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3 GREAT NEW SCOTT AMPLIFIERS 

POWERHOUSE TOP PERFORMER MODEST COST 
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New 2990 80 -Watt Stereo Amplifier New 2220 50 -Watt Stereo Amplifier 

This best -selling stereo amplifier, top- There's a new look to the ever -popular New 200B 30 Watt Stereo Amplifier 

rated by all leading consumer testing 222 series ... and new performance, Scott performance and looks at a 
organizations, is now better than ever. too. Massive transformers deliver budget price! Oversize transformers 
New luxury features include: direct enough power to drive even the most give full power in the critical bass 
connection for powered center chan- inefficient speaker systems . and range ... power enough to drive low 
nel and extension speakers, speaker the 222D gives you power in the low efficiency speakers to full room level. 
switch for private listening, new frequencies, where it's really needed. The new 200B has features you'd 
switching for choice of five low level This value -packed performer incor- never expect to find at this price: 
inputs, non- magnetic electrolytic alu- porates a center channel speaker con- stereo headphone output on front 
minum chassis, exclusive Scott Bal- nection without the need for an addi- panel, dual tone controls, tape moni- 
ance Left /Balance Right level tional amplifier, speaker switch for tor, and a handsome, massive panel 
balancing system, and massive output private listening, front panel switch and knobs. Scott gives you all the 
transformers. Behind the handsome for selection of phono or tape deck. controls and power you'll ever need at 
panel, with its easy -grip knobs, is a Build a quality music system around a price not much higher than you 
lifetime of trouble -free performance this most versatile, feature -filled would pay for ordinary equipment 
and power to spare. $229.95 amplifier. $179.95 without Scott quality. $139.95 

How to select the right one for your system 
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" I 2 9 4 5 

v 
'. 

t c_ - 
a er. of - .¢. 

14 * 

SPECIFICATIONS 

299D 222D 200B 

Mail 
mation 
components 

i 
I H. 

Maynard, 
Send 
1964 

Name 

Address 

City 

Include 
we'll 

Export: 
Canada: 
All prices 

WANT MORE 
INFORMATION? 

this coupon for complete infor- 
on all the great new Scott 

and kits. 

H. Scott, Inc. Dept. 35 -Ili 

Masss 
Road 

me complete information on the new 
Scott line of stereo components & kits. 

zone State... 
names of interested friends, and 

send them duplicate materials. 

l 

Power per 
channel (IHF) 
watts 40/40 25/25 15/15 

Power band 
(cps) 19- 25,000 19 25,000 25- 15,000 

Hum Level 
(db) -80 -80 -70 

______ ._-_ _ . __ -- 

Wide Range of Features and Controls 

1. Oversized output transformers for 
full bass response. 
2. Non -magnetic electrolytic alumi- 
num chassis for cool operation and 
lowest hum. 
3. Dual tone controls for maximum 
adjustment of any program material 
4. Exclusive Scott balancing method 
for perfect stereo regardless of speak- 
ers or program material. 
5. Conservatively designed power- 
supply assures years of trouble -free 
enjoyment. 

--.-. 

Tape Monitor Yes Yes Yes 

Dual Tone 
Controls Yes Yes Yes 

Stereo Head - 
phone Output Yes Yes Yes 

Low Level 
Inputs 2 2 1 S C OTT 
High Level 
Inputs 3 3 2 

Marhan Exporting Corpp., 458 Broadway, N.Y.C. 
Atlas Radio Corp., 50 Wingold Ave.,Toronto 
slightly higher west of Rockies. Accessote,ses extra. ! I 
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Number 1 in a series of discussions 
by Electo -Voice engineers 

THE E -V 

DESIGN 

PHILOSOPHY 
WAYNE A. BEAVERSON 
V. P., Engineering 

Electro -Voice engineers approach the design of au- 
dio components on a very simple basis: design to 
get an output that faithfully reproduces the input. 
The input may be electrical (loudspeakers) with 
an acoustical output; or acoustical (microphones) 
with an electrical output; or mechanical (phono 
cartridges) with an electrical output. 

In each case, design parameters also include mini- 
mum distortion, maximum stability and long use- 
ful life. All this must be developed within a func- 
tional envelope that is aesthetically acceptable. 

Another requirement is wide range frequency re- 
sponse coupled with high signal -to -noise character- 
istics commensurate with justifiable costs. Insensi- 
tive transducers can burden the user with gain or 
power requirements that add unnecessary cost and 
complexity. Where sufficient gain is available, how- 
ever, sensitivity can sometimes be reduced to 
achieve other design goals. 

Perhaps our pragmatic approach to component de- 
sign results from our experience with all types of 
audio transducers. We know that high perform- 
ance standards can be achieved in sound pickup, 
reproduction, storage, and reinforcement. We are 
therefore less prone to compensate one type of 
transducer for imagined deficiencies in other trans- 
ducers within the system. Compensation is effec- 
tive only when we intimately know every system 
characteristic. Obviously this is impossible when 
transducers are sold in component fashion, as is 
typical of high fidelity. When a "package" can be 
tailored, however, considerable economy can often 
be effected. 

Cost, of course, is always a consideration in new 
product design. For this reason, we make avail- 
able a product series from which the customer 
chooses a unit that just meets his performance 
requirements. However, the designer has a moral 
obligation to protect unsuspecting consumers from 
false economies. For example, economizing on 
magnet structure size and weight in a loudspeaker 
is easy. But loss of magnet, while reducing cost, 
will also affect efficiency, forcing the consumer to 
purchase a higher -powered amplifier at a cost that 
may possibly exceed the saving in speaker cost. He 
has also lost the benefit of additional magnetic 
flux that can significantly improve the speaker 
performance. 

It can be seen that designing lower -cost products 
without sacrificing critical performance character- 
istics requires considerable technical acumen on 
the part of the engineer. 

These are some of the many technical and eco- 
nomic considerations we investigate before any 
Electro -Voice product is marketed. Basic to the 
success of such an investigation is the E -V phi- 
losophy of fidelity that has been developed and 
refined over a wide range of products and during 
a period of many years. 

For technical data on any E -V product, write: 
ELECTRO- VOICE, INC., Dept. 833A 

Buchanan, Michigan 
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Coming 
NEXT 
Month 

eanlbicactiaa- 
How to build a new type 

of transistorized microphone 
mixer composed of separate 
modules each designed for 
its own special purpose. The 
author, Peter Stark. 

Mealesumeat- 
Continuing his series of 

articles on test and measure- 
ment, Mannie Horowitz con- 
tributes some new thoughts 
on harmonic distortion and 
how to measure it. 

Aludica1 

.9014busmeitis 
Winthrop Pike discusses 

many of the fundamental 
problems encountered in at- 
tempting to play classical 
organ music on an electronic 
instrument, and gives some 
excellent pointers on the se- 
lection of a stoplist suitable 
for the organ literature. 

and 

eguipment 
P4aiite4 

The Heathkit Electronic 
Organ Kit 

EICO ST -97 FM /MX 
tuner and ST -70 inte- 
grated amplifier 

Sennheiser HF- polarized 
condenser microphone 

In the October Issue 
At your audio dealer's, 
on the newsstands, or in 
your own mailbox 
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AUDIO CLINIC 
Joseph Giovanelli 

Send questions to : 

Joseph Giovanelli 
2819 Newkirk Ave. 
Brooklyn 26, N. Y. 

Include stamped, self -addressed 
envelope. 

Noisy Tuning 

Q. When I tune in a station on my FM 
tuner, there is a noticeable fluttering or 
rustling sound as I try to tune sharply on 
the station. What can be causing this? 
Larry D. Roesler, Chicago, Illinois. 

A. The noise you hear when tuning in 
a station is probably caused by the wiper 
of the variable capacitor making an inter- 
mittent contact with the moving rotor as- 
sembly. Use some contact cleaner on this 
wiper and the problem will most likely 
vanish. 

Vertically Mounted Systems 

Q. I am considering a top- opening cabi- 
net which would mount the record changer, 
and tape deck horizontally, but would hang 
an integrated amplifier and AM -FM tuner 
vertically. 

Is there any disadvantage? Should a 
small fan be used for cooling? Jerome R. 
Hanson, Salt Lake City, Utah. 

A. Mounting the tuner vertically will 
probably not result in malfunctioning of or 
shortening the lives of its parts. However, 
when the tuner is mounted above an ampli- 
fier, the heat rising from the amplifier may 
be distributed over the surface of the tuner 
in such a way that the stability of the 
oscillator may be decreased. This, in turn, 
may result in the tuner wandering off sta- 
tion. If possible, therefore, place the tuner 
below your power amplifier. Because of the 
manner which you are mounting the equip- 
ment, there may be some confusion as to 
the meaning of the terms "above" and 
"below." Above means away from you, and 
below means toward you in this particular 
connection. 

In an installation using a separate pre- 
amplifier, it too should be mounted below 
the power amplifier. 

The amplifier may be affected, especially 
the rectifier tube or tubes; check a tube 
manual as to whether the tubes used can 
be mounted in all positions. 

Ventilation is always necessary when 
equipment is located in cramped quarters. 
In addition, when equipment is vertically 
mounted, heat rises and passes over its en- 
tire surface rather than rising away from 
the tops of the tubes as it would when the 
equipment is mounted normally. The heat- 
ing of the entire unit may shorten the lives 
of some components, such as electrolytic 
capacitors, even with good ventilation. Con- 
vection currents may not remove enough of 
the heat from these components. Therefore, 
forced air cooling is probably desirable in 
such an installation. 

Line Voltage 
y. The specifications given by the man - 

upwtarers of my tape deck and amplifiers 
are measured with the equipment operating 
under a line voltage of 117 volts. I assume 
therefore, that for optimum performance 
with these components that they should 
operate with this line voltage. 

The line voltage in my house varies with 
the number of appliances in operation, the 
time of day, and so on. The only way I 
have of measuring these variations is by 
observing the bias meter on my power am- 
plifier. Maximum variation of the meter 
reading on each output tube is about Ys-in. 
For example, in the morning with few ap- 
pliances in operation, the bias meter may 
read about 1 /16 -in. above the line on all 
tubes. At night, with many appliances in 
operation, the meter may read 1 /16 -in. be- 
low the line on all tubes, a difference of 
1/8-in. The use of a constant -voltage trans- 
former has been suggested. 

This brings up the question of audible 
difference, as opposed to measurable differ- 
ence. I would not like to purchase any of 
these transformers and find after careful 
A -B comparisons, that there is absolutely 
no audible difference with or without the 
transformers in the circuit. Hence, I would 
like your opinion, as to the possibility of 
an audible difference with the use of such 
a device. 

Also, what other advantages might be 
derived from its use? What are the disad- 
vantages? Is one constant -voltage trans- 
former required for each component? 
Robert De Salvo, Franklin Square, New 
York. 

A. You wanted to know about problems 
which might be encountered with fluctua- 
tion in line voltage. Most power lines ex- 
hibit a considerable amount of voltage 
variation, depending upon the appliance 
load and upon the wire size of the line. 
This is especially true in old buildings 
where the wiring is inadequate to cope with 
all the appliances now available. 

The variations in your particular loca- 
tion may not be great enough to warrant 
concern. The amount of variation of the 
bias meter pointer is not an indication of 
the amount of variation in line voltage. 

If you are unable to hear the difference 
in performance in your music system with 
normal line voltage and lower line voltage, 
you need not be concerned about the volt- 
age fluctuation. 

It is possible that the difference in dis- 
tortion between the conditions you describe 
can be measured. I personally do not think 
this is important, so long as the slight 
changes in the amount of distortion present 
cannot be detected aurally. There is no 
danger to the equipment when the voltage 
drops. 

A far better indicator of line voltage 
change is the operation of the rewind motor 
of your tape recorder. If you find that the 
motor is sluggish when the voltage drops, 
you can be sure that the voltage drop is 
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To enjoy the performance only the finest turntable can claim... 
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añd without this... 

Insist upon a 

Garrard Automatic Turntable 

Professional perfo-mance with t-ue cextvenierice ...one excellent reason why. mr?. 
Garrards are used in the finest syst.xns then a I other high fidelity recorc play- 
ing compcnents oorrbi-i3d. (Type A Automat c Turntable- $7950, AT6 A_torrzti: 
Turntable - $54.50, Au:oslim Irterrnix Changer - $39.50.) For Conparato- aide, 
write Dept. GM-1223, Garrard Division, 3ritish Industries Corp., Pcrt Washing-.n, %. V. words finest 

Canadian inaiiries b Chas. W. Fointan, ltd., 66 Racine Road, Rextala, Ont -Otaer territries tc l'arrard Engineering & Mtg. Co., LtcL, indon, WI ts, England 



achieve 
TIIRiLLI \G LIV1NG 

PRESENCE 
WITH THE FINCO 

AWARD -WINNING FM ANTENNA 

Broadcasting authorities agree that an outdoor antenna is absolutely 
essential for the reception of full quality monaural and multiplex 
FM sound. 

A FINCO FM antenna will deliver a clean, undistorted signal 
and bring in more stations, regardless of location. 

Guarantee yourself the best seat in the house for tonight's FM 
concert ... install a fidelity -phased FINCO FM antenna. 

Illustrated 
FM 4 

$24.90 list 

THE FINNEY COMPANY 
PRODUCERS Of WE WORLD'S FINEST FM AND IV ANTENNAS 

Dept. A, Bedford, Ohio 

4 

Other models 

available from 

$3.75 to $71.30 

FM Electronic Booster 

Model T- AMB -AC 

$34.95 list 

Available at local dealers... 
or write for Bulletin #20 -213. 

significant. You probably can, under those 
conditions, hear the deterioration of per- 
formance in the amplifier against what it 
will be when the voltage is correct. 

To put all of this more succinctly, all 
equipment has a range of input voltages 
over which it will operate properly. This 
information is often stated in the instruc- 
tion manual. If your line voltage change 
exceeds this range, you should take steps 
to remedy the situation. You will need a 
voltmeter in order to obtain an answer to 
your question. 

Constant -voltage transformers have ad- 
vantages only when you know you need 
them as already described. Assuming that 
you position them a few feet from the 
equipment to be regulated, there should be 
no added hum or noise picked up by the 
equipment because of their use. 

You should be able to run several ap- 
pliances from a single constant -voltage 
transformer, depending upon the wattage 
consumed by the appliances and upon the 
power -handling capacity of the trans- 
former. 

You should read the instructions which 
accompany the transformer very carefully 
so as to be sure of these factors and to 
determine if the transformer requires a 
minimum power. I have seen some units 
of this type which do require a minimum 
power being taken from them in order for 
them to regulate the voltage correctly. 

Of course, you can do without the con- 
stant- voltage transformer completely if you 
buy a variable- voltage transformer. This 
type requires a meter across the output of 
the transformer to show the voltage at all 
times. The operator of the equipment will 
have to see that the voltage does not rise 
too high. If the operator fails to do this, 
there is a possibility of damage to the 
equipment. You can see that if regulation 
is necessary, a constant- voltage transformer 
is the best type to use. 

FM Reception with Master Antenna 
Systems 

Q. My question concerns FM reception 
in fringe areas. I have tried putting all 
kinds of antennas and adaptors on my FM 
tuner to improve reception. To date, I have 
failed. I want to connect my tuner to the 
master antenna in the apartment building 
in which I live. 

If doing this is not satisfactory, could 
you inform me how I could improve recep- 
tion without putting an illegal antenna on 
the roof of the building. Bernard J. Cohen, 
Bronxville, New York. 

A. To answer your question satisfacto- 
rily a brief discussion of the operation of 
a master antenna is in order. 

Because of a need to distribute the in- 
coming signals to a number of receivers the 
signals must be amplified after leaving the 
antenna. 

Some amplifiers are "broadband" units. 
Such amplifiers will pass all signals from 
Channel 2 through Channel 13. The FM 
band lies within this range. In an installa- 
tion using a broadband amplifier only one 
such unit is required. 

Other amplifiers used in association with 
master antennas are "narrowband" devices, 
amplyfying but a single channel. An in- 
stallation employing this kind of an am- 
plifier uses several of these units -one for 
each of the locally available TV channels. 

If a master antenna system of this latter 
type is used to distribute FM signals, an 
additional amplifier designed to passed the 
band of frequencies between 88 and 108 
me must be utilized. 

(Continued on page 79) 
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Famous RCA Broadcast Quality Microphones 
Now available through Local Distributors 

RCA Polydireáicnal 
ribbon -type rricrophonie 
MA 2311 - chrome 
MA 2312 -TV gre} 

RCA MA 2313 
Non -directional 
dynamic mike 

RCA MA 231-1 
Uniaxial ribbon mike 

RCA MA 2315 
Semi -directional 
dynamic lavalier 

RCA MA 2316 Bi- direc- RCA MA 2317 
tional ribon mike Non -direc ional 

dynamic nike 

RCA MA 2318 RCA MA 2319 Ei- direi- 
Non- directional tional ribbon n ike 
dynamic mike 

When world leaders make impor_ant public 
speeches...when the world's greatest recording 
artists perform, chances are they use an RCA 
microphone. In service throughout the world 
with broadcasting stations and recording 
studios, RCA microphones are the symbols of 
quality to audio engineers everywhere. 

Now for the first time these microphones are 
available through local Authorized RCA Micro- 
phone Distributors. Complete line assures you 
the right mike for virtually every application: 
broadcasting, public address, sound recording 
and high -fidelity applications. 

RCA ELECTRONIC COMPONENTS AND DEVICES, HARRISON, N.J. 

GET FULL TECHNICAL INFORMATION. CALL YOUR NEAREST RCA MICROPHONE DISTRIBUTOR 
OR ATTACH COUPON TO 4 POSTCARD AND MAIL 

MI) The Most Trusted Name in Sound 

lake 

Commercial Engineering, Section. I -91 -MC 

RCA ELECTRONIC COMPONENTS AND DEVICES 
415 South Fifth Street 
Harrison, N. J. 

Please send me the New RCA Microphones 
Select -A -Guide 1S1014 

Name Title 

Company 

Address 

City Zone State 



There's a 
FAIRCHILD 
CONAX 

on top of the 
Empire State 
Building! 

WNEW-TV Channel 5 

in New York uses the 
FAIRCHILD CONAX to 
maintain high average audio 

levels despite pre-emphasis 
problems. The CONAX is silently 

at work minimizing problems ere 
ated by sibilants, finger snapping, 
the shrill sounds of children, the 
rattling of dishes, muted trumpets 
and cymbals, which are all part of 
WNEW -TV's program schedule. No 

more reduction of apparent loud- 
ness because of these high frequency 
problems. 

CONAX has been engineered by FAIR- 

CHILD to cope with the problem of 
distortion produced in recording and 
broadcasting by excessive, instanta- 
neous high frequency peaks. The FAIR- 
CHILD CONAX "previews" program 
material in emphasized form for effi- 
cient high frequency control. The 
device is based on the integrating 
properties of the human ear. The 
CONAX action is inaudible and instan- 
taneous - 1 40.000ths of a second. 

CONAX produces increased signal 
levels in recording and FM broad- 
cast. 

CONAX reduces distortion in tape 
recording and tape duplication. 
CONAX minimizes channel cross- 
talk in stereo broadcasting. 
CONAX eliminates high frequency 
"splatter" between stereo channels 
and SCA channel. 

Why not let the FAIRCHILD CONAX 
help you maintain high average audio 
levels. 

FAIRCHILD RECORDING EQUIP. CORP. 
10 -40 45th Avenue, Long Island City 1, N. Y. 

MAIL THIS COUPON FOR COMPLETE DATA 

FAIRCHILD RECORDING EQUIPMENT CORP. 
10 -40 45th Avenue 
Long Island City 1, N. Y. 

Dear Sir: 

Please send me complete information on the 
Fairchild Conax 

Name 

firm Name 

Address 

City Zone State 
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LETTERS 
"You Pays Yer Money ... !" 

It would be difficult not to comment on 
a few of the statements made in Mr. 
William Hecht's article "A Fresh Ap- 
proach To Compact Speakers" in the 
March issue of AUDIO. Mr. Hecht refers, 
on page 32, to "a voice coil of insufficient 
length" as a source of transient distortion. 
While a long voice -coil winding certainly 
improves low- frequency output, it also, un- 
fortunately, degrades resonance damping 
(and presumebly transient response). This 
is due to additional coil mass and the 
series resistor effect of overhanging turns. 
This is a case of trading one desirable per- 
formance element for another, and is typi- 
cal of the kind of compromises the speaker 
designer must make. 

I am in no way arguing the merit's of 
"eddy -current" damping, however, I think 
it is misleading to ascribe a higher order 
of merit to this type of motional damping 
as opposed to other kinds of friction 
damping. Essentially they are all "af- 
fected by frequency" as Mr. Hecht writes. 
It is easy enough to over -damp (mechani- 
cally) the bass range of a compact system 
in any number of ways. The suspension 
viscous treatment, the spider fabric weave, 
the shape, size, and porosity of the dust 
button, and the enclosure damping treat- 
ment can all be designed to provide lower 
mechanical Q (higher damping). The crux 
of the problem revolves around how much 
bass damping to incorporate consistent 
with mid /low- frequency balance and per- 
formance below 70 cps. 

CHARLES MCSHANE, 
Consulting Engineer, 
Sherwood Electronic Labs., 
4300 N. California Ave., 
Chicago, Ill. 

Class -D Amplifiers 
SIR : 

Mr. Cooper's articles on class -D audio 
amplifiers struck a responsive chord. I 
had done some talking about such an am- 
plifier, but as Mr. Cooper indicated, it 
was with a coffee cup instead of a solder- 
ing iron in my hand. However, I should 
like to point out an error which Mr. 
Cooper made in his second article. 

Mr. Cooper described two basic types of 
modulation; the first, in which the time at 
which the wave is sampled depends upon 
the instantaneous value of the wave at the 
trailing edge of the pulse, is called natural 
sampling, and the second, in which the 
wave is sampled at exactly regular inter- 
vals, is called uniform sampling. Mr. Cooper 
then states that uniform sampling is pre- 
ferable because each carrier -frequency com- 
ponent has only a single pair of sidebands. 
This is not true. Not only does each car- 
rier- frequency component have its full com- 
plement of sidebands, but the spectrum 
also contains harmonics of the message 
wave. As Black comments in his book on 
modulation theory, we have a deterioration 
of quality when the sampling is uniform 
instead of natural. I have not read the 
paper by Parks and Moss, but they un- 
doubtedly convert the duration- modulated 
pulses into amplitude -modulated pulses be- 
fore demodulation. This is a standard pro- 
cedure in telemetry work, but it would 
eliminate the advantages of the duration - 
modulated system for this application. It 
is indeed unusual when the simpler of two 
methods turns out to be the better of the 
two, but this is one of the cases when 
we are lucky. 

'l'i:;iuks to the advances in transistor 
technology, there are several inexpensive 
transistors available which are fast enough 
to eliminate the need for the catching 
diodes described in the article. The 2N706, 
which costs $1.57 from any mail -order 
house switches in nanoseconds, and is fast 
enough for any conceivable circuit. A suit- 
able output transistor, which sells for the 
same price, would be the 2N696. Using 
these transistors, it is simple to build an 
amplifier which will operate at 200 kc and 
above. 

MICHAEL S BALL, 
1300 Dixie Lee Lane, 
Sarasota, Florida. 

SIR : 

Mr. Ball is quite right about the two 
systems of modulation. It had, indeed, al- 
ready been pointed out to me, by an en- 
gineer working in this field, that the rele- 
vant paragraph in Parks and Moss does 
not mean what both he and I thought at 
first sight. 

I have not checked whether the is right 
about the 2N706, that, is, whether it will 
switch enough current far enough. My wrist 
can shift a squash racquet fairly far but 
it does not do much to a tennis racquet. 
Anyway, my guess is that most versions 
of this kind of amplifier are being built 
with whatever is handy. 

In a private communication (i.e. a po- 
lite letter to me, not one finding fault 
and addressed to the editor) Mr. Johnson 
has pointed out that he works at 10 volts 
for safety and that the transistor must 
have a satisfactory current gain at high 
currents and must be able to cut off from 
full current without avalanching or punch - 

through at full voltage. He suggests as a 
possibility the 2N1305 -6 family. He also 
points out that in Fig. 12 (June, 1963) 
IZ,1 should be 470 ohms and that C, and Ca 
are crossed over. 

GEORGE FLETCHER COOPER 

Off- center Center Holes 

;-;m: 
With all of the money being spent to- 

day on improving the quality of record- 
ings, it comes as a surprise that nobody 
has bothered about the small matter of 
proper placement of the center hole in a 
record. 

The majority of turntable and record 
changer manufacturers show a reasonable 
degree of pride in maintaining a fractional 
percentage of wow. Musicians take pride 
in being able to maintain the exact pitch 
on long sustained notes. Why don't the rec- 
ord manufacturers take pride in retain- 
ing this information by properly placing 
the center hole? 

I have measured deviations of about 1/16 
in. with some as great as 3/32. In order to 
have wow of not snore than 1 per cent at 
the 3 -in. radius, the center hole cannot be 
off more than 1/64 of an inch. In pursuing 
this end, every attempt should be made 
to reduce this wow to a fractional per- 
centage, keeping in mind that these records 
must be able to slide over the spindle. 

If the hole is accurately placed in the 
center of the grooves, then the accuracy 
of placement provided by some turntable 
manufacturers, (using a spring loaded 
tapered spindle) will not be in vain. 

A. L. BOYNTON, 
Cal Poly, 
P. O. Box 759, 
San Luis Obispo, Calif. 
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