukee, Wisconsin 53202 

Phone: (414) 272 -4822 
T W X: 910 262 1 148 

n 
(;irrlr îo mi Reader .Service Card 

I ko Sync Track 
JOHN M. WORAM 

COMMUNICATION, 
EDUCATION, & N.A.R.A.S. 

.\ few weeks ago, NAR\S -the 
National Academy of Recording Arts 
and Sciences -held a most interesting 
meeting at A & R's 7th avenue studios 
in New York City. The panelists and 
audience discussed the roles of recording 
engineer, producer, and arranger, and 
how to get the best that each has to 
lffer. 

Panelist dike Berniker suggested 
hat NARAS establish a workshop so 

that the various contributors to the 
recording scene could get together 
regularly for mutual good. Another sug- 

IMPROVED 
WESTREX 
StereoDisk 
RECORDER 

l H ....... l 

STEREODISK 
IDD WONDER 

MAIMS Us 

Since the introduction of the 3D StereoDisk Recorder, Westrex has fol- 
lowed a program of continuing improvement. There are now enough 
significant improvements to merit a change of name. The 3D II, to 
point out just a few of the changes, has better sensitivity in the difficult 
frequencies. It has exact balance between channels. Its crosstalk is low- 
er and its over -all performance has been greatly improved. Write for 
complete details. 

HWestrex 
DIVISiON OF LITTON INOUSTRIES 

1136 North Las Palmas Avenue 
Hollywood, Calif. 90038 
Phone: (213) 466 -7795 
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gestion was "a glossary for engineers" 
so that producers could understand 
their terminology. 

If one had to summarize the meeting 
in a few words. the NARAS press re- 
lease came very close; "....the need for 
greatest communication between the 
three important contributors to all 
recordings." 

COMMUNICATION 
In an industry where the artist doesn't 
make it unless he communicates with 
his public, one might hardly think it 
necessary to talk about communication 
within the studio. Surely, effective 
communications here are a foregone 
conclusion. 

Unfortunately. no. plan recording 
sessions run into difficulties because 
somewhere along the way. engineer 
and producer -or arranger -have not 
communicated. Have you ever set up 
for a big instrumental session and just 
as you plug in the last microphone, 
someone walks in and says, "Where 
do you want the choir to stand ?" Or, 
later on -after you've just used up the 
last of 16 tracks, a voice in the control 
room says, "Great, now we'll add a few 
guitar parts and we'll be finished." 

When little incidents like this come 
up, it's time to start thinking about 
more effective communications. At the 
NARAS meeting, it was generally felt 
that most engineers would be more than 
willing to spend an hour before the 
session talking with the producer and 
arranger about the work to be done. 
This of course is an ideal situation, 
but there are some complications. If 
it's going to be an involved recording, 
the pre -session meeting should be 
scheduled some time in advance of the 
actual recording. This can be a prob- 
lem, since presumably the principals 
are all busy with other comittntents, 
and a mutually convenient time and 
place are often all but impossible to 
find. 
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If you buy a "stock " console, 
be sure you know how it's 
stocked 
By the time you finish adding what you really want, your 
"stock" price is a long way off your budgeted figure. 

That's why we don't have a "stock" console. Nobody 
keeps things like consoles just sitting around. Instead, 
we have a basic plan. The RC 168. And it's a lot less 
basic than anybody elses. 

First of all, our basic plan is really planned. Thor- 
oughly. From every standpoint. 

For instance, it comes with complete patching. And, 
any input may be audexed with any output channel. And, 
the wiring is all concealed. And, there are three -knob 
equalizers on all the inputs. 

Moreover, this is one basic plan that stays effective 
for a long, long time. It's a true 8 -track ... meaning it 
will record all 8 channels plus stereo and monaural at 

Individual Control Room 
and Studio Monitor Level 
Controls Both Stereo and 
Monaural 

Audex Buss Selection 
and Monitor Matrixing 

Audex Controller 

once! And we've designed in an expansion plan to 
give you up to 24 inputs at minimum cost and no addi- 
tional wiring. 

What's more, we never forgot that a mixer only has 
so many fingers, so long a reach, and can only see so 
many things at once. So, we made it easier for him. Its 
called "human engineering." 

Like eight pan pots. And slide pot monitor mixing. 
And an eye level meter turret. And a complete monitor- 
ing system. And more. 

You can buy a console for less. But you get less con- 
sole. 

We'd like to tell you more about our RC 168. Because 
there's lots more to tell. And when you hear our prices, 
you'll know it's worth hearing about. 

2 Cue Busses 
Complete Tip Ring 
and Sleeve Patching 

8 Stereo 
Pan Pots 

16 Microphone 
or Line Input (ADM -700S) 
Wired for up to 24 Inputs 

Complete Tone. Talkback 
and Verbal Slate System 

15645 Sturgeon 

Monitor Mixing 

Producers Desk 

Drop us a note, or call us collect. 

AUDIO 
DESIGNS 

el- 

and Manufacturing, Inc. cr 

COMPONENTS f 
& CONSOLES ó 
for audio recording 

Roseville, Mich. 48066 Phone: (313) 778 - 8400 
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We're very close 
to a lot of famous people. 

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

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

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

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

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

Cost: 4)342, including cable and mount, and then you're ready to com- 
pare the U -87 with any micro- 
phones you've ever used. You'll 
see, they don't even come close. 

Write today for our free brochure. 

AUDIO CORPORATION 
2 Weal 461n Street Ne. York. N Y 10036 (212)CO S 4111 
010 N. laves Ave ., MOny.eod Ca 90046 (213) 624 4444 

In Canada: J Ma. Elecópn.cs /Id. 

This is the old 
E MT 140st 

Reverberation Unit. 
This is the 

new one. 

What's the difference? 
We've made the amplifier unit solid state. And you can now obtain an inexpensive 
decay period remote controller. 

Nothing else has changed in this superb unit. The EMT -140st is still the world 
standard in the recording and broadcasting industries. Its renowned steel plate 
device gives you the same unmatched stereo /mono performance. And increased 
fringe area reception for AM broadcasts. And unusual flexibility -its decay period 
can be varied from 0.5 to 5.0 seconds. (Try that with an echo chamber!) 

These are just a few of the reasons why every major record company and in- 
dependent recording studio owns at least one EMT -140st Reverberation Unit. Right 
now, more than 1000 are in use from coast -to- coast; more than 2000 throughout 
the world. 

For the complete story, write to- e=4"--,C=0-11-1---1 rs.,I day for our free 8 -page brochure. It AUDIO CORPORATION 
can make quite a difference for you. 2 Weal 4611 Street New Yon.. N Y 10036 (212)CO S 4I1I 

In Canada 114a. E Iecl.on:cs lid. 
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An obvious solution is to actually 
book a pre -session session. But, this 
adds to the cost of the recording, so it's 
up to the bill -payer to decide if its 
worth it. More often than not, the 
bill -payer is not an engineer, now will he 
have an engineering background. There- 
fore, regularly - scheduled pre - session 
meetings will probably not become 
standard operating procedure, unless 
the engineering staff can demonstrate 
that they are well worth it. 

Which brings up the question: Are 
they? Although most everyone at 
NARAS agreed some pre -session com- 
munication was required, time did not 
permit extending the discussion to in- 
clude this point. 

EDUCATION 
Under the best conditions, engineers, 
producers, and arrangers may learn 
from each others' experience. One 
arranger pointed out that -via engi- 
neering-he was able to achieve instru- 
mental relationships that would other- 
wise be impossible. For example, an 
acoustic guitar could be heard above a 
brass section. This is certainly no 
problem, but it does demand careful 
treatment if a musically- credible per- 
formance is sought. When the listener 
hears an acoustic guitar above the brass, 
chances are the arrangement will suffer 
artistically, even though the engineering 
may be first -rate. All of which means 
that as one learns from colleagues, this 
knowledge must not be applied hap- 
hazardly. The more you learn, the more 
there is to learn -which is certainly not 
a phenomenon unique to recording. 

As the engineer develops new tech- 
niques, the arranger or producer must 
learn how to apply them correctly. 
Likewise, the engineer may learn much 
from a knowledgeable arranger. The 
(ngineer functions as a translator, con - 
\ erting music into electronics, that 
later may be re- converted back into 
,music. The more he learns of music, 
he better equipped he becomes for his. 

(ork. 
Credit goes to NARAS for beginning 

this three -way discussion. Hopefully, 
there will be more meetings like this in 
the future -perhaps even a regular series 
in the fall. An upcoming issue of db 
will feature the subject of communica- 
tion between engineers, producers and 
arrangers. Perhaps we can re- convene a. 
panel of experts on the subject of educa- 
tion. Any readers interested in pitching 
in with their comments are invited to da 

While I'm on this communication 
thing, this is a good time to say once- 
again that letters about anything men- 
tioned in this column are always wel- 
come. If there's anything you'd like to 
see discussed, please let me know. And 
hurry, because in two more months, I 

will have written everything I know. N_ 

Circle 15 on Reader Service Card 

www.americanradiohistory.com

www.americanradiohistory.com


The time is tomorrow. The name is TEAC. The machines are the Simul -trak" Series TCA -40. 

And they're here today. 
This series of tape decks combines the best features of high -quality quarter- track, 

two -channel operation with four -channel stereo capability. It's the best of two worlds, 
in three versions, four channels. 

All three models feature four -channel stereo playback, as well as regular two -channel 
playback with auto reverse. What's more, Models 40 and 41 can be modified later to the 
full four -channel capability of Model 42, at moderate cost. Meanwhile, any one of 
these machines is compatible with your present equipment; no modifications or 
reassembly are necessary. 

So what are you waiting for? 
Simul- trak' surrounds you with sound - and gives you a headstart on tomorrow. 

ANY NUMBER 
CAN PLAY. 

- tttttltlttttl\\illIMMINA\\\\N\\1 \\\1 

TCA-40 
' 1- track, 2- channel stereo playback, plus 4- channel stereo 

playback (in -line) 

'i- track. 2- channel erase and record heads for future "step -up" 

Automatic reverse for uninterrupted playback of conventional 
2- channel tapes 

Readily modified to TCA -41 or 42 

Built -in solid -state preamplifiers 

Ideal for duplication roaster or copy deck 

General Specifications 

Speeds -7'2 and ips 

Motors - 1 hyst. sync., 2 outer rotors 

Wow and Flutter - 0.12`S @ 7'2 ips 

Freq. Response - -*3 dB 50- 15,000 Hz (z 7' 2 ips 

S/N Ratio -50 dB 

Crosstalk - 48 dB 

T E AC 

TCA- 41 (must rüredJ 
' - track, 2- channel stereo playback, plus 4- channel stereo 
playback (in -line) 

' 1- track, 2- channel record 

Automatic reverse for uninterrupted playback of 2- channel tapes 

Readily modified to future 4- channel recording capability, or TCA -42 

Solid -state playback and record preamplifiers 

Off -the -tape monitoring selector 

TCA-42 
' i-track, 2- channel stereo playback, plus 4- channel stereo 
playback (in -line) 

' i-track 2- channel stereo record and 4- channel stereo record (in -line) 

Automatic reverse for uninterrupted playback of 2- channel tapes 

Total of 8 separate solid -state playback and record preamplifiers 

Off- the -tape monitor selectors 

TEAC Corporation of America 2000 Colorado Avenue Santa Monica, California 90404 
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Theory and Practice 

As we get older, time seems to pass 
faster. Recently someone questioned 
something I wrote about choice of 
loudspeakers. With some surprise, I 
found it was printed in 1959. Reaching 
for a copy of The American Record Guide 
of October that year, I re -read my 
article -and it brought back memories. 

Shortly before that, Consumer Reports 
had published a piece on loudspeakers 

BUILDING 
BLOCKS TO 
SOUND 
SYSTEMS 

NORMAN H. CROWHURST 

in which they check -rated a certain 
bookshelf type as a best buy, with the 
further impression that nothing else was 
much good for anything. Understand- 
ably, other manufacturers were up in 
arms. But what could they do, singly 
or collectively? Any public complaint 
would do no good: the oracle had spok- 
en! 

CU had yielded to, if not deliberately 

I . 
;r. 

® 
c® 

The PRO 12 Tape Recorder: industrial 
reliability, studio performance 

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

ing recording -Before and After tape 
Built -in monitor amplifier with loudspeak- 
er Stereo headphone monitoring 
Cue and dubbing facilities Tape -lifters 

End -of -tape and tapebreak switch 
Pause button Remote control facilities 

For full data, contact the innovators. 

Noreko 
PHILIPS BROADCAST 

EQUIPMENT CORP. 

One Philips Parkway, Montvale. N.J. 07645 201 / 391 -1000 
A NORTH AMERICAN PHILIPS COMPANY 
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encouraged, the misconception that one 
particular model loudspeaker was uni- 
versally best. Before that, I had written 
a number of articles that appeared in 
various publications, stressing that dif- 
ferent types excel in different environ- 
ments, and suggesting that a customer 
should be helped to select a speaker 
system to suit his room. 

CU's article had suggested that 
writers like me pandered to manufac- 
turers of inferior units that did not 
happen to merit, in their opinion, the 
check -rating reserved exclusively for 
that certain brand of bookshelf speaker. 
This just was not true. So I wrote an 
article, by invitation, published in 
The American Record Guide, to refute 
their position in detail. 

Since then loudspeaker design has 
shown considerable progress, particular- 
ly in the development of better book- 
shelf speakers. This was an inevitable 
outcome of CU's presentation. With 
their following, millions would believe 
their "unbiased" news that bookshelf 
were best. And every manufacturer 
naturally would like a little of that 
gravy. 

So if he did not already have a book- 

Í 
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.- 
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Figure 1. An explanation of small- speaker 
bass, after Crowhurst, oversimplified, H-Fi 
Made Easy, 1959. 
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Oh! 
Calcutta! 
With so much critical attention, 
you'd think more critics would 
have mentioned the sound. 

Perhaps they didn't notice it. 

We can think of no higher 

praise. 

Because the best sound 

reinforcement systems are 

designed to support - not 

dominate-the action. 

To find out how Robert Liftin 

did it, read the Nov /Dec issue 

of Theatre Crafts. 

Or write us for a reprint. 

We'll also send you technical 
literature on the Sentry speakers 

and RE -15 microphones Bob used. 

Rated M for mature audio men. 

ELECTRO- VOICE, INC., Dept. 703BD 

686 Cecil Street, Buchanan, Michigan 49107 

giewerefica 
A SUBSIDIARY OF GULTON INDUSTRIES, INC. 
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A MATTER OF SIZE 

WHAT Ric N 
DO You WANT 

IT I ? w 
A PIECE WILL DO 

r 

C_ 

WANTED A PERFECT CORNER 

r 

Figure 2. On explanation of horn- speaker problems, using the same source as Figure 1. 

shelf speaker in his line, he had better 
make one. 'Those with a commitment 
to quality tried to make sure it was 
worthy of their label, when they were 
through. Some pretty wonderful things 
happened in loudspeaker design, it is 
true, but the basic facts did not change. 

If you are looking for what CU im- 
plied is possible -a unit that has the 
magic of introducing perfection in re- 
production into any environment where 
you put it- forget it! The first thing to 
learn is that reproduction is, even at 
best, an illusion. The story of high - 
fidelity reproduction has been the story 
of producing better and better illusions. 

You cannot actually put Carnegie 
Hall in your living room. You can only 
introduce an illusion of listening in 
Carnegie Hall into your living room. 
The real question is how to get the 
best illusion. And the answer to it 
depends largely on the individual listen- 
ing room. 

The first thing to realize is that you 
are audibly aware of your surroundings, 
before ever the speakers start to repro- 
duce. The room may have brilliance, 
clue to hard surfaces; deadness, due to 
soft, plushy surfaces; a big resonance 
due to symmetry of its dimensions; and 
so forth. Whether you consciously 
evaluate this or not, it is there, in your 
subconscious -part of everything you 
hear in that room. 

Now you turn on the loudspeakers to 
listen to some program. If the system is 
skillfully designed, it may change the 
illusion of the room you are in, as well 
as conveying a program to you. But it 
cannot eradicate the room, nor should 
it, altogether. For that would be 
unnatural. 

The sound to which we listen is a 
complex thing, indeed: a multiplicity 
of frequencies, ever changing, propa- 

gated in the space in which we listen. 
And a lot of sheer bunk is talked about 
it. \Ve hear, for example, about "low - 
frequency transients " -meaning, pre- 
sumably, the way a 40 Hz tone cart 
start suddenly. If it ever does that, the 
start tones contain a lot of components 
much higher than 40 Hz, and it is upon 
these that the transient illusion de- 
pends, not on the 40 Hz itself. 

People's questions about loudspeak- 
ers as reproducers tend to divide into 
two groups: concerning the low- and the 
high- frequency components. 

For the low frequencies, we have the 
choice of: high -mass, high -compliance 
units mounted in small infinite baffles, 
commonly called bookshelf speakers; 
bass -reflex baffles or enclosures, some 
of them going part way to the high -mass 
high- compliance approach; conventional 
sized infinite -baffle enclosures, using 
conventional, high - efficiency design 
loudspeaker units; and long folded 
horns, again fed by relatively high - 
efficiency units. 

All except the horns are intended to 
fill the room with low- frequency sound 
pressure. The horn type intends to 
propagate a low -frequency sound wave. 
Right there is a fundamental difference 
in approach. The first group of types, 
to which most loudspeakers sold today 
belong, rely on feeding into an essential- 
ly closed room, while horns should feed 
into complete absence of enclosure: the 
room should have no walls to throw 
back the sound waves it generates. 

Obviously, neither ideal is completely 
realized. In a book of mine (now out of 
print), I satirized one of these situations 
with a little cartoon (FIGURE 1). And 
the horn ideal is one compromise 
after another (FIGURE 2). First it should 
be big, but then you'd have nowhere to 
put it. So it can be sectioned and 
folded, but that poses more problems. 

r 

Then it needs putting in a perfect 
corner, which does not seem to exist in 
most houses. 

And a horn in a small room is a long 
way from ideal, because of the reflec- 
tions from walls that are not very far 
away from the speaker, in terms of low - 
frequency wavelengths. But in a large 
room, and correctly placed, a horn may 
well be the best form of loudspeaker. 

Each of the other types reverses 
the internal balance of things. In the 
horn, the front is loaded by the acoustic 
impedance of the horn, which eventually 
feeds the sound wave into the room. 
The horn is the major load on the 
diaphragm's movement (FIGURE 3). 
So incorrect termination due to room 
reflections can reflect all the way back 
to the amplifier. 

In all the box -type speakers, the box 
itself provides the major control on 
diaphragm movement; the sound wave 
radiated into the room has relatively 
little effect on diaphragm movement 
(FIGURE 4). So the sound wave pro- 
duced in the room depends on the size 
of the room compared to the size of the 
box that controls diaphragm move- 
ment. This is why box and bookshelf 
speakers are better in smaller rooms. 

Before we leave the low frequencies, 
we should discuss distortion. As high - 

fidelity enthusiasts, we should be com- 
mitted to find the system with the 
lowest distortion, right? Maybe. This 
is a problem that has plagued loud- 
speaker manufacturers for a long while. 

Find a unit that reproduces fre- 
quencies below 40 Hz with very low 
distortion, and one that has more con- 
ventional amounts, and use a pure -tone 
source to compare them. If you appreci- 
ate what low distortion at these fre- 
quencies means, you will like the fact 
that, from the low- distortion unit, you 
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hear very little, and tend to feel the 
frequencies more than you hear them. 

But most people are listening to de- 
termine which gives the most audible 
bass. And the one with more distortion 
undoubtedly does that! So most buyers 
will pick the one with more distortion, 
really (although they do not know this) 
because it has most distortion! 

Another factor to be considered i, 
intermodulation distortion, which intro- 
duces Doppler effect. The loudspeaker 
may be perfect at reproducing all the 
frequencies it handles, one at a time. 
None of them is distorted, let us say. 
But it can still produce quite serious 
Doppler distortion, which results in 
intermodulation. 

This is because when it reproduces a 
lower and a higher frequency at the same 
time, the diaphragm is going back and 
forth at the low frequency while it is 
also reproducing the higher frequency. 
When it is moving forward at the lower 
frequency, the high frequency is raised 
in pitch, as is a car horn, when the car is 
approaching you. When the diaphragm 
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Figure 3. Why load- 
ing on the dia- 
phragm of a horn 
speaker is more effi- 
cient, and more sus- 

ceptible to incorrect 
termination of the 
acoustic wave. 

Figure 4. Any box - 
type speaker is little 
affected by the room 
in which it plays, 
but it tends to be 
more efficient in 
smaller rooms. 

Figure 5. A reflex 
speaker that uses a 

drone cone instead 
of a port helps to 
understand the prin- 
ciple and relative 
advantage of the 
method. 
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MAIN LOADING DUE TO 
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is moving backward at the lower fre- 
quency, the high frequency is similarly 
dropped in pitch. 

Bookcase speakers, with their large 
diaphragm movement at low frequen- 
cies, are particularly susceptible to this 
form of distortion, however well they 
are made for linearity at individual 
frequencies. 

The only way to avoid this is to 
reproduce different frequencies from 
enough separate diaphragms, or else 
to be sure that movement, even at low 
frequencies, is kept small. Using sepa- 
rate diaphragms means electrical or 
electronic cross overs are needed, to 
see that each diaphragm gets the cor- 
rect range of frequencies which ideally, 
for this purpose, should not exceed an 
octave. 

This approach introduces as many 
problems as it solves, because the 
electrical crossovers produce excessive 
phase shifts between successive octave 
bands. The alternative is to keep the 
diaphragm movement small. This can 
be achieved in one of two ways, to 
achieve appreciable energy radiation: 
either work the diaphragm into higher 
acoustic air pressure, as does the horn; 
or use a larger diaphragm area. 

The latter can be achieved, either by 
using a very big diaphragm for the bass 
frequencies -a super woofer -or by 

using many more smaller speakers, con- 
nected so their diaphragms move in 
phase, and thus move the total air to 
form a big wave without individual 
diaphragms having to move so far. 

Before leaving the question of hand- 
ling the low frequencies, I must say 
something about bass reflex, because 
many ask about them. One can theorize 
in a number of ways, but something 
that can be visualized in a practical 
way is always more meaningful. Assume 
you make two identical holes in the 
box, put an active speaker in one, and a 
drone cone, with no voice coil or mag- 
net, in the other (FIGURE 5). 

Throughout the upper range of fre- 
quencies, the drone does virtually noth- 
ing. At the lowest frequency the loud- 
speaker reproduces before it starts 
a rapid cut-off, both diaphragms move 
about equally and in phase. The active 
cone drives the air to produce a pressure 
resonance in the box. The drone is like- 
wise driven by the air pressure in the 
box. 

So you could approximately cut the 
thing in half and view it as a loud- 
speaker with two driven cones, radiat- 
ing very nearly equally, at this fre- 
quency. Thus bass radiation at this 
frequency is achieved for about half the 
diaphragm movement needed without 
the reflex action. 
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MARTIN DICKSTEIN 

IMAGE BRIGHTNESS II 

Before continuing with methods to 
calculate projector output requirements 
or estimate the required image bright- 
ness for film and slides, it might be 
best to set the record straight on some 
details that were given in the previous 
discussion of image brightness. 

The recommended value for screen 
luminance for both 35 -mm and 16 -nun 
film, when projected in a viewing room 
(small audience), is 16f1., plus or 
minus 2. The recommended value for 
screen luminance in an indoor theater 
(showing 35-mm films) is 16fI . plus 4, 
minus 6. The SMPTE also suggests 
that brightness should not be in excess 
of 1811. in the showing of 16 -mm filins. 
This is to avoid the apparent flutter in 
the image when the illumination is too 
high. Also, the SMPTE recommends 
that in the presentation of slides, the 
luminance should exceed 5 foot -lam- 
berts. In indoor theaters, for 35 -mm 
film, recommended brightness should 
be between 5.5 and 20f1. within speci- 
fied angles of viewing. 

\ \'hen a fxotlambert meter is not 
available, a rough estimate of the 
stray light falling on the screen can be 
made by judging the readability of a 
newspaper. If a large headline (about 
1 -in. lettering) can just be barely made 
out when placed in front of the screen, 
the illumination can be judged to he 
about 0.1 II.. If a newspaper column 
is barely readable when placed in 
front of the screen, the stray light can 
be estimated at about 1 Il.. If the 
newspaper column is quite legible 
when held up in front of the screen, 
the light falling on the screen can he 
"guestimated" to be about 10 fl.. 

This, then, provides a rough idea of 
the stray light falling on the screen with 
the room darkened to normal projec- 
tion conditions with the projector 
turned on but with the lens capped to 
prevent the light from hitting the screen 
directly. Multiplying this value by the 
brightness ratio required by the type 
of slide material to be presented will 
give an idea of the minimum screen 
brightness needed for proper legibility 
of the projected material. (Slide ma- 
terial, to recap briefly the suggested 
categories, where high detail of color 
or black- and -white values must be 
seen is given a brightness ratio of 100 
or more. When good -quality diagrams 

are shown, a ratio of 25 might be accept- 
able, and when typewritten material or 
simple bar charts or graphs are pro- 
jected the proper ratio could be con- 
sidered to be 5.) 

It must be emphasized that the 
method of estimation of stray screen 
illumination is only a very rough guide 
and should not be used as a hard -and- 
fast criterion for setting up a projection 
system. It must be remembered that the 
value estimated for image brightness is 
a minimum value only, and as there is 
no top limit to the brightness of slide 
images (except for the possible washout 
of the image depending on the slide 
itself), it might be well to include a 
multiplying factor in the calculations 
when judging the required image 
brightness. Also, remember the sug- 
gested minimum values that are recom- 
mended. 

After a value for a 35 -mm slide image 
brightness has been calculated (based 
on stray light and material to be 
projected), it now becomes necessary 
to decide on the various factors of the 
projection system which will provide 
this requirement. If all elements of 
the total system were ideal, or assumed 
to be so, the required output, in lumens, 
of the projector could be found simply 
by multiplying the required luminance 
(stray light X material factor) by the 
area of the image on the screen. This 
figure indicates what the projector 
must put out if it is to provide the size 
of image desired with the necessary 
brightness. The basis for each of the 
variable factors involved in this calcula- 
tion will be discussed subsequently. 
However, note at this point that the 
screen is assumed to be an ideal matte 
with a reflection factor of 1 (incident 
light is reflected without loss or in- 
crease). 

A similar figure for output require- 
ment can be achieved by multiplying 
the incident light (in footcandles) by 
the brightness ratio for the material 
to be projected and by the area of the 
desired image. (With most projectors, 
the lumen output is available from the 
manufacturer based on the lamp and 
lens being used or furnished as standard 
equipment.) A more rigorous calculation 
is achieved, and a more accurate result, 
when the screen is divided into 9 equal 
areas -3 horizontal, 3 vertical -across 

the full projected image. The incident 
light is then measured in footcandles 
at the center of each area. The total 
incident light is calculated by adding 
up all the readings. This is in turn 
multiplied by the area of the image and 
the product is divided by 9. (Area is in 
square feet.) This final figure is the 
output in lumens required of the pro- 
jector. 

It must be remembered that above 
calculations are based on the fact that 
all elements of the systems have been 
assumed to be ideal. As this is not 
really true, it becomes necessary to 
include some or all of the variables into 
the calculations for projector output 
requirement, if a more accurate value 
is desired. 

Beginning with the assumption that 
the format of the projected slide is the 
most common 35 -mm double frame 
variety, we can start with the size of 
the image. Image size is determined by 
the throw distance and the focal length 
of the lens being used. Sometimes it is 
possible to decrease the projection 
distance and thus reduce the size of 
the image to the point where the 
brightness is acceptable. Sometimes, 
because of the size of the room and the 
number of persons in the audience, 
this is not possible. The image size can 
still be reduced by using a longer focal 
length lens. (However, changing the 
lens also sometimes changes the speed 
of the lens, another variable to be con- 
sidered.) 

If the distance of the farthest row of 
seats demands a large width of pro- 
jected image, and the size of the image 
can not be reduced sufficiently to result 
in an increased brightness. perhaps the 
screen material can be changed. De- 
pending on the viewing angles of the 
audience, it might be possible to use a 
screen with a reflective factor greater 
than 1, resulting in a gain in the bright- 
ness of the reflected image. For ex- 
ample, screens that are lenticular, 
metallic or beaded have nu ch higher re- 
flective factors than matte; the latest 
screen on the market has a reflective 
factor of 12 as compared to 1.00 of ideal 
matte. 

Although the above discussed front 
projection, primarily, it is also true that 
there are different types of rear -pro- 
jection material available with a variety 
of transmission factors so that a ma- 
terial could be chosen which had a 
relatively high gain in passing the 
image light. However, care must be 
taken as the angle of light dispersion 
also changes and the material chosen 
only for its gain may restrict the seating 
area of the audience to an unacceptable 
extent. 

Another variable which can be con- 
trolled is the lamp used in the pro- 
jector. There are different lamps which 
have different wattage ratings with dif- 
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measurements (using a 500Hz high pass filter) less than 2 %. 
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A most useful tool for evaluating any disc playback system. 
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Utilizes advanced degaussing techniques with results equalled only by the 
most expensive laboratory units. If you use cassettes and require thorough and 
complete erasure of recorded material then you must try the ERASETTE 200B. 

You will be delighted at the performance of tßis amazing, yet inexpensive unit. 
ERASETTE Model 200B- $15.95 

The recorded portion of the magnetic tape can be read at a glance by a 

scale division of '/4 second as accurately as a clock. 
The performance of the TAPE -TIMER synchronized with the tape, prevents such 
errors as caused by the elongation or contraction of the tape, and by the 
variation of speed in the rotation of the machine. Fast forwarding of the tape 
involves the proportional increase of the advance on the TAPE -TIMER. When you 
rewind the tape, the pointer will be automatically moved back by the space of time 
exactly corresponding to the rewound length. You are free to stop, rewind, 
fast forward, or forward the tape without deranging the timing on the machine, thus 
prohibiting errors. Enables you to simplify the most complex tape editings. 
Every rotating part is provided with a precise ball bearing, so that the 
TAPE -TIMER can be employed at high speed with no need of lubrication. 
This trouble -free high precision TAPE -TIMER, within an error of 2/1000, 
can be simply fitted to any recording or editing machine. 
(A) Professional High Speed Tape Timer (71/2 -15 I.P.S.) - $99.95 
(B) Standard Model (33/4 -7'/2 I.P.S.) - $49.95 

Hygrometer No. 167 is certified to be accurate within 2 %. The dial indicates 
the complete range of 0 to 100% relative humidity and each instrument has been 
tested at three different positions of the dial at temperatures ranging from 32' to 

230 F. 

Specifications: Casing solid brass with gleaming finish, black dial with white 
numbers and lettering, red tipped pointer, casing is drilled for wall mounting. Usable 
in temperatures up to 230 degrees. Dial is direct reading without any calculations 
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Extremely versatile amplifier module for a wide variety of uses. Boasts extremely 
low harmonic distortion of less than .02% at maximum rated output. Uses nine 
silicon epitaxial planar transistors in unique circuit with over 60 dB of negative 
feedback plus a constant current load to the drive stage using two transistor 
circuit instead of the usual bootstrapping technique. High performance, low cost, 
small size and utmost reliability. Two year replacement warranty. 
Power output: 20 watts continuous from 30 volt supply into 4 ohm load, 15 watts 
into 8 ohm load. 
Frequency response: 30 to 300 kHz 1dB. 
Distortion: Less than 0.02% at 1000 Hz at full output and all lower power levels. 
Distortion on each end of the audio spectrum remains appropriately low. 

Dimensions: 3'/2 x 21/4 x' /2 inches Noise figure: -70 dB unweighted 
Input impedance: 100k ohms Supply voltage: 8 to 35 volts DC 
Damping factor: 500 - $15.95 

PZ -6 Regulated Power Supply for 35 volts up to 1.4 amps sufficient to drive 
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unregulated -$13.95 
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ferent life ratings and under different 
source voltages. Any tests made of the 
output of a projector should be made 
with a new lamp as many lamps darken 
and fall off in output with age. An im- 
portant consideration in some installa- 
tions might be the brightness of the 
lamp rather than the rated life ex- 
pectancy, depending on the material 
to be shown and the anticipated usage 
of the equipment -and the cost of re- 
placement of lamps. 

Two more variables which may be 
controlled, depending on the installa- 
tion, are whether the image is projected 
through glass and whether the image is 
thrown onto the screen with or without 
the use of a mirror. If the slide is glass - 
mounted, a small amount of light is 
lost in passing through the glass sides 
of the mounting. Also, if the projector 
is located in a projection room and not 
in the conference room, it is possible 
that a port has been allowed for pro- 
jection, and this port hole may or may 
not be sealed with a piece of glass. If 
there is glass dividing one room from 
the other, another bit of light is lost. 
The glass should be of the water -white 
variety which allows projection with a 
minimum loss of light. A mirror also 
causes a certain amount of light loss 
and although the amount is small, it 
should be included in calculations for 
greater accuracy. 

To illustrate quickly the variations 

possible in the factors presented in slide 
projection, let's look at the items men- 
tioned: 

Screen: Ideal matte factor is 1.00, 
metallic lenticular is rated at 2.00 and 
beaded at 2.80. Ordinary matte ma- 
terial is rated at 0.85 (loss of 15 per 
cent). 

Rear -projection material: Average 
is 2.25, highly diffusing is 0.75, and 
highly directional is rated at 4.00. 

Lamps: If a DEK is rated at 1.00 
at 120 volts, it is rated at 0.75 at 110 
volts. A DEL (also 500 watts) is rated 
at 1.2 at 120 volts and 0.9 at 110 volts, 
but the life is lower of the DEL than is 
the expectancy of the DEK. 

Lens: Considering a 5 -in. f/3.5 as 
1.00, a 3 -in. f/3.5 is rated at 0.75 while 
a 7 -in. f/3.5 is rated at 1.07. The zoom 
lens is 0.89. 

For a glass -mounted slide, the light 
loss is about 15 per cent of an un- 
mounted slide and by shining through 
two surfaces of projection window, 
about 10 per cent light is lost. Reflection 
from a mirror causes another loss of 
about 10 per cent over direct projection. 
Thus, the factors to be used in the cal- 
culations for glass -mounted slides, port 
windows, and a mirror are 0.85, 0.9 and 
another 0.9. 

In 16 -mm projection, similar factors 
determine the brightness of the image - 
with one difference. The screen ma- 
terial (front or rear), the lamp (its 

power rating, operating voltage and 
life expectancy), whether there is 
projection window glass or not, whether 
a mirror is used, and the area of the 
screen image, are all still factors (per- 
haps, to a slightly different extent 
than with slides, but nevertheless very 
important). In the film projector, be- 
cause of its mechanism and the method 
of operation, there is a shutter. Some 
projectors have two -bladed shutters 
while others have three blades. Since 
the three -bladed unit interrupts the 
light more often (three times per revolu- 
tion as compared to two times in the 
two -bladed units) there is a 30 per 
cent loss of light. It should be remem- 
bered that in 16 -mm projection there is 
no image brightness value (as there is 
in slide projection) dependent on the 
material to be projected. There is, how- 
ever, a recommended image brightness 
which is the guide for establishing the 
system elements. 

To indicate quickly and briefly the 
relative values of the controllable fac- 
tors in a 16 -mm system, a 2 in. f/1.6 is 
rated 1.00 while a 4 -in. f/2.5 is rated at 
0.52. The 1000 -watt lamp operating 
at 120 volts is rated at 1.00 while a 
750 -watt lamp at the same voltage is 
rated at 0.75 and a 1200 -watt lamp at 
115 volts is rated at 1.00. Values of 
screen material, window glass and 
mirrors have the same relative stand- 
ings as with slide projection. u 
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to -noise ratio by 6dB - and wrap it in an attractive new package. It still has the same ultra -fast 
"Gun -slinger" attack time (less than 20 fr sec). Same "quick draw" push button selection of four 
compression ratios, and adjustable attack and release times. Same compact 19" rack mount size - 31/2" high. Put your brand on one. Send for complete technical details today! r- 

A modular LN kit is available to up -date standard 
1176 models. Contact your dealer or write 
for details. 

U0 
11922 Valerio Street No. Hollywood 

California 91605 (213) 764 -1500 

Circle 26 on Reader Service Card 
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Synchronous recording 

Techniques 
SIDNEY L. SILVER 

The many methods of recording synchronized 
sound with motion picture are detailed. 

Sound on film -tape, conventional audio tape, 
and cassettes, as well as transfer systems 

are discussed. 

N MOTION PICTURE PRODUCTION, the synchronization of 

audio and visual information is commonly achieved by 
recording the sound track separately on a sprocket - 
driven magnetic -film recorder, using the same film gaguge 

(16mm or 35mm) as the picture stock. Assuming that the 

motion -picture camera and the magnetic -film recorder are 

driven by synchronous motors from the same a. -c. source 

(either 120 -V single -phase or 220 -V three- phase), the drive 
motors will hold precisely the same speed relationship once 

they have attained synchronous speed. 

An alternate method of synchronizing sound for motion 
pictures is to employ a quarter -inch magnetic -tape machine, 

in which a synchronizing pulse, or control signal, is recorded 

on the tape along with the program material. This sync 

signal can be considered as a series of invisible sprocket holes 

which provide a positive index for the subsequent control 
of tape movement during reproduction. For line -current 
operation, the sync pulse can easily be derived from the same 

power source through a step -down transformer. The mag- 

netic tape is then synchronously transferred, or resolved, to 
sprocketed magnetic film so that the normal editing and 

other production processes can he carried out, and the sound 

track finally printed as a standard optical track on the pic- 
ture film. 

The use of V -in. tape as a synchronous recording medium 

offers a particular advantage in location recording, because 

of the reduction in the size and weight of the sound equip- 

Sidney L. Silver is with the United Nations Telecommunica- 
lions Center at U.N. Headquarters in New York City. 

ment required, as well as the recording material itself. At 
the present time, there are a number of compact, lightweight, 
fully transistorized tape machines available for location re- 

cording, whose performance quality is comparable to their 
studio counterparts. Since these recorders are battery - 
operated, they must incorporate some method of stabilizing 
the voltage source, not only to maintain the precise adjust- 
ments of the bias and recording currents, but also to main- 
tain the d. -c. motor at a constant speed. The tape machine 

must also be equipped with a built -in facility for handling 
and retaining synchronization between picture and sound. 

SYNC -PULSE SYSTEMS 

Several techniques for synchronizing the sound track from 
in. tape recorders with motion -picture cameras have been 

developed, each of which accomplishes the same end result 
in a different way. In these systems, the objective is to 
magnetically record a synchronizing pulse on the same tape 

as the program sound in such a manner as to avoid cross -talk 
interference between the sync pulse and audio signal. For 
practical reasons, a 60 -Hz sync pulse, or pilot tone, is used in 
the U.S. because this conforms with the standard power -line 
frequency. In those parts of the world where 50 Hz is the 

standard line frequency, a 50 -Hz sync signal would be em- 

ployed. The simplest approach is to use a dual -track tape 
machine in which the program material is recorded on one 

half of the tape width and the sync pulse on the other half. 
This technique, however, does not fulfillprofessional re- 

quirements, since the tape cannot be reproduced on full - 
track equipment. Moreover, dividing the audio tape area in 
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18 MILS 

16 MILS T- 
18 MILS 

Figure 1. The Neopilot system uses a push -pull 
sync -pulse head. 

half reduces the signal -to -noise ratio by 6 dB. 
Another method of synchronization is the Fairchild system, 

in which a 14 -kHz carrier signal, modulated by the 60 -Hz 
line frequency, is magnetically recorded with the same record 
head used for the program sound. In this arrangement, the 
modulated carrier- signal level is about 30 dB below program 
level, so that it does not interfere with the sound material. 
In reproduction, the 14 -kHz carrier is demodulated and the 
60 -Hz signal is used for synchronization. For maximum sta- 
bility of the carrier frequency, it is preferable to record at 15 
in. /sec., but under optimum operating conditions, a tape 
speed of 7% in. /sec. is acceptable. Unfortunately, the high - 
frequency carrier signals are subject to dropouts (due to poor 
tape -to -head contact) which are caused by any accumulation 
of foreign material on the tape surface. 

In general, most synchronous recording systems employ an 
auxiliary record /reproduce head, or sync -pulse head (usually 
positioned between the program record and playback heads), 
which records an independent pilot track in a narrow portion 
of the tape width. Biasing for the sync -pulse head is provided 
by the local bias oscillator of the tape machine, which effec- 
tively maintains a pure 60 Hz pilot tone. Without a biasing 
arrangement, harmonic frequencies of the sync signal would 
be generated which could be picked up by the program heads, 
resulting in cross -talk interference. 

In one scheme, known as the Pilot -Tone system, the 60 -Hz 
sync signal is recorded in the center portion of the tape width, 
with the sync -pulse head gap oriented exactly perpendicular 
to the program record head slit. This results in a transverse 
recording in which the magnetizing force is at an angle of 
90 degrees to the direction of tape movement. In contrast, the 
program record head uses longitudinal recording where the 
magnetization is parallel to the direction of tape travel. A 
disadvantage of this system is that the sync -pulse head 
utilizes a rather wide gap (about 20 mils), which prevents a 
good bias action, and hence reduces the signal -to -noise ratio 
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Figure 2. This synchronous recording system uses interconnecting 
cable between the camera and tape machine. 
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of the sound track. In the Rangertone system, the sync pulse 
is also recorded in the center of the tape, but the head gap 
is rotated about 87 degrees out of azimuth from the program 
record head slit. This angular position produces a reasonably 
wide pilot track, but the sync -pulse head adjustment is ex- 
tremely critical and hum pickup on the sound track is a diffi- 
cult problem. 

Another method of synchronization is the Perfectone sys- 
tem, which employs longitudinal recording of the sync pulse 
and the audio signal. Here the sync signal is recorded in push - 
pull by a dual sync -pulse head, with the pilot tracks occupy- 
ing the outer edges of the magnetic tape. Since both tracks 
are 180 degrees out of phase with respect to each other, a 
cancellation effect occurs when the tracks are reproduced by 
by the program playback head, thereby reducing cross -talk 
to a minimum. A variation of this technique is the Echelon 
system, in which the sync signal is recorded in -phase on the 
outer edges of the tape, but the pole pieces of the dual head 
are somewhat displaced from each other. The cancellation 
effect is achieved by staggering the sync -pulse head gaps 
at a distance of one half the wavelength of the 60 Hz sync 
signal. A limitation of this system, as well as the Perfectone 
scheme, is that any crimping or weaving at the edges of the 
tape would tend to make the sync -pulse area critical, and 
hence the synchronization process would be unreliable. 

At the present state of the art, the most widely used tech- 
nique for synchronous % -in. tape recording is the Neopilot 
system. In this system, the dual sync -pulse head is designed 
with an extremely narrow gap so that bias power dissipation 
is considerably low. Referring to the illustration in FIGURE 1, 

the tape movement is from right to left with the oxide orat- 
ing toward the viewer. As the magnetic tape moves in con- 
tact with the program record head, a full -track audio signal 
is recorded longitudinally on the tape. The tape then passes 
over the sync -pulse head (which is actually two heads in 
push -pull) so that the high frequency bias across each head 
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Figure 3. A crystal -drive synchronous system eliminates the need for 
interconnecting cable such as shown in Figure 2. 
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Figure 4. A radio- control system for syn- 

chronous recording. 
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erases the audio signal in the respective areas, and records a 
60 -Hz push -pull signal. This signal is in the form of two 
narrow tracks recorded in the center portion of the tape, 
the width of each track being about 18 mils, with a 16 -mil 

separation between them. Each track is recorded in opposite 
phase, so that where a hill of pulse waveform is recorded on 
one track, a valley is impressed on the corresponding portion 
of the other track. In relation to the program playback head 
which reproduces the full tape width, the two pilot tracks 
effectively cancel each other out, so that the sync signal is 

not audible on the program channel. This condition is based 
on the assumption that the applied record currents in the 
sync -pulse heads are properly balanced with regard to 
phase and amplitude. In practice, the symmetry of magnetic 
flux in both tracks is controlled by a balance pot arrange- 
ment which reduces cross -talk interference to negligible 
proportions. 

The Neopilot system has the capability of providing a 
greater signal -to -noise ratio than any other synchronizing 
method. Owing to its dominance in the field of % -in. syn- 
chronous tape recording, it may possible become the accepted 
international standard. Although the system is incorporated 
as a built -in facility in a number of tape machines designed 
for synchronous recording; e.g., Nagra, Tandberg, and Uher; 
the Neopilot head assembly itself is available as an accessory 
component which can readily be adapted to other high - 
quality professional tape machines. 

INTERCONNECTING CABLE SYSTEM 

In location recording, there are many situations where a 
stable- frequency a. -c. source is not available for the capstan 
drive of the magnetic tape transport and the drive motor of 
the motion picture camera. In such cases, it is feasible to 
use battery- operated d. -c. equipment employing some form 
of regulating device in the drive systems of both the camera 
and tape recorder, in order to establish proper speed control. 
FIGURE 2 shows a simplified block diagram of a synchronizing 
system where close accuracy in speed regulation is achieved 
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CRYSTAL CONTROLLED 
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by driving the camera with a governor -controlled d -c. motor, 
powered by an external 12 -V battery. Here a small rotating 
generator (mounted at one end of the motor shaft) pro- 
vides the necessary pilot tone, whose frequency is synchro- 
nous to the frame, or shutter, frequency of the camera. 
Since the camera is driven at 24 frames per second, and the 
generator is designed to produce 2% cycles of sync signal 
for each frame of film movement, the sync pulse generated 
is the required 60 Hz. The sync signal (about 1 V of ampli- 
tude) is fed by a wire pair to the sync -pulse head circuit of 
the tape recorder; the recorder being driven by a servo - 
controlled d. -c. motor, powered by an internal battery. 
Another line provides a means of automatically starting and 
stopping the tape machine in conjunction with camera 
operation. The third line in the interconnecting cable en- 
able marker pulses to be generated under the control of an 
electronic time -delay circuit contained within the camera. 

In operating the system, the sequence of events is as 
follows: when the camera is started, the start -stop circuit in 
the tape recorder is energized by the camera battery voltage 
and, simultaneously, the 60Hz pilot tone is conveyed to the 
sync -pulse input of the tape machine and magnetically re- 
corded. After a short time delay, which allows both the 
camera and tape recorder to come up to normal speed, a 
fogging lamp in the camera fully exposes a few frames of 
film. At the same time, a d. -c. control voltage derived from 
the camera battery actuates a bloop oscillator in the tape 
machine, which enables a brief audible marker tone (of 
the order of 1 kHz) to be recorded on the program track. 
The fogging lamp then automatically extinguished, the 
marker pulse is simultaneously switched out, and the system 
is now ready to accept program material. In this system, the 
fogging lamp and marker oscillator establish an identical 
time -point relationship on the picture film and magnetic tape 
at the beginning of each take. By identifying a particular 
visual mark on the film with a corresponding audible start 
mark on the tape, picture and sound can be subsequently 
matched. 
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Figure 5. This direct -drive system is -used for 
synchronously transferring magnetic tape to 
sprocketed magnetic film. 

Figure 6. This is a closed -loop servo system for 

synchronous transfer. 
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To obtain greater freedom of movement between the camera- 
man and sound recordist, it would be desirable to eliminate the 
"umbilical cord" linking the camera and tape machine. 
This may be accomplished by utilizing two separate fre- 
quency sources of great accuracy; one frequency source for 
driving the camera, and the other for synchronizing the tape 
recorder. Using this method, several cameras and tape re- 
corders can easily be incorporated into the system, each unit 
carrying its own independent precision frequency source. 

In the wireless system shown in FIGURE 3, the synchronous 
camera motor is driven by a miniature solid -state inverter 
operating from the camera battery and generating 117 V a. -c. 
at 60 Hz. For maximum precision, the frequency -determing 
element of the inverter is a highly stable crystal- controlled 
oscillator, which is counted down by a chain of frequency 
dividers to produce the required drive frequency. A precisely 
matched crystal -controlled oscillator, operating from the 
internal battery of the tape machine, delivers the 60 Hz pilot 
tone to the sync -pulse head circuit of the recorder. Typically, 
the inverter and sync -pulse generator have an accuracy of 20 
parts per million over a temperature range of minus 20 deg. C 
to plus 50 deg. C. 

In some systems, a precision tuning -fork standard is em- 
ployed as the stable frequency source. Here a higher fre- 
quency fork resonating at, say, 960 Hz, is divided down to 

the necessary 60 Hz; the reduced size of the fork rendering it 
less susceptible to disturbance by environmental conditions. 
Since they are heavier and require more power, tunning -fork 
units are not very common in this application. 

Obviously, the removal of the interconnecting cable 
eliminates the facility for automatic start -stop operation, 
and also the means for initiating start mark control. As a 
solution, the start mark can be established in the traditional 
manner by the use of clap -sticks attached to a slate, in which 
the take number, scene number, and any other information 
essential to the subsequent editing process is conveyed to the 
system. Initially, the cameraman and recordist are given a 
verbal or visual cue to start rolling. After the camera and 
tape machine have reached their normal speed, the clap- 
sticks are brought together in front of the camera, and the 
transient sound picked up by the microphone is recorded on 
the program track. 

RADIO -CONTROL SYSTEM 

The wireless system offers a particular advantage in situa- 
tions where a high degree of mobility is required, such as in 
the modern technique known as cinema venite. Obviously, an 
electronic means of marking would be called for, since the 
use of clap- sticks is inconvenient and, in most cases, a dis- 
tracting influence. This condition can be met by utilizing a 
sophisticated radio -control system which has the capability 
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of transmitting the necessary control signals for start marking 
and for starting and stopping the tape machine. 

FIGURE 4 shows a miniature radio -control system which 
employs citizens band equipment operating in the 27 mHz 
range. According to FCC specifications, no license is required 
if the d. -c. power input to the final stage of the transmitter is 

not in excess of 100 m \V. The receiver, operating from the 
tape machine battery, picks up the information, and proc- 
esses and selects the appropriate control signals for the 
marker tone and the start -stop operation. Using this system, 
the cameraman and recordist can freely maneuver anywhere 
within the range of the transmitter. If other cameras and 
tape recorders are involved, coding devices can he incor- 
porated in the radio system for identification purposes. 

Some systems are designed to transmit the 60 Hz sync 
signal by radio, but this procedure is unreliable, since any 
obstruction between the transmitting and receiving an- 
tennas would result in a loss of syncronization. In FIGURE 4, 

the sync signal for the tape recorder is provided by a pre- 
cision- controlled source. The camera, however, is driven by a 
crystal- controlled d. -c. motor which operates in a servo - 
control system to regulate the speed of the motor. Here a 
tachometer, coupled to the drive motor, generates an a. -c. 

voltage whose frequency is compared with a crystal -controlled 
reference frequency. Any error, or difference between the 
two frequencies, produces a resultant d. -c. signal which is 

amplified and used to correct the motor speed. In effect, the 
gain of the d. -c. control amplifier driving the camera motor, 
is made to increase or decrease, according to whether the 
motor speed is too slow or too fast. 

SYNCHRONOUS TRANSFER SYSTEMS 

In the process of transferring, or resolving, % -in. syn- 
chronous tape to sprocketed magnetic film, corrections are 
automatically made for variations in the speed of the tape 
machine, elongation and contraction of the tape (due to 
mechanical strain, temperature changes, humidity varia- 
tions), and any other factors that may have affected the 
linear speed during the original recording. The objective is 

to maintain absolute synchronization, so that in reproduc- 
tion, the sound track re- recorded on the sprocketed mag- 
netic film will match the camera picture, frame by frame. 

FIGURE 5 shows a block diagram of the direct -drive re- 
solving system, in which the tape reproducer drives at a 
constant speed and the sprocketed magnetic film recorder is 

synchronously controlled. Ilere the reproduced 60 -Hz sync 
pulse is amplified by a preamp and a 75-W amplifier, in order 
to provide sufficient power to drive the synchronous motor 
in the film recorder. In practice, the power amplifier includes 
a wave- shaping device so that the motor excitation is ap- 
proximately 120 V of a well- formed sine wave. The transfer 
drive motor will thus increase and decrease its speed in 

accordance with the taped sync signal. In the direct -drive 
system, small, fast deviations between the tape sync pulse 
and the power -line frequency may produce audible low - 

frequency flutter (wow), unless some form of delay timing is 

incorporated in the film recorder to provide a means of damp- 
ing the changes in motor speed. 

Another method for synchronously transferring magnetic 
tape is the closed -loop servo system. In contrast to the 
direct -drive system, the drive motor of the sprocketed film 

recorder is now driven by the power -line source, and the 
speed of the synchronous tape machine motor is controlled 
by a synchronizer, or resolver. The reproduced sync signal 
is electrically compared with the line frequency and an error - 
correcting signal is delivered to the reproducer motor, thereby 

correcting the speed and retaining frame -by -frame syn- 
chronization. In the servo system of FIGURE 6, the syn- 
chronizer is designed to accept 14 kHz carrier signals modu- 
lated by 60 Hz, as well as the 60 Hz pilot tone originally 
taped along with the program track. Here the sync signal is 

fed through an amplifier to a comparator, which compares 
the 60 Hz sync pulse (plus or minus any deviations that may 
exist) to the 60 Hz line frequency. The comparator drives a 
potentiometer which controls the frequency of an oscillator, 
whose output frequency is sufficiently amplified to drive the 
tape transport motor. Assuming that the reproduced tape is 
running slower than it should, the sync signal will actually be 
less than 60 Hz. This will cause the comparator to turn the 
pot in such a direction as to increase the oscillator frequency 
so that the motor speed, and hence the tape speed, is made to 
conform with the 60 Hz line frequency. At this point, the 
comparator will come to rest, thereby maintaining constant 
tape speed until the sync signal should try to deviate again 
from the line frequency. 

In the transferring process, the battery- driven tape ma- 
chine used in the original recording can also be used to re- 
produce the pilot tone. Here the principal component of the 
resolver is a phase discriminator which compares the fre- 

quency of the taped sync pulse with a suitable reference fre- 
quency. Any phase difference is converted into a d. -c. con- 
trol signal which is used to correct the speed of the d. -c. 

motor in the tape machine. 

RECENT DEVELOPMENTS 
In recent years, a number of battery- operated sprocket -driven 
magnetic film recorders have been developed which are rugged, 
compact, and sufficiently light in weight to be carried by 
shoulder strap. These unique machines are available for 
16 -mm and 35 -mm operation, and since the transfer process 
is eliminated, they provide direct editing and projection 
capabilities. Synchronism with the motion picture camera is 

achieved by the use of a 60 -Hz sync pulse derived from the 
camera generator, which is amplified and used to control 
the speed of a synchronous motor gear -coupled to the sprocket 
drive of the film recorder. 

Several years ago, a % -in. magnetic tape with 16 mm 
film perforations on one edge, was developed for use with 
special sprocketed tape recorders. Unfortunately, tape 
stretch produced in the area of the sprocket holes created 
alignment problems (due to sprocket modulation), thus mak- 
ing this system impractical. More development work is 

needed to produce a tape transport capable of eliminating 
this stretching action, especially during starting and stopping 
operations, before this technique can be re- introduced. 

The latest development in the synchronization of sound 
with motion pictures is the cassette recording system which 
provides all the features found in reel -to -reel tape recorders. 
In this method, a standard cassette with a 150 mil tape width 
is employed, in which a 56 mil program track is recorded 
on one edge of the tape width and a 56 mil sync track on the 
other. In order to maintain a signal -to -noise ratio and fre- 
quency response that is comparable to professional open - 
reel tape recorders, the tape speed is 3% rather than the 
standard 1% used in other types of cassette recorders. 
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EVR at I ako-OFF 
EDWARD TATNALL CANBY 

Electronic Video Recording is about to 
spring forth full grown -almost surely before 

this year is out. The author offers the 
implications that this medium in its Final 

form will mean. 

NO WONDER there has been a slight delay," I wrote 
at the end of an article on EVR, Electronic Video 
Recording, published two long years ago in the 
September issue of db. At that time the much - 

heralded new TV recording system from CBS, pioneered by 
Dr. Peter Goldmark of 1p record fame, still seemed hopelessly 
tied up in back -stage maneuverings though it had been 
formally announced more than a year earlier. The new system 
had impressive potential -but it had yet to be launched. 

There was a slight further delay. As of the spring of 1970, 
almost three years after announcement, the mammoth inter- 
national EVR system, ever growing larger, was still grounded. 
In the U. S. not a cartridge was available on the market, nor a 
player to convert its miniature film into TV images. 

But outward appearances are deceptive. A large -scale, 
world -wide recording system, based on a new process cutting 
across conventional lines, takes a long time to put into pro- 
ductive order; almost everything must be designed from 
scratch. EVR's delays are in part a matter of semantics. 
When is a delay a delay? Mostly when the public relations 
department is over -eager. CBS has contradicted its own 
pronouncements on more than one occasion, if we must 
quibble over details. The 1967 announcement stated, probably 
rashly, that "EVR programming and color and black and 
white equipment will be demonstrated next spring, and 
cartridges and players will be available in the spring of 
1969." Somebody probably wishes he could eat those words 
right now, but they are not overly important. CBS now 
claims to be "a year ahead" of original scheduling in its color 
capability. The Motorola black- and -white EVR teleplayer 
demonstrated to the press more than a year ago never got 
into production -but it was superceded this March, 1970, by 
a color player (monochrome compatible) at the same an- 
nounced price. That indicates some sort of speed -up in 
schedule even if Motorola is technically delayed in its pro- 
duction. Color capability, at least, has come along fast. 

o^ The "poop" now is that take -off is, at last, not far away. 
Motorola's color teleplayers were pre -production models last 
March. The company's is geared, they say, for acapacityof 
100,000 a year as of this September when the machine is 

-o 
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scheduled for release. The necessary processing will be 
provided by the same date -hopefully -via the new CBS 
facilities in Rockleigh, New Jersey. This first teleplayer 
is primarily a ruggedized version aimed at educational, 
scientific and industrial areas, but anyone -they say -can 
have one for $795, come September. 

Impressive quantities of software, the actual material to be 
cartridged for playback are lined up via a host of EVR 
affiliations. The sources in this country range from the New 
York Times all the way to Darryl F. Zanuck's 20th Century- 
Fox continuing library of films, which will be available for 
EVR recordings when they are five years old. Educational 
and scientific sources are proliferating too. Instructional ma- 
terial in everything from grade -school learning to medical 
technology are meat for the EVR grinder. Or will be when 
things get started. 

EVR AROUND THE WORLD 
In these last three years, too, a world -wide network of EVR 
companies, affiliates, and licencees has grown up, a consor- 
tium of major operatives in many countries, including our 
own, to provide the basic EVR series -the software, the 
cartridges and teleplayers, and the EVR processing. The 
central entity is not CBS itself but a British -based super - 
company called the EVR Partnership made up of CBS in 
America, Imperial Chemical Industries in England and 
CIBA in Switzerland. In each country or area, subsidiaries or 
affiliates provide the local EVR potential. Thus in Britain the 
EVR teleplayer (a "50- field" model adapted to British tele- 
vision and the British 50 -Hz current) is manufactured by the 
Rank Bush Murphy division of the Rank Organization. In 
Germany, Bosch will produce it. In France it will be Thomp- 
son, C.S.F. Motorola has the exclusive for the American 
area ( "60- field ", and 60 -Hz a.c.) through 1971. Distribution 
facilities have similarly been elaborated on an impressive 
scale. But most outsiders will be even more interested in the 
world -wide network of source- material affiliates; for what 
good is a TV cartridge without a catalogue of playable ma- 
terial? 

CBS and the EVR Partnership have rightly foreseen that 
this is a crucial element for EVR's success. And so arrange- 
ments have been largely made before -not after -official 
launching of the system. 
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Catalogue material, available without problems and 
quickly, covering every possible interest and usefulness in 
every foreseeable area, is the sine qua non, the without - 
which-no, of every brand -new communications system. We 
need merely remember the immense amount of music that 
CBS, back in 1948, painfully transcribed from 78 and 16 -inch 
transcription sources for the new Ip record, to understand 
that content played a big part in the success of that format. 
To this day, the 1p -disc has not lost that first -off headstart. 
Obviously, EVR in the vast TV field of playable consumer 
recordings, intends to begin operations with exactly the same 
advantage. One cause for delay? Very possibly, and a good 
one. 

Pages - would- net; -suffice to -list all of the 1 VR affiliations 
so far announced in this software department. A few items 
will give the shape of the EVR picture. 

On the Swiss scene, for example (and do not underestimate 
little Switzerland!) a new corporation has been set up for the 
purpose, combining CIBA, the giant Geigy firm, and the 
Lausanne -based Editions Recontre, a publisher widely known 
in the book business and its modern relatives. This combine, 
called CADIA, will "create EVR materials in medical, agro- 
chemical, scientific, encyclopedic and purely cultural topics." 

In France, the famous Librairie Hachette (Librairie in 

French means publisher) is signed up. Other arrangements 
have been concluded in Italy and Austria. In Germany a 
film and Tv- producing company called Videothek Programm 
GmbH, specializing in learning programs in the audiovisual 
area, has added EVR to its other production outlets. 

Of more direct concern to us, numerous U.S. companies are 
already involved in the EVR pre -launch operation. Equitable 
Life, for example, has announced training and communica- 
tions programs to be processed on EVR. Also New England 
Mutual. Publishers include- needless to say -the CBS - 
owned W. B. Saunders Company. All told, there were already 
some thirty commitments to EVR by early 1969 and we may 
assume that most of them are still holding on, with new 
names appearing all the time. CBS has no intention, clearly, 
of falling between stools when the great moment comes. 
Manufacture, processing, distribution and source material, 
will abound, if the EVR people can manage it, right from the 
beginning. 

Promises, promises! Of course. The whole affair is a gamble 
just as any other large -scale commercial venture. I am merely 
quoting CBS informational material here -no guarantees. 
But the fact is that we are on the verge of entering a new 

Figure 2. The EVR player and cartridge. The player is being manu- 

factured by Motorola in an exclusive arrangement with CBS. 

SYNC TRACK 

PICTURE TRACK PICTURE TRACK It 

SOUND TRACK I I SOUND TRACK R 

Figure 1. The EVR film. On the left a monochromatic film will hold 
two side -by -side pictures, each with its own sound track. On the 

right, color EVR contains a black- and -white luminance track (the 
fundamental image) and a separate chrominance track (containing 
the color information). A faint picture image is sometimes visible in 

the chrominance track. Note on both films that the sync track has 

a window per frame. This is not a perforation, but a printed clear bar 

age, that of manipulable telmiaioa, ry under the viewer's 
direct personal control. It is startlingly different in action from 
TV as we know it now, and will lead to a new television in- 
dustry, brand new habits for the TV viewer, new educational 
methods of immense significance for the teacher, for the 
corporation, for libraries, filing systems, public service. 

SOME ESSENTIALS OF OPERAI ON 
EVR, yet unborn, has generated a fantastic quantity of press 
and other informational material, a pile of which is before 
me. But in all this time the fundamental technicalities of the 
EVR process have been kept under wraps, probably with 
good reason. This spring, at last, CBS issued an 18 -page 
document with 32 additional pages of diagrams, photos and 
charts in which, finally, the technical gist of the entire sys- 
tem, and especially of the ingenious color coding process by 
which a black- and -white pair of micro -images on a tiny film 
convert to a standard television color signal of professional 
quality, is spelled out in technical detail. The document fol- 
lowed Dr. Goldmark's first complete exposition of the EVR 
technology at Stuttgart, Germany, this last spring. (Other 
presentations are now being made before various technical 
bodies.) 

Though largely technical, the paper reinforces the sense 

Figure 3. Inside the Motorola EVR player. Note the reel behind 
the cartridge that serves to take up the film during play. After 
play film is rewound to the cartridge. 
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that EVR, unlaunched, is still a fascinating and workable 
medium. One reads at last just how it is done -though space 
precludes more than a few spicy details here. One proceeds 
from the basic premise, electron beam recording of the EVR 
film master in vacuo (the beam's spot is 2.5 microns in di- 
ameter, tracing four master tracks on one 40 mm electron - 
sensitive film in a vacuum "no higher than 10 -6. torr via a 
double pumping system) to the final simple rf connection at 
any home Tv receiver or professional monitor. 

There is the high -speed photographic multihead wet gate 
printer, a British development, which operates at up to 200 

feet a minute (approximately 40 in. /sec.) to generate 16 

25- minute color programs each time the master film loop 
goes through the machine -100 times normal playing speed, a 

color print every 18 seconds. (Tape duplicators, how about 
that ?) 

There is the teleplayer itself, in which the published EVR 
film is scanned without starts and stops via a double system 
of optics and a 3 -inch special crt the film running smoothly 
at 6 in. /sec. (U.S.). The film is scanned much as we corn - 
muters used to board a moving trolley car in the old days; 
you ran at the same speed as the car, then hopped onto the 
step. The EVR scanning moves with the film, snaps back for 
the next frame, the whole synchronized via optical clear 
windows at the centerline between the two rows of frames. 
No stop and go, and thus a much- reduced wear factor as 

compared with normal moving picture film of any sort. (Note, 
too, that the magnetic audio tracks do not have to be me- 
chanically isolated for playback.) 

The cartridge itself, seven inches by one half, is round, 
with a hole much like a 45 r.p.m. record. It is sealed and un- 
reels automatically onto a take -up reel inside the teleplayer. 
The film is 8.75mm. wide, sprocketless, 90,000 frames on each 
of the two parallel tracks (more when thinner film is available), 
each single frame only 0.13 by 0.1 inches, moving at 60 frames 
per second (U.S.) at a continuous speed of 6 in. /sec. (All 
these parameters are slightly different in Europe.) The 
player's scanning and optical -electronic operations are put 
down in great detail in the CBS paper. Suffice it to say that 
for color the luminance or monochrome values are on one 
track, the chrominance or color values on the other. The 
chrominance recording (in black and white) is spatial: one 
can sometimes see a faint ghost of the picture in the forest of 
close -packed vertical lines that make up the color coding 
(see Figure 1). Luminance and chrominance are combined, 
with the help of a pilot signal, into the standard rf that is fed to 
the TV receiver. For black- and -white programs, both the 
parallel channels are used, two discrete programs in parallel. 

EMPHASIS POINTS 

Note that EVR mastering will accept most types of existing 
primary material, moving or still, via 35 or 16 mm, color slides, 
film strips, videotape and so on- always providing that 
multiple printing of identical copies is the aim. 

All material for EVR publication must be processed at 
CBS- operated centers (or equivalents in other countries), 
somewhat like Kodachrome in its early days. (CBS is making 
much of the fact that EVR material is thus protected from 
unauthorized duplication -pirating.) Whether the exclusi- 
vivity will last is an iffy question and depends, I'd guess, on 
demand, though legal aspects might be involved. CBS (like 
Kodak) can always license out its processing. 

Note again that the EVR type of consumer TV recording 
is not a replacement for the generally bulkier and more ex- 

pensive (picture -for- picture) videotape. Videotape, whether 

in commerce or education, is primarily a means of direct re- 
cording and erasure, like audio tape. Duplication, even with 
the ingenuity of a Sony, is not its natural forte. 

A school, for instance, can produce its own recorded 
TV shows via videotape equipment -many do. But to make 
use of EVR the single tape must be submitted to CBS for 
processing and duplication at a minimum of 50 copies. The 
parallel with the Ip disc versus the audio tape machine is close. 
A disc is an audio publication. An EVR cartridge is published 
TV. 

Note that EVR has been ingeniously tied to each of the 
various world television systems where it will be sold, to 
provide an optimum signal for the particular parameters 
involved. The curious repetition of the numbers five and six 
in the European and American specs has to do with this 

Color EVR Player Performance Specifications 

VIDEO: Line Rate: 15,750 Hz. 
Field Rate: 60 Hz. 
RF Signal Output: 50 MV 
into 75 ohm line. Double 
sideband modified NTSC 
signal. 
Video S /N: 35 db peak 
white to RMS noise on 
the reproduced picture. 
Video Output: 1.5 V pp 
across 75 ohm unbalanced 
line. Black Negative, 525 
line standard. 
Video Frequency Re- 
sponse: No limitation 
below 4 MHz. 
Gamma Correction: 
Gamma corrected for 
linear response on 
receiver. 

AUDIO: Audio Output: 1 V RMS, 
600 Ohm unbalanced. 
Frequency Response: 
Normal band pass response 
±3db. 
Signal to noise: 45 Db. 
Flutter: 0.2% rms on an 
unweighted flutter meter. 

POWER Power Source: 105 -135V, 
REQUIREMENTS: 60 Hz, A.C. ONLY. 

Power Cord: 3 conductor 
power cord provided 
with player. 
Power Consumption: 
100 Watts. 

DIMENSIONS: 21%" wide 
19%" deep 
8%" high 
50 lbs. shipping weight 

MODEL NO.: CR 100 G 

Above, the specifications given by Motorola for the EVR player 
they are manufacturing. 
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adaptation. 5 in./sec. playing speed in Europe, 6 here; a 50 

field picture in Europe. 60 -field here, fifty, or sixty ,frames 

per second in the playback. This sterns from the locking-in of 

the system to the prevailing 50 -Hz current in Europe and 

our own 60 -Hz equivalent. The 5:6 ratio is evidently basic 

to the two versions. Thus European and American EVR are 

not compatible -but neither are the Tv sets. (That's one 

limitation: no European imports to be offered exotically along- 

side our plebian American product!) Foreign material, of 

course, can be offered here in the American EVR cartridges, 
and rice versa. 

AN IMPORTANT ADDENDUM 

The fine -grain silver -halide EVR cartridge film may he 

replaced by a less expensive diazo film, now under final 

testing. It is also simpler to process: exposure by ultraviolet 
light and development in an atmosphere of ammonia. This, 
perhaps, is in answer to the RCA plastic wrap threat. 

At the core of the EVR system is the extraordinary minia- 

turization of the photo -scan process, a development parallel- 
ing the miniaturization of solid -state electronics. EVR 

master film will take a detail resolution of no less than 800 

line -pairs per millimeter, with a crystal size of less than a 

tenth of a micron. The tiny final EVR print can be blown up, 

similarly, with incredible sharpness of detail. The entire 
EVR system. thus, is able to provide better television resolu- 

tion than exists in any present TV broadcast system and 
probably as good as anything likely to appear in a closed - 

circuit configuration where EVR might be of use. It is a 
question whether any species of consumer magnetic video- 
tape recording can match the EVR color specs, though, it 
must be said that videotape has its own different areas of 

usefulness, already well established. 

EVR PRICES? 

Obviously fluent, depending on future volume. Preliminary 
price schedules are out, graded according to quantity. At 
one end of the scale, the complete production costs (mastering 
and printing) for 50 color cartridges, the minimum, are now 

set at S36.50 for each 25 minute program, S9 for a five- minute 
"spot". The price for 2000 of the longer programs drops to 
$18.50. The cost for 2000 50- minute monochrome programs, 
(two programs in one cartridge,) is S23.10. If this sounds 
confusing as here quoted, I am merely reading off the CBS 
price lists. Prices quoted are per cartridge, including all 

processing. \.o cheap -yet. Give them time. 

AUDIO IN EVR? 

Not much to say. Sound engineers are going to have to 
admit, ruefully, that in the coming era of TV recordings audio 
is but the handmaiden of the picture. E\R's audio is per- 

fectly respectable, otherwise unremarkable. \ \'hat else? 

At least E \'R has gone magnetic, via two edge stripes, 
assuring a signal that will not likely be less good than its 
source. Stereo, too, when and if, for color EVR; or two alter- 
native channels for instruction or entertainment in either of 

two languages, to choice. Actually, the pair of channels is 

intended for the monochrome EVR programs that will 

dominate the medium outside of America for the initial 
period. A bit of wisely designed switching takes care of the 
rest. 

Now, with bated breath, let us await the launching. Or 

should I say the take -off? 

THE 
ULTIMATE 

BLACK BOX. 
It's MCI's new, integrated, modular- 

ized 8 -track tape console. 
New, because the entire back panel 

swings open for instant access to the control 
module electronics. 

Integrated to give you precisely uniform 
(and spectacular) performance from channel 
to channel. 

Modularized for even easier serviceabil- 
ity. Plus the potential to build up from 8 track 
to 16. Or 24. Or 32. Or as many as you want. 

There's a built -in remote overdub, too. 
And all 8 meters are lined up horizon- 

tally for easy reading. 
Prices start at $6,200. MC` 

FOR SPECS AND DETAILS. WRITE OR PHONE MCI, 1140 NORTH 
FLAGLER DR., FT. LAUDERDALE, FLORIDA 33304 (305) 524 -3318. 

Circle 2-I on Reader Service Card 
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Picture Gallory 
L.A. AES Convention 

0 N THIS and the following three pages are to be 
found the new and almost new products our 
peripatetic camera found at the grandest AES 
Convention yet. Los Angeles' Hilton Hotel was 

host to exhibitors, givers of papers, and guests, in this 38th 
Convention to be held. 

The space we have available in this issue does not permit 

Consoles 

This big console from Electrodyne is folded around a corner. 
Circle 65 on Reader Service Card. 

Quad -Eight has 16 in and 8 out in its new console. Circle 51 
on Reader Service Card. 

The Fairchild ITC-SO has 16 inputs and 8 outputs you can 
carry Circle 66 on Reader Service Card. 

us to show all the exhibitors. Watch future NEW PRODUCTS 

AND SERVICES pages for interesting equipment that didn't 
make it into this roundup. 

Each product is keyed with a reader service number. Simply 
circle the appropriate number(s) of your interest on the 
reader service card at the rear of this issue and you will 
receive further information directly from the manufacturer. 

Im. llllllll 
This 8- channel inking module goes into Gately's modular 
systems. Circle 50 on Reader Service Card. 

Spectra -Sonics showed a new console with 20 input chan- 
nels. Circle 46 on Reader Service Card. 

The Altec console that appears on our cover. Light -panel 
volume indicators are used. Circle 99 on Reader Service Card. 
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Opamp uses its special circuitry in a mic input module kit. 
Circle 64 on Reader Service Card. 

The Audio Designs Audex control system in a separate 
package. Circle 72 on Reader Service Card. 

Tape 

The 3M loop drive system is applied in this cassette dupli- 
cator slave. Circle 55 on Reader Service Card. 

Teac offers the A 7030, stereo in a compact studio console. 
Circle 63 on Reader Service Card. 

MRS, with electronic speed control on its machines, now has 
a cassette duplicator slave. Circle 59 on Reader Service Card. 

Langevin has 15 inputs on this new console. Circle 60 on 
Reader Service Card. 

a! 
Otani of Japan showed a comidcte line of tape duplicating 
equipment. Circle 71 on Reader Service Card. 

The GRT 500 counts dropouts and evaluates audio tape. 
Circle 62 on Reader Service Card. 
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The Norelco PRO -51, newest professional recorder in their 
line. Circle 74 on Reader Service Card. 

Sony- Superscope's servo -controlled TC -850 stereo tape 
recorder. Circle 57 on Reader Service Card. 

This is the vanguard model of a new generation of Ampex 
studio tape recorders. Circle 45 on Reader Service Card. 

Other Equipment 

Dolby's new model 360. A thin mono stretcher over the 
thicker two- channel A301. Circle 43 on Reader Service Card. 

This is an all -electronic reverb -lira from Melcor. Circle 47 
on Reader Service Card. 

Response curves were shown of the Electro -Voice US -35 
dynamic. Circle 73 on Reader Service Card. 

Control peaks adjustably with UREI's 2- channel leveling Two turntables and a small console make up the QRK -5 
amplifier. Circle 52 on Reader Service Card. system Circle 68 on Reader Service Card. 
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DuKane Medallion systems-- high lower for sound rein- 
forcement. Circle 40 on Reader Service Card. 

Rek -O -Kut variable -speed CVS -12 is again in production. 
Circle 77 on Reader Service Card. 

Gotham Audio is distributing this new British -made tape 

cartridge program effects generator. Circle 44 on Reader 

Service Card. 

Stanton 681 series cartridges include a little mounting 
screwdriver. Circle 54 on Reader Service Card. 

Shure's new SM -53 dynamic mic for the professional. 
Circle 53 on Reader Service Card. 

A checking setup such as this evaluates Koss ESP electro- The show's biggest speaker dwarfs JBL's not -so -short Craig 
Stevenson. Circle 79 on Reader Service Card. static earphones. Circle 67 on Reader Service Card. 
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The db 
Bookcase 

As a service to our readers we are pleased 
to offer these books from prominent tech- 
nical publishers. All prices listed are the 
publishers' net. Shipping charges are 
included. 
Ose the coupon at the bottom of the page 
or give the complete title, author and coupon 
number. Be sure to indicate quantity on the 
special instructions line if more than one 
copy of a title is wanted. Full payment must 
accompany your order. We cannot ship 
c.o.d. Checks or money orders should be 
made payable to Sagamore PublishingCom- 
pany, Inc. Because of the time required to 
process orders, allow several weeks for the 
receipt of books. 

Broadcasting 
RADIO BROADCASTING 
edited by Robert L. Hilliard. Each of the five 
chapters has been written by a prominent 
educator with an extensive background of 
practical experience in commercial and edu- 
cational broadcasting The areas covered in- 
clude: management and programming, oper- 
ating and studio facilities, producing and di- 
recting, writing, performing. For those of you 
who want to, or must, operate on both sides 
of the control room, this is virtually required 
reading. 190 pages; 63 x 9341, indexed, 
clothbound. 
$6.95 ($8.35 in Canada) 
Circle 2 on Coupon Below 

Reference 
HANDBOOK OF ELECTRONIC TABLES 
á FORMULAS, (3rd Edition) 
A one -stop source for all charts, tables, for- 
mulas, laws, symbols, and standards used in 
electronics. Devotes complete sections to 
items of interest to service technicians and to 
circuit design data. Includes a 8 -page, full - 
color fold -out chart showing latest FCC allo- 
cations for the entire frequency spectrum. 
232 pages; 534 x 834; hardbound. 
$5.50 ($6.60 in Canada) 
Circle 8 on Coupon Below 

r- 

How To General Audio 
PRACTICAL PA GUIDEBOOK: HOW 
TO INSTALL, OPERATE AND SERVICE 
PUBLIC ADDRESS SYSTEMS 
by Norman H. Crowhurst. 1967. This book 
gives all the basics needed to become a suc- 
cessful PA operator, in any situation where 
the reinforcement, relay, or distribution of 
sound can provide a service. It shows how to 
properly install, operate and service public 
address systems. All aspects of the subject, 
from survey to the selection of appropriate 
equipment, to installation, to routine opera- 
tion and the maintenance of a finished sys- 
tem, are covered. Attention is given to solv- 
ing problems encountered in providing suc- 
cessful service. The book's systematic and 
practical approach makes it highly useful to 
radio -TV servicemen, hobbyists, and PA 
equipment manufacturers. 136 pages; 6 x 9; 
illus; softbound. 
$4.50 ($5.10 in Canada) 
Circle 15 on Coupon Below 

Test and Maintenance 
INTERMODULATION AND 
HARMONIC DISTORTION 
HANDBOOK 
by Howard M. Tremaine. A complete refer- 
ence guidebook on audio signal intermodu- 
lation and harmonic distortion. 172 pages; 
534 x 834; softbound. 
$4.25 ($5.25 in Canada) 
Circle 9 on Coupon Below 

ACOUSTICAL TESTS 
AND MEASUREMENTS 
by Don Davis. Provides a solid understand- 
ing of the entire subject of acoustical meas- 
urements; based on actual field test work, 
using commercial equipment. Contains prac- 
tical, time -saving solutions to actual problems 
encountered in the field; minimum math is re- 
quired for understanding. The author is an 
expert in this field, and an authority on audi- 
torium acoustics. An invaluable book for 
phone company special service engineers, 
plant maintenance engineers, communica- 
tions engineers, noise control specialists, ar- 
chitectural engineers, broadcast engineers 
and technicians, hi -fi fans and students. 192 
pages; 534 x 834; hardbound. 
S6.95 ($8.35 in Canada) 
Circle 7 on Coupon Below 

Sagamore Publishing Company, Inc. 
980 Old Country Road, Plainview, N.Y. 11803 
Please send me the books I have circled below. My full remittance in the amount 
of S is enclosed. N.Y. State residents add 5% sales tax. 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 
23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 

Name 

Street Address 

City State Zip 

Special Instructions 

1 

THE TECHNIQUE OF 
THE SOUND STUDIO 
by Alec Nisbett. This is a handbook on radio 
and recording techniques, but the principles 
described are equally applicable to film and 
television sound It describes how the high- 
est standards may be achieved not only in 
the elaborately equipped studio but also 
with simple equipment out on location. 264 
pages; 60 diagrams; glossary; indexed; 534 
x 834; clothbound. 
$10.50 ($11.95 in Canada) 
Circle 1 on Coupon Below 

PASSIVE AUDIO NETWORK DESIGN 
by Howard M. Treuraine. A complete and 
comprehensive guide to the design, con- 
struction, and testing of all types of attenu- 
ators, equalizers, and wave filters for the 
practicing audio technician or engineer. This 
authoritative text is one of the few written 
on the subject, and requires only nominal 
mathematical background. Written in easy - 
to- understand language, the content presents 
the basic design, construction, and testing 
considerations without the confusion often 
associated with passive networks. 288 pages; 
534 x 834, softbound. 
$5.50 ($6.45 in Canada) 
Circle 5 on Coupon Below 

THE AUDIO CYCLOPEDIA 
(2nd EDITION) 
by Dr. Howard M. Tremaine. New and 
updated, here is the complete audio refer- 
ence library in a single volume. It provides 
the most comprehensive information on 
every aspect of the audio art. This new 
edition includes the latest audio develop- 
ments including the most recent solid -state 
systems and integrated circuits. It covers all 
subjects in the fields of acoustics, recording, 
and reproduction with more than 3400 
related topics. Each topic can be instantly 
located by a unique index and reference 
system. More than 1600 illustrations and 
schematics help make complicated topics 
masterpieces of clarity. 1760 pages; 61/2 x 
9 -3/8; hardbound. 
$29.95 (535.95 in Canada) 
Circle 20 on Coupon Below 

ACOUSTICS -ROOM DESIGN 
AND NOISE CONTROL 
by Michael Rettinger. 1968. The enormous 
problems and hazards presented by noise 
are dealt within an orderly and practical 
manner. With many charts, graphs, and 
practical examples, the text covers the 
physics of sound, room acoustics, and de- 
sign, noise and noise reduction. The author's 
many years of experience in the field and 
extensive knowledge (set down in two 
earlier books on acoustics) make this work 
a boon to architects, builders, designers, 
planners, and engineers. 392 pages; hard- 
bound. 
$17.50 (520.90 in Canada) 
Circle 21 on Coupon Below 
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Circuitry and Components 

TRANSISTORS FOR AUDIO 
FREQUENCY (AUDIO- FREQUENCY 
AMPLIFICATION) 
by Guy Fontaine. 1967. This systematic and 
detailed treatment of the application of tran- 
sistors in audio -frequency amplifiers shows 
how the published transistor characteristics 
are related to the principles of design. To as- 
sure clarity, the figures are rendered in sev- 
eral colors and placed opposite the related 
text. Simple equations reinforce the lucid ap- 
proach. An ideal textbook or reference on the 
subject for engineers and advanced techni- 
cians. 384 pages; 534 x 8; illus.; clothbound. 
S7.95 ($9.55 in Canada) 
Circle 12 on Coupon Below 

New 17th Edition of the famous 
RADIO HANDBOOK 
Tells how to design, build and operate the 
latest types of amateur transmitters, receiv- 
ers, transceivers, amplifiers and test equip- 
ment. Provides extensive, simplified theory 
on practically every phase of radio. Broad 
coverage; all original data, up to date, com- 
plete. 847 pages. 
512.95 (515.50 in Canada) 
Circle 10 on Coupon Below 

DESIGN OF LOW -NOISE 
TRANSISTOR INPUT CIRCUITS 
by William A. Rheinlelder. 1964. Written 
for students as well as circuit design engi- 
neers interested in low -noise circuit design. 
Throughout, the book gives a multitude of 
time -saving graphs and design curves for the 
practical circuit designer. Simple derivations 
of all important formulas are also presented 
to help the reader obtain a deeper insight 
into the fundamentals of practical low -noise 
design 128 pages; 6 x 9; illus.; clothbound. 
$5.50 ($6.50 in Canada) 
Circle 14 on Coupon Below 

CLOSED -CIRCUIT 
TELEVISION HANDBOOK 
by Leon Wortman. Gives comprehensive 
detailed information about the field in an 
easy -to- understand presentation. Its par- 
ticularly suited to those who plan to use, 
install, and service cctv. Covers the subject 
From the simple single- camera system to the 
most exotic systems. 288 pages; 51/2 x 81/2, 
clothbound. 
$5.95 ($6.75 in Canada) 
Circle 18 on Coupon Below 

Electronic Music 
ELECTRONIC MUSICAL INSTRUMENTS 
by Richard H. Dorf. Now in its third edition 
and sixth printing since its first appearance 
in 1954, this is considered the authority on 
electronic organs. This edition is completely 
rewritten to explain everything technical 
about today's organs. The book is of special 
value to organ designers and service tech- 
nicians as well as electronics- minded hobby- 
ists and prospective organ purchasers. Of 
special value are the author's many practical 
comments and expressions of opinion based 
on his years of musical, engineering, and 
management experience with electronic 
musical instruments. 393 pages; 239 dia- 
grams and photographs. 
510.00 (511.95 in Canada) 
Circle 19 on Coupon Below 

CassiFied 
Closing date is the fifteenth of the second 
month preceding the date of issue. Send 
copy to: 
Classified Ad Dept. 

db 
THE SOUND ENGINEERING MAGAZINE 
980 Old Country Road 
Plainview, New York 11803 

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

FOR SALE 

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

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

MODULES FOR ALL TYPES of applica- 
tions. Discrete to thick film IC devices, Pre- 

amplifiers to power amplifiers. New Catalog 
with schematics, $1.00. PM Electronics, 
Inc., Box 46204, Seattle, Washington 
98146. 

1 INCH SCOTCH (1 ROB -10 1/2M) 
empty NAB reels and boxes. New, un- 
opened, cartons of 5; $3.20 per reel. Cash, 
money order, check. Minimum order 10 
reels prepaid. Sample, prepaid: $4.20. 
Picture free on request. Helffrich Recording 
Labs., R.D. #2, Allentown, Pa. 18103. 

PRESTO CUTTING LATHE -8DG com- 
plete with 1 -C cutter -88 to 136 and 224. 
Like new, Box 7A, db Magazine, 980 
Old Country Road, Plainview ,N. Y. or 
call (212) 751 -4664. 

ELECTRO -VOICE EV 666 microphone - 
$60; Heathkit AV -3 audio vacuum tube 
voltmeter $20. A. C. Smrha, 12 Mountain - 
view Drive, Mountainside, N. J. 07092. 

SONY C -22, C -37 condenser micro- 
phones; $65 00 and $245.00 new. Shure 
SM microphones 30% off-new. Bob Heil, 
201 Main Street, Marina, Illinois 62257. 

MOBILE VAN, FULLY EQUIPPED for 
multi -track recording, TV- audio, high -power 
sound reinforcement for coicerts and 

festivals. For further information contact: 

ORS Enterprises, P.O. Box 6, Rockaway, 
N. J. 07866. 

AMPEX 440 -8 -C 8 track recorder less than 

100 hours of use: $9990.00. Ampex 
440 -2 -C two track recorder like new with 
extra t/4 track play head: $2600.00. Ampex 
300 -2 -C excellent condition: $2200.00. 
Contact: Joseph D. Tarsia, 212 North 12th 
Street, Philadelphia, Pennsylvania, Pennsyl- 
vania 19107. (215) 561 -3660. 

CONSOLES: Complete solid -state con- 
soles custom built your specifications or ours. 

2 channels, complete with switching, under 
$2000.00. Repair or updating of your old 
console available. Call or write for estimate. 

Calvert Electronics, 191 Calvert Blvd., 
Tonawanda N. Y. 14150 (716) 692 -7480. 

WANTED 

WANTED PARTS FOR REK -O -KUT G -2 -D 

16-inch turntables especially 33 -1/3 and 

78 rpm drive rollers. Colonial Williams- 
burg, Inc. Audiovisual Dept., P.O. Box C, 

Williamsburg, Va. 23185. Attn: R. B. 

Tisdale, Jr. 

EMPLOYMENT 

PROFESSIONAL RECORDING PERSON- 
NEL SPECIALISTS. A service for employ- 
ers and job seekers. Call today! Smith's 
Personnel Service, 1457 Broadway, N.Y.C. 
10036. Alayne Spertell 212 WI 7 -3806. 
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CHIEF ENGINEER. Everything from live 
multi -track sessions to stereo disc mastering. 
Salary open. Contact Ward Botsford, Caed- 
mon Records, 505 8th Avenue, New York, 
N. Y. 10018, (212) 594-3122. 
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Pcopc1 Paccs1 Happenings 

Readers interested in work being 
done in the field of compressed speech 
may be interested in the CRCR News- 
letter. This is the news bulletin of the 
Center for Rate Controlled Re- 
cordings which details various re- 
search projects and investigations in 
this exciting field. The bulletins are 
available at no charge from the Center 
at the University of Louisville, 
Louisville, Kentucky 40208. 

The third Conference on Magnetic 
Recording as sponsored by the Hun- 
garian Optical, Acoustical, and 
Film technical Society will be held 
September 8 -12 in Budapest, Hungary. 
The Conference will cover the theo- 
retical and practical problems of mag- 
netic recording on moving magnetic 
media (of all kinds). The preferred 
language of the Conference is English, 
but papers in Russian, German, and 
Hungarian will also be given. Abstracts 
of the papers will be published in all 
these languages. Registration fees for 
non members of HOAFS are $20 ($10 
for members). Contract the HOAFS in 
Budapest, V., Szabadsag ter 17. 
Hungary for details. 

General Radio, in cooperation with 
Bolt Beranek and Newman will 
conduct a three -day seminar on practi- 
cal techniques of product -noise reduc- 
tion. The seminar will be held in Chi- 
cago on August 3 -5 and will be lead bç 
William Ihde of S V Engineering, 
acoustical consultant to General Radio. 
and George Kamperman, manager 
BBN- Chicago. Tuition for the entire 
three days is $200; registrants will be 
responsible for meals, lodging, and 
travel arrangements. General Radio 
will make motel reservations for those 
who desire this. For additional informa- 
tion contact Tom Fricke, General 
Radio Company, 9440 West Foster 
Ave., Chicago, Illinois, (312)992- 
0800. 

Sparta Electronic Corporation of 
Sacramento, California has acquired the 
Bauer Broadcast Products Division 
of Granger Associates. According to 
Sparta president William J. Over - 
hauser the Bauer operation is in the 
process of moving to the recently ex- 
panded Sparta facility in Sacramento. 
This gives the audio operation of 
Sparta full entry into the transmitter 
market via the ten -year old Bauer 
company. 

The addition of a 13,000 square -foot 
facility has doubled the warehouse 
capacity of Elpa Marketing Indus- 
tries of New Hyde Park, N. Y. In 
making the announcement, E. L. 
Childs Elpa's president stated "the 
growing demand for Elpa- endorsed 
products has necessitated this addi- 
tional facility as part of our over -all 
growth program." Elpa markets Thor - 
ens and PE record playing equipment, 
Ferrograph tape equipment, Ortofon 
cartridges and tonearms, Watts record - 
care products, and Editall splicing 
blocks. 

The Institute of Iligh Fidelity has 
elected Walter Goodman as president 
of the trade organization. He is presi- 
dent of Harman - Kardon, Inc. With 
more than 20 years of experience in the 
audio industry, he also brings more than 
ten years of trade association to his new 
position. 

Ampex -Cov. Ill, Circle 11 on Reader Service Card 

What is billed as the world's most 
powerful and intelligible sound system 
is being unveiled this month at the 
Ontario Motor Speedway, 40 miles 
east of Los Angeles, California. More 
than four hundred Altec -Lansing multi - 
cellular horn speaker systems and 
eighty -four special Altec power ampli- 
fiers were employed to generate an 
audio output of more than 30,000 watts. 
(By comparison, all of Cape Kennedy 
has 20,000 watts.) Other staggering 
figures include the fact that more than 
600 miles of audio and communications 
cable were used. The speaker lines 
operate at 210 volts to reduce line 
transmission losses in the system. 
Ontario will be auto racing's most 
elaborate facility with seating for 
140,000, a 2.5 mile oval track, a 3.2 
mile road race circuit and a quarter - 
mile drag strip -all on a 700 -acre site. 

Formation of a new company, Otani 
of America, Ltd., was announced 
recently by Jack A. Sain, president. 
The company has been established to 
market and service Otani high -speed 
professional tape duplicating systems. 
Offices have been established at 8295 
S. La Cienega Blvd., Inglewood, Cali- 
fornia. The manufacturing company, 
Otani Electric of Japan produces 
virtually every link in the tape dupli- 
cating chain, from their own ferrite 
heads to complete mastering equip- 
ment, slaves, q -c monitors, tape winders, 
and automatic cartridge run -in ma- 
chines. The new American company 
is a joint venture with Otani Electric 
and U. S. investors. 

GRT -Cov. IV, Circle 12 on Reader Service Card 
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Onstage were Dick Schory and his Per- 
cussion Pops Orchestra. Over 200 per- 
cussion instruments. Plus soloists Gary 
Burton, Paul Horn, and Joe Morello. 

Backstage was an Ampex MM -1000 
recording the total concert- live -on 16 
channels all at once! 

Result -some of the cleanest big band 
sound ever recorded in live concert, soon 
to be released in a sparkling new album. 

Dick Schory and his engineers chose 
the MM -1000 for one reason: proven de- 
pendability. It's the machine that started 
the multichannel revolution, and has led 
it ever since. Providing more flexibility 

and creative accessories than any other. 
The multichannel revolution is here - 

now. And the MM -1000 is recording more 
hit records than all other 16's combined. 
If you're planning some recording break- 
throughs of your own, you'll want an MM- 
1000. It's the one machine you'll be able 
to keep up -to- date -by adding on the 
latest multichannel innovations as they're 
developed for you by Ampex. Lease/ 
Option and pay -as- you -use plans are 
readily available. Call (415) 367 -4400. Or 
write Ampex Corporation, Professional 
Audio Products Division, M.S.7 -13, Red- 
wood City, California 94063. 
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AMPEX 

APRIL 7,1970 
The debut of 16- channel live concert recording: Ampex MM -1000 at Carnegie Hall. 
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Thi is the Beginning of OLi. lity! 
The quality of GRT cassette and 8 -track tapes is well 
known throughout the music industry. This consistent 
quality standard is maintained through the use of tech- 
nically advanced QC equipment developed and produced 
by GRT. Now this production -perfected line of equipment 
is available for your duplicating system. 
GRT 500 Audio Tape Evaluator -a boldly innovative, 
precision instrument. The 500 (calibrated to your reference 
or control sample) yields relative measurements of a tape 
sample for: Peak bias; long, medium and short wavelength 
sensitivity (analysis of high frequency performance); and 
provides absolute measurements for: Third harmonic dis- 
tortion of reference level signal; weighted noise and drop- 
out count. It is available in either 1/4 ", 33/4 ips ( -00), or 
150 mil, 17/e ips ( -01). 

GRT 400 Frequency Selective Limiter -For positive 
prevention of high -frequency overload distortion, the 400 
holds frequency energy of source material to a level de- 
termined by the overload characteristics of tape played 
back at slow speeds. 
GRT 505 and 508 Bulk Product Checkers -For quality 
check of cassette (505) and 8 -track (508) tapes prior to 
assembly. The 505 and 508 perform an audible monitor 
of bulk duplicated material and monitor a series of test 
tones automatically placed on the duplicated reels by the 
GRT 260 Duplicating System. 

Add GRT -QC to your present system today ... and sud- 
denly tomorrow sounds better. 

GRT QC Equipment -designed, manufactured and production- perfected by GRT, the industry leader in quality tapes. 

GRT Corporation Industrial Products Division 1286 Lawrence Station Road Sunnyvale. California 94086 
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