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No wall space? Hang it in a closet! 
. . p. 14 
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600 X 
magnification 

elliptical stylus tip 
p. 33 

Telstar- shaped electrostatic 
p. 19 
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New 345 Tuner/Amplifier... 
the engineering leadership 

you expert from Scott 
at an unexpected low price 

The 345 is an exceptional accomplishment ... even for 
Scott. It combines the features, the performance, the 
specifications of separate tuners and amplifiers and sells 
for less than $350. Achieving this rare combination of 
top performance and top value took many long months 
of painstaking research and around -the -clock work from 

1. Low Impedance Symmetrical Drive -an all new 

amplifier circuit that provides more power (65 
watts of clean music power), lower distortion, 
cooler operation, and complete stability. 

the most imaginative engineering minds in high fidelity 
... the Scott Advanced Development Group. 

Their achievement is based on an entirely new 
approach to tuner /amplifier design that has resulted 
in three major new engineering breakthroughs: 

2. Series -Gate Time -Switching Multiplex provides 
probably the greatest stereo separation of any 

combined tuner - amplifier available. The 345 

offers the ultimate in startlingly live stereo sound. 

3. Pulse Suppression - Limiting effectively offers 
four stages of limiting for improved suppression 
of impulses from sources like automobile ignitions. 
2.2 uy sensitivity for quiet noise - free FM sound. 

111 Powder-611 Road, Maynard, Mass. Dept. 1015 

Export: H.H. Scott International, 111 Powdermill Road, Maynard, Mass., TWX HI -FI, Canada: Atlas Radio Corp., 50 Wingold Ave., Toronto 
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Number 9 in a series of discussions 
by Electro -Voice engineers 

THOMAS LININGER 
Micro3hone Project Engineer 

For years, engineers have been fighting the effects 
of wind noise in outdoor sound pickups. They have 
had three noise sources to contend with: Low fre- 
quency pressure fluctuations at the diaphragm due 
to changing wind velocity, pressure variations at 
the diaphragm resulting from air turbulence around 
the microphone body, and audible noise created by 

the turbulence. 

Conventional windscreen design enclosed the mi- 
crophone in a large frame covered by fine cloth - 
This reduced the noise from changing wind ve- 
locity and moved the source of turbulence away 
from the microphone, although in many cases the 
frame and cloth would vibrate at an audible fre- 
quency. In addition, the cavity formed by the frame 
and cloth altered the directional and frequency re- 
sponse characteristics of the microphone. 

Extensive laboratory and field research has resulted 
in a new material called Acoustifoam which drasti- 
cally reduces the effects of wind noise. It is a con- 
trolled porosity, open cell foam used without rigid 
supporting members. Where support is needed, a 
more porous section of the same material is used. 
The soft, unstretched Acoustifoam is not set into 
vibration by normal wind velocities, thus most re- 
maining noise is below 100 cps and can be removed 
with a sharp cutoff high -pass filter such as the 
E -V Model 513. 

The reduction of noise from wind striking the 
diaphragm is due to the thickness and controlled 
distributed resistance of Acoustifoam. This dis- 
tributed resistance also eliminates the cavity effect 
so that frequency response and directional char- 
acteristics remain unchanged. No significant loss in 
level is experienced. 

Maintenance of Acoustifoam is simple. It may be 
washed in soap and water and repaired with com- 
mon cement if torn in the field. It is available 
formed to fit any E -V broadcast microphone or in 
one -quarter inch thick sheets for custom construc- 
tion. Generally, the larger and smoother the shape, 
the less wind noise caused by turbulence will affect 
the microphone. A sphere of Acoustifoam with the 
microphone at the center is most satisfactory for 
random incidence of wind. 

The Acoustifoam windscreen has added another 
dimension of control for the serious operating engi- 
neer intent on improving the quality of sound 
pickup under all conditions. 

For technical data on any E -V product, write: 
ELECTRO- VOICE, INC., Dept. 543A 

Buchanan, Michigan 49107 

gleCZ- 07CZ 
SETTING NEW STANDARDS IN SOUND 
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Coming 

Construction and 

Theory 

Constructing the Telstar- 
Shaped Electrostatic. 
R. Matthys. The design pa- 
rameters are described this 
month, next month full con- 
struction details are given. 

Class -D Audio Ampli- 
fiers. Peter A. Stark. A sum- 
mary of the operation and 
theory of class D audio am- 
plifiers using switching tech- 
niques. 

Sound Reinforcement 

Central - versus - Distrib- 
uted Loudspeaker Systems. 
David L. Klepper. 

Basic Course in Commer- 
cial Sound, chapter III. Nor- 
man Crowhurst. 

Profiles 

James B. Lansing "Olym- 
pus" Speaker System 

B & O Model 200 Stereo 
Ribbon Microphone 

In the June Issue 

On the newsstands, at 
your favorite audio 
dealer's, or in your 
own mailbox. 
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AUDIO CLIMC 
Joseph Giovanellí 

Send questions to : 

Joseph Glovanellt 
2ß19 Newkirk Ave. 
Brooklyn 26, N. Y. 

Include stamped. self -addressed 
envelope. 

Disc Playback and Tracking Force 

Q. I have heard that, because of ' he na- 
ture of the record -cutting process, record 
grooves have slight imperfections i them. 
In order to obtain the best sound f om the 
records, they should, when new, be racked 
once or twice at 2 -2.5 grams to remore 
these imperfections, and thereaf er, at 
lower tracking forces (assuming t at the 
cartridge tracks well at these lower 
forces). Is this true? 

Is there any reliable way to e eek on 
stylus wear without taking the sty is to a 
shop? 

At 1i/2 grams, approximately hew man 
hours of life, without damaging ecords, 
will a 0.6 -mil stylus give if used carcfully 
with carefully cleaned records? 

Is there any way to distinguish by ear 
between a worn styus and one whic is not 
worn but needs redamping? I unr erstand 
that both of these effects soun alike. 
Leonard Drasin, Brooklyn, New Yo k. 

A. There is nothing to support ti theory 
that a disc should be tracked heavie for the 
first two plays and then tracked li ter for 
all succeeding plays. I suppose e idea 
originated because of a phenomeno known 
as "cutter bounce." This is just hat its 
name implies. The cutter tends to rscillate 
vertically to a very small extent. i owever, 
with a properly damped system e ploying 
heated stylus techniques, this boun e is not 
sufficient to cause playback distortion. 

It is possible that there could se some 
bumps on the disc which this extra racking 
force could smooth out. However, bile the 
possibility exists, the likelihood is not 
great. 

The one common type of pressii . defect 
is what is known as a "non- fill." T is is ac- 
tually a small hole, or depressioi , in the 
surface of the disc. Increased tracking 
force will succeed only in digging his hole 
a little deeper -an effect quite th . reverse 
of what you wish to take place. 

There is the possibility that if some 
granular dust entered the grooves that the 
extra force might be sufficient to gush this 
dust from the grooves rather than skipping 
over the dust. Even this is a remite possi- 
bility and probably will not be si;nificant. 

I do not know of any way to ch: k stylus 
wear except by using a microscop:. By the 
time such wear is audible the s ylus has 
deteriorated to the point where it damag- 
ing records and should have been replaced 
long before. 

The sound of a worn stylus does not 

sound like the distortion which would ap- 
pear when the damping material in the car- 
tridge has disappeared. Worn styli sound 
something like severe tracing distortion 
when the wear is severe enough. Loss of 
damping results in somewhat higher output 
from the cartridge and will produce some 
peaks in the spectrum. Possibly there will 
be some sound like tracing distortion but 
this is not the outstanding feature of this 
kind of defect in my experience. 

I cannot say how long a 0.6 -mil stylus 
will last at a particular tracking force. 
This depends upon tracking force, tracking 
error and, to some degree, upon the condi- 
tion of the records themseves. You can rea- 
sonably expect two or three thousand hours 
from the stylus, however. Even this can 
vary, depending upon the original burnish- 
ing of the stylus. 

Sparking at Ground Connections 

Q. I have noticed that whenever I at- 
tempted to connect a ground, I get a "hot" 
spark front the coldwater pipe, steam pipe 
or radiator, or, understandably, the nega- 
tive wire of our electric system (60 cps, 220 
v). Is titis strong, perceptible ground inter- 
fering with my high- fidelity system because 
of ground loops or a possibly grounded 
antenna. I feel we must have a leak some- 
where in our electrical system. 

My only ground is for the pickup arm. 
While the preamplifier is on and I lift the 
pickup front the record, there is a loud buzz. 
It stops when the ground is connected. 

Whenever we use our air conditioner, the 
picture on my TV screen jumps accord- 
ingly. A voltage regulator for the TV set 
reduced the jumping considerably. Alex E. 
Gold, Hempstead, Long Island, N. Y. 

A. The effect of the air conditioner on 
the performance of the television receiver 
is in no way related to the problem of 
grounds. The problem there is one of volt- 
age regulation. You solved that one as best 
you could. What is happening now to cause 
your picture to jump, is that the voltage 
regulator is not in complete control or that 
it does not act quickly enough to prevent 
the surge from affecting the television re- 
ceiver. Hence, the residual quivering in the 
picture which you have indicated still exists. 

The "hot" spark you see when grounding 
some of the equipment to the water pipe or 
radiator is natural and nothing to be con- 
cerned about. Just reverse the wall plug and 
the spark should disappear. If you have a 
number of pieces of equipment you may 
have to reverse several plugs before ridding 
yourself of the sparks. The most satisfac- 
tory procedure to follow is to disconnect all 
cables which interconnect your various 
pieces of equipment. Then ground each one, 
in turn, until you have eliminated the 
sparks by reversing the polarity of the wall 
plug. 
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consider this... with other units 
now offering counterweighted tone arms, 

oversized turntables, precision motors... 

what makes the Garrard so special? 
You see before you three parts of the 
great Type A Automatic Turntable: 

1. The counterweight- adjusted, dy- 
namically balanced tone arm 
(which tracks the cartridge of your 
choice at the lowest pressure speci- 
fied by the manufacturer). 
The exclusive "sandwich" turntable 
system (a) ribbed rubber mat (b) 
heavy, cast, non -ferrous outer turn- 
table (c) sound - deadening foam 
cushion (d) inner drive table...the 
entire assembly weighted and bal- 
anced for rumble -free, fly -wheel 
action. 

3. The Laboratory Series® humless, 
noiseless, high -torque motor ... de- 
veloped for the Type A, engineered 
and built by Garrard. 

However, these are only parts, and rec- 
ord playing units by other manufac- 
turers offer some features reminiscent 
of these. 
Then what makes the Garrard so spe- 
cial? Simply this ... the Garrard is far 
more than the sum of its parts. 
Creative engineering, rigid quality con- 
trol, and 50 years of experience have 
joined together to make the Garrard 
an enduring source of satisfaction and 
pride to a legion of sophisticated ad- 
mirers. 
You'll find the Garrard a genuine 
pleasure to own. Over the years, your 
dealer has found it the same pleasure 
to recommend. That's why more people 
continue to buy Garrard than any other 
high fidelity component. They buy it 
for precision, for performance and to 
enjoy the convenience of single and 
automatic play, both at their fingertips. 
But mainly, they buy it because it's a 
Garrard, and those who really know 
fine equipment have confirmed that a 
Garrard is indeed something special. 
There is a Garrard Automatic Turntable for 
every high fidelity system. Type A, $84.50; AT6. 
$59.50; Autoslim, $44.50. For literature. write 
Dept. GE -14 Garrard, Port Washington, N.Y. 

2. 

W'orld's Finest 
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real FM 

authorities 
agree .. 

for the best seat in the house .. . 
O 

you need a FINCO AWARD WINNING 

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

THE FINNEY COMPANY 
Bedford, Ohio 

Dept. A 
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Circuit arrangements in some high -fidel- 
ity equipment are such that one side of the 
line cord is bypassed to chassis ground with 
a capacitor. This capacitor is used to pre- 
vent noise from the power line entering the 
set. If it should happen that the "hot" side 
of the line is the side with the bypass ca- 
pacitor, the chassis will aso be "hot" be- 
cause the chassis will be at the same poten- 
tial as the "hot" side of the line. There will 
be a difference of potential between the 
chassis and ground. Naturally, when the 
chassis and ground are brought together, 
there is a spark. This spark is not danger- 
ous because of the small size of the capaci- 
tance. Its reactance is high enough so that 
only a small amount of current can flow in 
this circuit. 

If the polarity of the wall plug is re- 
versed, the bypass capacitor is now on the 
negative, or more properly the neutral, side 
of the line. There is virtually zero voltage 
between the neutral and the waterpipe, and, 
of course, the chassis is at the same poten- 
tial as the neutral. Therefore, when the 
chassis is now connected to ground, there 
is no sparking. 

There are instances where both sides of 
the line are bypassed to the chassis. In such 
instances, you must simply live with the 
spark. However, the sparking is sometimes 
less with this arrangement than when only 
one side of the line is bypassed. This is so 
because the chassis is at a potential midway 
between the "hot" side of the line and neu- 
tral. You might say that the chassis is con- 
nected to the center of a voltage divider 
formed by two capacitive reactances. 
Again, there is nothing to be concerned 
about in this regard. 

Your problem with the phonograph is 
another matter. You should ground your 
tonearm to the preamplifier. In turn, 
ground the preamplifier to the waterpipe. 
This places the tonearm and the preampli- 
fier at the same potential. By following the 
procedure outlined in your letter there will 
be a slight potential difference between the 
arm and preamplifier and this may well be 
sufficient to introduce hum into your music 
system. This difference of potential can 
mean that the arm is not a proper shield. 
Therefore when you touch it hum voltages 
from around your body can be coupled into 
the signal leads capacitively. 

Although it is true that the presence of a 
ground will not damage your equipment, it 
is also true that sometimes the presence of 
the ground will introduce more hum and 
noise than is present when the ground is 
disconnected. By trial and error you will 
discover which arrangement provides the 
best results in your particular installation. 

The physical safety of the equipment 
only holds true of those pieces of equipment 
in which the chassis or ground bus is not di- 
rectly connected to the line. If you plan to 
incorporate such a piece of equipment into 
your system, care must be taken to insure 
that the chassis or ground bus side of the 
line is connected to the neutral side of the 
line rather than the "hot" side of the line. 
To eliminate this problem you should use a 
polarized plug which can be inserted into 
the wall receptacle in only one way. 

The use of a ground will not affect the 
performance of antenna systems because 
the antenna terminals in your equipment 
are properly isolated from chassis so as to 
avoid this complication. In some instances, 
for AM reception, the ground can result in 
an improvement of signal strength because 
of the counterpoise (Marconi) action of 
the ground system. i£ 
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TYPICAL PROFESSIONAL USE 
OF ALTEC VIANBACK,: 

1 
444 

The 360A is used by Dave Sarser's and Skitch 
Henderson's famous "Studio 3" in New York. 

Perfect partners! Rack -mounted Altec 360A 
works with Altec 314A Emperor Royale FM 
Multiplex Tuner at Sim -O -Rama Sound Record- 
ing Studio, N. 1. 

The film production service at Virginia State 
Department of Education relies on the 360A 
for power in conjunction with other Altec 
PLAYBACK, amplifiers and controls. 

United Recording Studios (Hollywood) uses 
Altec A -7 "VOICE OF THE THEATRE ®" Speaker 
Systems for 3- channel PLAYBACK monitoring. 

Interior of Columbia Records Studio (Holly- 
wood) and Altec 605A "Duplex" loudspeakers 
used for emBACK. 

AUDIO MAY, 1964 

Now, Enjoy the 
Musical 

Perfection of lBlCI 
ALTEC ALL -TRANSISTOR 

360A ROYALE II STEREO AMPLIFIER 
FIVE YEARS IN THE MAKING 

At a time when most amplifiers were of the 
vacuum -tube type, we marketed our first all-. 
transistor power amplifier for YIAYBAC]C 
applications. Today, the 351B model is cred- 
ited as the most advanced single- channel 
amplifier of its type in the professional field, 
and has earned a reputation for reliability and 
quality to the extent that the three largest 
manufacturers of motion picture sound equip- 
ment have standardized on it for theatre work. 
Shortly after the 351, we introduced the now 
famous 708A "Astro" -the only all -in -one 
stereo center with all- transistor power output 
stages. Now, after five years of actual produc- 
tion experience with solid state circuitry, we 
take pride in introducing the 360A all - 
transistor stereo pre -power amplifier. 

The difference in quality between the all - 
transistor Altec 360A and even the finest 
vacuum tube amplifier becomes most readily 
apparent through comparative A/B listening 
tests. Bass frequencies assume life -like solid- 
ity seldom heard outside a concert hall. 
Transient distortion, background hiss, and 
microphonics just aren't there. Even at loud- 
est volumes, hum is so completely inaudible 
our engineers have concluded that it is totally 
absent. (In fact, we urge you to compare this 
feature with that of any other amplifier on 
the market!) Highs are so crisp, clean and 
transparent that listening to them approaches 
a new and revealing musical experience. You 
hear the highest frequencies in complete pu- 
rity for the first time, since this amplifier 
neither contains nor needs the built -in bass 
boost found in ordinary units - one which 
affects the entire frequency spectrum. 

NEW CONTROL CONVENIENCE 

The new Altec 360A Royalle II Amplifier 
contains the first "KEYBOARD" control con- 
sole. This exclusive Altec feature groups oper- 
ating controls at one central location to elimi- 
nate confusion that is commonly found with 
the usual multiplicity of switches. Another 
convenience feature: "Proscenium 
Illumination" casts an even glow 
across the "keyboard" control 
console to provide clear visual 
selection of control keys even in 
the most softly lighted room. 

VIAYBM% -THE CONSIDERED CHOICE 
OF PROFESSIONALS 

Genuine YIAYBACY., equipment is the consid- 
ered choice of famous recording and 
broadcast studios - Capitol, ABC, Universal 
Recording, Columbia, and many others of 
equal stature. Just a few are illustrated at left. 
Professional studios depend for their income 
on the quality, the technical excellence, of the 
equipment they use. Shouldn't the equipment 
you select for your home reflect this same 
dedication to quality? If you agree, visit your 
nearest Altec Distributor (Yellow Pages) and 
hear the finest equipment in the world of 
sound : Altec YIAYBACYY, equipment. Be sure 
to ask for your courtesy copy of Altec 
YLAYBACIL and Speech Input Equipment for 
Recording and Broadcast Studios. Though 
prepared specifically for the recording /broad- 
cast industry, the conclusions to be drawn 
about your own home music center will be 
obvious. Or, for free copy write Dept. A -5. 

FEATURES: POWER 70 watts (IHFM); 35 
watts per channel. INPUTS 12, stereo or 
mono: magnetic or ceramic phono, tape 
head, stereo microphones. tape. radio, auxil- 
iary. OUTPUTS 7, stereo or mono: left, 
right and center speaker outputs, left and 
right channel recorder outputs, center chan- 
nel voltage output for auxiliary amplifier, 
headphone output jack. KEYBOARD CON- 
TROLS Rumble filter, stereo -mono switch, 
tape monitor, channel reverse, hi -low gain, 
volume contour, scratch filter, phase reverse, 
headphone- speaker output switch. OTHER 
FRONT PANEL CONTROLS Input selector, 
channel reverse, independent bass and treble 
controls (friction coupled), blend control, bal- 
ance control, volume control. REAR PANEL 
CONTROLS Magnetic- ceramic phono input 
selector, speaker impedance selector. 
PRICE $366.00 including cabinet. Only 51/2" 
H, 15" W, 11'/" D. SPECIAL FEATURES 
Automatic reset circuit breakers for over - 
current protection of each channel and AC 
line. Diffused keyboard illumination plus 
daylight power indicator. Both headset and 
speaker monitoring for tape recording on 
front panel. Variable crossover type bass 
tone control for bass boost independent of 
mid -range. 

A [TEE 
LANSING COPOAIION 

01964 ALTEC LANSING CORPORATION 

ALTEC LANSING 
CORPORATION 
6czjit1/7A Subsidiary of 

Ling- Temco- Vought, Inc. 
ANAHEIM, CALIFORNIA 
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EIGHT LIST[NING 

Tchaikovsky: 1812 Overture and Nut- 
cracker Suite 

London Tape LCL 75001 

London is expanding its "Phase 4" series 
to include some of the lowest denominator 
classics in a "Phase 4 Pop Concert Series." 
The pronounced separation of earlier Phase 
4 releases is immediately apparent in this 
four -track reel, a fact that may be of interest 
to tape users who have felt that United Stereo 
Tapes' older release of the 1812 (London L 
80019) could have used more separation. This 
is an academic point at best because most 
tape fans probably settled quite happily upon 
the Mercury reel of the 1812 Overture some 
years ago. Those who have done so need have 
no fear that London has topped the cannon 
shots of the famous Dorati version. As Robert 
Sharpies leads the London Festival Orchestra 
and Band in this new release, the climax of 
the piece produces bursts of sound that re- 
semble flame throwers more than they do 
cannon. What I hear is a "whoosh" instead of 
the normal bang of a cannon. The bells here 
are okay but then they should have some 
impact when you consider the way the engi- 
neers bring up the volume of the bell channel 
(left side) each time the orchestra takes a 
breath. As for the rest of the performance, 
even a potboiler such as the 1812 would have 
benefited from the efforts of a top conductor 
and a normal concert setup in the recording 
hall. For another thing, Sharpies has fewer 
than average strings to work with. Combine 
that with a desire for exceptional separation 
on the part of the producer and you have an 
1812 that starts out with the left channel 
virtually dead as the deeper strings get under 
way on the right. Also unorthodox is the 
placement of the wind instruments in the 
left channel instead of center stage. Fre- 
quency response in this reel follows pretty 
much the usual pattern. A couple of added 
octaves In the upper end would have given 
this tape the overtones now available on darn 
near any stereo record played on latest -gen- 
eration disc equipment. Bass response is an- 
other story that most of us are familiar with 
on tape releases. With no problems of groove 
overcutting to contend with, the bass drum of 
the recording has a chance to come through 
with very little inhibition of its true fre- 
quency. For all its anemic quality in the 
upper end, the tape duplicating process still 
delivers a very convincing signal in the bass 
region. 

Melachrino Strings: Ballads of Irving 
Berlin 

RCA Victor LSP 2817 
To his 1962 album of Berlin waltzes George 

Melachrino now adds this attractive release of 
famous ballads by the Old Master. A record- 
ing on this type is backbone material for any 
collection of tasteful music based on arrange- 
ments of lasting appeal. The top Berlin films 
and shows from 1919 to 1950 are represented 
in this collection of classics delivered in the 
easygoing Melachrino style. An interesting 
technical point in this Dynagroove disc : this 
made -in- England recording manages to avoid 
virtually all of the problems that have been 
a part of the Dynagroove system. Instead of 
the suspended -in -space feeling you get from 
the absence of room acoustics in most Dyna- 
groove recordings, Melachrino's orchestra oc- 
cupies a recognizable studio environment, 
gratifying in its sense of space around the in- 
struments. Equally encouraging is the almost 
total absence of tampering with the frequency 
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Chester Santon 

range of the master tape. I:acli passing month 
seems to bring closer a solution of the Dyna- 
groove situation : recordings with th term 
Dynagroove on the label to impress th table 
phono crowd but normal fiat response in the 
grooves for those whose equipment ca do it 
justice. 

Percy Faith: Shangri -La 
Columbia Tape CQ 591 

Everytime I read about the fabul us re- 
sponse now being claimed in some quar ers for 
17/3 ips tape, I can't help wonderin- when 
some of that response is going to rub ff onto 
commercial 4 -track tapes at 7.5 ips. ouldn't 
it be nice if the lab people working i n 17/, 
tape could take a little time off to dem istrate 
to the men in charge of duplicating o r com- 
mercial tapes how thrilling their store roduct 
would sound if it went out reasonably flat to 
10,000 cycles. For all its advantages o "high" 
speed, this latest tape by the celebrate Percy 
Faith orchestra follows a long establis ed pat- 
tern in its high end. Treble boost h ins in 
the low mid -range and rises so steely you 
can cut off everything above 8.000 cy les and 
and still get an illusion of plentiful highs. 
This falls far short of the laboratory spouse 
claimed for the newest tapes at 17A go ng past 
the latest breed of tape head. For al its in- 
tense wort: in ultra -slow -speed tapes. Colum- 
bia manages in this reel a sound that is only 
a shade above the industry avera e. The 
musical material on the tape is of prrlictable 
Percy Faith quality with a left -channe chorus 
adding ti a moor to Oriental and Pacifi Island 
specialties ,neh ns Ifashmiri Song, ong of 
India aad I/0 ,n of Ifanakoorn. 

Belafonte at the Greek Theatre 
RCA Victor LSO 6009 

Here's another deluxe two-recorc album 
taped in the coarse of a Harry Belaf te con- 
cert. The 4.407 seat open -air Greek Theatre 
in Los Angeles was the site of this p, rtieular 
appearance last August by the latest Bela - 
fonte troupe. This is the largest su porting 
cast I can recall encountering on a 
albumin. Taking part in the 1963 ton 
Glance troupe. a chorus and a hefty 
chestra. Drawing upon all of these r 
Belafonte sparks a. long program th 
fails to hold interest. The amazing 
of the material is just as importan 
regard as the virtuosity of the star pi 
A typical Belafonte concert by n 
smartly Paced mixture that is apt ti 
some of the darndest things. The prix 
spirituals and calypso tunes he offe 
longer a novelty at this point in hi 
The new element in the net is the i 
use of humorous characterization in 
build a personality capable of outla 
current vogue of folk singers per 
notch in the development of an a 
entertainer is Harry's imitation of 
youngster asking preposterous que. 
bedtime in the song Why `N' Why 
also plays a large role in his current 
participation number, Zombie Juinb . 
gargantuan successor to Matilda in 
17 minutes in the concert and takes 
one record side. Before the audie 
helps to bring the program to an 
Zombie Jamboree, Belafonte intro 
Glance group for a Boot Dance first 
in this country by -Miriam Makeba 
chestra recalls Sonny- Terry and 
McGhee in an exhilarating version 
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Belafonte has his most telling moments in 
Try to Remember from the off -Broadway show 
"The Fantasticks," and Fred Hellerman's 
Suitor Alan. In the sound department this al- 
bum demonstrates some of the positive virtues 
of Dynagruove's restricted dynamic range: 
volume level throughout is more uniform on 
Belafonte's hand held mike than it would 
have been in a regular recording. 

Piaf at the Olympia 
Capitol ST 10368 

Edith l'iaf's extraordinary singing career 
came to an end on October 11, 1963. This is 
the second recording issued by Capitol since 
her death. Recognizing that Piafs fame in 
this country was second only to her renown in 
France, t!'e label rushed out "Piaf and Sarapo 
at the Bobino" within a few weeks after her 
death. That recording. which also featured 
her husband. is followed by this program Piaf 
gave at the Olympia Music Hall in Paris when 
she played that famous institution for the 
last time in the fall of 1962. The interest here 
is a more historical than a musical one be- 
cause the unique voice had already taken on 
a metallic sound that was nowhere evident in 
earlier Capitol discs such as "Piaf" (T- 10210) 
or "More Piaf of Paris" (T- 10283). As a per- 
formance, her reaction to the enthusiastic 
Olympia crowd is a fantastic testimonial to 
sheer will power as she belted out her songs 
despite the orders of her doctors. Milord, the 
greatest l'iaf hit in recent years, emerges with 
astonishing intensity. 

Georgia Brown Loves Gershwin 
London Tape LPM 70078 

It`s a good thing the songs of Gershwin are 
made of enduring stuff. Even they, however. 
need all their resilient strength to stand up to 
the treatment of today's free -wheeling singers. 
One of the leaders of the new crop of im- 
provisatory vocalists is Georgia Brown whose 
gusty performance in "Oliver" has earned her 
the label of "exciting" personality from those 
who value personality more than they do 
conventional singing. For my taste, this reel 
would make a more favorable early impression 
on the listener if the Porgy and Bess excerpts 
on one half of the tape had been placed on 
Side Two rather than Side One. The liberties 
Goergia Brown takes with the music are far 
less out of place in Gershwin's flippant pop 
songs than they are in the "arias" of his cele- 
brated folk opera. At the very least, placement 
of a Latin- flavored Fascinating Rhythm at the 
beginning of the tape would have prepared 
time listener for the unorthodox approach in 
Summertime and the five other Porgy selec- 
tions. Mannerisms certainly cannot undermine 
the seldom encountered Blah, Blab, Blab or 
Slap that Bass, an engaging dialogue as re- 
constructed here with the rhythms section on 
the left and Miss Brown's rich voice on the 
right. There is no lack of fervor in the great 
Gershwin love ballads, But Not For ale and 
How Long Has This Been Going On' In all 
the selections, conductor Ian Fraser rates a 
special nod for his work in keeping pace with 
Georgia Brown's flights of fancy. 

Jimmy Durante: Hello Young Lovers 
Warner Bros. WS 1531 

In the autumn of last year, Warner Bros. 
saluted the season with a Jinnny Durante al- 
bum titled "September Son_." The combina- 
tion of the insouciant Durante voice and the 
Praises of an autumnal love apparently proved 
a winning one with record buyers because the 
first effort has been followed by another album 
in similar vein. This turn of events may puzzle 
those who associate Jimmy Durante with the 
fractured -English comedy songs that have 
made him such a unique pillar of siiowdom. 
It would be stretching a point to say that 
Jimmy sings these songs "straight "; lue has 
too much personality- to find himself in such 
a predicament. In Try a Little Tenderness. 
his own In the Other Fellow's Yard and 
Gordon Jenkins' This is .411 1 .487,, the Du- 
rante approach applies a fresh layer of logic 
and warmth to songs designed for the mature 
serenader. The arrangements by Roy P,argy, 
a longtime friend of Jimmy's, are discreetly 
to the point. 
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*GYROPOISE' MAGNETIC SUSPENSION introduces a new perfection to the reproduction of sound. Its 
secret is silence! The record platen rides on a cushion of air -suspended magnetically! Mechanical silence is 

the result. Vertical rumble is eliminated. But there's much more that recommends this remarkable turn- 
table. It's a matched, balanced, coordinated system, complete unto itself. The arm and platen suspension 
have been unified to eliminate all mechanical feedback. The Unipoise tonearm is balanced from a single 

bearing point. Its cartridge -the famous Stanton. Stereo Fluxvalve -rides the record with a feather touch. 

The motor, too, is engineered for silence, rigidly mounted to the base to dissipate all possible vibration. 
The 800B Stanton 5'tereotable® System even looks silent. The lines are slim, quiet and functional, with a 

base of natural walnut and fittings of gleaming brushed metal. See for yourself -and listen too -at your 
franchised Stanton dealer. Stanton Magnetics Incorporated, Plainview, New York. 

STENTOfl 
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Choose Mylar 
Professional Qualit 

or Acetate 

TARZIAN 
TAPE 

ENGINEERED 
for highest fidelity 

High Output -can accept signals 
with dynamic range to realize the 
full potential of even the finest 
professional equipment. 

Wide -Range Response -virtually 
flat response for all recording fre- 
quencies. 

Low Distortion -distortion is less 
than 2'' /% at maximum record level 
as measured by Navy Specifica- 
tion W -T -0061. 

High Uniformity- uniformity with- 
in a 1200 -foot reel is within plus 
or minus'' /, db. A new oxide for- 
mula and special selectivity of 
oxides protect recording heads 
from wear and prevent abrasion. 

Humidity and Temperature Pro- 
tection- special coating, prim- 
ing, and binding techniques help 
keep Tarzian tape in new condi- 
tion longer in ordinary good tape 
storage conditions. 

Complete Line -choose from 
and 1 -mil acetate, or 1 -mil and %- 
mil tensilized Mylar tape on 3, 
3'/ 5, and 7 -inch reels; lengths 
from 150 feet to 2400 feet for every 
recording application. 

el,World's Leading Manufacturers of TV and FM Tuners Closed Circuit TV Systems Bro4dcast 
Equipment Air Trimmers FM Radios Magnetic Recording Tape Semiconductor Devices 

MAGNETIC TAPE DIVISION BLOOMINGTON, INDIANA 
Export: Ad Auriema, Inc., N.Y. Canada: E. J. Piggott Enterprises Ltd., Toronto Ont. 

Tarzian Tape won't turn up its nose at 
any recording job you care to give it. 
Some manufacturers claim that their 
"premium" tapes are so good that you 
shouldn't use them for your fun activi- 
ties, but only for the greatest music. 

Why should you pay premium prices 
to have someone tell you what you 
should record? Tarzian Tape gives you 
unsurpassed quality at a price that 
makes it excellent for any recording ses, 
sion -from children's birthday parties to 
the latest version of Beethoven's Ninth. 

As long as you have the practical good 
sense to avoid damaging your recorde 
with cheap "white box" and "special' 
tape, but you don't want to pay premiu 
prices for a fancy box, come along wit 
Tarzian. In case your local hi -fi or photo 
graphic equipment dealer cannot suppl 
you, send us his name and we'll se 
that your requirements are supplie 
promptly. 

Meanwhile, send for a free copy o 
Tarzian's illustrated 32 -page booklet, 
"Lower the Cost of Fun With Tape 
Recording." It's full of tips to make you 
tapes more enjoyable and more valuabl 

SARKES TARZIAN c. 

8 

LETTERS 
Zero Distortion? 
SIR: 

The policy of your magazine over the 
past several years has been to advance and 
support good audio. But an ad that ap- 
peared in the February, 1964 issue does 
not agree with your policy. This ad (page 
12) claimed `absolute zero distortion." 
Come now, who do you think would believe 
this. It cannot be so in any sense of the 
definition of the word. You and the manu- 
facturer are distorting the truth. 

I am sure that the amplifier is excep- 
tionally linear and must have very low dis- 
tortion. However, it in no stretch of the 
imagination could have "no" distortion. 
Also, I am sure that I could demonstrate 
with instruments that there is distortion, 
be it harmonic, intermodulation, amplitude, 
frequency, or phase. 

I cannot believe that it is ethical to claim 
zero distortion in leading audio publica- 
tions. Why not claim just very low dis- 
tortion? 

DONALD R. SPANGLER 
4557 Ridgebury Drive 
Dayton 40, Ohio 

Manufacturer Replies 
DEAR SIR: 

Theoretical physics teach us that there 
is no absolute linear, that there is no ab- 
solute vacuum or absolute zero tempera- 
ture except in outer space. However, we are 
down here on earth producing high fidelity 
amplifiers of which the Quadramatic is the 
most advanced ever built here or abroad. 
There just isn't any instrument made, 
which can detect distortion in our system 
at 75% of full power and even at full 
power intermodulation readings are barely 
out of the area of residual noise so that 
reliable readings cannot be taken at any 
power. 

This creates a sound image never before 
heard of and is primarily the reason we 
have had such tremendous response here 
and abroad. We will continue to make our 
statements until someone produces an in- 
strument capable of reading intermodula- 
tion products below 0.02 %. 

G. C. DENCKER 
President 
Pure -sonies, Inc. 
Oak Park, Ill. 

Ceramic versus Alnico 5 Magnets 

SIR: 
This letter is intended to clarify some 

of the statements made on the comparison 
of ceramic and Alnico 5 permanent mag- 
nets in the Audioclinic for April 1964. 
Since the largest usage of ceramic mag- 
nets in audio components is in loudspeak- 
ers the following statements refer primarily 
to their use in loudspeakers. 

A ceramic magnet can be used to pro- 
duce a magnetic structure with magnetic 
performance equal to any Alnico 5 struc- 
ture. Equal magnetic performance in this 
case means the structures will have iden- 
tical magnetic air gap dimensions and air 
gap flux densities. 

A ceramic magnet has higher coercive 
force than Alnico 5 permitting a shorter 
length magnet for the ceramic structure. 
A ceramic magnet operates with a lower 
magnet flux density than Alnico 5. This re- 
quires a larger ceramic magnet area to 
provide the same total air gap flux as the 
Alnico 5 structure. 

(Continued on page 66) 
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"c... by combining this unit, Citation A, 

with a solid state basic amplifier of comparable quality, 

a sound path could be set up that approaches the classic 

goal of amplifier design -a straight wire with gain." 
-HIGH FIDELITY MAGAZINE 

THE NEW CITATION B 
PROFESSIONAL 80 WATT SOLID STATE STEREO BASIC AMPLIFIER 

r,TtroH. 

Handsome front panel: facilitates custom installation. Features include 
current -adjustment meter, on off switch with pilot light and low -cut fil- 
ter. Removable bottom panel conceals idling adjustment controls. 

Top view of chassis, computer construction throughout. Five sub -assemblies 
assure easy accessibility and minimum operating temperature through etti. 
cient heat dissipation; laced military wiring harness couples each stage. 

Computer -grade silicon out- 
put transistors: heavy -duty, 
solid state devices, virtually 
impervious to abuse. Will 
take 100% more power than 
their use in Citation B will 
ever demand. 

Electrolytic capacitors: en- 
gineered to computer -grade 
specifications for unlimited 
shelf life and consistent, 
long -term performance. 

"Heat sink ": heavy -duty 
tinned aluminum device 
which rapidly draws heat 
away from output transistors 
-insuring long life, fail -safe 
performance. 

Driver stage: Wideband silicon driver tran- 
sistors are mounted on rugged, military - 
type epoxy glass board. Board pivots for 
easy accessibility or removal. 

The "classic goal of amplifier de- 
sign" is now reality. The big "B" is 
here.The Citation B. A power -packed 
"brute" loaded with 80 watts of flaw- 
less performance -a true product of 
the computer age The "B" has the 
widest frequency response of any 
basic amplifier -1 to 100,000 cps. 

The "B" has the best square wave 
response - less than one microsec- 
ond rise time. The "B" has the high- 
est damping factor -50 to 1 at 10 cps. 
(No other power amplifier is even 
close.) The big "B" is the only pow- 
er amplifier completely free of hang- 
over or clipping at full power output. 

The Citation B reflects Harman - 
Kardon's solid state leadership in 
every way -performance, design and 
construction. "A straight wire with 
gain" when matched with Citation A, 
the big "B" will also enhance the 
performance of any other high qual- 
ity stereo preamplifier. For more in- 
formation - write Citation Division, 
Harman -Kardon, Inc., Plainview, N.Y., 
Dept. A -5. 

harman kardon 
A subsidiary of THE JERROLD CORPORATION 
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AUDIO ETC. 
Edward Tatnall Canby 

This column is a repeat of the column 
that appeared in April 1961. For an ex- 
planation of the repeat, see the Editorial 
on page 16. 

Over and Out 
A5OME.II AT \I F,1It.11, ASIDE, this 
month, time out from audio to ob- 
serve that I am unhappy about the 

trend in the record business these days. I 
don't mean the records themselves, but the 
stuff that is on them and the people who 
are in business to provide it. Never forget 
that, as this column used to say every two 
or three months, the business of audio is 
music. And things are changing very fast 
these days in the musical end of recording. 

(I'm not very happy either about a cer- 
tain by-- product of recorded music- record 
criticism. That -uh, pa rdon me -noble art 
is metamorphosing very rapidly too, and 
the shift seems to be towards the computer. 
The computer, you see, collates objective 
facts. It isn't at all critical. It doesn't have 
a point of view, nor a personality. But it 
processes data at an alarming rate of 
speed.) 

The trend in records is, of course, up- 
wards. It always is that. Right now, it's 
an upward spiral of costs and outlay, an 
upward expansion in the minimum size of 
the operations base. And especially, it's an 
upward jump in the direction of uniform- 
ity-, conformity, and generally cautious du- 
plication of safe, big -time music. There's 
a violent upward spurt in failures among 
smaller record companies, an upward jump 
of huge proportions in the withdrawals of 
listed LP items. 

Stereo is on the up- and -up, numerically, 
and it costs so munch that only the bigger 
companies can exploit it, in view of the 
odd fact that stereo doesn't sell. Mono 
recordings are moving upwards astronomi- 
cally in the bargain- basement bins, where 
they do sell -but the supply is limited, and 
the limits are going ever higher, as the 
sales mount. 

The trend in recording is towards vir- 
tuosity, ever more expensive, plugging per- 
formance, not music. It is towards ever - 
increasing numbers of recordings of the 
famous "fifty pieces" of standard repertory 
that Virgil Thomson cited many years ago. 
In fact, except in point of numbers, we are 
fast returning to the days before the LP 
came along. But now, instead of one or 
two each of the fifty, we have fifty record- 
ings each, and more every month. (If not 
fifty yet, then fifty in a year or so, at the 
present rate.) 

I suppose all of this is no more than old 

10 

cry, that someone has yelled every year 
since the dawn of recorded history. G' -e its 
back the good old days ! But them d ys is 
gone forever. 

True enough, those some old pieces, from 
"1812" to the Schubert Unfinished, have 
been popping up again and again o rec- 
ords since electronics came in, and here 
have indeed been steadily mounting ttehni- 
cal improvements, to give a good Ili ex- 
cuse. This is no fake reason. Just go back 
and play the hi fi spectaculars of, say, 
1956, and see how they rate against t. lay's 
stereo miracles. (A few will rate very sigh, 
but the general run show their age and 
especially in the noisy-, crackling L sur- 
faces that we accepted as standard only 
five years ago.) 

It's true, also, that we need many ver- 
sions of ally well known piece of uric. 
I'm the first to say that there is no ` jest" 
version, nor ever will be, and I make ouch 
out of audible comparisons between ver- 
sions in my weekly radio program - I d be 
lost without them. And it's also true that 
stereo has given us a legitimate excu for 
doing all the same old pieces once agr iu- 
a ud again and again -updated into th new 
medium. I would be the last to serff at 
that. 

It's true, though the reasoning is nar- 
rowly- commercial, that every respectable 
company catalog must be "represent, tive" 
in order to impress dealers and b yers, 
whether there's a need or no. What good 
is any symphonic catalog without a Bee- 
thoven Fifth or a 'Pictures at an E -hibi- 
tion"? What good is any artist roster with- 
out a fancy fiddler who'll re -play the Lalo 
"Sy-mphonie Espagnol" periodical',', in 
higher and higher fir This catalog -iti adds 
volumes to the repertory expansion, nd I 
suppose it is inevitable. 

No -I can't really object to the u ward 
trend in repertory. It's in the card, and 
always will be as long as there are re 'ords. 
Or tapes. 

Pioneers, O Pioneers 
But what is really wrong with the 

economy now is the disappearance r 

small operation, and with it that rea 
spiring flood of imaginative, econo 
wide- ranging recording that went i 

the first half dozen or so years of t 
era. The standard repertory will co 
to be kept topped -up, as the British 
say. But the rest of music on LP will 
fade away, and a big loss it will be. 

I don't think enough of us realize 
splendid thing it was, that brave pe 
tion into a thousand odd nooks and Cr 
of the silent paper -world of musical 
scripts by the little bands of enter 
LI' promoters, who took off with 
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dred bucks of capital and maybe a type- 
writer to launch a Record Company, full 
fledged. I am more and more reminded, 
as the early LP period passes into our his- 
tory-, of the pioneers of other ages, who 
similarly launched out towards adventure 
and the hope of gain, on a shoe string, in 
a Conestoga wagon, on foot or by sail, on 
land or by sea. There is now a universally 
admired aura of clash and élan to our pio- 
neers, and to Columbus and Magellan and 
Sir Francis Drake of an earlier adven- 
turesome period. They're all heroes, and so 
are the Forty Niners, the boys who went 
to Alaska for gold and, for that matter, 
every frontiersman who lifted an axe or 
blazed a trail a century ago. 

And yet they mostly didn't take off to 
be heroes, these people, nor were they al- 
ways as wholesome and delicious as we now 
assume. Plenty of hard -headed shrewdness 
was involved, plenty of pig -headedness, too. 
The "hope of personal gain" was often 
something rather more crude than those 
pretty words. Columbus was pig -headed, 
and wrong; he never did find the Indies 
where he said they were going to be. 
Neither did Elaine Music Shop have any 
prior intention of launching the history of 
the hi fi LP spectacular with the famous, 
#401, "Ionisation" by Edgard Varèse!- 
the theme song of the 1951 Audio Fair. (I 
think it was #401 -somebody walked off 
with Illy red plastic first edition.) 

There were unpleasant things about 
small- company LP, and stupid things. 
There were bad, indifferent, mediocre per - 
formances, skimpy- orchestras. (But Colum- 
bus liaci sonic pretty skimpy boats to sail 
with.) There were endless forays into musi- 
cal aridity -for the ocean of music history 
is dotted with barren islands, too. There 
was pettiness and small-time dishonesty. 
(But then, after all, Magellan didn't even 
get home alive. And look what happened to 
the men of Bounty-.) 

Quick -Buck Operators? 

Its all very well to say that most of the 
little LP people were merely- guys out for 
a quick buck, who didn't make it. Most of 
them, in a sense, were just that; for every 
promoter of a business has to have a cer- 
tain gleans ill his shrewdly romantic (or 
foolishly romantic) eye, if he's going to 
get started at all. Aren't the odds always 
against him? I suggest that, actually, the 
quick -buck operators were few and notori- 
ous. Small LP companies were never ex- 
actly gold mines in cash, and those that did 
make visible money of the sort that gets 
flashed around were suspect right from the 
beginning. Shady deals, mysteriously ob- 
scure tapes from doubtful sources, dirt - 
cheap European orchestras, working over- 
time. 

No, the bulk of the small companies 
were founded in the highest of hopes for a 
real musical service to the listening public. 
Don't laugh. People do that sort of thing, 
and are uplifted in the experience. Even 
if the music they sell is lousy, they don't 
think so. (Ask one -I'm a record re- 
viewer.) They didn't used to like unfavor- 
able reviews, and it wasn't because their 
sales were inhibited. It was because their 
pride was hurt. That's a much more poi- 
gnant sort of dislike. 
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An FM tape stereo system of comparable 
quality would cost up to $850 

start with the Eico receiver kit - only $154.95 
You can build a complete, high quality FM tape stereo system from the 
new Eico Classic Speed Kit package for only $445. This system includes 
the Classic 2400 stereo /mono 4 -track tape recorder; Classic 2536 FM MX 
stereo receiver and two HFS -8 2 -way high fidelity speaker systems. 

Completely wired you'd save nearly $300 on this system over other makes 
of comparable quality- factory wired price $570. You can also select 
any individual component at a remarkably low price. 
Here's why it's so easy to build these superb components. The 2400 tape 
recorder comes with the transport completely assembled and tested - 
only the electrical controls and amplifiers need be wired. The 2536, is 
without doubt the easiest -to -build receiver ever designed. The front end 
and the IF strip of the tuner section are supplied completely pre -wired 
and pre -aligned, and high quality circuit board and pre -aligned coils are 
provided for the stereo demodulator circuit. Speaker systems are corn - 
pletely assembled in fine oiled finish walnut cabinet. 

EICO CLASSIC 2.400 STEREO /MONO 4 -TRACK TAPE RECORDER Perform- 
ance on a par with recorders selling at twice the price. 3 motor design 
enables each motor to be optimized for its particular function. 

3 heavy -duty 4 -pole motors, capstan motor with integral fan DC 
braking of reel motors Standby operation between all transport modes 
prevents tape spillage, provides slur -free starts, permits easy cueing & 
editing Automatic end -of -tape switch & digital counter Jam - 
proof belt shift mechanism selects 71/2 or 33/4 ips speed. Requires no 
head wearing pressure pads New combination erase and record -play 

4r,0 4Y___ 
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4 -track stereo head Equalization selector provides uncompromised 
equalization on both speeds. Mixing mike and line level controls 

Dual electron -ray level indicator tubes Made in U.S.A. Oiled 
finish walnut base incl. in price of both semi -kit and wired versions. 
Semi -kit (transport assembled & tested) $199.95; wired $269.95. 
EICO CLASSIC 2536 FM- MULTIPLEX STEREO RECEIVER Makes every other 
stereo receiver seem overpriced. Combines stable sensitive FM stereo 
tuner plus a virtually distortion -free 36 -watt stereo amplifier with remark- 
able overload, transient and regulation characteristics. 
AMPLIFIER SECTION all program sources -magnetic phono, adapted 
ceramic phono, tuner, tape Full control facilities -bass, treble, blend 
and balance Tape monitor switch Distortion at 10 -w /channel 40 
cps -0.5 %; IHF, power bandwidth at 1% distortion, 30 cps -20 kc. 
TUNER SECTION Low noise, shielded & temperature compensated front - 
end for drift -free performance 4 amplifier -limiter stages & ultra -wide- 
band ratio detector. Electron -ray tuning bar & stereo program indicator 

Velvet -smooth rotary tuning IHF usable sensitivity 3 riv (30db 
quieting); 1.5 µv (20db quieting). IHF distortion 0.6 %; IHF capture 
ratio 3db. Kit $154.95; wired $209.95 (Incl. FET) 
EICO HFS -8 2 -WAY SPEAKER SYSTEM Compact 2 -way 
speaker system in handsome oiled finish walnut cabi- 
net. Full transparent bass; clean, smooth middles and 
highs. Two speakers: 8" high -gap energy woofer -mid- 
range transducer, and matched 2" tweeter. Wired 
only, $44.95. 

20511 20050 

0e0.Q 
0 0 0 

Y G: 0 
(-7) 

t, 

OTHER NEW EICO CLASSIC SERIES COMPONENTS 2036- 3G-wat stereo amplifier. Kit $79.95; wired $109.95. 22110- FM /IIX Stereo Tuner. 
Kit. $92.500; wired $119.55 (Incl. FET.1 2050 -50 -watt stereo amplifier kit $92.50; N-ire(I $129.95. 2080 -SO -watt stereo amplifier. Kit $112.50; 
wired $159.55. Optional oiled finish walnut. cabinet for the 2536, 2036, 2200, 2050 and 2050 are available for $19.95. Add 5% in West 

Eico Electronic Instrument Co., Inc., 131 -01 39th Ave.., Flushing, N.Y. 11352 Expon: Rolaurn Agencies, 431 Greenwich St N Y 13 14 Y. 
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Who says a 
professional - grade, 

ribbon- type mike 
has to cost a 

small fortune? 
Most audio engineers agree that 
microphones with ribbon -type gen- 
erating elements give the best 
acoustic performance obtainable... 
the smoothest, most distortion -free 
response over the broadest fre- 
quency range. 

Most ribbon -type mikes are 
therefore quite expensive...up in 
the hundreds of dollars. 

But not the RCA SK -46. It gives 
you a frequency- response of 40 to 
15,000 cps 

. and it costs only $49' S0 

What's so special about 
ribbon -type mikes? 

There are 7 basic types of micro- 
phone generating elements: rib- 
bon, condenser, magnetic, dynamic, 
ceramic, crystal and carbon. RCA 
sells all 7, so we can be relatively 
impartial about the advantages of 
the ribbon type. 

A typical ribbon element (spe- 
cial aluminum alloy foil 0.0001" 
thick) weighs only about 0.25 mil- 
ligram- hundreds of times lighter 
than generating elements in, say, 
dynamic and condenser mikes. The 
ribbon, in fact, is as light as the 
air mass that moves it, which ac- 
counts for its exceptional sensi- 
tivity. 

In fact, of all 7 types of generat- 
ing elements, the ribbon -type ele- 
ment is superior in: 
* Smoothness of response 
* Breadth of frequency range 
* Immunity to shock and vibration 
* Adaptability to various imped- 

ances 
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RCA SK-4 
ribbon -type 
microphone 

* Low hum pickup 
* Immunity to temperature and 

humidity variations 
That's why most of them cost so 
much. 

But now you can get the re- 
markable RCA SK -46 bi- direc- 
tional ribbon -type mike at Your 
Local Authorized RCA Micro- 
phone Distributor -For Only 
$49.50*. 

For full technical information - 
or the name and address of your 
nearest distributor -write: RCA 
Electronic Components and De- 
vices, Dept. 451, 415 So. 5th St., 
Harrison, New Jersey. 
*Optional Distributor Resale Price 

RCA Electronic Components and Devices, Harrison, N. J. 

The Most Trusted Name in Electronics 

If our pioneers opened up the West in 
their own interest, so did the LP makers 
open up a new musical frontier in a hun- 
dred different directions, and the feeling, 
for awhile, was much the same: the burden 
of hard work and the satisfaction of a 
personal accomplishment, small, but per- 
haps brand new to records and to music 
in our day. Ask any of them -didn't it feel 
pretty good, back around 1953 or so, when 
those first shiny new advance copies came 
from the pressing plant, ready to ship out 
to a waiting world? I saw enough of this 
myself to have a large respect for all of 
those who indulged in small- company LP 
exploration in the days when one could still 
do it and keep a shirt on one's back, more 
or less. 

I guess it was to some extent like the 
early days of our industry and invention, 
when big ideas were worked out by big 
brains in home workshops. The brief his- 
tory of LP recording has already com- 
pressed a hundred years of that sort of 
thing into its short span, and already we 
have arrived at the expensive technological 
stage of high professionalism. Who could 
be a Ford or an Edison or a Firestone to- 
day? Not without General Motors -or Ford 
-to back you up. At first, "anything went" 
on LP. Plastic was bad, but nobody knew 
of any better. Distortion was all over the 
place, but so was playback distortion and 
not many listeners bothered to make the 
distinction. It was the new, exciting, un- 
heard of music that got our imagination, 
the stuff that nobody would have believed 
could appear on records, and -after the 
78 -at such unbelievable length and at 
such low prices! We reveled in it as no one 
who had not been a 78 collector can now 
very well understand. And there were more 
new record companies every month, distor- 
tion or no. 

I played over an early Haydn Society 
disc just the other day -there was a noble 
bit of tomfoolery! -and the obviously dis- 
torted sound was of a sort that simply 
would not be tolerated at present, though 
it was not of the sort that could obscure 
the sense of the music. 

The music was priceless, two early sym- 
phonies of Haydn that had scarcely been 
known for several centuries and yet are 
among the world's musical masterpieces. 
Where but on the new LP's would they have 
then been heard? (Not in public concerts - 
not even now.) But at the same time, the 
performance itself on this record was dis- 
mally wooden, via a poor conductor and 
a confused, browbeaten orchestra. Mis- 
guided enterprise, poor artistic manage- 
ment, punk playing, and punk engineering, 
and the record is still worth any ten new 
ones today. Perhaps there was too much 
money in the Haydn Society, until it was 
all spent. The shoestring companies often 
did a better job with equally valuable ma- 
terial. 

There is no substitute for the economi- 
cal, centralized, small- company operation, 
as we all know in the hi fi equipment field. 
It is our stock argument against the so- 
called mass -produced "hi fi." The sanie 
argument holds true -or held true -for the 
small LP company, with the same advan- 
tages, with luck, of knowing and skilled 
direction, great flexibility, low overhead, 
adaptability. It all figured -back then. 
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Quality - Economy - Dependability 
QUALITY 

WITH 
POWER 

FM -3 Dynatuner with automatic 
multiplex facility and Stereocator. 
Low distortion and high sensitivity. 
Can be completely aligned without 
special test equipment. 

PAS -3 Famous PAS -2 preamplifier 
with new styling. Outperforms pre- 
amplifiers of many times higher 
price. 

MARK III 60 watt power amplifiers 
for a perfectionist's system. The 
MarkIII has been chosen for public 
demonstrations of live versus re- 
corded sound with outstanding 
success. 

Complete $339.80 in kit form 
Complete $479.80 assembled 

DYNA designs rigidly adhere to one princi- 
ple - the creation of a level of performance 
in audio reproduction which cannot be 
bettered regardless of price. This perform- 
ance is not full' detailed by current measure- 
ment standards which are unable to define 
how the equipment SOUNDS. Check the 
printed specs rigorously, but in the final 
analysis - LISTEN ! 

LISTEN to any DYNA amplifier on the 
finest speaker system you can find. You will 
realize the DYNA amplifiers will not limit 
you, no matter what your associated com- 
ponents. Choose according to your budget 
and power requirements, for within their 
power ratings, all DYNA amplifiers yield 
the same superlative sound, free from noise 
and distortion. You may find a DYNA 
sounding better than its power rating would 
indicate. This is as it should be. 

LISTEN to a DYNATUNER under the 
most difficult reception conditions. Try it 
on the weakest signals, in bad multipath 
locations, on overmodulated signals and in 
the shadow of the transmitter. It will stand 
comparison with any so- called professional 
monitor tuner. Further, alignment is no 
problem when you own a DYNATUNER. 
When in doubt - after tube replacement, 
shipping, etc. - just a few minutes spent 
with the DYNA home alignment procedure - no instruments - will assure you of lab- 
oratory results. 

A product is only as good as its com- 
ponents. The kit builder recognizes and ap- 
preciates this. (Maybe that explains why 
most of our kit sales are owner recommen- 
dations.) DYNA pioneered quality etched 
circuit construction in the high fidelity field, 
and its advantages pay you over the years 
in dependability and ease of maintenance. 
DYNACO output transformers have a world- 
wide reputation for excellence and are used 
in much more expensive equipment than 
our own. They are the major factor in 
DYNA's quality sound. 

It's easy to operate! We have tried to en- 
gineer complexity out of high fidelity. Those 
3 large knobs do all the work! But, there 
is full flexibility for the enthusiast's subtle 
adjustments. 

We devote a major part of our engineer- 
ing effort to distillation and refinement of 
every design. This extra effort, primarily 
appreciated by the kit builder, means a 
more thoroughly proofed assembled DYNA 
tuner or amplifier too. DYNAKITS are 
easier to build, lower distortion in operation, 
and more trouble -free over the years. 
You can pay more, but you can't buy better 
performance. 

QUALITY 
WITH 

ECONOMY 

FM -3 Combination of famous FM -1 
tuner and FMX -3 multiplex inte- 
grator with new decorator styling. 
Its deceptively simple appearance 
masks the fact that this unit ap- 
proaches the theoretical limits for 
high sensitivity and low distortion. 
Logical simplicity of control 
through full automation of stereo - 
mono switching and uniquely sim- 
plified tuning. Exclusive Stereoma- 
tic circuit locks in and signals 
stereo automatically and silently. 
FM listening was never so enjoy- 
able; never before so simple. 

SCA -35 New all -in -one stereo amp- 
lifier and preamplifier. Matchless 
listening quality from a moderate 
power, low cost unit which corn - 
bines functional simplicity with full 
flexibility. Its compact size and 
modest 35 watt continuous power 
rating belie its impressive perfor- 
mance with even the most ineffi- 
cient loudspeakers. 

Complete $209.90 in kit form 
Complete $309.90 assembled 

ASK YOUR DEALER FOR A DYNA DEMONSTRATION 

Complete descriptive literature available on request 

DYNACO INC. 3912 POWELTON AVENUE, PHILADELPHIA 4, PA. 
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ACOUSTECH SOLID 

STATE AMPLIFYING 

SYSTEM 
" . better than the best ** 
". . seems to 'grab hold of' and 
control a speaker to a degree that 
has led many listeners to remark 
that the speaker itself 'never sounded 
better. * " "... the finest square wave 
response I have ever observed ** .. . 

These are examples of the acclaim 
accorded the Acoustech I Solid State 
Stereo Power Amplifier since its in- 
troduction at the 1962 New York High 
Fidelity Show. Now the first "all -out" 
solid state amplifying system is made 
possible with the new Acoustech II 
Stereo Decade Control Center. These 
two units afford the listener a new 
standard in music reproduction and 
reliability possible only with solid 
state circuitry throughout. 
For full information on these remarkable 
instruments, send coupon below. 

Acoustech I $395, Acoustech II $348 
(slightly higher west of Rockies) 

`High Fidelity Magazine, August, 1962 
"HiFi /Stereo Review, February, 1963 

ACOUSTECH, Inc., 139 Main St. 
Cambridge, Mass. 02142 Dept. A -5. 

Name 

Address 

City 
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State 

Boldness 

Just look at an early slice of si iall -outfit 
catalogue with nie for a moment Esoteric, 
whose successor is Counterpoint. e amazed 
at the boldness and variety of his com- 
pany's musical offerings, as of 1953 or 
1954. I've pulled its cards out of nay back 
file catalogue, in numerical color, which is 
roughly the order of release. H often 
today do we get this sort of hi:li- flying, 
wide- ranging, flamboyant exubera ice! 

#501: Schoenberg: Serenade, Opus 24, 
for septet and baritone, with Dmilri Mitro- 
poulos conducting and Warren G.ljour -a 
priceless combination that could east a big 
company thousands of bucks righ now, if 
ll itropoulos Hadn't died recent~}, and a 
piece of music of historical imporrince and 
plenty of Id fi interest. (That's ow they 
got the performers; they must h:ve done 
it mostly for love, and quite right y.) 

#514: Flemish Choral Music. Iy card 
doesn't list the performers -a ty ist who 
worked for me neglected to type out the 
name of the pianist in a piano oncerto. 
But this is music of the Renaissa ce, of a 
sort that is tremendously dear to my own 
heart (I conduct the same sort in my own 
Canby Singers) and of an import ace and 
beauty beyond compare, as well a practi- 
cally without recordings at this sta;,e in the 
early history of LP. There's bee a good 
deal since. 

#515. Handel: Music for An ent In- 
struments and Soprano Voice. Th s is an 
antiquated title, going back to t e 'teens 
when old instruments were really "ancient" 
and rarely heard ; but the recordi . seems 
to be about the first of literally d:zens in 
this musical area of later date, many 
groups. This was the New York l'ro Mu- 

sica, as it is now known, and was surely 
an unusual venture for a small company. 

#522 -5:24 Harp Music. Nicanor Zaba- 
lata. All over the lot! No sooner seen, or 
heard, than recorded! I don't remember the 
Harp but to toss out three complete LP's 
of harp music in a series is really quite a 
small -label accomplishment. Reckless, even; 
but this is how things were done then. 

#527 Greek Fork Songs and Dances. 
Royal Greek Festival Co. Alm! And now 
who puts out the various royal ballets and 
orchestras and the like? Huge companies. 
But Esoteric, 'away back, was already in 
the field with its recorders, ready to catch 
anything that cane along and would con- 
sent to record. Enterprising. 

#523: Handel: Concerti a gualre; Cello 
Sonata. Bach: Trio Sonata #1. Harpsi- 
chord Quartet. Who started the present 
rage for Baroque music? Well, the small 
LP companies, Esoteric included, had a big 
place in it. Noss-, everybody's- in the act. 
but this record was still relatively a pio- 
neering effort. 

#530: IVolpe: Sonata, Pa.esacaglia, 
Quartet. . . . Wham! Right back to the 
ultra -ultra modern. Stefan Wolpe is a 
Schoenbergian follower of ]sigh repute and 
tough listening qualities. Here was another 
love -labor, with the redoubtable David 
Tudor on piano, Frances Magnes on violin. 
Samuel Baron conducting, even the well 
known Robert Nagel on trumpet. Amazing 
how a bit of enterprise could get together 
the topmost performers for these LP in- 
novations. 

#532: Jazz Immortal, 1946; Jam Ses- 
sion. Sonny Berman. -And wham! again, 
right into historic jazz. I'd thought that 
Columbia had pioneered the historical jazz 
reissue on LP with its famed "Benny Good - 

(Continued on page 65) 

COVER INSTALLATION 
With space limited in his city api 

Tom Athans of Elmhurst, N. Y. 
house much of lais equipment in 
in his den. In addition to the equip 
dieated in Fig. 1 he stores in the 
Marantz 8 power amplifier, Elect 
microphones, (1) Model 644 and (2 

Fig. 1. Installation 
of an apartment 

dweller. 

rtment, 
nose to 

closet 
ent in- 
loset a 
n -` oice 
Model 

664 and Atlas booms and stands. He has 
also an Ampex 881 stereo headphone and a 
Koss T -1 adaptor. Two AR -3 loudspeakers 
are located on the opposite wall. Miscella- 
neous equipment includes Kersting files, 
ESL Dust Bag, Grado Dustat and Duotone 
brush. 
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It's round... it's tall... 
its woofer faces downward 
and there is no grill cloth. 
It doesn't even resemble a 
loudspeaker...and yet it could 
change the listening habits 
of most every audiophile. 

The complete story, with sound, 
of the new Empire Grenadier... 
divergent lens speaker system... 
is available at all Empire dealer 
showrooms. Color brochure can 
be obtained by writing... 

EMPIRE "World's Most Perfect High Fidelity Components" 
Empire Scientific Corp 845 Stewart Ave.. Garden City, L. I., N. Y. / Export EMEC. Plainview. L. I.. N. Y. Canada. Empire Scientific Corp.. Ltd., 1476 Eglington West, Toronto 
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EDITOR'S REV IEW 
BORROW FROM RUSSIAN? 

LAST MONTH we described a sad situation : Due to 
legal restrictions we are constrained from using 
the term Triaxial except in referring to Jensen 

products. But we hadn't counted on the ingenuity of 
AUDIO readers, nor on their consuming interest in this 
fascinating subject. In short we received a potful of 
suggestions. 

We read each of the suggested names very carefully, 
and in fact read them aloud to hear how they sounded 
too. Alas none of them as yet have the full swing and 
visual appeal of the forbidden term. We must seek 
further. 

On the other hand we did get some rather interest- 
ing thoughts and explanations. For instance, one cor- 
respondent pointed out that "Triaxial" is technically 
incorrect. "The term implies that which has three 
axes," he says, "whereas in truth there is only one 
axis upon which three speakers, or cones, or radiating 
surfaces, or call -it- what -you -wills are aligned con- 
centrically." Having made this point he then goes on 
to suggest terms such as "Triconical" or "Tricon- 
centric." Almost, but not quite. 

Another suggestion was that we borrow from Rus- 
sian, and the resulting term was "Tryoc." Unfortu- 
nately, on translation, we discover that this term means 
Triaxial, which, it seems to us, brings us right back 
to our starting point. At least insofar as the term goes. 
After all, can it possibly be that a registered name can 
be gotten around merely by translating the name into 
another language ? 

And think of the grave international problems we 
might get involved in if we decided to use a Russian 
term to describe loudspeakers. For example it may be 
taken as proof that a Russian invented loudspeakers, 
or, by logical extension, the entire field of audio. (And 
every schoolboy knows that it was invented in Holly- 
wood.) 

On the other hand, it might be a good thing if we 
could transfer this "Triaxial" problem to Russia. Or 
the high fidelity definition hassle. If nothing else, the 
problems would be officially resolved : copyrights are 
non -existent in Russia, and high fidelity is a political 
doctrine. 

A DOUBLE SABBATICAL 
WII AT DO YOU CALL a sabbatical which occurs at 

the end of 17 years? We were faced with this 
semantic problem when Edward Tatnall Canby, 

our own ETC, requested some time off. Unbelievable 
as it seems, Ed has had almost a perfect "attendance" 
record for 17 years. Certainly he is entitled to time off, 
even though we will miss him. 

Characteristically, he didn't ask for a whole year 
or even half, all he is allowing himself is the summer 
to recuperate from these 17 years of deadlines. 

During his vacation, we will continue the column by 
having "guest" columnists and repeating selected 
columns. In line with the "guest" columnist idea, we 
would welcome any suggestions as to guests you would 
like to invite. Perhaps we can accommodate you. 

Oh yes, Ed will continue to report on records during 
this period. When we questioned him about this he 
gave us the impression that he enjoys records so much 
he couldn't stop. 

Anyhow, we wish him a refreshing sabbatical. 
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THE NAB CONVENTION 
AT T : E RECENTLY- CON( '1.I DED Convention of the Na- 

ticnal Association of Broadcasters in Chicago we 
h d an opportunity to view the equipment broad- 

casters, AM- FM -TV, will be using in the ensuing 
year (s . Two major trends were clearly in evidence: 
automa ion of AM and FM stations by means of tape 
cartrid;;e devices; and the rapid spread of transistor - 
ization. 

The rst trend was characterized by a large number 
of rath r sophisticated devices for handling, playing, 
and cu: ing tape cartridges. It is now possible for the 
broade ster to automate as much of his broadcast day 
as he ishes. Of course, this in itself is not new, we 
viewed .imilar devices at previous NAB Conventions. 
What i , new is the large availability of such devices, 
with t attendant reduction in prices. It is now be- 
coming economically possible for the small broad- 
caster ti automate. Properly used, automation of pro- 
gramm g may make it possible for small AM and FM 
stations to survive. It may also make it possible for 
them to provide an improved diet for their listeners. 

The .econd trend, transistorization, has literally 
entered every facet of broadcast electronics excepting 
those la.t strongholds, the transmitter and the picture 
tube. E erywhere else, however, transistors were used. 
And by a variety of exhibitors. The most common ap- 
plicatio was in audio mixing consoles. But they were 
also us in a variety of high -frequency applications 
for botl TV and radio transmission. The most startling 
change nvolved in the use of transistors for these ap- 
lication was the reduction in size. Amazing how much 
can be crammed into a little space. 

Anot er trend noted at the NAB convention was 
the inc ased availability of, and emphasis on, color 
TV equ pment. Of course this is natural enough con- 
siderin: the increased sales of color receivers. 

One to pic broached at the Convention, which was 
not tee a is ical in nature, centered about the recent ac- 
tion by .n old -line AM -FM station in accepting liquor 
commer ials. The topic was broadened somewhat by 
the con ention that cigarette advertising should be 
limited o those times of the day when children are not 
expecte s to be in audience. Thus the problem boils 
down ti the responsibility of broadcasters towards 
their au. ience. In a way the problem is rather tough 
to focus on since broadcasters are supposed to be re- 
sponsibl to their audience anyhow, legally. The basis 
of their broadcasting license is derived from public 
grant. he question thus evolves to what is in the 
public i ' terest, and who decides it. In the past, much 
of the d cision has been left to the broadcasters them- 
selves. or instance the liquor commercial restriction 
was sel imposed by a broadcasters code. Now that 
this vol ntary code has been broken, we are again 
faced w th the fact that an ethical code voluntarily 
adopted sy profitmaking institutions is only as strong 
as the p ofit picture. 

The swer ? Mandatory codes. The broadcasters 
should ave codes which are binding to the extent 
that if b oken the punishment could be suspension of 
license. I therwise they are inviting some external 
authorit to step in and do it for them. Plus other re- 
striction 
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This is 
The NEW 
V -15 

Micro - 
Magnetic* 

PICKERING'S NEW SUPER -LIGHTWEIGHT PICKUP 
Here's a magnetic cartridge that's radically different. You can hear the difference. You can 

see the difference. Pick up the V -15. Note its lightness -only 5 grams. Perfect for low mass 

tone arm systems. The V -15, because of its high compliance, high output and rugged con- 

struction can be used in either manual turntables or record changers. Hear how it outper- 

forms pickups two and three times its size. A revolutionary new magnetic structure provides 

an exceptionally flat resporse (20 cy to 20 KC), 7.5 my per channel output at standard re- 

cording levels, low IM and harmonic distortion with 15° vertical tracking angle. 

Now, take a close look. See how Pickering's exclusive "Floating Stylus" and patented 

replaceable V -Guard assembly protects your record and diamond as it plays. 

See the V -15. Hear the V -15. Your local Pickering dealer has it. 

FOR THOSE WHO CAN HEAR THE DIFFERENCE 

Pickering and Company, Inc., Plainview, New York 
° Trade Mark of Pickering and Co., Inc. 
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Nothing duplicates the installation flexibility of separate 
components. This is one of many reasons why Sherwood 
sells so many of them. But for those who do not need this 
flexibility, Sherwood engineers have created an outstand- 
ing single component, which without compromise of fidel- 
ity, combines both functions. 
The new S -77001I AM /FM /FM Stereo Receiver combines 
the 1.8 microvolt sensitivity and 2.4db capture effect of 
Sherwood's finest tuner with the 80 -watt dual channel 
music power of Sherwood's highest -rated high fidelity 
amplifier. The size is a space- saving 16 %,," x 4" x 14 ". You 
enjoy all the tuning surety of Sherwood's D'Arsonval zero - 
center tuning meter and 8" long professionally calibrated 
dial scale. And, you have front panel control of all stereo 
amplifier functions for phono, tape -plus a stereo headset 
jack. As trim as the size, is the less- than -separate -com- 
ponents price of $374.50 (slightly more on the West Coast). 

Sherwood low- distortion speaker systems 
for high fidelity music systems 

Ravinia: 3- way /48- 17,500 cps/$139.50 Newport: 2- way /48- 17,000 

cps /$79.50 Berkshire: 3- way/53- 17,500 cps /$99.50 Tangle wood: 
4- way /29- 17,500 cps /$199.50 

An outstanding new combined tuner /amplifier 
component ... the S -7700II AM/FM/ 
FM Stereo 80 -watt Receiver. 

Take this coupon to your Sherwood dealer and receive: FM & FM Stereo Station Finder -listing current and 

A $1.00 VALUE Time -Saver Shopping Guide -detailed comparative speci- Posed stations. 

INFORMATION KIT fications on components offered by major manufacturers. Photo file -a pictorial review of how different systems have 
AT YOUR SHERWOOD DEALER 

64 -page book, An Introduction to Hi -Fi & Stereo published 
been installed. 

by the Institute of High Fidelity. Descriptive literature on Sherwood components. 

If you prefer, send 25 in coin direct to Sherwood, together with your name 
and address. Your package will be sent by return mail. 

Name 

Street 

City State Zip Code 

Sherwood Electronic Laboratories, Inc., Dept. A -5 
4300 North California Avenue, Chicago, Illinois 60618 

HIGH FIDELITY 
STEREO RECEIVERS TUNERS AMPLIFIERS 

STEREO INDICATOR LIGHTS SPEAKER SYSTEMS CONTEMPORARY CABINETRY 
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Teistar-Shaped Electrostatic 
Speaker 

R. J. MATTHYS 

Electrostatic speakers are best built in 3- or 4 -way 
systems for best impedance matching and efficiency. 

orl.ver LIKE tobayethe very 

W 
n 

hest loudspeaker known today? 1 

firmly believe that the electrostatic 
loudspeaker is the finest loudspeaker 
that anyone knows how to make today. 
Furthermore, you can make orne yourself 
easily and inexpensively in your base- 
ment workshop, with a few ordinary 
tools. .Individual electrostatic tweeter 
units can be ruade for 15 to 40 cents 
each. iudiVidual olectrOStatie woofers 
can be trade for about $:l to $111 each. 
This article is written for a specific pur- 
pose: 'l'o describe the design and con - 
struction of electrostatic speakers so 

that others can build and enjoy them. 
The first part of this article describes 

the general characteristics of full range 
electrostatic speakers. The second part 
shows how to design one. The third part 
tells how to build your own electrostatic 
speaker and sufficient data is given to 
build at tweeter or to start vont on the 
way to building: a full range. 

I. General Characteristics 
The modern electrostatic spcakcr con- 

sists Of a thin plastic diaphragm lo- 
cated in the center of a small airgap 
between two parallel metal grids or 
plates. A cross -sectional view of one is 
shown in Fig. 1. The diaphragm in this 
unit is coated on both sides with graph- 
ite to stake it electrically conductive, 
and it is biased with a high d.c. voltage 
with respect to the t unship grids. 
The electrical connections to the speaker 
are shown in 1.7í. 2. Push-pull audio 
aigual voltages aro applied to the two 
metal grids. and this drives the dia- 
phragm hack and forth by means of the 
electric' field forces developed between 
the diaphragm and the metal grids. The 
sound must pass through. the metal grids. 
and to permit this the no tap grids usual- 

.2731 Hayes St., N.E., Minneapolis, 
l/in,,. 
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Fig. 1. Cut -away 
view of a push - 
pull electrostatic 
speaker element. 
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ly consist of all array of parallel round 
rods or wires, spaced at intervals to 
allow air to pass through them. The 
high voltage d.c. bias supply provides 
very little current, as the only load is 

the leakage current through the airgap 
spacers. The speaker is usually designed 
to be connected to the 8- or 16 -ohm out- 
put tap on a power amplifier, and the 
stepup transformer shown in Fig. 2 

steps up the low voltage on the 8 or 16 
ohm tap to the high level required at 
the speaker plates. This stepup trans- 
former can be an ordinary audio output 
transformer connected backwards so 
that its low impedance secondary wind- 
ing is actually used as the primary. 

Electrostatic speakers have been made 

Fig. 2. Electrical 
connections to the 
electrostatic 

speaker. 

that will cover the entire audio fre- 
quency range front 20 cps to 20,000 cps 
with a single diaphragm. " s But a single 
diaphragm speaker is very inefficient. 
For reasons to be given later, it is touch 
more efficient to use a two -, three -, or 
even a four -way speaker system. A large 
diaphragm is used as a woofer and pro - 
portionately smaller diaphragms as mid- 
range and tweeter units. The size of the 
airgaps ((i in Fig. 2 ) between the dia- 
phragm and the push poll metal grids 
or plates is important, and varies in- 
versely with frequency. The airgaps in 
a woofer might he I).1 -in. while a tweet- 
er aright have airgaps of 11.001 -inch. 
Crossover networks are used to feed the 
proper frequency range to each speaker. 
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Of the two full -range electrostatic speak- 
ers commercially available, one is a 
two -way system and the other is a three - 
way system. 

The outstanding sound quality of the 
electrostatic speaker is due almost en- 
tirely to two factors : 1. The very low 
mass of the moving diaphragm, and 2. 
the electric driving force being applied 
uniformly over the entire diaphragm 
area. The diaphragm has low mass be- 
cause it is very thin, on the order of 
0.00025- to 0.0005 -in. thick. The mass of 
such a thin diaphragm is approximately 
equal to a 1 /4 -in. thick layer of air! The 
low mass gives the speaker excellent 
transient response because the dia- 
phragm can be moved quickly and the 
resistance of the air load damps out 
any "overshoot" of the diaphragm. The 
low mass of the diaphragm also gives a 
flat frequency response up to 20,000 or 
30,000 cps where it starts to drop off 
at 6 -db per octave. 

The second factor, applying the driv- 
ing force uniformly over the whole dia- 
phragm area, almost completely elim- 
inates "cone breakup." Cone breakup is 
a major cause of tone color in moving - 
coil speakers. Thus the second factor 
gives the electrostatic speaker a degree 
of naturalness and transparency that 
must be heard to be appreciated. 

A third factor is low distortion. Jans- 
zen9 and Hunt3 both report distortion 
levels of 0.5 per cent, which is much 
lower than for moving -coil speakers. 

The low- frequency cutoff for an elec- 
trostatic speaker is the same as it is for 
a moving -coil speaker -the fundamental 
resonant frequency of the diaphragm 
in free air. The frequency response is 
flat down to approximately this fre- 
quency. The fundamental resonant fre- 
quency of an electrostatic speaker dia- 
phragm is inversely proportional to its 
diameter. Thus the fundamental reso- 
nance, and consequently the low -fre- 
quency response, can be lowered by in- 
creasing the speaker diameter. An 8 -in. 
diaphragm will have a fundamental 
resonance of about 40 cps. Diaphragm 
material is available up to 36 -in. wide, 
and consequently the frequency response 
and the fundamental resonance can be 
extended down to about 10 cps if de- 
sired. 

The low mass of the diaphragm, be- 
ing approximately equal to a 3/4-in. layer 
of air, has a very good impedance match 
directly to the air load on the speaker. 
This means that no baffles, horns, or 
cabinets of any kind are needed. The 
author's tests, and also tests reported 
by Walkers show that the use of a 
baffle, horn, or cabinet of any kind 
actually degrade the sound quality of 
the electrostatic speaker because of the 
internal resonances inherent in these de- 
vices. What a contrast to moving -coil 
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speakers, where these devices a needed 
to beef up speaker performaice! The 
best way to mount an electrostat c speak- 
er is as a free -standing unit without 
a cabinet of any kind, letting the dia- 
phragm radiate freely from bo h sides. 
Using one as part of a roo u divider 
or a wall would give excellen results. 

The efficiency of the electrost tic falls 
in between that of the normal igh -effi- 
ciency cone speaker and the .o- called 
low- efficiency bookshelf types. Briggs.' 
reports the electrostatic speake as be- 
ing 3- to 6 -db less efficient tha a good 
high -efficiency cone speaker. Th. agrees 
with the author's experiments. 

The acoustical directivity of he elec- 
trostatic is about the same as t at of a 
moving -coil speaker of equal siz , which 
means it is highly directive at i gh fre- 
quencies, and corrective meas res are 
needed. The corrective measures an take 
various forms. Walkers describe several 
of them, one being to make the tweeter 
diaphragm in the form of a long narrow 
vertical strip. Malmes s' 14 desc ibes an 
interesting method of electric.11y ac- 
complishing the same thing -t e hori- 
zontal width of the diaphragm d creases 
uniformly as the frequency i reases. 
The author prefers to use an . ray of 
tweeters mounted on a spherical surface 
to solve the directivity problem. 

The electrostatic speaker is in erently 
a high -impedance device. And t lower 
the speaker's frequency range is, the 
higher is its input impedance. This 
means high voltages are required o oper- 
ate the speaker, especially at 1 w fre- 
quencies. To indicate some appr ximate 
values, the bias voltage for a weeter 
might be 200 volts d.c. The bia . for a 
midrange unit might be 2000 vo is d.c., 
while a woofer might have a bias ' oltage 
as high as 20,000 volts d.c. There volt- 
ages are not as dangerous as on might 
think, because the very high re istance 
(10 to 1000 megohms) in serias with 
the bias supply naturally limits i e cur- 
rent. However to prevent any àc idents, 
the speaker is enclosed by a griunded 
metal screen. 

The electrostatic speaker has ne un- 
desirable characteristic -the inp t im- 
pedance of the speaker is almost a pure 
capacitance over its entire fre uency 
range. The capacitive input im edance 
is probably the most important single 
factor in the design of an elect ostatic 
speaker because of the drastic eject it 
has on efficiency and amplifier leading. 
This is discussed later in more detail. 

There is a definite limit to the acous- 
tic power that can be obtained p r unit 
area of the diaphragm. This 1 it is 
voltage breakdown across the g s be- 
tween the push -pull metal grids d the 
diaphragm. The speaker respo se is 
linear right up to the point of oltage 
breakdown. To increase the pow a r out- 

u 
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put beyond this point, the radiating area 
of the speaker must be increased. 

An electrostatic speaker cannot gen- 
erate as much power per unit area as 
a moving coil speaker, and consequently 
the electrostatic must have more radiat- 
ing surface for the same acoustic power 
rating. When the power rating of an 
electrostatic speaker is increased, it is 
more efficient to add more speakers of 
the same size in parallel than to increase 
the size of the speaker diaphragms. The 
reasons for this are given later. 

The preceding characteristics basic- 
ally determine what an efficient full - 
range electrostatic will look like : It will 
be quite thin, 2- to 3 -in. at most; it will 
have a relatively large surface area and 
will be a two -, three -, or four -way sys- 
tem containing woofers, midranges, and 
tweeters; the speaker will be free- stand- 
ing in the room and will not use a cabinet 
or baffle of any kind; the woofer, mid- 
range, and tweeter sections of the com- 
plete speaker will each consist of an 
array of identical speakers whose dia- 
phragm size has been scaled to that 
frequency range; the individual speaker 
diaphragms can be round, square, or 
rectangular in shape. 

A three -way system might consist of 
the following : The woofers would all be 
alike with a diameter of about 20 -in. 
and airgaps, (d), of 0.2 -in. for a funda- 
mental resonance of 20 cps; each mid- 
range unit would have a diaphragm 
diameter of about 2 -in. and airgaps, (d), 
of 0.02 -in. for a fundamental resonance 
of 200 cps; each tweeter unit would have 
a diaphragm diameter of about 0.2 inches 
and airgaps, (d), of 0.002 -in. for a fun- 
damental resonance of about 2000 cps. 
The number of woofer, midrange, and 
tweeter units is chosen so that the total 
diaphragm area in each frequency range 
is sufficient to produce to acoustic power 
required in that frequency range. The 
sizes and resonant frequencies given 
here are approximate, and are based on 
using Saran, 0.0004 -in. thick, as the 
diaphragm material. If a different ma- 
terial or thickness is used, the sizes and 
frequencies will change. 

Il. Design 
The design of an electrostatic speaker 

is primarily based on four factors : in- 
put capacitance, efficiency, diameter of 
the diaphragm, and the size of the air - 
gaps between the diaphragm and each 
push -pull plate. A flat frequency re- 
sponse is obtained by maintaining a 
constant amplitude audio signal between 
the push -pull plates at all frequencies. 

The speaker's input capacitance or 
load impedance as seen by an amplifier 
consists almost entirely of the electrical 
capacitance between the metal surfaces 
of the two push -pull plates. Over the 
audio frequency range of 20 cps to 20,- 
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thing is to make the diaphragms rectan- 
gular. with the length of each diap}tragut 
equal to eight times the width. 

To make the airgap as small as possi- 
ble I'M' maximum efficiency it is im- 
portant to know what the maximum 
diaphragm' travel is. Maximum travel oc- 
curs at the lowest frequency each speaker 
radiates. The maximum diaphragm am- 
plitude at different frequencies is shown 
in Fig. 3. This is a calculated curve, 
based on a. bias voltage gradient of 100 - 
volts- per- (1.(N11 -in. with the peak value of 
the audio input voltage between one 
plate and the diaphragm set equal to the 
bias voltage. The air load on the dia- 
phragm is assumed to be resistive. The 
author's experience indicates that the 
actual diaphragm : miditude is some- 
what less than that shown in Fig. 3. 

Another factor affecting efficiency is 
the shunt enpacitame in the speaker 
frame. It is very easy for the shunt ca- 
pacitance ill the frame between the push - 
pull grids to be two- to three -times 
greater than the "useful" capacitance 
through the muovahle part of the dia- 
phragm. This means that two -thirds to 
three-fourths of the total audio power 
into the speaker would be wasted in the 
capacitance of the speaker frame without 
doing any useful work in moving the dia- 
phragm. 'fhe stunt capacitance can be 
minimized by reducing the snrfaee area 
of the t'ruue between the grids, and by 
using an airgap spacer material that has 
a low dielecttie constant. The shunt ca- 
pacitance its the frame of the electrostatic 
tweeter made by the author :nnounted to 
50 per cent of the "useful" capacitance 
between the grids. Titus s..; of the audio 
input power is wasted in the frame ca- 
pacitance of this tweeter. 

The third major factum in electrostatic 
speaker design is the diameter of the dia- 
phragm. The diaphragm diameter deter- 
mines the lowest frequency the dia- 
phragm will radiate. The low frequency 
cut -off is the frequency of the fundamen- 
tal diaphragm resonance, which is in- 
versely proportional to the diameter of 
the diaphragm. The lager the diaphragm 
the lower the cutoff frequency. 

For reasons of efficiency au1 stability 
it is desirable to use the smallest possible 
diaphragm diameter, which means the 
fundamental resonance should he as high 
as possible. The smallest diameter is ob- 
tained by settin the fundamental reso- 
nance a little below the lowest frequency 
to be radiated by the diap}uagni. For 
example, a mid-range speaker designed 
to cover a frequency range of 200 cps to 
2000 cps might have its fundamental res- 
onance placed about an octave lower than 
200 cps, or at 11111 cps. A diaphragm di- 
ameter of 4 -in. will give a fundamental 
resonance ;shout 100 cps. Application 
of the minimum- di;muetet rule to woofers, 
midranges, and tweeters results in tweet- 
ers of small diameter, mid -range units of 
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medium diameter, and woofers of large 
diameter: with the fundamental dia- 
phragm resonance of each being set 
about an octave below the low end of 
each speaker's frequency range. 

Stability Problems 

There are two stability problems in 
the electrostatic speaker. These are the 
static and dynamic stabilities of the dia- 
phragm. The static stability problem 
will be discussed first. When bias voltage 
is applied to the diaphragm, the result- 
ing electric field between the diaphragm 
and the two push -pull plates acts as a 
spring which pulls the diaphragm away 
from its center position toward one of 
the two plates. Because the diaphragm is 
stretched tant in its mounting frame, 
this utechanical tension also acts as a 
spring which pulls the diaphragm back 
toward its center position. Titus we have 
two spring forces palling the diaphragm' 
in opposite directions. For the dimphragut 
to be stable, the mechanical tension in 
the diaphragm must he greater than the 
electric field forces generated by the bias 
voltage. If the tension is too low the elec- 
tric field forces will pull the diaphragm 
away from the center, and the diaphragms 
will oscillate back and forth from one 
plate to the other, making a noise like a 
stack of paper being shuffled. 

There are two solutions to the static 
stability problem. The first is to reduce 
the diameter of the diaphragm. This will 
increase the spring constant of the dia- 
phragm tension. The second is to increase 
the airgap which will decrease the spring 
constant of the electric field bias forces. 
These two solutions lead to a certain 
ratio of diaphragm diameter to airgap 
size that nmst not be exceeded if the dia- 
phragm is to be stable. Limited experi- 
ments by the author indicated that dia- 
piuagnis of any size, made of 0.0001 -in. 
thick Saran Wrap, will be statically 
stable if the ratio of diaphragm diaum- 

(-(1) 
I 

eter to airgap size is about 100 -to -1 

or less. This ratio is based on a bias volt- 

(age gradient V'' 
d 

of 100 volts -per- 

0.001 -in., and assumes that the dia- 
phragm has been stretched taut in the 
speaker frame so as to obtain a suitable 
diaphragm tension. 

The static stability problem does not 
appear to be Hutch of a practical limita- 
tion in designing an electrostatic speaker. 
In the tweeter built by the author, the 
ratio of diaphragm diameter to airgap 
size needed for static stability gave an 
airgap size very close to what was needed 
for maximum diaphragm travel. If at 
audio oscillator is available it is easy to 
experiment with this instability effect. 
The ratio of the two spring constants 

can be measured by noting how n1ueh the 
fundamental resonance frequency of the 
diaphragm changes when the bias voltage 
is applied. The fundamental resonance 
of the author's tweeters drops about 20 
per cent when the operating bias of 15011 
v. d.c. is applied. 

The second stability problem is the 
dynamic stability of the diaphragm. 
When an audio signal is applied to the 
push -pull plates the diaphragm moves 
away from center, moving in turn toward 
each of the push -pull plates. For large 
audio signals the diaphragm will come 
very close to the push -pull plates. To 
prevent the diaphragm from being 
"pulled into" one of the plates when it 
gets very close to one, a huge resistance 
is put in series between the bias supply 
and the diaphragm. This resistance pro- 
vides a condition of constant charge op- 
eration on the diaphragm, and reduces 
the bias voltage on the diaphragm in 
proportion to the position of the dia- 
phragm toward either plate. In this fash- 
ion the voltage difference between the 
diaphragm and the nearest plate goes to 
zero as the diaphragm approaches it, and 
there is no arcing if they happen to 
touch, because there is no voltage differ- 
ence between them at the instant of 
touching. Hunt' has shown that if the 
BC time constant of this resistance and 
the capacitance between the diaphragm 
and one of the push -pull plates is at least 
four tunes greater than the time interval 
of one -half cycle of the lowest frequency 
to be radiated, the diaphragms will he 
dynamically stable at any location be- 
tween the plates. 

Because the diaphragm is clamped at 
the edges, it does not move as a rigid 
plate but forms a curved surface when 
displaced from its renter position. The 
only sway to obtain true constant charge 
operation for each part of the diaphragm 
under this condition is to put a high 
series resistance on the diaphragm itself 
in the form of a. high resistance coating. 
The high resistance in series with the 
diaphragm and the high resistance coat- 
ing on it have several other advantages 
in addition to making the diaphragm 
dynamically stable, such as : 1. Reducing 
the even and odd harmonic distortion to 
0.5 per cent or less, and 2. limiting the 
short- eireuit current if the speaker hap - 
pens to arc over. 

Design Summary 

The design of a full range electrostatic 
speaker is summarized as follows. To 
obtain high efficiency the speaker is de- 
signed as a two -, three -, or four -way sys- 
tem. The woofer, mid -range, and tweeter 
sections will each consist of several 
speakers connected in parallel, prefera- 
bly so that the diameter of the array in 
each section will be at least one -third of 
the wavelength of the lowest frequency 
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000 cps the impedance of this capaci- 
tance will vary by 1000 to 1. Connect- 
ing a load whose impedance varies by 
1000 to 1 to a constant impedance source 
such as a power amplifier means that 
a tremendous mismatch in impedance 
occurs over most of the frequency range. 
This makes it impossible to get a good 
impedance match, and consequently if 
the entire frequency range is covered 
by only one diaphragm the efficiency 
is very low. 

If the speaker is a two -way system, 
the frequency range each speaker must 
cover is only half the total, and the 
impedance variation of each speaker as 
seen by the amplifier is then only about 
30 to 1. The efficiency of the two -way 
system is thirty -two times greater than 
a one -way or single- diaphragm speaker 
because of the reduced impedance mis- 
match. If the speaker is a three -way 
system, each speaker covers only one - 
third of the frequency range, and the 
total impedance variation of each speak- 
er as seen by the amplifier is then 10 
to 1. The efficiency of the three -way 
system is about three times greater than 
the two -way system. If the speaker is 

a four -way system, the impedance varia- 
tion is reduced to about 6 to 1, and its 
efficiency is about twice as good as a 
three -way system. Thus for maximum 

. efficiency and to reduce the variation 
in load impedance seen by the power 
amplifier, a full range electrostatic 
should be designed as a multi -way speak- 
er system. 

Amplifiers do not like to drive the 
capacitive load presented to them by 
an electrostatic speaker. There are three 
reasons for this. First, the input imped- 
ance of the speaker varies with fre- 
quency, and amplifiers like to work into 
a constant load impedance and not into 
a load that changes with frequency. Also, 
the low load impedance that occurs at 
higher frequencies drastically limits an 
amplifier's power output at high fre- 
quencies. When the speaker is a multi - 
way system, the woofer, midrange, and 
tweeter sections are each connected to 
the amplifier with a different transform- 
er turns ratio, so as to give a more con- 
stant load impedance over the whole 
audio frequency range. The stepup turns 
ratio for each section is proportional to 
the size of the airgraps, (d), in that 
section. 

The second reason amplifiers don't 
like capacitive loads is that the load line 
for the power output tubes becomes a 
circle instead of a straight line, and the 
performance of the amplifier's power 
output stage changes. In practice, the 
crossover coupling networks used be- 
tween the amplifier and the speaker 
drastically change the speaker's capaci- 
tive input impedance to a much more 
resistive impedance, and this helps the 
amplifier loading problem considerably. 
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Janszen15 has used the coupling network 
to improve the input impedance of the 
KLH Model Nine full -range electro- 
static speaker so that it is resistive over 
half the audio -frequency range and coes 
not vary more than about 35 per cent 
from its nominal impedance value ( ver 
the 20 cps to 20,000 cps frequency range. 

The third reason amplifiers do not 
like capacitive loads is that most ii -fi 
amplifiers use feedback and work best 
with resistive loads. The large car aci- 
tive load presented by an electrosl atic 
speaker can ruin an amplifier's transient 
response and also make the amplifier be- 
come unstable. This problem is 
cussed later in more detail in the 
tions on the crossover network 
amplifier loading effects. 

The second major factor in ele 
static speaker design is efficiency. 
out giving the derivation, the effic 
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gradient of 100 -volts -per 0.001 -in. 

The terms f and d (frequency and 
airgap size) in the denominator of the 
efficiency equation show that the effi- 

ciency decreases as both the frequency 
and the airgap size increase. The effi- 

ciency decreases as the frequency in- 
creases because of the greater reactive 
amplifier power that must be "dumped" 
into the speaker's input capacitance at 
high frequencies to maintain a constant 
voltage between the push -pull plates. 

The airgap size, d, affects the efficiency 
because the energy stored in the input 
capacitance is proportional to the air 
volume enclosed between the push -pull 
plates. The mechanical force that drives 
the diaphragm is proportional to the 
square of the voltage gradient in the 
airgap. The same voltage gradient can be 
obtained with a small gap as with a large 
gap, and since less energy has to be 

stored if the volume is smaller, the effi- 

ciency increases as the airgap size be- 

comes smaller. Thus for maximum effi- 

ciency the airgap is made as small as 
possible for maximum diaphragm travel. 

A woofer has the same efficiency per 
unit area as a tweeter because the tweeter 
has a smaller airgap than a woofer, as 

the diaphragm amplitude is much less at 
high frequencies. To put it another way, 
the frequency and airgap terms (f and 
d) in the efficiency equation complement 
each other, and consequently woofers, 
midranges, and tweeters all have the 
same efficiency per unit area. 

The diameter of a single electrostatic 
diaphragm (round or square) is about 
1 /24th of the wavelength of sound at the 
diaphragm's resonant frequency. Since 
the air load on a diaphragm is reactive 
and not resistive when the diameter is 

less than one -third of the wavelength, a 

single electrostatic diaphragm will see a 

reactive air load in the frequency range 
between the fundamental diaphragm res- 
onance and about eight times this reso- 
nant frequency. 

Walker' has shown that an electro- 
static speaker reacts quite differently to 

a reactive load than does a moving -coil 
loudspeaker. With a reactive air load the 
amplitude of an electrostatic diaphragm 
increases at 12 -db per octave as the fre- 
quency decreases, instead of the 6 -db per 
octave of a resistive air load. If the air- 
gap is increased to handle the larger dia- 
phragm amplitude that occurs with a 
reactive load, the efficiency will be low- 

ered. The best solution is to add speakers 
of the same size in parallel until the di- 
ameter of the speaker array is one -third 
the wavelength of sound at the funda- 
mental resonant frequency of the dia- 
phragms. This solution solves the reac- 
tive air load problem by making the air 
load resistive at all frequencies above the 
fundamental diaphragm resonance. An- 
other way of accomplishing the same 

21 

www.americanradiohistory.comAmericanRadioHistory.Com

www.americanradiohistory.com


each is required to radiate. 'l'he dia- 
phragm dian Teter, airgap size. and bias 
voltage of each speaker increase directly 
as the frequency range and the funda- 
mental resonance of that speaker are 
lowered. 

To get the hest efficiency the dia- 
phragm' diameter is wade as small as pos- 
sible. and is selected to place the funda- 
mental di;lpliragut resonance about an 
octave below the lowest frequency the 
diaphragm is required to radiate. \Villa 
midrange and tweeter speaker; the cro-- 
over frequency is considered to he the 
lowest radiated frequency. Vol- best effi- 
ciency the airgap is made the smallest 
size that will still allow for maximum 
diaphragm travel. Figure :3 shows the 
maximum diaphragms travel as a func- 
tion of frequency. 1'igure 3 can also be 
used to determine the approximate dia- 
phragm diameter needed to obtain a par- 
ticular fundamental diaphragm resu- 
'lance. To du this the frequency scale is 
interpreted as the fundamental resonant 
frequency desired, awl the airgap scale is 
multiplied by 1(t) nod interpreted as the 
diaphragm diameter that will give this 
resonant frequency. 

To stake the diaphragm stable Tinder 
static conditions ( bias voltage only, no 
audio signal) the ratio of the diaphragm 

I. 
diameter to air ap size 5110111(1 not 

d) 

exceed 1(111 to 1. To make the diaphragm 
stable under dynamic. comditious (bias 
voltage and ;Indio signal) and also to 
obtain the very low distortion that the 
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Fig. 5. Frequency response of 500 -cps crossover network with an electrostatic tweeter 
load. 

speaker is capable of, the resistance in 
series with the bias supply and the re- 
sistance of the graphite coating on the 
diapiii;fgut must be increased as the 
fundamental diaphragms resonance is 
decreased. The RC time constant of the 
suns of these two resistances times the 
capacitance of the diaphragm to one 
plate should be equal to at least four 
tithes the time interval of one half cycle 
of the lowest frequency each diaphragm 
will radiate. For maximum efficiency the 
bias voltage ,radient is set at the highest 
possible value, just short of corona and 
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Fig. 4. Equivalent 
circuits of electro- 
static speaker and 
crossover network. 

voltage breakdown. The maximum bias 

voltage gradient, 
(hat 

, is about Fil to 
rl 

120 volts d.c. per 0.001 -in. 
The power rating of the speaker is 

proportional to the total diaphragm area 
in each frequency rame. For a constant 
power rating at all frequencies. the total 
diaphragm area should be the saute in 
each frequency range. If more power 
is wanted, more speakers must be added 
in parallel, as the acoustic power per 
unit of diaphragm area is limited by 
voltage breakdown. If desired the total 
diaphragm area ill each frequency range 
can be pro- rafted to snatch the power -vs.- 
frequency requirements of music. 

The ]sigh- frequency response is limited 
by the mass-per-unit-area of the dia- 
phragm to about 20,000 to 30,000 cps 
with present diaphragm materials, with 
a 6- dh- per -octave rulloff hove this point. 
Tite low -frequency response is limited 
only by the diameter of the diaphragm. 
The larger the diaphragm the lower the 
cutoff frequency. Saran Wrap is avail- 
able up to 36- inches wide, which would 
give a low- frequency cutoff of about 10 
cps. 

For maximum efficiency the shunt ca- 
pacitance ill the frame around each dia - 
phragm should lue minimized, as it can 
absorb 25 to 75 per cent of the audio 
power into the speaker. This power is 

wasted. 
For those interested in further study 

of the design of electrostatic speakers, 
the bibliography at the end of Part II 
lists most of the pertinent references on 
electrostatic speakers. 

The Coupling Network 

The coupling. or crossover network 
used between the amplifier and the elec- 
trostatic speaker is very important, much 
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Fig. 6. Input impedance of 500 -cps crossover network with 
load. 

more so than for a moving -coil speaker. 
The crossover network for a tweeter will 
be discussed first. Figure 4A shows an 
L -C crossover network for coupling to an 
electrostatic tweeter. This network was 
first used by Janszen in his Model 130 
electrostatic tweeter. Figure 4B shows 
the amplifier output impedance, the L -C 
crossover elements, the stepup trans- 
former to the high impedance tweeter, 
and the capacitive input impedance (Ce) 
of the tweeter itself. Figure 4B also 
shows two resistors, R, and R2, which 
play an important role in the network. 

Both the frequency response and the 
input impedance of the coupling network 
provide useful information. For a 
tweeter, the audio voltage between the 
push -pull speaker plates should be con- 
stant above the crossover frequency and 
should drop off at 12 -db -per- octave be- 
low the crossover frequency. The input 
impedance of the crossover network 
should be as constant as possible over the 
frequency range to make it easier for the 
amplifier to drive the speaker. 

The frequency response of a 500 -cps 

MC 

an electrostatic tweeter 

crossover network for a tweeter is shown 
in Fig. 5. The data in Fig. 5 were taken 
from measurements on the author's 
tweeter. It shows that what was supposed 
to be a high -pass network is actually a 
bandpass network. With R, and R2 equal 
to zero an undesirable peak occurs in 
the response curve at each end of the 
bandpass. The two other curves in Fig. 
5 show that the correct value of R, 
(about 11k ohms) will eliminate the peak 
at fC0 near the crossover frequency, and 
that the correct value of R2 ( about 500 
ohms) will eliminate the high- frequency 
peak at fh. A flat frequency response in 
the bandpass is thus obtained. 

The behavior of the network can De ex- 
plained by redrawing Fig. 4B using the 
equivalent circuit for the stepup trans- 
former as in Fig. 4C. What happens is 
that the resonant peak at or near the 
crossover frequency fe0 is caused by C, 
and L, going into series resonance at 
this frequency, and R, is used to limit 
the current at this resonance. The reso- 
nant peak fh at the high end of the pass - 
band is caused by the transformer leak- 
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Fig. 7. Connecting the electrostatic tweeter and moving -coil 
over networks to the amplifier. 
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NCE 

woofers with their cross- 

age inductance (LiPai.) and the speaker 
input capacitance (a2Cs) going into 
series resonance at this frequency, and 
R2 is used to limit the current at this 
resonance. 

The load impedance that the amplifier 
sees is the input impedance of the cross- 
over network. The input impedance of 
the author's 500 -cps crossover network 
with an electrostatic tweeter as a load is 
shown in Fig. 6. The input- impedance 
curve in Fig. 6 shows series resonances 
at 800 cps and 110,000 cps (fco and fh), 
and a parallel resonance at 3000 cps 
(fP). The resonance at 1,, is caused by 
the parallel resonance of L, with the 
speaker input capacitance (a2C;). The 
resistors R, and R2 affect the resonant 
frequencies to a certain extent and hence 
the frequencies are slightly different 
from what would be calculated from just 
the inductive and capacitive elements. 

Normally the stepup transformer and 
high -pass filter would be connected to the 
8- or 16 -ohm output tap of the power 
amplifier. The author chose to bypass the 
amplifier's output transformer, however, 
and connected the high -pass filter di- 
rectly to the plates of the power output 
tubes as shown in Fig. 7. The amplifier 
used to drive the tweeter is a 60 -watt 
Dynakit Mark III amplifier. The stepup 
transformer used in the high pass net- 
work is a FTC LS -33, which for many 
reasons is almost ideal for the purpose. 
For experimental work it provides a 
large variety of turns ratios for match- 
ing almost any tweeter capacitance to 
the amplifier. 

The output tubes in the Dynakit Mark 
III amplifier have a rated load imped- 
ance of 4300 ohms plate -to- plate. If you 
wish to connect the electrostatic tweeter 
described in this article to the 16 -ohui 
output tap on your amplifier, the imped- 
ance of the high -pass filter elements 
should be reduced by the ratio of the 

(40) square of the impedances, ' 
and 

the transformer stepup ratio should 1w 

increased by the square root of the im- 

pedance ratio, (40)Any other am- 

plifier output impedance such as 4 or 8 
ohms can be accommodated in a similar 
manner. 

Network Design 

The design of the coupling network be- 
tween the amplifier and the tweeter is 
basically a tradeoff between efficiency 
and the highest frequency to which the 
tweeter should provide full power out- 
put. This is because the tweeter's capaci- 
tive input impedance at high frequencies 
decreases as the frequency increases, and 
when the impedance drops below the am- 
plifier's rated load impedance the ampli- 
fier's maximum available power output 
drops off too. For instance if one wanted 

(Continued on page 73) 
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A Solid -State Ultra- Linear 
Wideband FM Demodulator 

RALPH GLASGAL 

Using modern logic modules an FM demodulator is achieved which needs no 
tuned circuits, requires no alignment, and has a bandwidth of over 10 me 

I,I,II \s BEEN OBSERVED that the search 
f,,r high fidelity is a never -ending 
qut. -I for perfection. The advent of 

the solid -state era has resulted in the de- 
velopment of preamplifiers and power 
amplifiers that have a more- than -ade- 
quate frequency response and excellent 
linearity. Thus among the purely elec- 
tronic hi -fi system components only the 
FM tuner still remains to be brought to 
this same high level of performance. By 
extension one might anticipate that tran- 
sistors provide a way by which improved 
tuner characteristics may be obtained. 
From the standpoints of distortion, 
bandwidth, and alignment stability the 
Achilles heel of the modern FM tuner 
is the demodulator section, usually a 
variation of the Foster -Seeley discrimi- 
nator or ratio detector. This article de- 
scribes a very modern circuit which 

A UDIC 
OUTPUT 
SIGNAL 

I.F. AMPLIFIER 

(A) 

B+ 

(B) 

Fig. 1. Slope detector circuit, (A) and 
slope detector response characteristic, (B). 

OUTPUT 

(A) 

f? 

(B) 

Fig. 2. Double -tuned discriminator, (A), and response characteristic, (B). 

makes use of a very old pulse- counting 
technique. A brief discussion of digital 
logic and Boolean operations will enable 
the audiofan to appreciate fully the 
theory behind the circuit design. A re- 
view of currently -used detectors is in- 
cluded to provide a background against 
which the new technique can be better 
evaluated and understood. 

Existing Detectors 

The simplest form of FM detector is 
the slope detector shown in Fig. 1 The 
gain of the i.f. amplifier tube varies with 
frequency because the plate load im- 
pedance varies with frequency. Thus the 
FM signal is amplitude modulated ac- 
cording to the impedance curve of the 
tuned circuit. These amplitude variations 
are detected by the diode rectifiers pro- 
ducing an output proportional to the 
frequency of the i.f. signal. The fidelity 
of this detector is determined by the 
linearity of the slope of the response 
curve. Since this slope may be as high 
as a 12 -db- per -octave, or as low as 0 -db- 
per- octave, arid since the slope is con- 
stant only over a small portion of the 
response curve, this type of slope de- 
tector is unlikely to he acceptable in 

high -fidelity equipment. Even if the 
tuned circuit is replaced by an inductor 
or capacitor whose self resonance is well 
above the frequencies of interest, the in- 
teraction of the reactance with tube and 
detector impedance either limits output 
amplitude severely or results in large 
nonlinearities. 

Two slope detectors added together in 
series are called a double -tuned discrimi- 
nator. One tuned circuit is resonated at a 
frequency above the i.f. and the other 
symmetrically below it. (See Fig. 2.) 
This circuit has the advantage of main- 
taining a 12 -db- per -octave slope over a 
wider range of frequency. However, its 
linearity is dependent upon how closely 
the response curves of the two cells can 
be made to match. Also the circuit is 
very difficult to align, if the coils are 
tuned too far apart there will be a 
plateau in the S -curve at the center fre- 
quency and if they are tuned too close 
together, both bandwidth and linearity 
are lost. The primary winding and both 
secondaries are unavoidably coupled to- 
gether, therefore tuning any one of them 
affects the shape of the response curve 
of the others, which makes it almost im- 
possible to achieve an adjustment that 
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e I 
yields simultaneously perfect linearity 
at a specific center frequency over a 
sufficiently wide bandwidth. 

Some years ago, a circuit very similar 
to the double -tuned discriminator was 
used in the National Criterion FM tuner. 
This circuit was mistakenly called a 
pulse or frequency counter in several 
publications. We will discuss it in de- 
tail to end any misunderstanding. The 
circuit is shown in Fig. 3. The alignment 
difficulties are overcome here by elimi- 
nating all mutual coupling between the 
coils. This is accomplished by doing 
without a primary winding entirely and 
using capacitors to couple independent 
resonant circuits to the i.f. stage. This 
circuit still has the disadvantage that 
the bandwidth and the linearity are 
functions of the resonant circuit curve 
or Q and so the coils must be made to 
tight tolerances and aligned exactly to 
the right frequencies. 

Similar design and alignment difficul- 
ties are also inherent in the ratio and 
Foster -Seeley detector even though the 
circuit configurations and operating 
principles are somewhat different from 
the circuits considered above. Figure 4 
shows a typical coil configuration for 
either the Foster -Seeley or ratio detec- 
tor. For simplicity the diode and resistor 
connections which distinguish these de- 
tectors from one another have been 
omitted. L2 is coupled capacitively to L, 
and the voltage across L, is essentially 
the saute as that at the plate of the stage 
driving L,. Coil Lz is in series with each 
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half of the secondary winding : D and 
BD. Voltages V.4D and VBD . re each 
phase shifted 90 -deg. with repect to 
VDC and L3 is resonant due to normal 
secondary current flow. 

At the resonance, VAD + VDC s equal 
to VBD + VDC in magnitude. At f requen- 
cies away from resonance the se ondary 
load impedance is no longer pu ely re- 
sistive and the phase shift will uo longer 
be 90 -deg. As V 2D moves closer to VDC 
in phase, their vector sum ecomes 
larger. Simultaneously the vector sum of 
VBD + VDC is becoming smaller After 
rectification and filtering these oltages 

are the demodulated FM signal. Obvi- 
ously the linearity of this detector de- 
pends upon the linearity of phase shift 
with frequency in the secondary coil. 
This type of detector is also inherently 
bandwidth limited since it is possible to 
shift the phase only by 90 -deg. from the 
starting point and, depending upon the 
Q of the coil used, the 90 -deg. shift will 
take place within a relatively narrow 
range of frequency. A low -Q coil does in- 
crease bandwidth but at the expense of 
greatly reduced output voltage. Maintain- 
ing phase linearity with frequency can be 
a problem since the current through the 
inductance is a function of frequency 
and the inductance, due to partial satu- 
ration of core materials, is itself a non- 
linear function of current. Perfect lin- 
earity over a given bandwidth is very 
difficult to obtain. Although some excel- 
lent designs exist which are satisfactory, 
provided their alignaient is adjusted 
periodically, it is evident that tuned 
FM demodulators all have inherent 
weaknesses which are not easily over- 
come. 

Pulse Counting 

Let us now consider the nature of the 
FM signal and the theory of pulse count- 
ing detection. A limited FM signal con- 
sists of a train of square waves that dif- 
fer only in width (Fig. 5A). If a 
unipolar pulse is generated for each 
positive going zero crossing (Fig. 5B) 
then the average value of these pulses 
will be the demodulated FM signal that 
we are loking for (Fig. 5C). 

The width of the pulse generated must 
be less than the width of the narrowest 
square wave expected in the FM square 
wave train and both the width and the 
amplitude must be maintained exactly 
constant regardless of the number of 
pulses being generated per second. Once 
the pulse train has been generated sim- 

''1 1 . . MI I111 
(A) FM LIMITED WAVE TRAIN 

(s) GENERATED PULSE TRAIN 

(C) AVERAGE VALUE OF PULSE TRAIN 

Fig. 5. The resulta t pulse train and i:`s antecedents. 
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A MAJOR BREAK -THROUGH IN SOUND PURITY 
... BY -v H V R 

THE SOUND FROM THE NEW SHURE V -15 STEREO DYNETIC° CARTRIDGE 

WITH ITS REVOLUTIONARY BI- RADIAL ELLIPTICAL STYLUS 

HAS NEVER BEFORE BEEN HEARD OUTSIDE AUDIO LABORATORIES 

by S. N. SHURE, President, Shure Brothers, Inc. 

The sound from the new Shure V -15 
Stereo Dynetic Cartridge is unique. The 
unit incorporates highly disciplined refine- 
ments in design and manufacture that 
were considered "beyond the state of the 
art" as recently as the late summer of 1963. 
The V -15 performance specifications and 
design considerations are heady stuff- 
even among engineers. They probably 
cannot be assimilated by anyone who is 

not a knowledgeable audiophile, yet the 
sound is such that the critical listener, with 
or without technical knowledge, can ap- 
preciate the significant nature of the V -15 
music re- creation superiority. It is to be 
made in limited quantities, and because of 
the incredibly close tolerances and singu- 
larly rigid inspection techniques involved, 
it is not inexpensive. Perfection never is. 

THE BI- RADIAL ELLIPTICAL STYLUS 

The outstanding characteristic is that the 
V -15 Stylus has two different radii . . . 

hence the designation Bi- Radial. One is 

a broad frontal plane radius of 22.5 mic- 
rons (.0009 inch); while the actual contact 
radii on each side of the stylus are an in- 
credibly fine 5 microns (.0002 inch). It 
would be impossible to reduce the con- 
tact radius of a conventional spherical/ 
conical stylus to this micro -miniature 
dimension without subjecting the entire 
stylus to "bottoming" in the record 
grooves. 

The Shure Bi- Radial elliptical stylus, be- 
cause of its larger frontal radius of 22.5 
microns (.0009 inch), cannot bottom . . . 

and as you know, bottoming reproduces 
the crackling noise of the grit and static 
dust that in practice cannot be eliminated 
from the canyons of record grooves. 

TRACING DISTORTION MINIMIZED 
The prime objective in faithful sound re- 
creation is to have the playback stylus 
move in exactly the same way as the 
wedge -shaped cutting stylus moved when 
it produced the master record. This can't 
be accomplished with a spherical /conical 
stylus because the points of tangency (or 
points of contact between the record 
grooves and the stylus) are constantly 
changing. This effect manifests itself as 

tracing distortion (sometimes called "inner 
groove distortion "). Note in the illustra- 
tion below how the points of tangency 
(arrows) of the Bi- Radial elliptical stylus 
remain relatively constant because of the 
very small 5 micron (.0002 inch) side con- 
tact radii: 

IL - - 
Cutter Elliptical Conical 

The Shure Bi- Radial Stylus vastly reduces 
another problem in playback known as 

the "pinch effect." As experienced audio- 
philes know, the record grooves are wider 
wherever and whenever the flat, chisel - 
faced cutting stylus changes directions 
(which is 440 cycles per second at a pure 
middle "A" tone -up to 20,000 cycles per 
second in some of the high overtones). 
An ordinary spherical /conical stylus riding 
the upper portion of the groove walls 
tends to drop where the groove gets 
wider, and to rise as the groove nar- 
rows. Since stereo styli and cartridges have 
both vertical and horizontal functions, this 
unfortunate and unwanted up- and -down 
motion creates a second harmonic dis- 
tortion. The new Shure Bi- Radial elliptical 
stylus, on the other hand, looks like this 
riding a record groove: 

You'll note that even though it has a 

broad front face with a frontal plane 
radius of 22.5 microns (.0009 inch), and 
it measures 30 microns (.0012 inch) across 
at the point of contact with the groove, 
the small side or contact radii are only 
5 microns (.0002 inch). This conforms to 
the configuration of the cutting stylus and 
hence is not as subject to the up -and- 
down vagaries of the so- called "pinch - 
effect". 

SYMMETRY, TOLERANCES AND 
POSITIONING ARE ULTRA -CRITICAL 

Frankly, a Bi- Radial elliptical stylus, how- 
ever desirable, is almost impossibly diffi- 
cult to make CORRECTLY. Diamond, as 

you know, is the hardest material . . . 

with a rating of 10 on the Mohs hardness 
scale. It's one thing to make a simple 
diamond cone, altogether another to make 
a perfectly symmetrical Bi- Radial stylus 
with sufficiently close tolerances, actually 
within one ten thousandth of an inch! 
Shure has developed unprecedented con- 
trols, inspections and manufacturing tech- 
niques to assure precise positioning, con- 
figuration, dimensions and tolerances of 
the diamond tip. It is a singular and exact- 
ing procedure... unique in the high fidelity 
cartridge industry. And, unless these in- 
spection techniques and safeguards are 
used, an imperfectly formed elliptic con- 
figuration can result and literally do more 

harm than good to both record and sound. 

THE V -15 IS A 15° CARTRIDGE 

The 15° effective tracking angle has re- 
cently been the subject of several Shure 
communications to the audiophile. It con- 
forms to the effective record cutting angle 
of 15° proposed by the RIAA and EIA and 
now used by the major record producing 
companies and thereby minimizes track- 
ing distortion. 

The major features, then, of the V -15 are 
the Shure Bi- Radial Elliptical Stylus, the 
singular quality control techniques and 
standards devised to produce perfection 
of stylus symmetry, and the 15° tracking 
angle. They combine to reduce IM and 
harmonic distortion to a dramatic new 
low. In fact, the distortion (at normal 
record playing velocities) is lower than the 
inherent noise level of the finest test 
records and laboratory measurement in- 
struments! In extensive listening tests, the 
V -15 proved most impressive in its "track - 
ability." It consistently proved capable of 
tracking the most difficult, heavily modu- 
lated passages at a minimum force of 3/4 

grams (in the Shure -S\ME tone arm). The 
entire V -15 is hand- crafted and subject 
to quality control and inspection measures 
that result in space -age reliability. Pre- 
cision machined aluminum and a special 
ultra -stable plastic stylus grip. Exact align- 
ment is assured in every internal detail - 
and in mounting. Mu -metal hum shield 
surrounds the sensitive coils. Gold plated 
terminals. Individually packaged in walnut 
box. The V -15 is a patented moving -mag- 
net device -a connoisseur's cartridge in 
every detail. 

SPECIFICATIONS 

The basic specifications are what you'd 
expect the premier Shure cartridge to 
reflect: 20 to 20,000 cps., 6 my output. 
Over 25 db separation. 25 x 10 -E cm. per 
dyne compliance. 3/4 gram tracking. 47,000 
ohms impedance, 680 millihenries induct- 
ance per channel. 650 ohms resistance. 
Bi- Radial stylus: 22.5 microns (.0009 inch) 
frontal radius, 5 microns (.0002 inch) side 
contact radii, 30 microns (.0012 inch) wide 
between record contact points. 

But most important, it re- creates music 
with a transcendent purity that results in 

a deeply rewarding experience for the 
critical ear. 

Manufactured under U.S. Patents 3,055,- 
988; 3,077,521 and 3,077,522. Other Patents 
Pending. 

$62.50 net 

SHURE BROTHERS, INC. 

222 Hartrey Avenue, Evanston, Illinois 
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Fig. 6. Block diagram of pulse counter detector, (A) and timing diagram of pulse 
counter detector, (B). 

ple filtering provides the average value. 
Since the average value is directly pro- 
portional to the number of pulses gener- 
ated per second, this type of detector is 
inherently linear. Note also that the 
pulse or square wave may jitter in posi- 
tion due to noise or imperfect limiting 
without seriously affecting the average 
value at the output and that since only 
zero crossings are used to generate pulses, 
changes in square wave amplitude or 
wave shape will not affect the output. 
Thus we would expect unusually good 
noise rejection properties from a demod- 
ulation system of this type. Let us now 
develop some simple equations to better 
understand the action of a pulse counter. 

The FM signal may be represented by : 

FM = E,. sin (2nfct +REm sin 2rzfmt) 

where 

fo= the carrier frequency 
f ,= the modulation frequency 
Ec = the amplitude of the carrier fre- 

quency 
Em = the amplitude of the modulation 

frequency 
k = the peak frequency deviation 

If a pulse is generated of amplitude 
E,, and width tp for each cycle of the 
above waveform, then the number of such 
pulses (Np) 

Nt, = fc + kEn, sin 2n f,,,t 
Np max = f + kEm 
Np min =fc - kEm 

The average value of the pulse 
E41, 

EAy =Nyx t,xEp 
From this equation it can be seen 

train 

that 

EAy is directly and linearly proportional 
to the number of pulses Np if tr and Er 
the pulse width and amplitude are held 
constant. Since N9, (after the carrier 
frequency is filtered out) is equal to kE,,, 
sin 2tfmt, EAy is the saine as the original 
modulation waveform. 

The main problem now, is how to gen- 
erate pulses of constant width and am- 
plitude regardless of the rate at which 
the pulses are being generated. Circuits 
that have been used in the past to gen- 
erate these pulses include : blocking oscil- 
lators, one shot multivibrators delay 
lines, differentiators and saturated induc- 
tors. All these methods have serious 
drawbacks. It is very difficult to stabilize 
the width of blocking oscillator pulses or 
one shot multivibrators against changes 
in temperature, power supply voltages, 
triggering waveform and gain. The dif- 
ferentiation method involves the genera- 
tion of pulses directly from the limited 
square wave by differentiating one of the 
edges of the waveform. However, both 
the amplitude and the width of such 
pulses are then dependent on the rise 
time and amplitude of the square wave 
and therefore also on the signal strength 
and limiting characteristics of the tuner. 
Also because of the difficulty of using all 
these circuits at an i.f. frequency of 10.7 
mc, a second conversion to an i.f. of 200 
to 400 kc has usually been required. 

The method described here for gen- 
erating pulses makes use of a standard 
digital logic NAND gate and a delayed 
inverter. No tuned circuits or inductors 
are required. The NAND gate has two 
input terminals and performs the follow- 
ing logic function : When either or both 
inputs are at ground the output voltage 
is positive. When both inputs are posi- 
tive the output is at ground. If the sig- 
nal at one input is the inverse polarity 
of the signal at the other, both inputs 
cannot be positive at the same time and 

Fig. 7. Standard "NAND" gate circuit. 
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EXCLUSIVE eft DESIGN 

Start with Amplifier 
...plug in Tuner later! 

NEW 
8 O WAT T 
TRANSISTORIZED 

Tuner/Amplifier 

f .. i ..: 

III %.. 

ft IMPERIAL 1000 
FM STEREO TUNER/AMPLIFIER 
Unquestionably the ultimate in a stereo 
component. Transistorized circuitry Full 
80 -watt IHFM power output Frequency 
response of 9 to 85,000 cycles Un- 
equaled stereo separation 30 db 20 cps to 
15 kc inclusive Automatic stereo switch- 
ing Fully silverplated tuner Luxurious 
chrome plated chassis with soft golden 
panel and striking "cockpit" dial lighting 
... $529.95 

III 

EXCLUSIVE 'eft DESIGN 

Make tape copies while you 

listen to your original tape! 

NEW 
TAPE DECK 
TAPE DUPLICATOR 

OC>OO 
0 O O O 

eft IMPERIAL 900 
FM STEREO TUNER/AMPLIFIER 
Outstanding technical performance nearly 
equal to Imperial 1000 Transistorized 

Ultra -high tuner sensitivity 80 -watt 
power output...9 to 75,000 cycle amplifier 
response ... $469.95 

.eCQ. T -367 STEREO 
TAPE DECK / DUPLICATOR 
Now ... a single tape deck that will make 
copies of pre- recorded tapes ... reccrd and 
playback high fidelity stereo or monaural 
tapes Echo and sound -on -sound flexibil- 

ity Off- the -tape monitoring Three - 
motor drive Electro- dynamic 

braking Attractive polished - 
chrome deck plate with contrast- 
ing black ebony housing... 
T -367 $369.95 ... DK -1 Du- 
plicator Motors $49.95. EB -1 
Housing $24.95 

Prices slightly higher in West. 

Qft RT -360 STEREO 
TAPE RECORDER /DUPLICATOR 
A complete portable stereo recorder with 
all the features of the T -367 plus built -in 
16 -watt stereo amplifier and swing -out 
speakers ... RT -360 $449.95 ... DK -1 
Duplicator Motors $49.95 

TRW COLUMBUS DIVISION 
THOMPSON RAMO WOOLDRIDGE INC. 

6325 Huntley Road Columbus 24. Ohio 

Send for New Catalog on the com- 
plete Bell line of stereo high fi- 
delity components for your home 
music center. 
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An important feature 
has been missing 
from all 

transistorized components 

Introducing the world's only transistorized 
Take a good look at the new Fisher 
all -in -one stereo receiver on the facing 
page. Then consider with equal atten- 
tion the new Fisher control -amplifier 
and tuner, shown directly below it. You 
have now witnessed the coming of age 
of solid state stereo. 

No, these are not the first transistor- 
ized stereo components of their type. 
Nor even the first costly and very am- 
bitious ones. They are ahead of all 
others in performance, but even that 
would not make them revolutionary. 
The big news is that these solid state 
units are consistently and invariably 
reliable. Each will perform as well as, 
or better than, the production proto- 
type on which the specifications are 
based -and maintain that performance 
indefinitely, under the heaviest use, 
year after year. Thus the original and 
most meaningful promise of transistors 
in high fidelity equipment - reliability 
of the install -it- and -forget -it kind - is 
at last fulfilled. No one will be sur- 
prised that it was Fisher who did it. 

Ever since the first appearance of 
transistors in high -quality audio com- 
ponents, Fisher has been wary of the 
'hot -rod' engineering philosophy that 
seems to be prevalent in this field. It is 
Fisher's belief that the high fidelity 

enthusiast who pays a pre 
for transistors has the righ 
more than just 'super-sp 
and spectacularly clean -text 
That is only part of the pot 
bility of solid state stereo. 
part - the more difficult p 
comes to series producti 
assurance of faultless opera 
hands of every user. Fisher insists that 
premium -priced transistoriz d compo- 
nents be not only failure roof but 
immune even to the tiny . noyances 
and minute deteriorations o casionally 
encountered in the use f quality 
vacuum -tube equipment. 

With these consideration in mind, 
Fisher engineers develo.ed high - 
reliability solid state circuit y in four 
basic categories -power amplifier, pre - 
amp- control, FM tuner, and ultiplex. 
The Fisher TX -300 combin =s the first 
two; the Fisher TF -300 the atter two. 
The remarkable Fisher 600 combines 
all four- without modificati or com- 
promise! It can be unto ditionally 
stated that, even ignoring eliability, 
there exist no circuits of high r over -all 
performance- either tube or slid state. 
It is with full justice that Fis er prints 
"Professional Series" on these units. 

In addition to the inherent advantages 

ium price 
to expect 

cifications' 
red sound. 
ntial capa- 
The other 
rt when it 
n - is the 
ion in the 

of transistorized design - such as re- 
duced chassis size, low- temperature 
operation, freedom from hum and 
noise, wider frequency response - the 
new Fisher solid state stereo compo- 
nents offer a number of truly original 
design features. These are summarized 
along with the specifications below.. 

For the rest, the actual numerical 
'specs' should suffice. Keep in mind 
when you read them that they repre- 
sent the performance of the particular 
unit you may buy - not wishful think- 
ing from the lab. And, by the way, 
take a look at those new front panels! 

Technical Features 
and Specifications 

600 -T 

AMPLIFIER SECTION: 
100 watts total IHF Standard music 
power output at 8 ohms. 
45 watts per channel rms power out- 
put at 8 ohms. 
0.5% harmonic distortion at 1 kc 
and rated output. 
0.5% intermodulation distortion at 
rated output. 
12 to 35,000 cps IHF power band- 
width. 
Receiver chassis only 117 /s" deep 
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The new Fisher 600 
Transistor Stereo Receiver 

components featuring Fisher reliability. 
despite tremendous amplifier power. 
No output transformers - therefore 
no limitation of bass performance or 
of transient response because of 
transformer characteristics. 
Four output transistors in each chan- 
nel for conservative operation at 
high power ( instead of the conven- 
tional two). 
Impedance selector switch, for best 
possible match of output impedance 
to 4 -ohm.8 -ohm or 16 -ohm speakers. 
Exclusive Fisher DIRECT TAPE MON- 
ITOR". 

TUNER SECTION: 
1.8 Pv FM sensitivity (IHF Stand- 
ard). 
Exclusive Fisher Nuristor- GoIoI:N 
SYNCHRODE* FM front end, for high- 
est sensitivity and lowest noise, plus 
overload resistance beyond the capa- 
bilities of transistor front ends. 
Five wide -hand IF stages and .fire 
limiters. 
Wide -band ( one megacycle) ratio 
detector of highest linearity and low- 
est distortion, for unusually accurate 
detection of multiplex signals. 
Better than 40 db stereo separation 
at 400 cps - an industry FIRST. 
Exclusive Fisher STEREO BEACON* 
for automatic switching betweenFM- 

mono and FM- stereo modes, and 
automatic visual indication of stereo 
broadcasts. 
Variable- threshold muting with front - 
panel adjustment and defeat. 
D'Arsonval tuning meter for perfect 
center -of- channel tuning. 

Size: 16344" x 51/2" x 11' /s" deep. 
Price: $595.00 (walnut cabinet $24.95) 

TX -300 

90 watts total IHF Standard music 
power output at 8 ohms. 
36 watts per channel rms power out- 
put at 8 ohms. 
0.5% harmonic distortion at 1 kc 
and rated output. 
0.5% intermodulation distortion at 
rated output. 
12 to 50,000 cps IHF power band- 
width. 

Other features identical to those listed 
under amplifier section of 600 -T above. 
Size: 151/2" x 47/s" x 11'/4" deep. 
Price: $329.50 (walnut cabinet $24.95) 

TF -300 

Features and specifications identical to 
those listed under tuner section of 
600 -T above. 
Size: 151/2" x 4' /s" x 111/4" deep. 
Price: $329.50 (walnut cabinet $24.95) 

The Fisher 

The new Fisher TX -300 
Transistor Stereo Control -Amplifier 

The new Fisher TF -300 
Transistor FM Stereo Tuner 

FREE! $2.00 VALUE! Mail this 
coupon for your free copy of The 
New Fisher Handbook. This 
entirely new. revised and enlarged 
edition of the famous Fisher high 
fidelity reference guide includes 
detailed information on the new 
Fisher transistorized components_ 

Fisher Radio Corporation 
21 -40 44th Drive 
Long Island City. N.Y. 11101 

THE NEW 
FISHER 
HANDBOOK 

Name 

Address 

City State. 
03516T 

OVERSEES RFEIDEN, 
FISHER RADIO iNEFRNATIONAL, INC., FUN.. C,Tv I, NEW FOR 
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the output will remain positive. A NAND 
gate with only one input functions as a 
polarity inverter. When its input is at 
ground its output is positive and when 
its input is positive its output is at 
ground. 

Consider now the circuit of Fig. 6A 
and the timing diagram of 6B. The input 
square wave is applied to one input of a 
NAND gate and to the input of a NAND 
gate inverter. The output of the inverter 
is the second input to the NAND gate. 
The NAND gate inverter has been al- 
tered, in a manner to be described later, 
so that the signal through it is delayed 
in time by a fixed amount. Thus the in- 
verted signal arrives at the second input 
to the NAND gate a short time after the 
input signal does. Since a NAND gate 
only produces an output when both its 
inputs are positive at the same time, a 
negative -going pulse occurs only for the 
period when the positive portions of the 
two gate input signals overlap. ( See Fig. 
6B). Observe that one pulse is generated 
for each cycle of the input. The width of 
the pulse depends only on the delay of 
the slow NAND gate and its amplitude 
depends only on the power supply of the 
NAND gate. 

Now we shall examine the circuitry of 
the NAND gates. Figure 7 is the circuit 
diagram of a modern high -speed logic 
gate. High -speed capability is essential 
if the detector is to operate at the stan- 
dard FM i.f. frequency of 10.7 mc. The 
recent development of switching tran- 
sistors with ft's of 1000 mc make it pos- 
sible to design a pulse counter that gen- 
erates and counts pulses only nanosec- 
onds wide. The RCA 2N955A germanium 
transistor and RCA 2N2475 and the 
Sylvania 2N2784 silicon transistors are 
examples of the relatively low -cost high- 
speed switching transistors now becom- 
ing available. The NAND circuit of Fig. 
7 operates as follows. With no inputs 
connected, or both inputs high, current 
from the 15 -volt supply flows through 
R, and R., to the base of Q, causing Q, 
to conduct heavily and become essen- 
tially a short circuit between the output 
and ground. If one of the inputs is con- 

Fig. 8. Slow gate 
inverter cir uit. 

nected to ground, point A will b prac- 
tically at ground and no current f tom the 
+15 -volt supply will be able to re ch the 
base of Q, to keep it conducting. In ad- 
dition a negative bias from the 15 -volt 
supply, via R3, insures that the tr nsistor 
is firmly cut off when one or bot of the 
input terminals are grounded. S 1 ce the 
transistor is cut off its output collector 
is open circuited and diode D,3 " 11 open 
due to the current from the +15- olt sup- 
ply, via R4i and set the outp t to +5 
volts. D, is essential to limit t i e maxi- 
mum collector -to -base and col ctor -to- 
emitter voltages to a safe value D5 also 
improves the rise time of the aveform 
and therefore the switching s g eed. Rs 
limits the base current to a IT lue just 
large enough to ensure that the 1, ansistor 
will be fully on when point A ses to +5 
volts due to a +5 -volt signal a ' both in- 

puts. Capacitor C, bypasses, Rs to per- 
mit higher turn -on currents thus shorten- 
ing the turn -on time and has a similar 
effect in shortening the turn -off time by 
absorbing stored charge in the base re- 
gion of Q,. 

The inverter circuit shown in Fig. S is 
used to invert and delay the input signal. 
It is almost identical to the circuit of 
Fig. 7 except that capacitor C, has been 
omitted entirely and R,3 has been reduced 
from 22k to 7k. These changes have the 
desirable effect of greatly increasing the 
turn -on time delay of the circuit. When 
the transistor is not conducting its hase 
sits at a large negative bias due to the 
voltage- dividing action of RS and Rs. 
Because of the base-to-emitter capacity 
of the transistor and the absence of a 
capacitor across R; it takes an appreci- 
able time after the appearance of a posi- 
tive voltage, at the input, until the hase 
voltage and current are sufficiently posi- 
tive to permit the transistor to conduct. 
Note that the delay is independent of the 
amplitude of the input voltage or its fre- 
quency. It depends only on power supply 
voltages and the turn -on characteristics 
of the transistor. 

It is also possible to use a delay line to 
delay the signal but this method is quite 
expensive and bulky. Using the turn- 
off or storage time of a saturated transis- 
tor as the delay element, is also possible. 
A further refinement is to generate two 
pulses per input cycle, one for each input 
transition edge. This has the advantage 

(Continued on page 61) 

+15v 

10,7 MC LIMITED FM SIGNAL 
INPUT, 0 TO +5 VOLTS 

+SI. _ 0 - - 

33 pf 

IN995 

I N 995 

1800 

IN995 

+15v 

p3 

+15v +5v 

IN995 

VOLUME CONTROL 

0 -10v 

T IN 995 

10k 1 OUTPUT 

Ti, T2 - 2N955A, 2N2475, 2N2784 

Fig. 9. Complete schematic of ultra -liner FM detector. 
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The Elliptical Stylus 
J. KOGEN' and R. SAMSON= 

A properly -made elliptical stylus can reduce tracing distortion significantly 
with negligible effect on record wear if tracking force is kept below 1.5 grams. 

PROBABLY THE MOST UNDERRATED cri- 
terion Of phonograph cartridge per- 
formance has been that of distor- 

tion. Although the subject of distortion 
has been analyzed and discussed at great 
length for many years, consideration 
given to this factor in measuring and 
rating cartridges has not been great. 
The main reason for this is probably the 
difficulty in relating distortion measure- 
ments to subjective reactions in human 
listening.. 

On the other hand, the most empha- 
sized eharaeteristie in the evaluation of 
phonograph cartridges has been fre- 
quency response. It has been generally 
recognized, however, that two cartridges 
with pretty much the same frequency re- 
sponse can sound quite different. While 
many factors contribute to this, certainly 
the amount of distortion must have an 
important bearing on the sound. 

Distortion products can be created in 
many ways: 

II. Tracking Distortion 
Two types of tracking distortion have 

been discussed at considerable length in 
the literature : lateral and vertical. Both 
of these forms of distortion are produced 
when the cotter of rotation of the play - 
back stylus differs from that of the stylus 
used in cutting the master record. Lateral 
tracking distortion can be minimized by 
proper design of the tone arm. Vertical 
tracking distortion can be minimized by 
matching the motion of the playback 
stylus to the vertical tracking angle 
which has hl en eut into the record. 

2. Tracing Distortion 
This is the distortion that arises from 

the fact that the playback stylus has a 
different shape from the cutting stylus. 
The following discussion will deal with 
this subject in some detail. 

3. Dynamic Distortion 
By this we mean the distortion which 

occurs under dynamic conditions when 
the stylus deforms the record material 
and therefore follows a contour which is 
not exactly the same as that which is 
present in the record under static con- 
ditions. Since no standard or accepted 

Chief Engineer, 2 Development Engi- 
neer, .Shure Bros., Inc., 222 Hartrey Ave., 
Ermu.,tnn, ell. 

Fig. 1. Tracing groove modulation. 

terms exist for this effect, we have coined 
the terns "dynamic distortion." 

4. Distortion Caused by Loss of Con- 
tact Between Stylus and Groove 

This is simply distortion which occurs 
when the needle starts jumping off the 
record surface or to use a colloquialism 
"rattling around in the groove." This 
can occur with hig-lily modulated pas - 
sages. An extreme case of such distortion 
results in the stylus actually jumping out 
of the groove. 

What Is Tracing Distortion? 

The stylus used in cutting a record 
has a wedge shape similar to that shown 
in (A) of Fig. 1. The object when play- 
ing a record is to have the playback 
stylus move in exactly the same manner 
that the cutting stylus moved when it 
produced the master record. An exact 
reproduction of this motion cannot be 
accomplished with a round -tipped sty- 
lus because the point of tangency be- 
tween the round stylus and the record 
changes as a function of the modulation 
of the groove (see Fig. 1). Although the 
change in this point of tangency is small, 
there is some calculable and measureable 
deviation in the motion of the playback 
stylus as compared to the cutting stylus. 
This difference in motion results in what 
is termed "tracing distortion." This dis- 
tortion is proportional to frequency 
and cutting velocity, and inversely pro- 
portional to groove speed squared. 
Stated in other terms, tracing distortion 
is most noticeable towards the center 
of the record for highly modulated pas- 
sages containing high frequencies. 

The difference in shape of the cutting 
and playback styli also produces pinch 
effect, a type of distortion most notice- 

able on lateral records when played with 
a stereo cartridge. Referring again to 
Fig. 1, it can be observed that the groove 
cut by the wedged shaped stylus will 
be such as to impart a vertical motion 
to a playback stylus with a round tip. 
Note that the perpendicular distance 
between points of tangency for the round 
tip is smaller where the sine wave crosses 
the zero axis that it is at the peaks of 
the wave. Since stereo cartridges respond 
to vertical as well as horizontal motion 
an electrical output will be produced. 
This output is primarily a second har- 
monic of the lateral modulation. 

Minimizing Tracing Distortion 

For many years it has been recognized 
that one effective way to minimize trac- 
ing distortion and pinch effect is to make 
the radius of the playback stylus as 
shall as possible. There is a minimum 
size for a round -tipped stylus because 
making the tips smaller causes the stylus 
to ride in the bottom of the groove. This 
causes undesirable noise and distortion. 
A radius of 0.4 -0.5 mil has generally 
been aceepted as the practical minimum 
round stylus. 

Minimum tracing distortion would be 
obtained by the use of a playback stylus 
shaped exactly the same as a cutting 
stylus. The problem in this case, of 
course, would be that the sharp edges 
of the stylus would cause undue wear 
on the record. A good solution there- 
fore, would seen to be a compromise 
between the round stylus tip and the 
wedge- shaped tip of the cutter. 

The ideal shape for a playback stylus 
would have the following characteris- 
tics : 

1. Minimum radius at the points of 
contact with the record. 

2. An optimum radius at the bottom 
of the stylus tip which would both 
keep the stylus out of the bottom 
of the groove, yet well into the 
groove. 

3. Symmetry between the two tip ra- 
dii at the points of contact with 
the record in order to insure iden- 
tical characteristics for each of the 
stereo channels. 

This combination of requirements lead 
to what we are for brevity calling an 
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elliptical tip. Actually, the exact shape 
of the tip is not significant provided that 
the shape meets the three previously 
cited specifications. We have proposed 
the use of the term " biradial" to indi- 
cate the existance of two different radii, 
one at the point of contact with the 
record and the other at the bottom of the 
tip. We feel, however, that the term 
"elliptical" is simpler and will have bet- 
ter acceptance. In using the term "ellip- 
tical tip" we are considering this in a 
generic way as a stylus which exhibits 
the characteristics we have just dis- 
cussed. 

Measuring the Stylus 

Thus far we have discussed some theo- 
retical ideas of how tracing distortion 
might be minimized. These approaches 
are certainly not new, and have been tried 
in one form or another on commercial 
phonograph cartridges. There have been 
two major reasons which have probably 
prevented the elliptical stylus from be- 
coming more popular. First of all, dis- 
tortion from other sources has been rela- 
tively greater than tracing distortion and 
it has not been until quite recently that 
we have reached the state of the art 
where both the recording techniques and 
playback cartridges have minimized 
many of these sources of distortion. As 
-these other sources have been relatively 
diminished, the importance of tracing 
distortion has become more significant. 
Second, manufacturing a really good 
elliptical tip is very difficult. The prob- 

(A) 
VIEW A -A 

LOOKING DOWN THE GROOVE 

(B) 

RADIUS "b" 

Hg. 2. Stylus in groove showing points of 
contact with record. 

34 

Fig. 3. Method of 
using high power 
microscope to 
measure elliptical 

tip. 

MICROSCOPE 

PLANE OF 
LIGHT RAYS 

STYLUS TIP 

I 

PLANE OF 
LIGHT RAYS LIGHT 

SOLRtCE 

FRONT VIEW 

lea: of maintaining the require a toler- 
ances, both on dimension and sy au metry 
while still retaining a satisfacto polish, 
is rather severe. To simply make the 
stylus noncircular is of no valu at all. 
Maintaining the dimensions to aseet the 
three major requirements we h 'e cited 
is of paramount importance . nd re- 
quires a precise and costly m i factur- 
ing process. 

The problem of making unifo m ellip- 
tical tips includes the need u r accu- 
rately measuring these tips. I ' is need 
for accurate measuring techniq es is im- 
portant, not only to insure onsistent 
quality control, but also to .flow for 
laboratory measurements whic will help 
in correlating the shape of i e stylus 
with distortion and sound re . roduction 
characteristics of the finished I roduct. 

Figure 2 shows the dimensi i ns which 
are of significance in the elli . tical tip. 
Dimension "A" is at the po' of con- 
tact on the record and is seen i a plane 
perpendicular to the groove all, which 
is at a 45 deg. angle to the s ace of the 
record. Dimension `B" is at he bottom 
of the stylus, and is in a pla i e perpen- 
dicular to both the record an a the groove 
wall. 

Two methods can be used or measur- 
ing radius "A" : 

1. A shadowgraph can e used by 
shining the light in such a ay that it 
will be oriented at a 45 deg angle with 
relation to the major axis of the tip. 
Care must be taken to accu ately orient 
the tip with respect to the light beam. 
A slight misorientation in y direction 
can cause significant error. It is impor- 
tant therefore that highly ccurate fix - 
turing be provided for ho ding the tip 
and stylus shank when the easurement 
is made. 

2. An accurately calib ated micro- 

TOP VIEW 

LIGHT SOURCE 

LIGHT RAYS 

scope can be used in the manner de- 
picted in Fig. 3. In this system a plane 
of light is directed at the stylus tip. 
Light is reflected upward into the objec- 
tive lens of the microscope from all sur- 
faces on the tip oriented at an angle of 
45 deg. to the plane of light. Photographs 
of tips viewed in this manner are shown 
in Fig. 4. The curvature measured by 
this method should be related to the 
curvature perpendicular to the groove 
by a factor of \/2. This method is ex- 
cellent in showing the symmetry of the 
tip for the two radii "A ". (Figure 4B 
shows a 0.5 -mil round tip, 4A shows an 
elliptical tip.) 

Dimension "B" can be measured rea- 
sonably well with a shadowgraph (plus 
a proper holding fixture) since it is not 
as critical as dimension "A." 

Results of Measurements on 
Production Elliptical Tips 

In the development of the biradial, 
elliptical tip, a great deal of considera- 
tion had to be given to developing good 
means of measuring tips as well as a 
repeatable manufacturing process. Quan- 
tities of tips were then produced and 
measured using both the shadowgraph 
and microscope techniques just de- 
scribed. Measurements were made in 
order to correlate distortion with the 
dimension of radius "A." Additional 
measurements were taken to determine 
the effects of a symmetry between the 
two sides of the tip and the orientation 
of the tip in the stylus shank. Compari- 
sons were made between the elliptical 
and conventional 0.5 -mil and 0.7 -mil 
tips. 

The primary objective in these mea- 
surements was to determine the effect 
of stylus tip shape on tracing distortion. 
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Fig. 6. Photograph of poorly formed ellip- 
tical tip using apparatus of Fig. 3. 

tip could have distortion products five 
to six times that of a good 0.5 or 0.7 -mil 
round tip. Obviously, the use of the 
term "elliptical" for such non -round tips 
would not in any way guarantee that the 
cartridge would minimize tracing distor- 
tion shown. It is of utmost importance 
that the stylus he produced with great 
care and consistency in order to produce 
the reductions in tracing distortion 
shown in Tables I and II. Naturally 
this means the very highest degree of 
quality control. Quality control, of 
course, means both that the product 
must he produced with quality and that 
it must be measured accurately to insure 
that the quality is present. 

Effect on Record Wear 

Having demonstrated the decrease of 
distortion with the dimension of radius 
"A," we must concern ourselves with 
the effect of this radius on record wear. 
We know that decreasing this radius 
to the point where the stylus becomes 
chisel -shaped would result in exceedingly 
high contact pressures between the stylus 
and the record, even with very light 
tracking force. We must surmise that 
there is some optimum dimension for 
radius "A" which will diminish tracing 
distortion while not appreciably affect- 
ing the life of the record. In order to 
determine the effect on record life, tests 
were run on records both with test 
signals and program material. 

Since record wear is directly related 
to the contact pressure between stylus 
tip and record, we must consider the 
factors which influence this pressure. 
These factors include the tip radius, 
tracking force, and the dynamic charac- 
teristics of the stylus rear d coohination. 
The last mentioned item is determined 
by the effective stylus inertia, stylus 
and record compliances, and damping 
forces as contributed, for example, by 
visco- elastic bearings. These latter pa- 
rameters are fixed for a given stylus de- 
sign so that the major variables are tip 
radius and tracking force. 

Several methods have been proposed 
for checking record wear. Two major 
factors must be considered, the effect of 
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broadband background noise and the 
alteration of the modulation in the 
record groove. Several tests were per- 
formed to measure these indications of 
wear and to provide a comparison be- 
tween elliptical and round tips. 

1. Background Noise. 
The test record employed in this test 

was the CBS -STR 100 band 6A and 7A 
which is modulated at 1000 cps at a re- 
corded velocity of 3.54 cm /sec. A wave 
analyzer was used to measure output at 
discrete frequencies across the audio 
range. Measurements were made during 
the first playing of the record with a 0.2- 
mil radius elliptical tip, played at 1.5 
grails. The record was played 30 times 
and the measurement was repeated after 
every ten playings. Figure 7 shows out- 
put versus frequency after the first and 
after 30 playings. The output at 1000 
cps, 2000 cps, 3000 cps, and so forth in- 
dicates the modulation cut into the rec- 
ord plus residual distortion products. 
Output at other frequencies shows back- 
ground noise. 

Our conclusion from this test was that 
background noise did not change to any 
measurable degree even at the maximum 
tracking force for this cartridge. Some 
increase in output was noted at about 
12,000 cps, the resonance of the stylus 
and record. Additional tests indicated 
that this small amount of wear can he 
eliminated under identical test condi- 
tions by reducing the tracking force to 
1 gram or less. 

A second test for broadband noise 
was run at 10,000 cps using the elliptical 
tip at 1.5 grams. For this test a har- 
monic distortion meter was employed 
which measured the output of all fre- 
quencies except 10,000 cps. Total dis- 
tortion plus noise measured 2.2 per cent 
during the first playing and 2.8 per cent 
during the 70th playing. This is a rather 
moderate change in noise for 70 play - 
ings of the record. 

2. Frequency Response. 
Alteration of the groove modulation 

should be indicated by a change in fre- 
quency response as measured on a new 
versus a worn record. Tests were per- 
formed using the CBS -STR 100 record, 

Fig. 7. Noise at 
discrete frequen- 
cies for record 
modulated at 
1000 -cps during 
first and 30th play- 
ing with 0.2 -mil 
elliptical tip, track- 
ing force 1.5 

grams. 

bands lA and 2A. Recordings were made 
of cartridge output -versus- frequency for 
a variety of tracking forces and tip radii 
on new records and after a significant 
number of playings. The results of these 
tests were : 

a. At 1 grain with the 0.2 -mil elliptical 
tip, no measurable change in fre- 
quency response could be detected. 

h. At 1.5 grams with the elliptical tip, 
a slight alteration in response was 
noted between 10,000 and 20,00 cps 
after 100 plays. 

c. At 3 grams with the elliptical tip, 
a significant effect on the output in 
the 10,000 to 20,000 cps range was 
detected. 

d. A 0.7 -mil circular tip at 3.0 grams 
influenced the 10,000 to 20,000 cps 
response to a small degree after 100 
playings, about the same as the 0.2- 
mil tip at 1.5 grams. 

Our conclusion is that, if this test has 
significance, the tracking force for a 
0.2 -mil elliptical tip should be no greater 
than 1.5 grams maximum and more op- 
timally 1.0 gram. 

3. Square Wave Tests. 
As an alternate for the frequency re- 

sponse measurements a series of tests 
were run on square wave modulation 
using the CBS -STR 111 record. This 
record has bands of 1000 -cps square 
waves modulated laterally, vertically, 
left channel and right channel stereo. 

Tests were performed with the 0.2 -mil 
elliptical tip at 1.5 and at 3.0 grams. 
Results were as follows : 

a. At 1.5 grams a very small change 
was detected after 25 plays. This 
change showed up as about 10 per 
cent increase in amplitude of the first 
overshoot. This correlates with the 
frequency response tests in that the 
frequency and amplitude of the over- 
shoot is directly related to the upper 
frequency response. The effect of the 
elliptical tip at 1.5 grams appears to 
be reasonably small for the vertical 
and lateral, as well as stereo modula- 
tion. 

b. Wear after 25 playings at 3 grams 

(Continued on ¡gage GO) 
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(B) 

Fig. 4. (A) Photograph of elliptical tip us- 
ing apparatus shown in Fig. 3 (magnifi- 

cation 600 times); (B) round tip. 

For this reason, special precautions 
were taken to minimize any other forms 
of distortion which could be minimized 
during the tests. A special turntable 
was built to eliminate vertical and hori- 
zontal tracking distortion. This turn- 
table (Fig. 5) is mounted on a pair of 
pivots so that it can be rotated on an 
axis which is across the top of the 
record. By adjusting the turntable, ver- 
tical tracking distortion can be mini- 
mized. The tone arm is mounted on a 
movable base so that it can be adjusted 
to eliminate distortion caused by the 
lateral tracking error. Unfortunately, 
we know of no way to eliminate the 
dynamic distortion. Nevertheless, com- 
parison of measurements between the 
elliptical and the round tips of varying 
dimensions allows us to determine the 
relative effect of the tip dimensions on 
tracing distortion. Both harmonic and 
intermodulation distortion were mea- 
sured during these tests. Harmonic mea- 
surements were made on a test record 
with 1000 and 2000 -cps bands respec- 
tively cut with a velocity of 21 cm /sec 
and 24 cm /sec. This record was cut with 
vertical modulation using a Westrex 3C 
cutter, modified to provide the 15 -deg. 
vertical tracking angle. A Quantec Model 
303 wave analyzer was used in making 
these measurements. Intermodulation 
measurements were made using the 
Columbia STR 111 test record on bands 
containing a 4000 -cps tone recorded 
at 2.5 cm /sec and a 400 -cps tone re- 
corded at 20 cm /sec. This record also 
employs vertical modulation and was 
cut with a modified Westrex 3C cutter. 
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IM distortion was measured ^ith an 
Audio Instrument Model 167 I meter. 

Tables I and II show the relat ve per- 
centages of distortion measured or 0.7- 
mil, 0.5 -mil, and elliptical tips. Il mea- 
surements were made using a Sh re V15 
phonograph cartridge. Averag:s were 
made using a sufficiently large umber 
of units to validate the averag. i g tech- 
nique. The elliptical tips used f r these 
tests had a nominal radius "A" of 0.2- 
mil, a nominal radius "B" of I.9 -mil. 
All tips had symmetry between he two 
radii "A" of ± 0.05 -mil niaximun 

Table I. % second harmonie disto tion on 
vertically modulated groove as a unction 
of tip radius. 

Tip % 2ND HARMO IC 
Radius DISTORTION 

1 KC, 2 C, 
21 cm /sec 24 c /sec 

Meas. Calc. Meas. Calc. 

0.7-mil 
0.5 -mil 
elliptical, 0.2 -mil 

9.2 8.0 
6.2 5.7 
5.2 2.9 

13.5 
9.7 
7.6 

Table II. I.M. distortion versus ti 
measured on CBS STR -111 400-4, 
+12-db band. 

Tip Radius I.M. D 

0. -mil 
0.5 -mil 
elliptical, 0.2 -mil 

6. 
5. 
3. 

Discussion of Tables I and II 

The most important characteri 
dicated in these tables is the ch 
distortion as a function of the tip 
sions. The absolute measurements 
tortion must be evaluated in to 
the many variables that can aff 
measurement. These include dis 
which may have been cut into the 
as well as the fact that the recor 
cut at a very high modulation vel 
in excess of 20 cm /sec. Since the 
level at which most records are 
in the order of 3 to 5 cm /sec, t 

Fig. 5. Tiltable 
turntable for mini- 
mizing vertical 

tracking error. 

16.8 
12.0 
6.0 

radius 
00 cps 

stortion 

% 
% 
oa 

tic in- 
nge in 
imen- 

of dis- 
s of 

et the 
rtion 

ecord, 
s were 
city- 
erage 
cut is 
e dis- 

tortion percentages as shown are much 
larger than one might normally expect 
on a typical commercial record. 

The trend indicates that the elliptical 
tip measures roughly 20 per cent less 
harmonic distortion that the 0.5 -mil cir- 
cular tip, and about 40 per cent less 
harmonic distortion than the 0.7 -mil tip. 
On intermodulation measurements the 
elliptical tip shows 27 per cent less dis- 
tortion than the 0.5 -mil tip, and 43 per 
cent less distortion than the 0.7 -mil tip. 
Since some of the measured distortion is 
caused by factors other than tracing dis- 
tortion, the calculated improvement is, 
as expected, better than it was possible 
to measure. 

Effect of Asymmetry 

Measurements were made ou tips 
which were asymmetrical in a two -to -one 
ratio. For example, radius "A" on one 
side was 0.4 -mil and on the other side 
was 0.2 -mil. As expected, the distortion 
on the 0.4 -mil side was significantly 
greater than on the 0.2 -mil side. There 
is also some indication that the asym- 
metrical tips produce differences in fre- 
quency response between the channels. 

Effect of Poorly Shaped Radii 

In order to determine what a really 
poor elliptical tip might do, a number 
of tips were made with poorly- shaped 
radii "A" and considerable asymmetry. 
Figure 6 shows how an inferior ellip- 
tical tip might look using the micro- 
scope technique of measurement. Such 
tips can easily be made by simply grind- 
ing off part of a standard round tip. 
Such a tip would be noncircular and 
could even be claimed to be elliptical. 

Our measurements indicated very 
clearly that a poorly formed, non -round 
(we refuse to use the term elliptical) 

PIVOT 

TURNTABLE 

SLIDING WAYS 
FOR TONE ARM 

TONE ARM 

PIVOT 
TOP VIEW 
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i pressure wheels must 
standards. 

ts. 

Adjustment of transfer wheel brackets. Tandberg ma ufactures its own Record, 
Playback andIrase heads. Every head 
is checked for; precision. 

Dip soldering techniques undergo magni- 
fying glass inspection. 

4 
All printed circuit boards are checked 
all electrical functions exactly correspo 
ing to application in the recorder. 

for 
nd- 

The consistent, conscientious 
application of skill and pride 
of workmanship by Tandberg 
personnel is unsurpassed 
anywhere. 

turn -table. Take -up torque on the right turn -table is 
inspected for accurate performance. 

Azimuth adjustment of the recording 
head. I 

During the quality control sample test, 
frequency response is checked at all 
speeds. 

Production model recorders are thor- 
oughly analyzeu and tested for several 
days to assure quality performance. 

E durance tests in climate chambers ex- 
p se units to extreme humidity and heat 
to insure reliability. 
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TANDBERG TAPE 

RECORDERS 60 THROUGH 

MORE THAN 150 CHECKS 

PRIOR TO COMPLETION 
Rigorous Quality Control Techniques 
Assure Fine Performance And Long 
Lasting Reliability. 
The Tandberg reputation for producing 
the "world's finest tape recorders" stems 
from many factors. Careful concept and 
design are basic. So is painstaking engi- 
neering. But, to these one must add the 
very best components and a complete 
dedication to fine craftsmanship by tech- 
nicians, factory personnel, engineers and 
executives. However, the Tandberg "pur- 
suit of perfection" does not stop at pride 
alone. A rigid quality control program 
demands performance of the highest cali- 
ber from every electronic component, 
every mechanical assembly and sub- 
assembly, and every key production step 
in the manufacturing complex. The more 
than 700 skilled assembly workers, 100 
technicians, 50 engineers and 15 univer- 
sity- trained, professionally recognized elec- 
tronics experts employed at the modern 
Tandberg facilities in Oslo, Norway, make 
sure that these standards are met at all 
times. To check and re -check these efforts, 
Tandberg maintains a tape recorder qual- 
ity control team that consists of 22 engi- 
neers and technicians under the guidance 
of an electronics expert. 
On this page you will see a number of 
photographs taken at the Tandberg factory 
detailing the careful production and qual- 
ity control techniques employed. To the 
Tandberg tape recorder owner, these steps 
translate themselves into "Better, Clearer, 
More Natural Sound" . . . at all times. 

FINAL 

PRODUCTION 

CHECK 

PARTS & 

SUB -ASSEMBLIES 

PRODUCTION 

I 
Technician checks turn -table accuracy. 

ELECTRICAL PARTS 

Spring tension o 
meet performan 

Checking incoming electronic compon 

Careful assembly of upper mounting plate 
with a special jig assures accurate cap- 
stan positioning. 

frequency curve is checked; wow and 
feitter is tested. The recorder is then given 

fic_ir bench test and is then re- 

Technician align 

SAMPLE & 

ENDURANCE 

TESTING 
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Ask your Tandberg dealer for a demohstration 
of Tand berg quality performance. 

Tandberg Tape Recorders are uncondi- 
tionally guaranteed, by Tandberg of 
America, Inc., for a period of one year 
against factory defects in parts or work - 
manship. 

MODEL 74 & 74B STEREO 
The complete stereo tape music system for the 
home that incorporates built -in amplifiers anc 
two built -in speakers! Combining outstanding 
record and playback quality with ease of opera- 
tion and unfailing dependability, this is the ma 
chine that has been top- rated. It is compact 
lightweight and provides the unstinting quality 
that only the name "Tandberg" can offer to 
recording enthusiast. Among its features you 
will find facilities for adding external speakers 
and other high fidelity equipment; FM Multiplex 
Filter; free position tape threading; instantan- 
eous start/stop/pause control; precision lami- 
nated record /playback head; a selective erase 
head; source monitoring facilities. The Model 74 
is housed in a handsome teakwood cabinet and, 
as with all other Tandberg recorders, has lowest 
tape tension and virtually no wow or flutter. 
Naturally, the 74 is a 3 speed /4 track instru- 
ment with record and playback frequency re- 
sponse that is unequalled. 

List -$449.50 

MODEL 64 STEREO 
Internationally famous as the standard of tape 
recording excellence! This distinguished 3 
speed /4 track record -playback deck installs into 
new or existing high fidelity systems, yet may 
be used as a completely portable tape recorder. 
It provides convenient push button controls, 
instantaneous start /stop pause, free position 
tape threading, automatic tape stop and vertical 
mount facilities. The superior performance quali- 
ties of the Model 64 are matched only by its 
versatility which permits; direct record of FM 
Multiplex Stereocasts, echo effects, sound -on- 
sound, track adding and direct monitor. It fea- 
tures 3 separate precision laminated heads, a 

hysteresis synchronous motor, 2 recording pre- 
amplifiers and 2 playback pre -amplifiers. In all, 
the Model 64 is acknowledged as a superior 
instrument that offers professional -like quality 
for every use. List -$498.00 

SERIES 8 MONAURAL 
Offered in two speed, 2 track or 4 track record/ 
playback models and unerringly true to the 
Tandberg tradition of excellence in every re- 
spect! Also available with built -in solenoids and 
foot pedal for remote control operation, as well 
as with quarter -track or half -track precision 
laminated heads. With a Series 8 recorder you 
get mono playback at 33/4 and 17/8 ips; direct 
switching for public address from microphone; 
free position tape threading; overall higher fidel- 
ity with little or no wow or flutter and the lowest 
tape tension. The Series 8 portable recorders 
also feature a separate combination record/ 
playback head and ferrite constructed erase 
head. Check the specifications on this precision 
engineered instrument. Compare with others. 
You will find that a Tandberg Series 8 offers 
unrivaled quality, higher fidelity and trouble - 
free operation. 

List from $219.50 

MODEL 92 MONAURAL 
Year after year, hour after hour, this 3 speed, 
two track monaural record /playback instrument 
will deliver the finest performance and the most 
natural sound you'll ever hear from a compar- 
able unit! Every design innovation, every engi- 
neering feature that experts look for are part 
of the Model 92; high fidelity speaker; built -in 
power amplifier; remarkable frequency response 
for both record and playback; high efficiency 
combination head with separate erase head; 
slide switch for start/stop /pause control; free 
position tape threading; 4 digit tape program 
indicator; and lightweight, compact versatility 

. . at all times. No matter how you use the 
Model 92 - for family fun, education, music, 
the professions, it will perform to your fullest 
satisfaction. List -$269.50 
Also available in the "F" model with built -in 
solenoids and sepárate foot pedal for remote 
control - start, stop and reverse. 

List- $344.50 

LISTEN TO THE BETTER, CLEARER, MORE NATURAL SOUND OF . 

PRINTED IN U.S A. 

RE1 a n e 
I 

OF AMERICA, INC., 
8 THIRD AVENUE, PELHAM, NEW YORK 
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A Basic Course in 

Commercial Sound 

Background Noise 
A noise -level meter is a very 

useful adjunct in estimating 
commercial sound installations, 
but the results need careful in- 
terpreting. One thing you should 
never do, is estimate background 
noise by how it sounds. Many 
installations have proved totally 
inadequate through this error. 
Human hearing can accommo- 
date to varying background lev- 
els to an unbelievable degree, 
and yours is no exception. You 
must have some way of checking 
the effect of background noise, 
relative to the problem in hand. 

You may have an installation 
near a railroad spur, or an air- 
port runway that gets only oc- 
casional use. You may find that 
so many speakers with, say a 25- 
watt amplifier, serve quite ade- 
quately when all is quiet. On the 
basis of the apparent sound 
level, you may feel that 50 watts 
should be sufficient even when 
the noise occurs. You'll probably 
be wrong. You may well need 
10 times the power (250 watts) 
or a different speaker arrange- 
ment that will bring the sound 
closer to the audience, or both. 

If you do use a sound -level 
meter, in addition to observing 
the reading at various points, 
you need to notice what kind 
of sound you are measuring. Pro- 
gram, or wanted sound, should 
over -ride unwanted or back - 
ground sound by at least 10 db, 
and preferably by 20 db or more, 
for comfortable listening. But 
there are cases where a lesser 
apparent margin may be quite 
satisfactory, or where even more 
is needed. 

For example, if the back - 
round noise consists mainly of 
low -frequency rumbling sounds, 
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Fig. 2 -1. Details of 
attenuators to use 
at amplifier out- 
puts for estimat- 
ing the power 
needs of an in- 

stallation. 

Norman H. Crowhurst 

Chapter II 

AMPLIFIER 

t 

L 

RESISTOR ATTENUATION (POWER FRACTION) 
10db (1/10) 20db(1 /100) 30db(1 /1000) 

RI 10w 15w 15w 
R2 8w 2w 0.5., 

SPEAKER 

(IS 2,`!MS) 

while the program is speech 
which needs to be heard intel- 
ligibly, the margin can be very 
much less. According to the 
meter, the program may not 
over -ride the background at all, 
yet still be quite intelligibly au- 
dible. On the other hand, if the 
noise happens to predominate 
in the region where the human 
ear is most sensitive, consisting 
of whistling or hissing sounds, 
then an even greater margin may 
be needed for comfortable listen- 
ing. 

The extremely subjective na- 
ture of this kind of judgement 
means that a noise meter is no 
infallible guide. A practical 
method is to use a small portable 
amplifier and speaker, fed from 
a portable tape recorder as a 
source of program material. 

Fig. 2 -2. Limit to 
the validity of the 
inverse square 

law. 

This enables the actual program 
type for which the installation 
is intended to be duplicated - 
music, speech, or what -have -you. 

Turn the level up so that a 
known wattage is delivered to 
the speaker. This can be judged 
by the point where distortion 
just begins to be noticeable. 
Then see how audible the sound 
is. Except in cases of extremely 
high background noise, you may 
want to limit the power to less 
than the full output of the am- 
plifier. This you can do with 
a rough- and -ready attenuator, 
using wire -wound resistors (Fig. 
2 -1). If the background noise is 
too severe, the small speaker 
will scarcely be audible, even 
with full power, unless you get 
quite close to it. This is a good 
way to check effective back- 
ground level or, what is more 

3 TIMES 
1.11 

MOUTH OPENING 
P I 

1 

BEYOND THIS INVERSE 
SQUARE LAW APPLIES 

MOUTH 
OPENING 
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Fig. 2 -3. Reverberation or echo can be understood or analyzed by regarding 

being due to image sources. 

important to you, the level you 
have to provide in the installa- 
tion to over -ride it. 

Background noise usually fills 
a room with reasonable uniform- 
ity. But the sound from your 
speaker will follow the "inverse - 
square law" for intensity ver- 
sus distance from the source, un- 
less you are so close that the 
sound wave has not had space 
enough to develop (Fig. 2 -2). 
This is how it works: suppose 
you find you need to get within 

it os 

2 feet of the speaker to hear it 
comfortably and that the nearest 
practical mounting distance 
from the audience listening po- 
sition is 10 feet ; this is five times 
the distance, which will need 
five squared, or 25 times the 
sound power from the speaker. 

If your speaker is attenuated 
down to work at 1/5 watt, you 
will need 5 watts per speaker. 
If the speaker was working at 
5 watts in your improvised 
check, you will need 125 watts 

5 
o 
z 

n 

Fig. 2 -4. Avoiding a major echo by the manner of directing the speakers. 

per speaker ! Obviously, some- 
how, you need to get the speaker 
nearer to your audience in the 
latter case. If you can make it. 

6 feet -three times the measured 
distance -9 times the power will 
be 45 watts per speaker, which 
may be possible. If you use this 
kind of power, of course, you will 
need heavy duty units, of one 
kind or another. This inverse - 
square law is very important 
where relative level is a prob- 
lem. 

Reverberation 
Where background noise is 

not related to the "wanted" 
sound, the method is simply one 
of using however many units are 
needed, at whatever distance, to 
overcome background noise. Re- 
verberant sound - echo - be- 
haves very much like background 
noise, in interfering with listen- 
ing to the direct sound, but its 
treatment is somewhat different. 
Background noise you can over- 
come by raising the level of 
wanted sound. Do this with re- 
verberation and you aggravate 
the trouble. 

Another way to look at this is 
to regard reverberation as the 
creation of so many "image" 
sources of sound (Fig. 2 -3) . 
Clarity of the program, against 
its own reverberation as back- 
ground, depends on how much 
louder the direct sound is than 
its many reflections. As well as 
applying the inverse - square law, 
there is an absorption factor, 
which is what prevents the sound 
bouncing around forever. Usu- 
ally, in buildings where rever- 
beration is a problem, reflection 
is more than 50 per cent, so you 
can most easily regard the in- 
tensity of the images heard as 
being strictly on the basis of an 
inverse square of their effective 
distance. 

Clearly, moving the speakers 
closer to the audience will make 
little difference to the apparent 
loudness of the reflected sounds, 
while increasing the direct sound 
in the inverse -square ratio. Ac- 
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tually, when you move them 
closer, you'll turn the level 
down, thus keeping the sanie 
direct -sound loudness, but re- 
ducing reverberation loudness. 

Thus, if speakers are placed 
at half the distance, direct loud- 
ness will be the same if level is 
reduced to one fourth the power, 
reducing image reflections in the 
same proportion. You will need 
more speakers to cover the audi- 
ence area, but a two -to -one 
change in speaker distance from 
audience, in a difficult ball, can 
achieve considerable improve- 
ment in effective performance, 
as well as saving total power 
needed. It may well make the 
difference between an impossible 
installation and one where there 
is no apparent problem. 

Specific Echoes 
Another method, used by ac- 

ousticians years before sound 
equipment came into vogue, is 
to use a pair of wooden blocks 
as clappers, and listen to the 
sound "come back," or echo. A 
sharp sound such as this, pro- 
duces an echo with quite direc- 
tional qualities, so that you can 
hear reflections from various 
parts of the auditorium as sep- 
arate entities. A particularly 
strong element in the echo will 
call attention to a hard reflect- 
ing surface that can give you 
trouble in an installation, if you 
don't do something to avoid 
"hitting" it. 

In a theater, it may often be 
the back wall in the gallery sec- 
tion (Fig. 2 -4) that gives such a 

Fig. 2 -5. Reinforcement obtained by plac- 
ing a speaker with its back to the wall. 
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Fig. 2 -6. Comparison of echo effect in a small room, as observed from a position at 
the back (top) or in the middle of the room (bottom). 

reflection. In such a case, plan 
your installation so this section 
is not fed by speakers directing 
their sound toward the back wall. 
Use units over the proscenium, 
or even higher on the ceiling, so 
the sound is directed downward, 
toward the gallery seating area. 
Remember that human bodies 
represent the best sound absorp- 
tion there is. The fortunate fact 
that you want sound to reach 
ears on these bodies can often 
help solve a difficult echo prob- 
lem! 

Sometimes echo can help 
rather than hinder sound re- 
inforcement. This possibility 
should not be overlooked. If the 

time interval between direct and 
reflected sound is short enough, 
less than say a hundredth of a 
second (10 milliseconds), it will 
not confuse, but will seem to 
reinforce the original sound. 
This means that if the difference 
in path length is 10 feet or less, 
the reflection can be regarded 
as "adding" to the original 
sound. 

A speaker mounted with its 
back flat to the wall, has the 
sound which normally would ra- 
diate from the back forced to 
come from the front (Fig. 2 -5) . 
Side walls can help, too, where 
the geometry is such that the 
difference between direct and re- 
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Ques 

Now, as an exercise, 
you think of a better 
rangement, using not r 

than one extra speaker 
handling a reflecting s 
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Ansv 

One answer to this is to 
one speaker in each fi 
corner. Incidentally this 
proves speaker efficiency 
getting both back -wall 
side -wall reflection, with 
tually no time difference 
the center of the room, at 
distance from the front 
back, both speakers augri 
one another at equal in 
sity (Fig. 2 -7A). Toward 
sides, listeners are ne; 
one speaker than the of 
but this difference is 
great enough to cause 
fusion at the back, w 
nearer the front, the rati 
distances is enough to 
vent confusion. 

For example, if a list 
is 10 feet from the ne. 
speaker, at the same sid( 
is 32 feet from the other 
a ratio of more than 
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or 
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ten- 
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Lrer 
fier, 
not 
;on- 
hile 
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fleeted path is not more than 10 
feet. 

For example, in the rectangu- 
lar room of Fig. 2 -6, the direct 
path from front to back is 40 
feet, while the reflected path is 
50 feet. At the back of the room, 
the two side reflections will add 
to the apparent intensity of re- 
ceived sound. With 100 per cent 
reflection, the relative intensity 
of each reflected sound will be 
(40/50)2 or 16/25 of the direct 
sound, making 32/25 for the two 
together. Unless the wall ab- 
sorption is more than 20 per 
cent (less than 80 per cent re- 
flection), the reflections will 
double the effective intensity at 
the back. 

For a position nearer the mid- 
dle of the room, this does not 
work so conveniently. The direct 
sound travels 20 feet, while side - 
wall reflections travel about 36 
feet and the back -wall reflections 
travel 60 feet and more. The dif- 
ferences are 16 feet and 40 feet 
respectively. Following the in- 
verse- square law, the side -wall 
reflections will have an intensity 
(20/36) 2 of the direct, totalling 
60 per cent for the two together, 
which could result in a trouble- 
some "double double sound " -not sep- 
arate enough to be identified as 
an echo. The back -wall reflec- 
tion will be 1/9 the intensity of 
the direct, followed by two more, 
with only milliseconds time dif- 
ference, adding up to about % 
total -a level difference of 6 db, 
which represents a serious, but 
not necessarily impossible echo. 

A speaker so placed in a pre- 
dominantly reflecting room 
should be operated at low level, 
so that direct sound is consider- 
ably more audible than its echo. 
If background level is too high 
to allow this, another treatment 
must be sought. Better cover the 
walls with some absorbency, per- 
haps. The important thing to 
note is that quite a small room, 
such as this example, can give 
this kind of trouble, unless fa- 
vorably handled. 

room, if it is not practical to 
change the wall surfacing? 
After giving this some 
thought, look at the answer 
on this page. 

mer 
trer 
, he 
me : 

I:1, 

with 10 -db level difference, 
and a difference of 22 feet. 
At the back, the ratio is 4: 5, 
resulting in a level difference 
of only 2 db, but the distance 
difference is only 10 feet 
(Fig. 2 -7b). 

You will notice that this 
kind of arrangement tends 
to offset the inverse square 
law to some extent. Although 
people at the back get sound 
at reduced direct level com- 
pared with people at the 
front, they get more rein- 
forcement from the other 
unit, or from reflections, than 
do people at the front. Be- 
fore the next installment ar- 
rives, give some thought to 
whether it is possible to ex- 
tend this idea, with the use 
of directional types of loud- 
speaker. 

Fig. 2 -7. Illustrating the remedy suggested. 
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THE NEW NEWCOMB TX10 SERIES 

STEREOPHONIC TAPE RECORDERS 
SOUND ON SOUND UNLIMITED / HYSTERESIS SYNCHRONOUS 
MOTOR /MONITOR FROM TAPE OR PRE -AMP /TAKES 101/2" REELS 

Designed for instant, intuitive reaction to your thought, the Newcomb TX10 inte- 
grates all tape motion control through a single, central joystick. But this is only the 
beginning. The TX10 is outstanding for its simple, straightforward, dependable 
operation ; exceedingly gentle tape handling ; quietness; coolness. Small as a suit- 
case in size, big as a studio in scope, the TX10 has separate mixing controls for each 
channel. There is a separate knob for "Mike" and a separate -not concentric -knob 
for "Line" for each channel. Two recording -level /playback -volume meters are 
arranged pointer -to -pointer in the same illuminated window for ready stereo com- 
parison. Plug -in transformers instantly convert mike channels for use with low 
impedance microphones. The TX10 has three heads, no pressure pads on heads. 
Major tape guides are stainless steel. To load the machine, tape is simply held in a 
straight line and dropped in the slot ; automatic shut -off and supply reel take -up are 
automatically re -set. The new hysteresis motor is cool, quiet, unusually powerful. 
Differential braking on both reels and a unique tape tensioner provide non -spill, 
no- stretch, ever -so- gentle stops even with fully loaded 101/2" reels 
rewinding at the rate of 2400 feet in 90 seconds -18 miles per 
hour ! A four -digit counter gives accurate location even with 
a full reel of triple -play tape. You can record sound on sound, 
back and forth as many times as you wish, either channel 
serving as master. All TX10 models are two -speed machines. The 
push -push speed selector automatically supplies proper speed - 
frequency correction. There are four models in the series. Stand- 
ard are 33.i -71 i.p.s. recorders with either two or four tracks. On 
special order you can get 712-15 i.p.s., two or four track. Through- 
out, the Newcomb TX10 is the instrument for the perfectionist - 
dedicated professional or amateur enthusiast. For a description 
in depth write for your free copy of the new TX10 brochure. 

NEWCOMB AUDIO PRODUCTS CO., Department T -5, 6824 Lexington Avenue, Hollywood 38, California 
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BELL "IMPERIAL" FM- STEREO 
RECEIVER, MODEL 1000 

The Bell "Imperial" 1000 is an un- 
usual and new concept in the component 
field ; it combines separate components 
on a single chassis to make an integrated 
receiver. The basic chassis contains the 
power amplifier, preamplifier, control 
center, and tuning dial. The second chas- 
sis contains the guts of the FM- stereo 
tuner. The tuner chassis just plugs into 
the basic chassis, and voilà we have a 
receiver. 

Thus one can purchase the amplifier 
without the tuner, and when economics 
permit, purchase the tuner. Also we can 
change either section for an improved 
model, when available. Thus we have the 
flexibility of components plus the to- 
getherness of a receiver. 

Description 
The Bell Imperial 1000 encompasses 

a 40 -watt per channel (IHF) solid - 
state stereo amplifier, a solid -state stereo 
preamp, and an almost completely solid - 
state FM- stereo tuner (the front end uses 
three Nuvistors). 

On the front panel there are :i) con- 
trols and rotary switches, six slide 
switches, two stereo headphone jacks, 
and the tuning meter. 

The controls include contour, volume, 
balance, function (FM Mono, FBI Stereo, 
Tape, Aux, Phono 1- magnetic. Phono 2- ceramic, tuning, bass (left and right), 
treble (left and right), and mutin 

The slide switches include meter (this 
switch has been changed on mo a re- 
cent models to local- distance), tereo 
filter, afc, high filter, low filter, in itor. 

The meter on the model we re eived 
has a dual function; tuning and tereo 
signal indication. On more recent n odels 
this has been changed so that the deter 
is used only for tuning, and the pr ence 
of a stereo signal is shown by mea is of 
an illuminated sign. As a result o this 
change, the slide switch formerly used 
for meter function selection is now used 
to insert attenuation at the input to pre- 
vent strong local stations from over- 
loading the tuner. In fact these chánges 
have eliminated the primary critici,oms 
we had of this unit : the inconveniencL of 
having to switch the meter between the 

Hg. 1. Front view of the Bell 

46 

Imperial 1000 Solid -State Stereo Receiver, (A); and 
back view, (B). 

tuning and stereo -indication functions; 
and the tendency of the tuner to over- 
load in the presence of strong signals. 

The contour control is rather unusual 
for this type of instrument in that it is 
continuously variable. It is used in con- 
junction with the volume control to pro- 
vide a contour which is relatively inde- 
pendent of variation in level between 
program sources. One need only set the 
volume control to a level just exceeding 
normal level (contour control in off posi- 
tion), then use contour control to bring 
the level down to the proper listening 
level. From then on one uses the con- 
tour control rather than the volume 
control. More precise than the usual con- 
tour switch method, but also more trou- 
ble. (As someone or other always says, 
"You pays for what you gets ! ") 

Muting is also continuously variable 
and quite effective. We found it rather 
easy to mute interstation noise without 
introducing distortion (a common fault 
of muting systems). 

A valuable feature of the Imperial 
1000 is the easy accessibility of the cir- 
cuit for servicing. For instance, the front 
panel folds forward baring the entire 
control section. If you have ever tried to 
troubleshoot some of those tight -quar- 
tered preamps you will cheer at the 
wide -open access to this front end. Also, 
since the tuner is on a separate, easily 
detachable chassis, it is really a snap to 
service. And with the tuner section re- 
moved from the main chassis, everything 
else has enough space around it to satisfy 
a Texan. 

Tuning "feel" of the Bell Imperial 
1000 is excellent; smooth but yet posi- 
tive. Feels like power steering, the kind 
that still permits road feel to come 
through. 

The over -all circuit includes 35 tran- 
sistors, 19 diodes (15 are silicon), and 
3 Nuvistors. The amplifier output stage 
is driven by a transformer and is stabil- 
ized by means of thermistors in the 
bias circuit of both output transistors. 
A feedback loop is provided from the 
output to the emitter of the driver tran- 
sistor (which drives an emitter follower 
and in turn the phase splitter). The out- 
put stage is directly coupled to the 
speakers in the case of an 8-16 ohm 
unit. A 4 -ohm resistor is in series with 
the 4 -ohm speaker connector. Apparently 
this amplifier prefers a speaker with an 
impedance of 8 ohms. The power supply 
is quite stiff and uses a pair of 4000 , f 
capacitors for brute force filtering of 
the positive and negative supplies, and 
a pair of transistors to regulate the nega- 
tive supply. A separate winding and 
rectifier provides 70 volts for the tuner. 

The tuner circuit, although quite well 
conceived, provides no surprises. As we 
noted, Nuvistors are used in the critical 
front end (rf amplifier and converter) in 
order to prevent overload and provide 
a good crossmodulation index. We also 
noted that later models than the one we 
received incorporated an attenuator for 
strong signals which definitely was help- 
ful. The tuning meter is of the zero - 
center type and indicates balance of the 
ratio detector. Mc is provided although 
it was not necessary to prevent drift.. 
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AR -2a loudspeakers ir, the background, a Maillol bronze in the foreground 

Even a jazz band isn't loud 
enough to fill the sculpture 
garden of the Museum of 
Modern Art, where a series of 
concerts was given during the 
summer. An amplifying 
system was needed that 
would preserve the natural 
quality of the live 
instruments. Mechanical 
"public address" sound 
would not do. 

AR and DYNAKIT at NEW YORK'S MUSEUM of MODERN ART 

The audio components chosen for the job - eight Dynakit Mark Ill amplifiers and eight AR -2a loudspeakers - are often 
used professionally because of their high quality, but they are designed primarily for home high fidelity systems. They are in 
the low- medium price range. 

The Gerry Mulligan quartet 

Concert reviews don't usually include references to electronic 
equipment. A review in the New York Herald Tribune congratulated the 
Museum or its "superb new sound system." 

AR SPEAKERS and DYNAKIT AMPLIFIERS may be heard together at 
AR Music Rooms, on the west balcony of Grand Central Terminal and at 
52 Brattle Street in Cambridge, Massachusetts. No sales are made 
or initiated at these showrooms. 

Literature is available on request from either of the two companies 
listed below. 

480 watts of Dynakit power - eight Mork Ill amplifiers 

ACOUSTIC RESEARCH, INC., 24 Thorndike Street, Cambridge 41, Massachusetts 

DYNACO, INC., 3912 Powelton Avenue, Philadelphia 4, Pennsylvania 
Photos by Jack Bradley 
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Statistics 

Amplifier section: Power output was 
25 -watts per channel continuous with an 
8-ohm load (although the amplifier is 
rated at 40 -watts per channel IHF, we 
were cautioned that the output transis- 
tors would not withstand continuous 40- 
watt dissipation for extended periods of 
time so we did not try it -we thus will 
refer to 25 -watts continuous as full 
power output) ; intermodulation distor- 
tion, 0.62 per cent, at full power, 60 and 
7000 cps mixed 4 to 1; harmonic distor- 
tion at full power was less than 0.7 per 
cent from 20- 15,000 cps; frequency re- 
sponse was within 3 db from 10- 70,000 
cps at full power ; sensitivity was 170 utv 
at the ceramic phono input, 1.65 ruv at 
the magnetic phono input, and 0.20 volts 
at both the auxiliary and tape monitor 
inputs; noise was 77 -db below full power 
at the auxiliary input. 

Tuner section: Crossmodulation index 
was 78 db ; selectivity 34 db ; capture 
ratio, 2 db; pulse -noise rejection was 
excellent; sensitivity, 1.7 µv IHF; stereo 
separation better than 31 db from 20- 
15,000 cps. On our standard antenna 
it pulled in 37 stations loud and clear. 

Altogether, the Bell Imperial 1000 is 
an excellent tuner -amplifier combination 
with features and performance which 
place it in the Cadillac category. Cadillac 
lovers take heed. E -21 

THORENS "MASTERPIECE" 
AUTOMATIC TURNTABLE, 
MODEL 224 

In recent years we have conic to know 
the terni automatic turntable in connec- 
tion with a breed of record changers 
whose individual parts are of turntable 
and separate tonearm quality, more or 
less. Still they suffer from the necessity 
of accommodating a stack of records so 
that the arm is set to track best at some 
compromise height, say four records 
worth. Although the amount of distortion 
introduced by this is relatively unimpor- 
tant when balanced against the conveni- 
ence, it is sufficient to eliminate this 
breed from the system of the purist who 
would not trade convenience for dis- 
tortion. 

Well, the purist can have both now! 
The Thorens TD -224 is a TD -124 turn- 

table combined with a BTD -12S tone - 
arm, and a record changing mechanism 
which handles records like royalty. The 
records are piled up beside the turn- 

table, not on it, and there is only one 
record on the table at a time. 

Here's how it works : When ou press 
the operating lever to the It set -Start 
position, the transport lever rai s, moves 
over the unplayed record stark (there 
are two stacks on the storage arm, the 
unplayed upper stack and th played 
lower stack), picks up the top ecord by 
the center hole, brings it over he turn- 
table and lowers it slightly, th tonearm 
swings over and feels the diane er of the 
record, the transport arm th lowers 
the record onto the spindle, and the 
tonearm swings over and lo 'ers the 
pickup into the lead -in groov s. After 
the record is played, the tonca n moves 
out of the way, the transport ar u (which 
has been hovering over the retord) de- 
scends and picks up the recor', lifts it 
up, brings it to the played pi e, drops 
it, then goes to the unplayed pile and 
picks up the next record, if the e is one, 
and brings it to the turntable before. 
If there is no record on the pile, the 
transport arm continues throu_h its cy- 
cle, but the tonearm initiates the "eut 
off" because it doesn't "feel" record. 
Everything is turned off. 

The transport arm lifts the cord by 
means of a hollow and split spindle 
which is compressed to slip int. the cen- 
ter hole and expands to grab i , the lip 
along its bottom edge preve ting the 
record from slipping off. 45' or any 
large center -hole record is han led simi- 
larly. A pop -up spindle is pro 'ided for 
large -holed records. 

Power to drive the transpor arm, as 
well as the tonearm, is derived i rom the 
16% -rpm shoulder of the fou -stepped 
speed -change pulley of the u rntable. 
Naturally, since this power is sed only 
during record changes, it does i of inter- 
fere with normal operation of he table. 
In fact, although there is a ce tain ad- 
ditional amount of mechanism, he turn- 
table and tonearm are entirel free of 
encumbrances while a record is being 
played. 

One of the things to marvel t in this 
unit is the superb precision. For ex- 
ample the transport arm move up and 
down and swings in bearing ' ce with 
4S precision ball bearings separ ting the 
vertical shaft of the arm fro a steel 
outer tube. The outer tube is xed but 
both the arm shaft (about 5 -in. ong and 
3 /4 -in. dia.) and the ball beaci g sleeve 
move. The absolute precision of these 
parts must be seen to be belie ed. 

\ \'e have reported before on both the 
TD -124 and the BTD -12S so th t all we 
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Fig. 2. horens 
"Masterpie-" Au- 
tomatic Tur table, 

Model TD 224. 

need say now is that they are both still 
amongst the finest available. And rugged 
too. 

In conjunction with the precision 
changing mechanism provided, we truly 
have the best of both worlds. Thus we can 
say unequivocally, that the Thorens TD- 
224 provides both the convenience of an 
automatic record changer and the uncom- 
promised performance of a first -line 
turntable and arm. 

Fig. 3. Shure Stereo Cartridge, Model 
v -15. 

Of course a precision mechanism like 
this is not inexpensive ($250), but that's 
to be expected of a "Masterpiece." E -22 

SHURE STEREO CARTRIDGE, 
MODEL V -15 

The Shure V -15 is a 15 -deg. cartridge 
which incorporates an elliptical stylus. 
These measures were incorporated in 
order to reduce . tracking and tracing 
distortion respectively. 

Before discussing the cartridge, we 
would like to take special note of the 
truly handsome case; it is crafted of 
solid walnut and would add elegance to 
almost any home as a cigarette box or 
jewel case. A handsome gift for the wife 
to divert her attention from the fact 
that you have just bought another car- 
tridge. 

In truth though, the Shure V -15 is 
not just another cartridge. In our estima- 
tion it is a distinct step forward towards 
the true goal of high fidelity : perfect, 
undistorted reproduction of program 
material. Our listening group was unan- 
imously enthusiastic. 

Although the statistics for this car- 
tridge are properly impressive, they are 
not sufficiently different from measure- 
ments registered by other good cartridges 
to explain the significant sound qualities. 
Our guess would be the elliptical tip and 
unusually careful manufacturing tech- 
niques. 

(For those who like numbers, the V -15 
performed as follows : frequency re- 
sponse, 20- 20,000 cps, within 2 db ; 

stereo separation was 28 db at 1000 cps; 
compliance 23 x 106 cm /dyne; it could 
track well at 3/4 gram but all tests were 
conducted at 1 gram ; distortion was be- 
low 2.8 per cent ; and it handled recorded 
square waves very well.) 

Unfortunately we ran out of space 
this month, but we must repeat that the 
Shure V -15 was enthusiastically ac- 
claimed by our listening panel. It is a 
great cartridge. E -23 

AUDIO MAY, 1964 

www.americanradiohistory.comAmericanRadioHistory.Com

www.americanradiohistory.com


.,. W3 It\1 111 

All you have to do is relax. Enjoy the 
continuous music programming. Let the 
Caravelle do the work automatically. 
Only the Caravelle lets you record or play 
four -track stereo tape in both directions 
without reel turnover. Reverse -o- matic® 
and six heads record or play the tape 
back and forth endlessly. Sound compli- 
cated? It's not. All you have to do is push 
one button. Concertone's Caravelle is 

unique in the tape recorder field. That's 
why we say it's incomparable. It has more 
exclusive features than any other re- 
corder. Caravelle's performance can't be 
matched. And for price there's no better 
bargain. It costs less than $399. It costs 
less than $399. It costs less than $399. It 

AUDIO MAY, 1964 

costs less. For details about Caravelle and 
your dealer's name, write Concertone, 
Box 3162, South El Monte, California. 
THE COSMOPOLITAN 400 -For people 
on the go...a combination tape recorder 
with AM radio. Light weight and compact 
size make it a versatile companion for busi- 
ness and pleasure trav('ls. Push button op- 
eration. Five inch 
reels. All tran- 
sistorized. / .. 

Big record- 
er features 
in a ten pound 
miniature form. 

CONCERTON E e 
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Tap e Recorders and the 
Copyright Law 

ERIC DARMSTAEDTER 

The Copyright Law is similar to the late unlamented Prohibition Law in that most tape recorder owners 
ignore it and transgress it frequently. Also it is impossible to police. All the ingredients of a bad law. 

THE purpose of this article is to try to 
shed some light on this complicated 
legal matter called the Copyright Law 

and to bring out the viewpoint of some 
parties involved who are affected by this 
law. 

Law 

The basic law which governs the con- 
troversy is the Copyright Act of 1909. A 
prominent lawyer, Mr. Stanley Rothen- 
berg, expresses his interpretation of the 
law as follows: 

"The Copyright Act confers upon the 
proprietors of copyrighted music control 
over mechanical reproduction (e.g. tape 
recordings) of their copyrights. Until the 
proprietor records or licenses recordings 
of a copyrighted composition he has the 
unqualified right to prohibit any record- 
ings thereof. "After the proprietor re- 
cords or licenses recordings he is sub- 
ject to the `compulsory license' clause of 
the Copyright Act which enables anyone 
else to record for a statutory fee of 2¢ 
per composition (multiplied by the num- 
bers of recordings). The fee was estab- 
lished in 1909 with `popular' composi- 
tions in mind. Although the clause has 
remained intact the recording industry 
generally does not exercise the license 
with respect to `serious' music, rather it 
negotiates on each item as in the ease of 
other copyrighted works. 

"The Act does not except from its 
coverage `private' or `home' recordings. 
Therefore, such recordings are unau- 
thorized. On the other hand, the particu- 
lar infringers are not known to the 
proprietor. However, if a radio station 
should invite listeners to record on tape, 
the proprietor does know that unau- 
thorized recordings are most probably 
being made and he knows who is con- 
tributing directly. Thus the proprietor 
may go after the contributory infringer. 
In the absence of knowledge as to actual 
unauthorized recordings, damages might 
be unavailable. However, the proprietor 

"President, Tandberg of America, 8 
Third Ave., Pelham, N. Y. 
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Fig. 1. A typical audio setup with vari- 
ety of facilities for copyright violation. 
Equipment consists of Tandberg Huldra 
AM -FM tuner, Thorens TD -124 turntable 
with Ortofon arm and pickup, Tandberg 
Model 64 and 74 tape recorders and 

H. H. Scott Model 299B amplifier. 

would probably be entitled to an injunc- 
tion against such future acts. After a few 
incidents, a proprietor of many copy- 
rights may be entitled to a blan t in- 
junction against use of his catalog. Even 
if the number of actual unauth rized 
recordings are unknown, a judg may 
think it is within his discretion t esti- 
mate the number and award dama es on 
that basis. The damages could amo nt to 
8¢ per composition multiplied the 
number of estimated recordings. 

"Apart from the question of infringe- 
ment of copyright, which could 1 e cir- 
cumvented by using musical compositions 
which are in the public domain, ti ere is 
the problem of misappropriation if the 
property of performers and record coni- 
panies. An unauthorized recording falls 

squarely into this tort- whether it is 
labeled unfair competition, invasion of 
rights of publicity or privacy or simply 
common law misappropriation of prop- 
erty." 

What is a copyrights A copyright is a 
legal grant of specific privileges for a 
period of 28 years and is renewable for a 
second period of 28 years. The copyright 
protects the creator against copying 
without the consent of the copyright 
owner. 

The existing copyright law was passed 
in 1909 and although changed by statute, 
nevertheless it remains substantially thè 
saine. A great many of the copyright 
problems of today are caused by this fact, 
namely, the law has not been seriously 
modified since 1909 in order to keep up 
with changing times. 

Copyrights protect the "writings" of 
an author. The copyright law lists classes 
of copyrightable works, for example, 
Class "C" covers lectures; Class "D" 
covers a dramatic composition ; Class "E" 
covers a musical composition and Class 
"F" covers maps, and so on. A recorded 
musical performance, as distinguished 
from a writing of a song, does not come 
within the scope of the present copyright 
law. 

There can be no copyright or exclu- 
sivity when the writing is in the public 
domain, that is when the copyrights have 
expired, or when the copyright statute 
has not been complied with, or when the 
writing does not contain sufficient origi- 
nal material. 

A sound recording is not subject to 
protection under the copyright law; how- 
ever, judges have protected the sound 
recording on the theory of "unfair com- 
petition." 

That is, that it would be unfair to the 
one who made the recording to let an- 
other copy it without expense, and so on. 

Copyright consists of four primary 
rights: 

1. Publishing rights 
2. Adaptation rights 
3. Performing rights 
4. Recording rights 

(Continued on page 69) 
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A 

INTRODUCING THE WORLD'S NEWEST MICROPHONES... 
GUARANTEED FOR FIVE YEARS! 

ALL NEW DESIGN...ALL NEW PERFORMANCE- Today... 
from the laboratories of University...an advanced technol- 
ogy has produced a great new breed of microphones for 
broadcasting, TV, professional and home recording, P.A., 
ham and CB applications. Each one represents a clean and 
dramatic break with tradition ...with outmoded notions. 
Each one is far superior to any other microphone in its class. 
Let other microphone manufacturers offer the usual two to 
three -year warranty. Every University microphone- whether 
designed for the professional studio or the home recordist 
-is sold with a five -year warranty. For complete specifica- 
tions, write: Desk R -5, LTV /University, 9500 West Reno, 
Oklahoma City, Oklahoma. 

LTV 
UNIVERSITY 
A DIVISION OF LING - TEMCO- VOUGHT, INC. 

EXAMPLES OF THIS GREAT NEW LINE! 
MODEL 8000 -A high performance dynamic cardioid 
for only $29.95 net! Response: 7043,030 cps. Sensi- 
tivity: -156 db (EIA). Output Level: -59 db/ lmw 10 
dynes /cm'. Includes 15 ft. cable with Cannon plug 
and receptacle, and desk stand adaptor. 
MODEL 2040 -VOICE REALISM AT ITS BEST! knew 
omnidirectional dynamic m crophone that has as- 
tounded hams in initial trials! Modulation free of the 
harshness and muddy effect common to most micro- 
phones in this class. Ideal for upgrading P.A. and 
home tape recording performance as well. 
MODEL 1000 -CARDIOID DYNAMIC. Unique direction- 
al characteristics provide unexcelled discrimination 
against unwanted sounds -assure superior results 
even in noisy or reverberant locations. Internally 
shock- mounted -sensitive elements float, vibration - 
free, on polystyrene ribs! For any appl' cation requir- 
ing a truly discrete sound source. 

tu-47 
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HERNIAN 

(Note: To facilitate a prompt reply, 
please enclose a stamped, self- addressed 
envelope with your question.) 
Herman. Burstein 
280 Twin Lake E., il'antagh, N. Y. 

Stationary Guides and Flutter 

Q. I have built a tape deck from surplus 
parts and it is identical to what is shown 
in the * * ** manual with the exception of 
the right and left tension arms and rollers, 
which were not available. I am using sta- 
tionary tape guides, and the results seem 
generally good except that some flutter 
shows up at times. Voltages on the takeup 
and supply motors are correct. Am I ex- 
pecting too much in trying to get by with 
stationary guides? 

A. The tension arms play an important 
role in minimizing wow and flutter. Perhaps 
you can purchase these parts directly from 
the company in question. 

Home -Built Flutter Bridge? 

Q. To measure wow and flutter of my 
tape machine, I wish to build a flutter 
bridge and have looked for the schematic of 
one in books and magazines, but with no 
success. Is such a bridge within the scope 
of an experienced "elektroniker "? Could 
you recommend the source of a schematic 
or construction article? 

A. I have checked several sources, but 
can't readily come up with a reference to a 
flutter bridge that you can build. However, 
one knowledgeable party states that he has 
found a fairly good correlation between 
the results obtained on a flutter bridge and 
those obtained on an IM analyzer (such as 
the Heath) when testing turntables. He has 
noticed that readings on the IM analyzer 
tend to run about three times that on a 
bridge. For your purposes, it may be satis- 
factory to have relative rather than absolute 
flutter readings. 

Testing Tape Recorders 

Q. Can you briefly describe your basic 
approach to testing tape recorders? I am 
interested in knowing what test equipment 
you 'use and what procedures you follow in 
making these tests. 

A. I use the following equipment in 
checking tape recorders: Heath audio oscil- 
lator, Heath harmonic distortion meter, 
Heath audio analyzer (which includes a 
sensitive a.c. VTVM and an IM meter), 
EICO VTVM, EICO oscilloscope, monitor- 
ing amplifier and speaker, test tapes, bulk 
eraser, high quality tape (such as Audio or 
Scotch), tape stroboscope, and an assort- 
ment of cables. Tests are as follows: 

1. Playback frequency response at 7.5 
ips. Ampex test tape 31321 -01 is played 
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BURSTEIN 
back into the oscilloscope, monitor speaker, 
and VTVM. Readings are taken from the 
VTVM, and monitored by speaker and 
oscilloscope. 

2. Record -playback response at all ma- 
chine speeds. At a recording level at least 
20 -db below that which produces 3 per cent 
harmonic distortion on the tape, the same 
frequencies as on the Ampex test tape are 
recorded : 50, 100, 250, 700, 1000, 2500, 
5000, 7500, 10,000, 12,000, and 15,000 cps; 
also 30 cps and, if tape speed permits, 20,- 
000 cycles. The tape is played back and 
checked in the manner of Item 1 bove. 

3. Distortion at maximum indication of 
the record -level indicator. A 400 -c s tone is 
recorded at a level that causes t record - 
level indicator to reach the maxi um per - 
missible point -eye closure in the ase of a 
magic eye tube or 0 -VU in the ase of a 
VU meter. The tape is played back and 
distortion is measured with the harmonic 
distortion meter. (It is widely accepted 
that in a highly fidelity home machine, eye 
closure should correspond to 3 per cent 
harmonic distortion; and the 0 -V reading 
should correspond to i per cent armouie 
distortion, allowing about 6-db m rgin for 
the mechanical lag of the pointer on tran- 
sients, so that harmonic distortio reaches 
3 per cent at a recording level about 6 -db 
above 0 -VU.) 

4. Signal to noise ratio. 
a. Record -playback. A 400 -cps tone is 

recorded at the 3 per cent harmonic 
distortion level, and the playback 
signal is measured. The same tape is 
again put through the recording 
process, but with input shorted. 
This tape is played back, and the 
signal- containing noise produced 
by the record and playback ampli- 
fiers and by the bias oscillator, plus 
signal due to inadequate erasure - 
is measured. The ratio between the 
first and second measurements is 
the signal -to -noise ratio. 

b. Playback. This ratio hat signifi- 
cance with respect to playback of 
prerecorded tapes, where noise de- 
veloped in recording an r.1 

erasure should not counted 
against the machine. A 400 -cps 
tone is recorded at the 3 per cent 
harmonic distortion level, and the 
playback signal is measured. (If 
the tape machine is a play ,)ack -only 
unit, the tape is recorded on an- 
other machine.) The tape is bulk 
erased, played back, and the play- 
back noise is measured. The ratio 
between the first and second mea- 
surement is the signal -to -noise 
ratio. 

5. Wow and flutter. This test can be per- 
formed by ear, based on recording nd play - 
hack of a 3000 -cps tone. The steadiness and 
purity of the reproduced tone are Compared 
with that of a high- quality reference tape 

machine. Of course to obtain "numbers" 
you would use a flutter meter and a test 
tape with known flutter content. 

6. Speed accuracy. This is measured at 
7.5 ips, using Dubbings D -110 test tape, 
which contains three timing beeps covering 
two 5- minute intervals. A tape stroboscope 
is also used for confirmation. 

7. Crosstalk. Program material is re- 
corded on one channel at maximum per- 
missible recording level as shown by the 
record -level indicator. The other channel is 
played back, and the results are judged by 
ear. Single tones of 50, 400, and 1000 cps 
are recorded on one channel. Playback is 
measured on the recorded channel and on 
the unrecorded channel. The ratio between 
the two measurements is the crosstalk ratio 
for each tone. 

S. Construction. The mechanism, elec- 
tronic circuitry, and schematic are studied 
to gain an impression of the quality of 
design, components, and assembly. 

9. Operation. The machine is put through 
all its mechanical and electrical modes of 
operation to ascertain how rapidly, deftly, 
and gently it handles tape; and how flexi- 
ble it is in terms of tape speeds, mixing of 
inputs, mixing of outputs, special effects 
(such as sound on sound), and so on. 

Shielding against RF 

Q. Whenever I play a tape or whenever 
I am monitoring a tape from the playback 
amplifier while recording, I get a concur- 
rent noise at regular intervals from a 
nearby military installation. When I moni- 
tor the input to the recorder, however, I 
get no such noise, indicating that I am 
picking up the noise through the tape trans- 
port. The heads have a mumetal shield 
around them, so I believe that the wiring 
in the tape transport is picking up this 
noise. The thing that confuses me is that 
the noise seems to come more from the left 
amplifier, which is closest to the tape trans- 
port, than from the right amplifier. From 
previous experience I believe this noise to 
be from. a pulsed r.f. emitter. My problem 
is how to shield out this noise with modrr- 
ate expense. 

A. You may be able to eliminate the 
noise pickup by inserting a 10,000-ohm 
resistor between the lead of the playback 
head and the grid of the first playback tube. 
You might also try putting a 5 picof:u:id 
capacitor between the grid and ground. 

Test Tapes 

Q. Where can I get a list of test tapes 
and their purposes, and where can. I order 
these? 

A. Query Ampex (Redwood City, Cali- 
fornia), RCA (Custom Records Division. 
155 E. 24th St., New York City), electronic 
nail order houses (such as Allied Radio. 
100 N. Western Ave., Chicago, Illinois ; and 
Lafayette Radio, 111 Jericho Turnpike. 
Syosset, L. I., N. Y.). 

Replacing 1/2-Track with 1/4 -Track Heads 

Q. I have a tape deck with half -track 
stereo heads. The machine has given me 
what I consider good service, but now the 
heads are worn and need to be replaced. 
Do you think that it would be a good idea 
to have quarter -track heads, or should I 
expect a loss in quality? 

A. Assuming that you use first -rate heads 
together with first -rate record and playback 
tape amplifiers, quarter -track heads can 
give you excellent recording and playback 
quality. If you play prerecorded tapes, this 
is all the more reason for going to quarter - 
track heads inasmuch as most such tapes 
are made on a quarter -track basis. 
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ori item 
The Concord 884 transistorized stereo tape 
recorder is designed for the connoisseur 
of sound, the collector with tastes and 
demands above the ordinary. No other 
recorder, regardless of cost, has all the 
Concord 884 professional quality features. 

Three separate heads -one record, one 

playback and one erase- assure profes- 
sional quality reproduction from FM multi- 
plexing, stereo records and live perform- 
ances. Four completely separate preamps 
-two record and two playback -and full 
transistorization assure maximum reliabil- 
ity. A flip of the AB monitor switch lets you 

compare source vs. tape while recording. 
A few of the other features are: built -in 

sound -on -sound switch for effects such as 

electronic echo chamber; stereo head- 
phones output: automatic reel -end shutoff; 
3 speeds; 2 lighted VU meters. All push- 
button operation; 15 watt stereo power 
amplifier and separate 7" full range speak- 

ers complete your 884 stereo system. Model 
884 under $450.' Other models from $100. 

Prices slightly higher in Canadp 

For Connoisseurs Of Soutnd 

® ' 

CORPORATION 809 N. Cahuenga Blvd., Dept. L, Los Angeles 38, Calif./ In Canada /Regal Industries Ltd., Montreal- Toronto 

THE SIGNATURE OF QUALITY Tape Recorders /Industrial Sound Equipment /Dictation Systems /Communications Devices /Closed Circuit Television 
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RECORD REVUE 
Edward Tatnall Canby * 

THE ORGAN BOOM 

Bach Recital (Preludes, Fantasia, Fugues). 
Albert Schweitzer, organ at All Hallows, 
Barking -by- the -Tower. (Recorded 1935) 

Angel COLH 89 mono 
This comes from one of two 78 albums 

recorded in the mid- thirties by the great doc- 
tor and Bach authority. The other was of 
chorale preludes and when I bought the two 
big albums. real prizes, I preferred the cho- 
rale prelude collection. But the preludes and 
fugues played here, were magnificent, all the 
same, and the great G Minor Fantasia and 
Fugue performance was my introduction to 
that tremendous work. 

The music was recorded in the days when 
Bach organ records were extremely scarce and 
the present revival of the Baroque organ of 
Bach's day. both in restored old instruments 
and in countless brand new ones, had hardly 
begun. Schweitzer. too, is of another genera- 
tion, brought up to play Bach on huge Ro- 
mantic organs; he was a pioneer in today's 
authentic style of playing, minus swell boxes, 
with steady. bright colors, but his thousands 
of students now make him sound slightly old 
fashioned where once he was revolutionary. 

The British organ with the lovely name, 
All Hallows. Barking -by- the -Tower, was 
harked Out of existence by the Nazis during 
the last war. It was for its time a good Bach 
organ. out in the open, clearly speaking and 
with a fine independent pedal. The church was 
surprisingly dead in acoustics and so the or- 
gan generates a very short reverberation time, 
which allows for clarity in the sound and 
probably prompted Schweitzer's rather rapid 
moving -on from one section of the music to 
the next, where we usually expect longer 
pauses. 

Like Artur Schnabel, Schweitzer was a finer 
musician than keyboard man ; there are some 
clumsy spots and a few outright slips here 
(no tape editing to fix them up) and an 
academic organist would probably frown, if 
he hasn't already. But the spirit is grand, the 
understanding profound, the music dignified 
and noble. The preludes and fugues require a 
generally fixed registration (tone color and 
volume choice) and so not much is lost here 
by the lack of highs in the old recording, 
though the sound is inevitably a bit dull and 
somewhat grainy by modern standards. 

I'm hoping the other Schweitzer album 
conies through too. The quiet, wonderfully 
colored chorale preludes (based on hymn 
tunes) were done in a profoundly moving 
fashion by Schweiticr, in contrast to many a 
flashy "L'aroque" pI ying by more superficial 
musicians of today. 

Bach: Chorale Preludes. Edouard Corn - 
mette, Great organ of the Cathedral 
Saint -Jean de Lyon, France. 

Angel 36119 stereo 
Edouard Commette took over this organ in 

the year 1904 ; he has played it for sixty 
years. The organ itself is purest French, out 
of the 19th century in spite of some revisions 
-too early for the Baroque revival. It is 
wholly, completely non -Baroque, a splendid 
example of the extreme opposite kind. So is 
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STEREO -1956 -1964 
R. Strauss: Death and Transfigura- 
tion; Till Eulenspiegel. Vienna Phil- 
harmonic, Reiner. 

RCA Victrola VICS 1004 stereo 
R. Strauss: Also Sprach Zarathustra. 
Phila. Orch., Ormandy. 

Columbia MS 6547 stereo 
Interestiug comparison, first -line new 

Columbia stereo with second -line RCA 
stereo (first -grade performance). The RCA 
job dates from the very beginning of mod- 
ern stereo and first appeared on two -track 
stereo tapes 'way back in May of 1957. 
(In case you're interested, the cost of the 
two works, in two boxes, was $17.90 plus 
tax.) The recording was done in Septem- 
ber of 1956 and the new Victr la low - 
price disc even re -uses some of e liner 
notes from the old tapes. I ha 'e them 
before me. 

Well, tape was a great invent on ! On 
close comparison, I found the olumbia 
disc only a bit cleaner and sh rper, a 
small trace less grainy in th louder 
parts. Not by much. Either disc s up to 
normal standards for a modern record- 
ing. The old RCA tapes had real built -in 
quality. But there is, however, n inter- 
esting difference in the stereo. 

Though both are recorded in a good 
concert hall liveness, the Columb a sound 
is larger and more reverberant, accord- 
ing to newer styles of thinking And I 
noticed at once that there was a much 
more positive stereo effect, m re con- 
sciously arranged. I tried shifting 
between mono and stereo playb ck ; de- 
cidedly less difference in the RC. record- 
ing. 

This, I think, reflects no more than the 
differing techniques used in the miking 
of 1956 rued today. The RCA stereo in 
1956 was simpler. probably done in the 
earlier over -all manner (still basically 
the European approach), using perhaps 
only two mikes. The Columbia of today 
reflects the newer multi -miked multi - 
mixed, three -tracked American style, for 
pointed -up stereo sound. IRCA'm newest 
U. S. stereo is very different too featur- 
ing a lot of pin -point separation,lclose -up 
and a diminution of hall reverb.1 

Yes- stereo has moved along' fast in 
sheer miking technique in these years. 
quite aside from technical prokress in 
other areas. The changes have often been 
rash, the effects periodically exaggerated. 
But in the long pull, the accumulating 
know -how is ever more telling in its 
effect upon recorded music. After eight 
years, I find stereo a splendid thing for 
the musical art, and getting splendider. 

Edouard Commette as an organist. Yet I found 
this Bach record extremely beautiful. 

One must remember that fine musicians 
live in every age. One must keep always in 
mind that a really alive musiciaq can make 
fine music even on the "wrong" 

ttnstrument and in the "wrong" style. Bach, of er all, has 

meen (perhaps unwisely) called the universal 
composer. Well, if Bach sounds good on the 
alien piano when played with understanding, 
he sounds even better on the anti- Baroque 
French organ! 

Commette is of Schweitzer's generation and 
plays somewhat in his manner, without the 
Schweitzer revolutions of that early clay -a 
smaller, more Bach -like organ. for instance. 
Commette plays somewhat slowly, with beau- 
tiful phrasing and a good deal of rubato (un- 
even rhythms) -anathema to young organists. 
His registrations all sound enormous, all are 
of about the same dun color on the huge 
organ, but they are skillful (after sixty 
years!) and not a note of the music is lost in 
the blur. No matter that the big pedal stops 
sound vaguely like fog horns, the colors in 
the upper works are dim and brownish, so to 
speak, weathered all alike. The music still 
comes through, and with humanity. It is a 
sobering record, this (and Schweitzer's too) 
for all who think that the newest style is 
always the best. More authentic -yes. But 
maybe not always more musical. 

Romantic Organ Music. Carl Weinrich, 
organ of Symphony Hall, Boston. 

RCA Victor LSC 2698 stereo 
A number of points to be made here, includ- 

ing one concerning acoustical mud. 
First- wherever you go these days you find 

a new Aeolian Skinner organ. This is one of 
their new -typ mammoths (others make 'em 
too) combining the old- fashioned lion -roar 
kind of an organ with elements of the revived 
Baroque instrument so that all the organ 
literature can be played -with some com- 
promise, in one way or another, of course. 
(Baroque organists don't approve of this idea 
at all.) 

So here's Symphony Hall's mammoth in the 
big -time music of the 19th century, it la Wein- 
rich. The chestnutty "Pièce Héroique" of 
Franck has worn me down to the point of non- 
judgment ; he wasn't a ranter and roarer by 
nature and that's what this one tries to do. 
Then there are two Bach -style works ('after" 
Bach) by Mendelssohn and Brahms, the M. 
sounding his usual slightly softened, rather 
too cloying self, the B. a typically dark -brown 
textured fugue, reserved and quiet. 

But -Point Two -the big piece here is the 
Liszt Variations on "Weinen, Klagen, Sorgen, 
Zagen," a passacaglia- fantasia work of ex- 
treme chromaticism that to my ears is far 
ahead of Wagner himself in approaching the 
musical language of the early 20th century. 
Of course it has its high draina, its long, 
pregnant pauses (so hard to record), its mo- 
ments of Romantic fury. That's Liszt, in his 
time. But the sheer inner tension generated by 
the extraordinary harmonies Liszt manages to 
tie to the basic key of F minor grows greater 
with each hearing; the sudden, bland entry 
of the hymn at the end is an astonishing ef- 
fect, after so much chromatic torture. It's a 
great piece and will grow greater as Liszt 
comes back into fashion. 

Third, a note about mud. Dynagroove had a 
tough time with this piece. What mainly seems 
to happen is that during the pregnant pauses, 
the near- whispered stretches. RCA's fine mech- 
anism (or something) brings up the back- 
ground noise more noticeably than the music 
itself. We become aware of a gradual increase 

(Continued on page 67) 
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What Does a Good etereo Tuner Cost'? 
Brand Assembled Circuit IHFM Modes Sensitivity 

IHFM 
Harmonic Response 
Distortion 

Channel 
Separation 

Automatic 
Stereo Price 

Heathkit 
AJ -43 

Kit 25 Transistors 
9 Diodes 

AM -FM- 
FM Stereo 2.5 uy 

less than ±1 db 
1% 20- 15,000 cps 40 db Yes $119.95 

(incl. cab.) 

A Assembled Tubes FM- 
FM Stereo 2.5 uy less than ±.5 db 

.5% 20- 20,000 cps 30 db No $329.00 
($25 for cab.) 

B Assembled Tubes AM -FM- 
FM Stereo 2.5 uy .8% 

±1 db 
30- 15,000 cps 30 db No 

$274.95 
($13.95 and up 

for cab.) 

C Assembled Tubes FM- 
FM Stereo 2 uy 

less than N.A. 
.5% N.A. ? $555.00 

(incl. cab.) 

D Assembled Transistors 
Diodes 

FM- 
FM Stereo 

2 uy 4-.75 db 
5- 53,000 cps A $299.95 

($19.95 for cab.) 

E Assembled Tubes AM -FM- 
FM Stereo 1 8 uy .3% 

±.5 db 
20- 75,000 cps N.A. $209.50 

($7.50 for cab.) 

F Assembled Tubes AM-FM- 
FM Stereo 1.6 uy 

.15% 
(at rated 

20 -15 000 cps output) 
35 db Yes 

$299.95 
($15.95 to $24.95 

for cab.) 

Choose Heathkit®and Save S89 to 5435! 

Why Can Heathkit Offer A Superb 
Tuner Like The AJ -43 For Only 
$119.95? Reason #1... dealer profits add 
25 %, to 45% to the cost of stereo components! 
Heathkit doesn't have any dealers, therefore 
no dealer markup...we sell direct to you by 
mail. Result: big savings for you. 

Reason #2 ... fancy packaging adds as 
much as $5 to costs! Heathkit doesn't have 
any fancy packaging...adequate packaging, 
yes, but no frills. Result: more savings for you. 

Reason #3 ... factory assembly adds another 
big percentage to the cost. Heathkit doesn't 
offer factory built stereo /hi -fi... just easy -to- 
build kits that don't require an engineering 
degree to understand or a law degree to 
interpret. Result: more big savings for you 
plus the special fun and satisfaction of creat- 
ing a superb instrument. 

There are other good reasons why Heathkit 
equipment costs you less, offers you more for 
your money. Take experience for example... 
we are the world's largest manufacturer of 
electronic kits. Or ability ... we have the 
world's largest engineering group devoted 
solely to the design of kits. 

We could go on, but you get the idea. With 
Heathkit, you put your money where it 
counts ... better parts, better performance, 
factory -to -you savings! 

Look What $119.95 Buys In The 
AJ -43! The latest in good sound...that 
"transistor sound" with its quick, natural 
beauty and brilliance. That instant operation 

...that goes and goes without heat... that 
lasts and lasts without maintenance. That 
quiet operation ... that delivers pure sound 
without hum, without microphonics. That's 
solid -state sound! 

Extra Operating Conveniences ... 
like automatic stereo switching...stereo indi- 
cator signal...individual AM & FM tuning 
meters ... smooth, easy flywheel tuning... 
lighted slide rule dial...concealed secondary 
controls so the wealth of knobs and switches 
doesn't frighten anyone (such as input level 
controls for left and right channels plus AM; 
Stereo Converter Balance and Separation; 
FM squelch; Stereo Phase; Stereo SCA and 
Noise Filter switch; AM -FM selector switch; 
Local- Medium -Distant selector switch; Stereo 
Converter off- automatic switch; AFC on -off 
switch)... enough controls to satisfy the most 
critical ...all that's left in view are the AM and 
FM tuning controls and that unique push -to- 
turn-on, push -to- turn -off switch that looks 
like the Heathkit label. 

There's More! Automatic gain control ... 
emitter -follower output ... filtered tape re- 
corder outputs...an extra output for AM so 
you can listen to both AM and FM simul- 
taneously if you wish (the Julian Hirsch 
review in the March issue of Hi Fi /Stereo 
Review missed that point)... factory built 
and aligned "front- ends" plus fast, easy cir- 
cuit board construction. And it's all wrapped 
up in a handsome, luggage -tan, vinyl -clad 
steel cabinet that's included in the one low 
price. 

So Why Pay More? You can own the 
Heathkit AJ -43 all- transistor AM /FM /FM 
STEREO tuner for just $119.95. Order 
yours now...just use the coupon below as 
your order blank and get the biggest savings 
going in good stereo tuners. Don't forget 
our "middleman," the U. S. Mail, the AJ -43 
weighs eighteen pounds. 

FREE 1964 HEATHKIT CATALOG 
See these and over 250 other 
exciting Heathkits available in 
easy -to -build kit form. Save 

ÿ7y 50% or more by doing the easy 
assembly yourself! Send for 
your free catalog today! 

L J 

r -- 
HEATH COMPANY, Dept. 41 -5 -1 
Benton Harbor, Michigan 49023 
In Canada: Daystrom, Ltd., Cooksville, Ontario 

Enclosed is $119.95, plus postage. 
Please send model AJ -43. 
Please send my Free 1964 Heathkit Catalog, 

Name 

Address 

--1 

City State lip 
L H F -1694 

Prices 6 specifications subject to change without notice. 
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JAll and all that 
Bertram Stanleigh 

Jazz Odyssey Volume 1, The Sound of 
New Orleans (1917 -1947) 

Columbia Mono C31 30 

As an attempt to capture the special quali- 
ties of the New Orleans genre. this present 
collection succeeds as no previous anthology 
has ever managed to do. To achieve this end 
its producers, Frederic Ramsey, Jr. and Frank 
Driggs. have conscientiously assembled a 
group of forty -eight performances that are 
more impressive for the light they shed on a 
style of playing than for their individual 
merits. Not that the individual merit of these 
reissues is not substantial -with such per- 
formers as King Oliver, Sidney Bechet, Clar- 
ence Williams, Johnny and Baby Dodds, Jelly 
Roll Morton, Kid Ory and Albert Nicholas the 
musk is bound to be great. But in this three 
record package, it is the total impact that 
overwhelms one. No attempt has been made 
to crowd together the usual assortment of 
"classic" performances known to every collec- 
tor. Ltstead we have a set in which each 
performance has been selected for the way it 
helps to illustrate the sound of a kind of jazz. 

Some of the less familiar groups contribute 
a great deal to the overall picture, particularly 
the Sam Morgan Band of 1927, to which an 
entire side is devoted, and white groups 
headed by Johnny DeDroit, Wingy Manone, 
Johnny Bayersdorffer and Norman Brownlee. 
Indeed. no previous anthology of New Orleans 
jazz has been as fair in exposing the very im- 
portant contributions made by white bands. 
More than a third of these forty -eight num- 
bers are by white groups, most of whom have 
heretofore been unknown to all but a very 
small coterie of specialists. 

With the exception of one previously unis- 
sued master by the Noble Sissle Orchestra of 
193T. all of this material had been released 
previously, mainly on the Okeh and Columbia 
labels. but many of the 78's from which this 
set derives were originally distributed only in 
the New Orleans area. It is only in recent 
years. when archives of the record companies 
have been made available to jazz researchers. 
that scholars have become aware of some of 
these early issues and of the personnel repre- 
sented on them. Groups like the Halfway 
House Orchestra and the New Orleans Owls 
have previously escaped expert attention : 

however, the samples of their work included 
here lead one to hope that additional discs 
were cut by these combos and that additional 
reissues by them will appear in the near 
future. 

A handsome thirty -two page booklet with 
knowledgeable, but unpedantic, notes by 
Frederick Ramsey, Jr. does much to enhance 
the value of this set. Quotations from con- 
temporary newspapers and periodicals as well 
as conversations with important musicians 
demonstrate the very thorough research that 
has gone into these notes, and, together with 
the thirty -three photographs of bands and 
individual musicians, they provide vivid in- 
sight into the origins and golden age of New 
Orleans jazz. Complete personnel is also de- 
tailed for each selection. Only the "photo- 
graphic essay" by Lee Friedlander, consisting 
of a dozen rather gray pictures of New Orleans 
musicians, serves as a reminder that many 
names are not included in this collection - 
Billy and DeeDee Pierce, Alphonse Picou, 
Alcide "Slow Drag" Pavageau and others. 

What has been included is enough material 
to recreate the quality of the New Orleans 
style. and we can all be grateful to Columbia 
for giving us so melt music on each disc. By 
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placing eight numbers on each side, instead of 
the usual six. they have given the record 
buyer a real break. These three Ip's contain 
the equivalent of fotit normal twelve inch 
33's. As to the sound, it's hard to make any 
kind of judgment without having heard the 
pressings from which these performances IN ere 
transferred. Something is always lost in the 
process of filtering out surface hiss, but there 
is so much vigor and excitement to the music 
in this set that reservations are pointless. The 
sound is easily good enough to clearly hear 
and enjoy each performance. There are no 
numbers so belabored with pops. ticks and 
inner groove scraping that one is compelled to 
rely on the album notes to discover what's on 
the record. 

Over the years Columbia has given us a 
number of notable jazz reissue sets. Their 
generosity in releasing them has usually not 
been matched by a willingness to retain them 
in their catalog for an extended period of 
tithe. Consequently, it would he unwise for 
anyone to delay very long in buying this al- 
bum. No other collection of records is more 
basic to any platter library. This set is as 
rare a treasure as The Bessie Smith Story or 
the Schnabel reissues of the Beethoven Sona- 
tas. If your record dealer has closed for the 
night. don't wait until morning. Break down 
his door right now' 

Charlie Mingus: Mingus, Mingus, Mingus, 
Mingus, Mingus 

Impulse Stereo A -54 

The spread -out sound of this stereo waxing 
is in its way just as impressive as the warmth 
and color of these fine performances. Mi tgus 
can always be counted on for deeply felt, highly - 
personal music making, but the special rob - 
lems of recording a bass in proper perspe Live 
are rarely handled with the skill encoun Bred 
Itere. Never is the level of Mr. M's instru ent 
cranked up to overpower the other players, and 
never is it lost in the general din of a mighty - 
climax. At all tines it can be heard cro ing 
darkly front a spot midway between the two 
speakers. The arrangements are all score for 
it ten niece group, and although slightly d ffer- 
ent personnel is employed on three o the 
seven tunes. the results are largely the .ame, 
first rate Mingas. In addition to a fascinating 
version of Ellington's Mood Indigo, six Mingus 
originals are presented : II B.S., I X Lore, 
Celia, Better Get Hit in Yo' Soul, Theme for 
I.i.'ter Young and flora Decnbitus. 

Garry Burton, Sonny Rollins, Clark Terry: 
3 in Jazz 

RCA Victor Stereo LSP -2725 

In one respect this is a very strange record : 

it deviates from normal commercial practice 
by presenting three different groups on a 
single platter. Probably- the main reason such 
combinations are usually avoided is the ex- 
treme difficulty in ending up with a well bal- 
anced disc that does not unduly favor one or 
another of the ensembles. In the present in- 
stance, that balance is ably maintained 
throughout, and the contrasting performances 
effectively complement one another. Each of 
these groups is a small one in which the qual- 
ity of the leaders' playing contributes the 
basic coloration of the combo. Burton, on vibe', 
Rollins, tenor sax, and Terry, trumpet and 
fluegelhorn, all turns in highly agreeable per- 
formances with their respective sidemen. 
Everything is relaxed, and the total effect is 

a little like listening to a succession of combos 
in 0 night club. An excellent background for 
drinking. 

Chad Mitchell Trio: Reflecting 
Mercury Stereo SR 60891 

Each new release by this sprightly three- 
some provides fresh insights into their ver- 
satility. In the present instance, versatility 
proves their undoing, for the resulting collec- 
tion is one of the most disturbing juxtaposi- 
tions of unrelated and mismatched selections 
ever grouped together on a long playing 
platter. Individually the numbers are first 
rate, and the performances have the musical 
crispness and emotional impact that have 
brought this group to top prominence in Folk 
circles. Side A opens with an exuberant politi- 
cal lampoon, Barry's Boys, about the Youth 
for Goldwater movement. This is sung in best 
tongue -in -cheek fashion and is sure to split 
the sides of anyone other than a confirmed 
Birchite. The Virgin Mary Had a Baby Boy 
follows immediately, and this tender spiritual 
receives a deeply felt interpretation. But the 
contrast between the two numbers is not 
merely unfortunate, it is in bad taste, and 
the uncomfortable feeling engendered by this 
gaff does mach to distract from the disc's 
merits. A pity since it contains good per- 
formances of witty numbers like Shel Silver - 
stein's The Hip Sang, traditional songs like 
Queen Eibtor's Confession. and a sensitive and 
moving medley of In the Summer of His Years 
followed by Rally Round the Flag. 

Lightnin' Hopkins: First Meetin' 
World Pacific Stereo 1817 

In July of 1960, Lightnin' Hopkins stopped 
off in Los Angeles on his way from Houston. 
Texas to a folk festival at the University of 
California at Berkeley. By rare good luck, 
Brownie McGhee and Sonny Terry were com- 
pleting a six week stint at a local club, and 
Big Joe Williams had arrived from St. Louis 
on a vacation. This was an historic meeting 
of great importance. Brownie McGhee and 
Lightnin' had long admired one another's 
styles on discs, and eighteen years earlier 
Brownie had recorded a Letter to Lightnin' 
Hopkins in an effort to lure ]rim to New York. 
This, however, was their first face -to -face en- 
counter. and we can all be thankful that 
World Pacific was able to steer them into its 
studios to document the occasion. The results 
are a set of earthy blues with that rare quality 
of complete resignation without bitterness. 
All six songs- .Ain't Nothin' Like Whiskey, 
Penitentiary Blutes, If You Steal My Chickens 
You Can't Make 'Lin Lay, First Meetin', How 
Long Has it Been Since You've Been Hornet 
and Winnnin From Coast to Coast -are gems. 
This is what you expect from performers of 
major stature who have been working together 
for years. In a sense these artists have been in 
close collaboration for many years by means 
of recordings. But never have they sounded so 
good as in this splendid new stereo sound in 
World Pacific. 

Tut Taylor & The Folkswingers: 12 String 
Dobro 

World Pacific Stereo 1816 

The Dobro is a native American guitar with 
a round, perforated convex metal plate, or 
resonator, and two additional sound holes on 
the front of the instrument's body. It employs 
steel strings; originally there were six on the 
instrument developed by the Dopera brothers 
in 1925. But Tut Taylor, a sign artist by trade 
who collects stringed instruments as a hobby, 
devised a twelve string version, and it is this 
instrument that he demonstrates here in a 
collection of country tunes. As a continuation 
of the excellent series of instrumental records 
with The Folkswingers. a group vade up of 
banjo, guitar. mandolin and bass, titis set is 
an effective showcase of an instrument that 
has gained wide acceptance in country and 
western music. Don't let the fact that Tut 
Taylor plays as a hobby create the impression 
that he is less than an accomplished per- 
former on the instrument he developed. He's 
it real virtuoso. 
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WILL YOUR ULTIMATE PRECISION LOUDSPEAKER BE 

A JBL 
LINEAR - EFFICIENCY 

SYSTEM 

To the concept of long linear cone 
excursion James B. Lansing Sound, Ine., adds 

JBL precision workmanship, extremely 
close tolerances, and the largest voice coils 

made anywhere. When Linear -Efficiency 
transducers are mounted in a compact 

enclosure, the full -range coverage they provide 
is miraculous indeed. And when the same 

principles are applied to a full size system, 
"ultimate" is a most apt description. 

...OR A 
JBL HIGH EFFICIENCY 

SYSTEM 

JBL makes the most efficient loudspeakers 
in the world, the only transducers with 

four -inch voice coils. JBL efficiency is the result of 
advanced magnetic circuitry, tight tolerances, 

and the large amount of conductor in the 
gap provided by large voice coils made of 

wire ribbon wound on its narrow edge. This gives 
them a dynamic range, transient response, 

presence, and an evenness of 
coverage without equal. 

JBL C37 

ALL JBL SPEAKER SYSTEMS ARE AVAILABLE SELF - POWERED 
In a JBL Energizer /Transducer, 

loudspeakers and power source are 
engineered as a unit, perfectly 

matched to reproduce a preamplified 
signal with a purity that has no precedent. 

All- solid -state construction is used 
in the energizer. Generating negligible 

heat, ncn- microphonic, it can be 
mounter in and become a part of 

the acoustical enclosure. 

It is without hum, and distortion in 
any form approaches the vanishing 
point. It is not subject to the crëeping 
degeneration common in vacuum 
tube devices. With custom matching 
of energizer and transducers, 
exactly the right damping is provided 
at all frequences. Transient 
response of an Energizer/Transducer 
has never been equalled. 

JBL OFFERS YOU MORE WAYS TO MAKE YOUR SYSTEM YOUR VERY OWN 

JBL recognizes the fact that the serious 
participant in the art -science of high fidelity 
is an enthusiastic individual. He wants his 
very own system, one not quite like any other 
he has known. To serve the need of each 
individual, JBL offers two basic types of 
loudspeakers in many models. They can be used 
in large systems or small systems, built -in or 
free -standing. JBL provides enclosures for every taste- 

JAMES B. LANSING SOUND, INC. 
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infinite baffle, bass reflex, folded horn 
... acoustically excellent, at the same time 

beautiful furniture. You will find that JBL 
makes equipment you will find nowhere else 
- acoustical lenses, a passive radiator, inte- 

grated stereo ...All have one thing in common : JBL 
products are precision built for the talented listener 

who is implacably deterniined to own the finest. 
Write for a free copy of the JBL complete catalog. 

LOS ANGELES, CALIFORNIA 90039 
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ABOUT MUSIC 
Harold Lawrence 

American Symphonic Life -Too Many 
Orchestras, Too Few Professionals? 

WE are constantly being told that 
America is in the midst of a cul- 
tural explosion. In the world of 

music, for example, roughly 1200 sym- 
phony orchestras perform a total of 
7500 concerts a year, employ about 75,- 
000 musicians, earn over sixteen million 
dollars, play to an estimated eleven mil- 
lion people, and make recordings that are 
heard by millions more. The fact that 
more money is spent on tickets to sym- 
phony concerts than on baseball games 
has become a cliche. Yet, in this sym- 
phonic boom, no orchestra operates on 
a profit, only one provides its members 
with full -time employment, and the aver- 
age income of players in all but a few 
of the nation's orchestras ranges from 
$300 to $1,000 annually. 

Does this mean that our orchestras 
are in trouble? The answer is that they 
are and always have been. Being in trou- 
ble financially is a way of life for Ameri- 
can symphonic organizations. By its 
very nature, the symphony orchestra is 
an unsound institution : operating costs 
are too high, the prices of tickets are too 
low, and rehearsals produce no income. 
If tickets reflected the actual costs of 
production, they would rule out all but 
a handful of wealthy music lovers in the 
community. But let's examine the eco- 
nomic facts of symphonic life in the 
United States. 

According to studies made in 1961 by 
the American Symphony Orchestra 
League, Inc., our orchestras can be classi- 
fied on the basis of annual expenditures, 
as follows: (1) college orchestras ; (2) 
community orchestras; (3) metropolitan 
orchestras; and (4) major orchestras. 
For the purposes of this article, we will 
skip the 250 college orchestras. 

There are 883 community orchestras 
operating on budgets of less than $100,- 
000. Of the 55,000 members of these or- 
chestras, only 12 per cent (approxi- 
mately 6,600) are professional musicians, 
and they occupy most of the first chairs. 
The others are musicians by avocation : 

dentists, teachers, salesmen, and so on. 
The professionally trained players in- 
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elude young people who hope to rise to 
positions in the major orchestras, a d 
former members of the majors who h e 

given up full-time orchestral playing a 
now work in other professions. The 
average income of these players is $300 
a year. Even with a season of five or six 
concerts a year, community orchestras 
have a difficult time meeting expenses. 
Says conductor Joseph Levine, they 
"struggle season -to- season on a totter g 
basis of frantic fund raising, door- ell 
ringing, pre -season ticket sales, social 
teas, and out and out begging." 

The metropolitan orchestras are to 
community orchestras what Triple -A ball 
teams are to the Sally Leagues. Operat- 
ing on annual budgets of $100,000 to 
$250,000 are twenty -one orchestras based 
in such cities as Honolulu, San Diego, 
Tulsa, Omaha, Providence and Niew 
Haven. Some of these orchestras are 
composed entirely of professional musi- 
cians. Approximately 1,400 of the 1,800 
musicians playing in metropolitan or- 
chestras derive their main income from 
music, although the average wage in the 
orchestras is $1,000. 

In the major leagues are twenty six 
orchestras with annual budgets ran 'ng 
from $250,000 to over two million ol- 
lars. The majors are located in the ol- 
lowing cities : Atlanta, Baltimore, os- 
ton, Buffalo, Chicago, Cincinnati, Cl .ve- 
land, Dallas, Denver, Detroit, Houston, 
Indianapolis, Kansas City, Los Angeles, 
Minneapolis, New Orleans, New York, 
Philadelphia, Pittsburgh, Rochester,' St. 
Louis, Salt Lake City, San Antonio, an 
Francisco, Seattle and Washington. 
These orchestras employ some 23;000 
players. Salaries extend from $1,600 a 
year to $15,000 for a limited number of 
musicians. Only about half a dozen of 
these orchestras can support their musi- 
cians the year around. The average in- 
come of the major orchestral player was 
$4,512 (1961 -2 season). 

American symphony orchestras will 
probably take in enough money this sea- 
son through ticket sales, concert fees and 
such to meet 55 per cent of their operat- 
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ing expenses. The rest will have to be 
raised through contributions from busi- 
ness and industry, benefit concerts, foun- 
dations, and from the musicians them- 
selves. The latter make their contribu- 
tions in the form of accepting lower 
wages, in the same way that actors take 
salary cuts in order to keep their show 
on the boards. 

In 1900 the United States had less 
than ten orchestras of professional cali- 
bre. Today it has over a thousand more. 
Is this musical progress? Some regard it 
with mixed feelings. "Too many orches- 
tras fill our concert halls with mediocre 
performances played by part -time sloppy 
musicians and conducted by maestri who 
can hardly beat time," a publisher's rep- 
resentative said to me recently. "Wouldn't 
it be better if there were fewer orches- 
tras ?" he suggested. "Then we could con- 
centrate our best players in a more se- 
lect group of orchestras Think of it; 
each state with its own symphony orches- 
tra." 

On the surface, the state -supported 
orchestra seems like a neat and sensible 
idea. But it presents some knotty prob- 
lems. Take the case of Michigan. The 
logical place to form a Michigan State 
Symphony would be in Detroit, which 
already boasts one of the nation's best - 
trained ensembles. With all the state's 
orchestral money going to Detroit, how- 
ever, what about Kalamazoo and East 
Lansing, cities that are struggling to 
keep alive their own symphony orches- 
tras? Attracted by the lure of full -time 
employment, the best players in these or- 
chestras would naturally gravitate to- 
ward Detroit, leaving their former or- 
chestras without a professional core. 

Until the day when American orches- 
tras are directly subsidized by Federal, 
state and local governments, the eco- 
nomics of orchestra life will continue to 
discourage musicians, especially string 
players, from embarking on an orchestral 
career. And many of those players am- 
bitious enough to do so will often aban- 
don their chairs to take up other occu- 
pations that will provide them with de- 
cent incomes. 

Opportunities for the serious orches- 
tral player are perhaps greater in New 
York than anywhere else. Rank and file 
members of the Philharmonic, for in- 
stance, earn about $14,000 annually 
from concerts, rehearsals, tours, televi- 
sion and recordings. Some 300 free -lance 
musicians (ex- members of the N.B.C. 
Symphony, former concert artists, and so 
on) shuttle between Town Hall, Carnegie 
Hall, Philharmonic Hall, the City Center 
and various recording studios around 
town playing everything from TV jingles 
to Haydn symphonies. The New York 
orchestral player lives where the action 
is. 

But even in the musicians' Mecca, 
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most players have to work a hefty sched- 
ule to afford a New York living . The 
New fork musician, and orchestral 
players in general, was the subject of a 

panel discussion recently on New York's 
Channel 1:3. To the question : What can 
be done for the serious musician?, 
Ocorge AIarek, li.('.:1. Victor top execu- 
tive, replied : "There are no miracle 
brags. Doctors earn more money than 
musicians because more people are sick 
than want music. It's the inexorable law 
of supply and demand." A free -lance 
musician on the panel rebuked Alarek for 
having "withdrawn support of the A'let- 

ropolitan." At one time a few years ago, 
R.C.A. Victor trade several opera record- 
ings with the orchestra, chorus and solo- 
ists of the Metropolitan Opera.) "It was 
a question of economics," Alarek replied. 
"To record a three -LP set here would 
cost us $100,000. We can do the saine 
work in Rome. with the sanie cast of 
singers and conductor, for $60,000. And 
it still takes us years to amortize the 
latter." 

The free -lance musician then accused 
iilarek and other record firms of "taking 
money away from us and spending it in 
Europe." Alauek countered with: "It's 
hypocritical to say that record companies 
are supportive institutions. -We have to 
make our hooks balance. if we didn't 
record in Fi nrope, we would not be able 
to afford to record the Boston Sym- 
phony." 

To the musician in Tulsa. or Sioux 
City, the plight. of the New York musi- 
cian is hardly a plight at. all. Neverthe- 
less, one goal is shared by all orchestral 
players: full -time employment. In his 
hook on the American Symphony Or- 
chestra, John H. Mueller correctly wrote 
that "the ideal toward which American 
orchestral history has been moving is the 
'permanent' orchestra." Ile goes on to 
define the term, 'perueanehit' orchestra," 
as having the following traits : "(1) ex- 
clusively professional membership; (2) 
full season contracts; (3) the orchestra as 
principal employment of its members; 
(4) all other employment (e.g. teaching, 
concert, etc.) compatible with priority of 
orchestral requirements; (5) regular and 
adequate rehearsals; (6) financial base 
sufficient to insure the above conditions. 
The obvious intent of these conditions 
is to provide continuity of organization, 
without which liiglt artistic standards 
are impossible." IE 
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It opens a new era in Sound creation: We guarantee, 

you have never heard music so faithfully reproduced! 
From the very beginning of high fidelity, 
cartridge manufacturers have sought to 
eliminate the three major sources of sound 
distortion - "pinch effect ", "inner groove 
distortion ", and "bottoming". 
It was an accepted theory that since the cut- 
ting stylus is triangular in shape, an elliptical - 
shaped play -back stylus would more faith- 
fully follow the configurations of the record 
groove and greatly reduce the undesirable 
effects. 

TESTING THE THEORY 
Until now, only hand -made laboratory mod- 
els of elliptical styli were available to dem- 
onstrate the merits of this theory. Tests 
proved without a doubt that the elliptical 
stylus reproduces the recorded information 
with much greater fidelity than the conven- 
tional spherical stylus. It also dramatically 
reduced the phase distortion factor in stereo 
applications. 

FINALLY -A SOLUTION 
Even with this laboratory proof of superior- 
ity, there remained the problem of mass - 
production of an elliptical stylus, so that it 
could be marketed economically. This was 
an overwhelmingly difficult technical task. 
It remained for Ortofon, the world leader 
in record cutter and playback equipment, to 
accomplish this feat. The result is a stylus 
so far advanced that it adds a new dimen- 
sion to sound RFereation * in addi- 
tion to being the most copied technique in 
the field. 

ELIMINATING 
"PINCH EFFECT" 

"Pinch effect" occurs when the cutter, mov- 
ing from side to side, leaves a groove of 

SPECIFICATIONS 
Frequency Response ... 20 to 30,000 cps. plus 

or minus 2 db to 22,000 
"Sepra Spectrum" Channel Separation ... 20 to 25 db 

(over entire audible range) 
Impedance (load) ... 50,000 ohms 

Output per channel (at 1 KC /cm) ... 7 Millivolts 
Compliance ... 30 x 10-6 cm /Dyne 

varying width in the record. Normally, this 
forces the playback stylus upward at the 
narrower portion of the groove. This unde- 
sirable motion results in a " second har- 
monic distortion ". 

Since the elliptical stylus has the same basic 
shape as the cutter, it traces the actual path 
made by the cutter. The playback stylus 
maintains the same tangential contact with 
the groove walls that the cutter did while 
cutting the groove. This is impossible with 
a spherical stylus, since its tangential angle 
of contact with the record groove varies. 
Further detailed explanations of the pinch 
effect ", plus descriptions of "inner groove 
distortion" and "bottoming" are included 
in a booklet available without charge from 
Elpa Marketing Industries, Inc., New Hyde 
Park, N. Y. 

ELPA'S EXCLUSIVE 
The price of the Ortofon Elliptical Stylus 
is $75.00 net. Should it be necessary ever to 
replace the stylus, simply mail it back to 
your dealer or to Elpa. The stylus will be 
replaced and the cartridge re- aligned for 
$25.00. This economy feature is exclusive 
with Ortofon. . . AND . If you now 
own an Ortofon Stereo Cartridge, you can 
trade up to an Ortofon Elliptical Stylus for 
only $25.00. It's Elpa's exclusive way of 
protecting its loyal customers. 
Ask your dealer for a demonstration of the 
Ortofon Elliptical Stylus. It is an experience 
you will find richly rewarding. 

afd, 
ELLIPTICAL 

STYLUS 

SPECIFICATIONS 
Equivalent Mass (at stylus point) ... 1 milligram 
Directional Force 

(at stylus point) ... 10 milligrams /micron 
Stylus Pressure ... 1 to 2 grams recommended 
Terminals ... 4 pin 
Nominal Transformer 

Output Impedance ... 15 K ohms 

Distributed by ELPA MARKETING INDUSTRIES, INC. > \ New Hyde.Park,N.Y. 
* sound R ?Creation -The Mark of Elpa Marketing Industries, Inc. 
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HIGH FIDELITY RECORDS 
FROM YOUR TAPE 

OHIO RECORDING SERVICE 
2520 Monroe Street, Room 125 

Toledo, Ohio 43620 Phone: 419 -241 -4516 

DUBBINGS 
12" 331/3 LP 30 Min. per side 

Monophonic 
12" 331/3 LP 25 Min. per side 

Monophonic 
10" 331/3 LP 15 Min. per side 

Monophonic 
7" 45 rpm 6 Min. per side 

Monophonic 

$6.00 

5.0) 

3.0) 

3.00 

Prices above include both sides. You may 
order one or more above prices without 
using custom service. 

CUSTOM RECORD PRODUCTION 
MASTERING 
Per Side Only 

12" 331/3 LP 30 Min. Monophonic $30.00 
12" 331/3 LP 30 Min. Monophonic 25.00 
7" 45 rpm 6 Min. Monophonic 12.50 

12" 331/3 LP Stereo 60.00 
7" 45 rpm Stereo 40.00 

PROCESSING 
Per Side Only 

12" 331/3 Monophonic 
100 Records or less $18.50 

7" 45 rpm Monophonic 
100 Records or less 12.50 

12" 331/3 Stereo 
100 or more Rec. only 40.00 

7" 45 rpm Stereo 
100 or more Rec. only 27.50 

LABELS 
Include 1 color ink. Both sides included. 
$15 to get prices of custom records you 
must add costs of masters and processing, 
both sides, labels and then pressing ac- 
cording to quantity ordered. 

PRESSINGS 
No.: 25- 50- 100- 200- 300- 500- 

49 99 199 299 499 999 
12" 33 -1'3 LP 1.05 1.00 .85 .75 .65 .62 
7" 45 rpm .75 .70 .50 .40 .35 .30 

Stereo -Add 50 per record. Pressings Include plain sleeves. 

TAPE COPYING 
$2.00 plus list In is of tape, stereo or 
monaural at 31iß`. 7'2" and 15" per sec- 
ond on 7" reel only using Ampex equip- 
ment. We use pure Vinal in producing 
all records to assure long life usage un- 
der normal care. 

Tape Cost Playing Time 
71/2 15 

1200 ft. 7" reel $ 3.50 30 min. 15 min. 
1800 ft. 7" reel 5.80 40 min. 24 min. 
2400 ft. 7" reel 9.50 64 min. 32 min. 
3600 ft. 7" reel 10.00 1 hr. 36 min. 48 min. 
Prices apply to recording only. 

Get our prices on hi fi tape recorders 
etc. before you buy. 

Special Sale 
100 or More at One Order 

from Same Tape 

(For re- orders, use "Pressings" rate 
-any quantity) 

s 

12" 331/3 Long Play 100 Records Only $95.00 

7" 45 rpm 100 Records Only 65.00 

12" 331/3 Long Play 50 Records Only 87.50 

These prices are 95¢ each for 100 
12" Records and 65¢ for 100 45 rpm 
records. This is within easy reach 
of every student's pocketbook. Prices 
include mastering and processing 
both sides, labels with colors, show- 
ing titles and your performing or- 
ganization's name. Send us your con- 
cert tape for Fine High Fidelity Rec- 
ords at unheard of prices. You will 
be glad you did, for you can make 
huge profits for your organization 
by reselling them. CASH WITH OR- 
DER. Records include plain sleeves. 
Sale extended till end of June. Rec- 
ords for resale must be cleared by 
music publishers. 

DELIVERY 

We will make every effort to deliver 
promptly. However, this will depend 
on how many orders are ahead of 
yours. 

TERMS 

Cash with order. 
Do not send tapes recorded bot 
ways. We will have to rerecord an 
edit at $20 per hour. 
Send us tapes recorded at 71/2 and 
15" for best fidelity on 7" reel only. 

We will gladly record your concert 
anywhere at reasonable prices. 
Our service is set up so that one or 
more records gladly accepted. 
We use Ampex tape equipment, Neu- 
mann mikes, fine disc -cutting equip- 
ment. 

GET OUR PRICES ON REEVES SOUNDCRAFT TAPE. 

We rent Ampex P- R -10 -2 tape recorders and Neumann U67 mikes. $50 per 
24 hour period. U67 Neumann mike $25 per 24 hour period. Stereo 2 U67 
mikes, $50. You must pay full transportation and insurance charges both 
ways the quickest way possible shipping. Someone else is waiting to use it 
next. 

STYLUS 
(from page 36) 

was much more pronounced for this 
test on the stereo channels. After 25 
playings the first overshoot increased 
in amplitude to roughly twice what 
it was on a new record. Very little 
change was noted in the laterally 
modulated groove and, surprisingly, 
the vertical groove. 

These tests were all relative, of course, 
and provide no indication of how much 
change would be significant. Neverthe- 
less, the square wave tests do correlate 
with the frequency response and co- 
rohorate our conclusion that 1.5 grams 
is the top limit in tracking force for a 

0.2 -mil elliptical tip. 

4. Listening Tests. 
The absolute evaluation of record 

wear must be made using program ma- 
terial. To perforai this test a record 
was chosen which contained a great deal 
of high frequency energy at high modu- 
lation levels. The record was played 
100 times with a 0.2 -mil elliptical tip 
at 1.5 grams. This record was then com- 
pared on an A -B basis with a new rec- 
ord. Three expert listeners could not 
detect any difference between the two 
records. Microscopic viewing of the 
record which had been played 100 times 
showed "some loose" material in the 
grooves indicating that wear had taken 
place. This wear was not detectable in 
the sound. 

Conclusions 

Our conclusion front these experi- 
ments is that tracing distortion can be 
appreciably diminished through the use 
of a hiradial, elliptical stylus. It is 
imperative that the stylus be made to 
closely controlled dimensions and that 
measuring and quality control tech- 
niques be performed to insure the con- 
sistency in production of these styli. It 
is important also that the styli be made 
with a good polish, and that symmetry 
between the two points of contact at the 
record groove exist. 

We also conclude that an elliptical 
tip with radius "A" of 0.2 -mils will have 
a negligible effect on record wear when 
played at a tracking force less than 1.5 
grams. With a tracking force of 3 grams, 
some increase in record wear at high 
frequencies should be expected. Whether 
this change will be sufficient to be 
detectable on normal program material 
will depend upon the type of program 
material on the record, as well as the 
quality of the remaining portion of the 
reproducing system. 

Although we must admit that much 
work must be done to achieve perfection 
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iu phonograph reproduction, the bira- 
dial elliptical tip can contribute signifi- 
cantly to minimizing distortion. This 
has been demonstrated by electrical mea- 
surements on test records. More im- 
portant, it has also been demonstrated 
by a large number of listening tests on 
a variety of programa material. 1£ 

FM DEMOD. 
(Í ronz puye .; _' 

of doubling the output voltage but re- 
quires additional gates. 

Both the value of Rs and the negative 
supply voltage may be varied to adjust 
the turn -(n delay time and therefore the 
pulse width. It is desirable to use as 
wide a pulse as possible in order to get 
the greatest output possible. Let us cal - 
culate what this value is for a 10.7 plc 
center frequency. The peak deviation for 
commercial FM transmission is limited 
to 75 ke but to allow a safety margin let 
us assume that the FM signal varies by 
100 ke from 10.6 inc to 10.S me. The time 
for one cycle at 10.8 use is 92.6 nanosec- 
onds. The maximum pulse width which is 
practical then in this circuit, is 45 nano - 
seconds wide or just less than half the 
complete period. The tinning diagram of 
Fig. OB shows that it is impossible to 
generate pulses of greater than a half 
period width using just this simple logic 
configuration. 

Assuming a 45 nanosecond pulse width 
the peak -to -peak output voltage that can 
be expected from the detector for a de- 
viation of ± 75 ke is: 

E0, max pp= TAT, max - EAV min= 
(Íp x E p) (LVpmas- Npniin) 

f.'o,tma.rpp- (45X10 -°X 
5) (150,000) = 34 millivolts 

Note that this voltage while somewhat 
higher than the output of the average 
magnetic phonograph cartridge is quite 
a bit lower than the output of the 
average widehand ratio detector which 
has a level of hundreds of millivolts. Low 
output voltage is the price which is paid 
for the advantages of absolute linearity, 
no alignment, and wide bandwidth. The 
maximum bandwidth of the detector is 
directly related to the width of the pulse 
generated. If a 25 nanosecond pulse is 
used the bandwidth would he of the order 
of 10 me. it is an exceptional ratio detec- 
tor indeed that has a bandwidth of even 
1 me. 

The output voltage may be doubled by 
doubling the pulse amplitude. This has 
been done experimentally with both the 
2N955A and the 2N2475 by raising the 
5 -volt supply to 10 volts. A simple vol- 
ume control which has no undesirable 
frequency response characteristics can be 
made by masking the 5 -volt supply to the 
N .\ NI) gate variable. 

The schematic is shown in Pig. 9. I£ 

Model GMT 26U 

shown actual size 

CAN ANY TRANSISTOR 

CONDENSER MICROPHONE BE.... 

THIS 

GOOD 

YES, 

IF IT'S 

SCHOEPS 

FREQUENCY RESPONSE 

DIRECTIONAL CHARACTERISTICS 

OUTPUT LEVEL 

NOISE LEVEL (DIN 5 045) 

DISTORTION 

40- 16,000 cps 

CARDIOID 

-50 

19 

FIGURE 8 OMNI 

-48 -52 dBm /10µbar 

18 20 dB 

0.5% at 235 200 310 DYNES /CM2 mbar 

121 120 123 dB(SPL) 

1.0% at 330 280 435 DYNES /CMZ abar 
124 123 126 dB(SPL) 

SOURCE IMPEDANCE 

LOAD IMPEDANCE 

MATING OUTPUT CONNECTOR 

OPERATING VOLTAGE 

OPERATING CURRENT 

TEMPERATURE RANGE 

DIMENSIONS 

WEIGHT 

200 OHMS BALANCED AND SYMMETRICAL 

30/50 TO 150/250 OHMS 

CANNON XLR -3 -11C 

8 -9 VOLTS 

APPROXIMATELY 6.5 MA. 

-10° TO +70 °C ( +14° TO +158 °F1 

25/32" DIA; 6 -1 /16" LONG 

4c% DZ. 

BECAUSE ONLY SCHOEPS HAS 
THIS NEW PATENTED CIRCUIT 

OSCILLATOR 

In this circuit the symmetry of the push pull Modulator and Phase Demodu- 
lator permits operation at output levels high enough to obviate internal 
amplification. Noise and distortion are reduced to levels comparable with 
conventional vacuum tube circuits - an achievement previously considered 
impossible by other leading manufacturers. Only two silicon transistors (oscil- 
lator and AFC) are required in this simple and reliable circuit. The results 
obtained with this circuit are possible only with the World renowned Schoeps 
3- pattern capsule. 
The convenience of 2 -wire shielded cable; operation from a Multi -mike com- 
mon power supply with over 100 dB separation ... these two sorely needed in- 
novations are here now...only in the Schoeps Transistor Microphone Systems. 

INTERNATIONAL ELECTROACOUSTICS INCORPORATED 
333 SIXTH AVENUE NEW YORK 14, N. Y. 212 WA 98364 
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NEW PRODUCTS 
Column -Shaped Speaker System. Empire 

Scientific Corp. has introduced the "Grena- 
dier," a divergent lens speaker system. A 
360 -deg. dispersion eliminates the need for 
painstaking location and balancing of 
speakers. Two years in the making and 
the designing, the new Empire Grenadier 
features a symmetrical "Sonic Column" 
design which is acoustically engineered to 
fit any room layout and to fit any decor. 
Fits h corner or against walls and is to- 
tally rigid without resonance. Other fea- 
tures include: Mass loaded woofer with 
floating suspension and four -inch voice 
coil. The woofer faces downward, close to 
the reflecting floor surface. It feeds 
through a front -loaded horn with a full 

Booster- Coupler for TV and FM. A new 
Booster -Coupler, Model 13C -208, has been 
released by the Winegard Company. De- 
signed to run one to four TV or FM sets, 
the BC -208 has -.s -db gain to each output. 
For improved isolation between outlets, 
Winegard uses a balanced resistive 
method. This new circuit completely iso- 
lates sets in the system preventing any 

Light -weight Tape Recorder. Roberts 
Electronics has introduced a new light- 
weight, high fidelity tape recorder at a 
price of $169.95. The Model 1600, weighing 
22 lb., features a VU meter, index counter 

circle aperture throat. This provides 360 - 
deg. radiation for full dispersion of sound 
and prevents standing waves from devel- 
oping in the room. Die -cast mid -frequency 
high- frequency full dispersion acoustic 
lens. The mid -range are handled by a di- 
rect radiator and the high frequencies by a 
low -mass domed tweeter. A rigid and 
damped cabinet which is made of acoustic 
material and completely wrapped with 
walnut. Complete symmetry of design 
with terminals concealed underneath. Fre- 
quency response is 30- 20,000 cps; nominal 
impedance is 8 ohms; power handling ca- 
pacity is 100 watts, music power, and up 
to 60 watts sine wave power. Price is $180 
per speaker. Empire Scientific Corp., 845 
Stewart Ave., Garden City, N. Y. E -1 

Tape Recording Accessory. Hudson 
Photographic Industries, Inc., has devel- 
oped a simple "snap- around" ring to en- 
close a standard 7 -in. diameter recording 
tape reel which prevents warping, tape 
spillage and dust contamination. Although 
not a storage can, the HPI reel container, 
called "Lock -A -Matic Ring Stand," pro- 
vides all of these functions in one easy - 
to- handle plastic ring which snaps around 

the outer rim of any style seven inch di- 
ameter recording tape reel. The ring has a 
simple snap lock to secure the ring to the 
reel. Each Lock -A -Matic Ring Stand has a 
foot section to allow reels to be stored ver- 
tically. Cost 390 each or 3 for $1.00. Hud- 
son Photographic Industries Inc. Irving - 
ton-on- Hudson, N. Y. E -2 
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interaction. A new, larger chassis dissi- 
pates heat for longer component life. All 
terminals are no -strip and unused termi- 
nals need not be terminated. Wiring is 
precision module type and provides opti- 
mum control over variables. Other fea- 
tures include a new mounting bracket for 
wall mounting that permits removal of 
the unit without unscrewing the mounting 
bracket, fully enclosed isolation trans- 
former, easily accessible connections and 
on -off switch. The models BC -208 can be 
used in fringe, near fringe and even close - 
in installations. It takes up to 350,000 mi- 
crovolts of signal input. List price, $29.95. 
Winegard Company, Burlington, Iowa. E -3 

Low -Cost Speaker Series. Jensen Manu- 
facturing Company has added a new line 
of low -cost high fidelity speakers called 
the Delta Series. The Series consists of the 
Model DL -220, a 3- element, 12 -inch co xial 
unit priced at $34.75; Model DL -120, a 
dual -cone, 12 -inch speaker priced at $21.50; 
and Model DL -80, a dual -cone, 8 -inch loud- 
speaker priced at $15.25. Each of the 
speakers in the Delta Series offers these 
features: Syntox -6 magnetic systems; 
Flexair suspensions; binding post termi- 
nals; die -cast housings and stable spider 

suspensions. The Model DL -220 provides 
25 cycle resonance compression high fre- 
quency unit with mid -range radiator. 
Power capacity is 20 watts. Freqúency 
range is 25- 16,000 cps. Resonance is 25 
cps. The Jensen DL -220 comes equipped 
with a fully adjustable high frequency 
balance control on 30 -inch cable. The 
Model DL -20 is similar to the DL -220 but 
without the coaxial HF unit. Power Capac- 
ity is 20 watts. Frequency range is 40- 
15,000 cycles. The Model DL -80 has a, fre- 
quency response of 50- 15,000 cps and a 
power capacity of 20 watts. Jensen anu- 
factoring Company, Chicago, Illinois. 
60635. E -4 

and microphone together with its capabil- 
ity of recording at speeds of 71,¢ ips, 3% 
ips and 1% ips. The Model 1600 is a mono- 
phonic, 2 -track tape recorder. Roberts 
Electronics, Los Angeles, Calif. E -5 

Portable Hi Pi Unit. Effortless portabil- 
ity and high- fidelity sound quality are two 
of the features of the new Electro -Voice 
Sonocaster. The eight -inch coaxial driver 
unit employed in the Sonocaster is de- 
signed for portable and outdoor high fidel- 
ity use. Weighing only eight pounds, it 
may be placed temporarily wherever sound 
is desired, or it may be mounted perma- 
nently. The housing is molded of a dur- 
able, crack -proof plastic material similar 

to that used in travel luggage. The hous- 
ing shields the driver unit from weather 
yet is itself immune to the effects of the 
elements. The eight -inch speaker employes 
a rigid die -cast frame designed to with- 
stand severe abuse without functional 
damage, a ceramic magnet assembly, and 
a double -wound voice coil which provides 
wide -range frequency response and high 
efficiency. Electro- Voice, Inc., Buchanan, 
Mich. E -6 

Digital Metronome. A functionally de- 
signed digital metronome combining the 
features of fully transistorized computer 
type circuitry and replacing the old -fash- 
ioned "click track" has been introduced by 
U niversity Audio, Inc. Covering a different 
tempo -beat range from 1 to 100, this tim- 
ing device finds broad application in musi- 
o.,i s. :ine of motion pictures. Output is 

fr,qn 1 beat per G frames to one beat per 
30 frames of film in % frame steps. Tem- 
po -beat is based on 24 frames per second. 
Accuracy is ±250 microseconds with non- 
cumulative error. Price $689. Universal 
Audio, Inc., Hollywood, Calif. E -7 
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Illtintosh 
ives you... the best 9 
the best PERFORMANCE Music comes alive with a McIntosh. You hear all 

there is to hear. Nothing is added or subtracted. 

Each instrument is recreated. This is possible 

because of low distortion in all McIntosh instru- 

ments. Now you and your family can enjoy your 

music system without becoming dissatisfied. 

the best PROTECTION You are protected in two ways when you own a 

McIntosh. 

1. Your McIntosh must meet its advertised 

claim or you get a full cash refund. (No one 

else offers this money back guarantee.) 

2. Your McIntosh instrument is guaranteed for 

3 years from date of purchase. Only tubes Y and fuses are excepted. 

the best RELIABILITY 100 Amplifier Clinics have proveñ McIntosh 

products continue to live up to advertised claims 

year after year. The reason is simple. Cool opera- 

tion means longer life. No costly repair bills after 
one or two years of ownership when you own 

the best QUALITY You 

McIntosh. 

come first at McIntosh. The concept of the 

consumer first has made each McIntosh product 

the best in its class. No short cuts are used. Only 

the best engineering and manufacturing tech- 

niques are used to give you the best. 

Write today for McIntosh literature. 

McIntosh LABORATORY INC. 
6 Chambers Street 
Binghamton, N. Y. 

Name 

Address_ 

City and State 

Zip Code 
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less 

than V. 
i/m distortion 

The new Elac 322, with less than 106 intermodulation distortion, and less than 1% 
harmonic distortion, is capable of producing an almost perfect waveform replica 
of the sound groove -from 20 to 20,000 cycles, ±2 db. Moreover, it provides effec- 
tive crosstalk damping over the most directional frequencies of the spectrum -way 
out to 20,000 cycles. Channel separation is practically complete: better than 25 db 
at 1000 cycles, 20 db at 10,000, and an astonishing 12 db at 20,000 cycles. 
The 322 tracks at from 1.5 to 3 grams with most arms (1 gram with some). Price 
with .52 mil diamond stylus and universal mounting bracket is $49.50. 
Also hear the new, compatible mono /stereo Elac 222, $39.50 with .7 mil diamond. 
At your hi -fi dealer now. For complete details, write to: 
BENJAMIN ELECTRONIC SOUND CORP. 80 Swalm Street, 
Westbury, N.Y. /U.S. distributor for Miracord and other 
Electroacustic (Elac)® Record Playing Components. 

BEN ) AMIN 
ELAC 

, 

L J 

NEW ELAC 322 STEREO CARTRIDGE 

NEW LITERATURE 
Popular Electronics Book. Monroe Up- 

ton, author of "Electronics for Everyone," 
has written a second book "Inside Elec- 
tronics." The book is an introduction to 
radio, TV, stereo and hi fi. It contains 272 
pages and 72 line drawings. Price, $5.95. 
Published by the Devin -Adair Company, 
New York 10, N. Y. 

Transistorized Miniature Amplifier and 
Tuner Application. Lafayette Radio offers 
a 96 -page publication describing its minia- 
ture printed circuit transistor amplifier 
and tuners. Rufus P. Turner, the author, 
has compiled 60 applications in six chap- 
ters. Chapter 1 gives necessary perform- 
ance data on the various amplifiers and 
tuners and information on building mod- 
ular amplifiers and simple stereo systems. 
Succeeding chapters discuss ueful ham 
and citizen band accessories, control ap- 
plications (relays), test instruments, mis- 
cellaneous amplifier applications such as 
hearing aids, intercoms, electronic stetho- 
scope, and tuners and their applications. 
Cost of booklet is $1.50. Lafayette Radio, 
Syosset, N. Y. 

Speaker and Enclosure Publications. 
Two new Electro -Voice publications have 
been issued. One is the "Guide to Compact 
Loudspeaker Systems," a colorful catalog 
describing their new series of acoustic 
suspension systems. A distinctive feature 
is the fact that this booklet incorporates 
considerable information designed to help 
the newcomer to high fidelity. The other 
publication, "Design and Construction of 
Bass Reflex Enclosures," deals with home 
construction of bass reflex enclosures. De- 
spite the tremendous popularity of com- 
plete loudspeaker systems, a great many 
people still prefer to buy component speak- 
ers and mount them in custom made en- 
closures. Certainly a great deal of infor- 
mation on reflex enclosures has already 
been printed, but this new booklet provides 
more information than has been available 
previously outside of textbook. Electro- 
Voice, Buchanan, Mich. E -8 

Loudspeakers for Special Applications. 
Jensen Manufacturing Company, Chicago, 
is offering a new, 2- color, 16 -page catalog, 
Number 1090, fully illustrated and describ- 
ing the many items in its Concert, Viking, 
and Weather Master Series of general pur- 
pose and replacement loudspeakers -with 
complete descriptions and easy -to -read 
specification tables. The Concert Series is 
a comprehensive line, including oval, elec- 
tronic musical instrument, special auto- 
motive, high fidelity replacement, and 
miniature loudspeakers, as well as models 
for intercom, communications and aircraft. 
The economically- priced Viking Series is 
also described as well as the Weather 
Master Series. The latter Series features 
speakers for drive -in theatres and other 
outdoor applications. The catalog con- 
cludes with an interesting and informative 
discussion on the permanent magnet, first 
introduced in loudspeakers to the United 
States market by Jensen. Catalog 1090 is 
available from Jensen Manufacturing Com- 
pany, Chicago, Illinois. E -9 

Terminals Reference Catalog. A color- 
ful 24 -page catalog that lists, describes, 
and illustrates a complete line of plain 
and locking terminals, is now available 
from Shakeproof, Division Illinois Tool 
Works Inc. The catalog describes both 
plain and locking Shakeproof terminals in 
bronze, bross, copper and steel, in a wide 
range of designs for almost every applica- 
tion. The catalog is organized to clearly 
identify the broad lines of Shakeproof 
standards, specials, and custom specials. 
The catalog is particularly easy to use 
because it groups terminals of the same 
general shape by style numbers. Both 
locking and plain terminals of the same 
type are listed under the same style 
number for clarity. Shakeproof, Division 
Illinois Tool Works Inc., Elgin, Illinois. 

E-10 
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D 
AUDIO ETC 

(1 rota l,a, /, 

ucmn Convert" :tt Carnegie Hall, but here's 
a small-company bid in the sanne direc- 
tion. You'll see the like everywhere now 
(when they aren't already withdrawn), but 
again, this most have Been a saucy, fresh, 
new idea back in December of 195I. So I'd 
guess, ;I fl i5)w. 

#536: Les Bord.s du Saint -Laurent. 
French Canadian Folk Songs. Pierette 
Clhatnpoux. No stone unturned by the rov- 
ing Esoteric tape recorder. Suter folk 
music. 

#515: Satoh/ Mountain Ballads. Harry 
and Jeanie West. And more folk song this 
time looking pretty authentic. I'm going 
to have to look this record up and listen 
to it. 

#546 : Renaissance Motels, Renaissance 
Chorus (N.Y.) 

#200;2: Music of the Arab People. . . . 

Going to have to stop here, with Esoteric's 
ill leap into ;Arabia, straight from upper 

Manhattan. The details aren't important 
:tad my historical attribution of Esoteric 
"firsts" may not always hold water; per- 
haps some other label got there first, in- 
stead of Esoteric. But the principle is up- 
held, namely that until the middle fifties, 
the small LP operator could and did attain 
a really remarkable freedom of enterprise, 
to the limit of his imagination and with a 

minimum of High finance. 

Where do we go from here? 

What has happened.' Well, in a sad sort 
of u iv, recording has grown up, put on 

ei ht. raised its technical standards. 
We're used to LI' and we are used to in- 
novations. We had them until they carne 
out of our ears. Now, a novelty must be 
really unusual, or really superb in musical 
value, or particularly well played, if it is 
to catch the roving collector's jaundiced 
ear. (food, in a way. But it does discourage 
the kind of free-wheeling recklessness that 
led to the whole development of LP reper- 
toire. 

On the technical side, stereo has added 
painfully to the cost of marginal recording, 
amid the smaller the business the more agon- 
izing the cost. The plain fact is that very 
few small companies can afford stereo at 
all, what with that beastly necessity for 
stereo and mono duplication. The big com- 
panies alone can swing stereo and the 
stereo -mono joint release. (I hate to sug- 
gest it, but I suspect they are well aware 
of this convenient strangle -hold on small 
business. Dreadful thought-nut-0)e they 
don't leant to convert to all -stereo and the 
single release, and thus let in the competi- 
tion from below.) There has been good 
stereo on small labels, but the promoters' 
bravery is almost painful to watch. 

Finally, there has been a relatively large 
rise in processing costs, notably for those 
who must farm their processing out -the 
smaller l;nbols, r am very conscious of this 
because of a side -effect, the impact of the 
price boost on private and independent re- 
cordings. My chorus, the 1)ossoff Choirs, 
used to na:tke itself a good little income 
(al by selling its music to assorted small 

AUDIO MAY, 1964 

B 

small size 

IG sou N 

SEIVIIHEISER 
Type MD 211 

Studio Quality Omnidirectional 
Dynamic Microphone 

Shown Actual Size Professional Net $115.00 

Inconspicuous appearance without sacrifice in quality. The 

compact design of type MD 211 renders it an excellent choice 

for stage use or any application where minimum obstruction 

of visibility is desired. This has been achieved without com- 

promising the smooth extended range, the generous output 

level, and the almost completely omnidirectional pickup that 

contribute to outstandingly natural reproduction. 

Frequency range extends smoothly from 40 to 20,000 cps, as 

shown on the nominal response curve. Each type MD 211 is 

supplied with a signed curve, individually recorded in an 

anechoic chamber. Compare the typical, random -selected 

curve with the nominal curve. It is your proof of Sennheiser 

uniformity and quality. The sturdy case, with satin chrome 

finish, is practically unbreakable. Type MD 211 is insensitive 

to humidity and atmospheric conditions. 

I- 
4 5, Po loa Zoo Ono Boo >t 1w 4b 8* >ale >54 

Nominal response curve, Type MD 211 

Random -selected, individually drawn curve, Type MD 211 

TECHNICAL DATA 
Frequency range 40 to 20,000 cps 

Deviation from nominal 
response curve ± 2.5 db from 40 to 17,000 cps 
Sensitivity at 1000 cps -57db re: 1mw/10 dynes /cm' 
Directional characteristic Essentially spherical 

(omnidirectional) 
Impedance 200 ohms 
Dimensions Length: 43/4 ", diameter: 7/8" 

For complete technical specifications, call or write to: 

SE HEISER 
CORPORATION (N.Y.) 

25 West 43rd Street, New York, N. Y. 10036 
(212) LOngacre 4 -0433 

Plant: Bissendorf /Hannover, West Germany 
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commercial companies and (b) by making 
membership recordings, for private sale. 
Now, most of our small companies are dead, 
and our records with them; those which are 
alive aren't taking on much business of our 
sort. And the processing costs to make a 
private recording are now so startlingly 
high that we can scarcely afford to make 
our own records any more. Our heyday is 
definitely over as far as LP is concerned. 

Yes, a good deal of this cost goes back 
to the rise in technical standards, and to 
stereo. Things are no longer done in the 
old slap -happy way. Recorders have to be 
good, now, and associated equipment is 
always tops, too. Engineers charge plenty, 
and editing costs a whale of a lot. (I used 
to do our editing, in the old days.) Alto- 
gether, making a good record now is a slick, 
polished, professional job and as an audio 
man of sorts I can't say I object. 

Perhaps it is just as well that standards 
are now high and worth it, that everything 
costs more (including music) and is better. 

But music, the recorded musical library, 
suffers, and will suffer a lot more as the 
happy days of LP pioneering move further 
from us. 

P.S. Perhaps you'll be surprised to find 
that most of the Esoteric recordings of 
1953 and 1954 are still listed in the 
Schwann catalogue, under the sanie num- 
bers. Here's one small company that has 
managed to keep going, even under its new 
name, and to keep the best of its past rec- 
ords in stock. 

Double P.S. It's another subject -but 
now the middle -sized companies are fold- 
ing their tents, too. Westminster, paragon 

of musical hi fi, went out and is back, 
barely. Unicorn, a would -be mid -sized out- 
fit, died very thoroughly. Others are re- 
portedly on the rocks, though I mention no 
names out of concern for them. Even the 
new middle- graders of recent launching 
seem to Hounder these days. The big prob- 
lem for them is just the one we have been 
studying -shall they ape the biggiesy plug 
standard repertory (at huge expense) for 
wishfully big sales; or shall they push the 
out-of -the -way stuff, for more prestige and 
less expense? 

And with that. I must return to my 
Deccas, RCA Victors, Columbias and Capi- 
tols, myllercurie :, Angels, Everests, Lon - 
dons. 'Where are the half -a- hundred labels 
of yesteryear ? 

LETTERS 
(from pntic á) 

A typical ceramic structure will have a 
shorter length, larger area, lower weight 
and lower cost than an equivalent Alnico 
5 structure. In some cases the use of a 
ceramic magnet permits structure Ilength 
to be reduced to 1/, of the length I of an 
equivalent Alnico 5 structure. 

Magnetic structure performance is nor- 
mally measured at room temperature condi- 
tions. Changes can occur in a. permanent 
magnet as a result of heating or Cooling 
the magnetic structure. The change may be 
either reversible or irreversible. A rever- 
sible change is one in which the magnetic 
conditions are identical before and after 

exposure to the temperature change. Ex- 
posure of a ceramic structure to any tem- 
perature, from room temperature up to ap- 
proximately 460 C. (860 F.), always causes 
a reversible change and therefore no 
change in the performance of the mag- 
netic structure. 

An irreversible change is one in which 
the magnetic conditions are different be- 
fore and after exposure. A ceramic struc- 
ture exposed to low temperatures may ex- 
perience either a reversible (no loss) 
change or a reversible change (some loss). 
The type of change which occurs depends 
upon the design of the magnetic structure 
and the temperature of the exposure. A 
ceramic structure can be designed to have 
no loss after exposure to temperatures as 
low as 60 C. (-76 F.). These changes are 
entirely dependent upon the lowest tem- 
perature which the magnet reaches in ex- 
posure and is not affected by the number 
of cycles of exposure. 

Ceramic magnets will supply magnetic 
structure performance equal to an Alnico 
5 structure with a saving in cost, weight 
and overall depth. 

CHARLES R. HOHMANN 
Senior Development Engineer 
Jensen Manufacturing Company 
6601 S. Laramie Ave. 
Chicago, Ill. 60638 

Live FM Broadcast 

tile: 
I was most pleased to read Mr. Kregg's 

comment on the quality of WFMT's live 
stereo broadcast of the Boston Symphony 
Orchestra and the recital of Guiseppe de 
Stefano, both from Chicago's Orchestra 
Hall. Many listeners have commented on 
these broadcasts, and other live programs, 

If the cardioid pattern is an essential con- 
sideration in selecting a professional 
condenser microphone .. . 

C 60 

Range: 30 to 18,000 cps (cardioid) 
Response: ±- 2.5 db over entire range 
Dimensions: 3/4"x 4" 
Data sheet available on request 

The AKG -C60, for its size, has an unsurpassed car- 
dioid pattern- front -to -back discrimination is never 
less than 18 db over the entire frequency range. 
These superb characteristics are ideal for difficult 
acoustical installations, particularly concert halls, 
auditoriums, broadcast and film sound studios. 

Here is an exceptional high -quality dynamic 
microphone which measures up to profes- 
sional standards ... 

D 24 

Range: 30 to 16,000 cps (cardioid) 
Response: - 2.5 db over entire rang 
Dimensions: 11/2" x 6" 

4 Data sheet available on request 

The AKG -D24 possesses unusually excellent char- 
acteristics which make it eminently suitable for a 
wide variety of applications. This multi -use adapta- 
bility pin -points the D24 as your number one 
choice for high -performance standards - whether 
for studio, indoor or outdoor field work. 

CONDENSER DYNAMIC MICROPHONES 
AKG of America 
Division of North American Philips Company, Inc. 
125 Park Avenue, New York, N. Y. 10017 
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which stakes us feel Very good that there 
are many people who (10 appreciate good 
souu41. 

: \ctunlly, the had several handicaps that 
a recording company would not have. It 
was not possible to test out microphone po- 
sitions, set levels or anything else for either 
of these broadcasts. We had to make some 
educated guesses in Lode cases. This is not 
like a recording, and we could have only 
oue "take..' i euti llv, frcilueucv response, distortion 
:n)d noise Ihv(I recce degraded by the tele- 
phone company lines. Anyone who ILas ever 
tried to get tau ieltittienl 15kc, plus, lines 
from the phone company knows how diHi- 
rult it is, and expensive too. 

I though it aright be of interest to your 
readers just how the two live pickups Were 
made. Both were different. For the -Boston 
Symphony we use:] two widely spaced 17 -47' 
condenser microphones. These were located 
about twvmty -lice feet. up 01141 furvv:trd of 
the Or(hesl r;t. The mieruphunes were set 
for cardioid. With the more recent de 
Stefano enuc(rt We used two Neumann 
KM-56 condenser microphones in the "NIS" 
system of ater(u. 'Flu announcer's micro- 
phone was Lridged in WI the "center," or 
N1, channel of the AIS matrix. Jlixing of 
the K \I -Sri's was done prior to the matrix. 
'This gives a veiv geed level control syst(ni 
With tilt. added feather that left -right hal- 
auc( caul lint change with mixer settings. 
\1R was selected for this broadcast L(cause 
\1r. de St:if:mu was to be placed on the 
renter channel," and MS would give a 

Letter monophonic signal than would spaced 
carlioids or crossed microphones. 

\We have doue u0!IIv live and recorded 
stereo broadcasts and :rfe pleased with 
listener response. After all, that's tvltat 
niak(ii it worthwhile. 

: \i i iii ! C. : \X'i' r,rr7,, .IN. 
Director of Engineering 
\WP \l'I'. Chicago 

RECORDS 
(from page ); J l 

in mechanical noises in the organ : the pitres 
sound ronce in toue and sir swans to he hiss- 
ing call around: there's a higher ambient 
reverhrral ion in the hall nuise: you hear pins 
dropping (so tu slunk) like Ruff balls, hea11as 
Cracking. chairs creaking- everything but 
music. Not _ und. 

l'un c:ua'l rvrr nurliólp tamper with the 
level of the ambient background in recording: 
it mast III least .cent to stay the saner. all the 
time. regardless of level in the music. ']'hart's 
because ulariing up the volume uu a big -hull 
background tends to change the perspective; 
the hall gros audibly larger, the sound de- 
tails nary in uuult rinser, magnified. If you 
Ill t..f h:nlge level, Ihett the music shuulul 
adroitly cover the change, to distract the at- 
tention. It doesn't here. That's exactly the 
trouble. 

Its het ter. crin un recases, tu let Liszt 
drop ntun in turn the aroustfcal fund. as was 
Intrndrel. Can't he helped. Mules. run ask 
your org:unist to play louder. (He'll refuse. 
nuteh, ou arlistin grounds.) 

The King of Instruments -Two Great Or- 
gans. (Philharmonic Hall, New York; 
Asylum Hill Congregation Church, Hart- 
ford.) Albert Russell. 

Aeolian Skinner AS 318 S stereo 
Synaphuuy limit's big organ ryas. I think, 

one of the tfrst of the new breed of organ 
conabiitiog "Baroque" and modern features in 
the eue iustrunient. Things are not, of course, 
quite that simple, as is indicated by Ihes, 
recordings of une brand new organ and an- 
other that. I would guess, also is new. The 
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over -all sound of these, as far as we can 
judge from the samplings. is already very 
markedly changed from that of Symphony 
Hall. \lurk brighter, all over, shinier, more 
insistent, less "organy" in the oldish church 
sense, reelecting the over -all change in organ 
conception that has come in with the revived 
Ba roque. 

No, these 110n'1 sound like Baroque organs - 
nut by a lung shot. Evert the early -type stub:. 
used for htiixteltuele, ]tech, Handel, are in a 

sense parodies of the genuine Baroque sound. 
super -Baroque in an unmistakeably very mod- 
ern way. Like an Elizabethan costume fixed 
no by llullytvuod. h :yea tlae nanderti music, the 
near- homantic music (Healey \Wilim, Marcel 
Dupré) sounds brighter, steelier. I would 
guess that organ design is changing almost as 
fast as everything else these days. 

Mr. Itassell is decidedly a young organist 
of the new generation -you can tell that in 
ten seconds. Fast, peppy, metrical playing, 
without a sigh or a die, impersonal, efficient, 
humorous, expertly fingered and pedalled. The 

antithesis of Ed.-ward ('onlnaette on Angel (but 
Russell is a _acre] musician of his type). On 
his two organs he plays I)upré, Ituxtelnule, 
Bach. Laiglais, Healey A' illat, Mandel, with 
came and indeed, identical facility. Like the 
sulnaum who can produce roll: song and l'uc- 
cini, Mozart and singing' commercials. 

P.S. I count well ever Ihree seconds rever- 
beration in Philharmonic ]loll after the big 
lords here. Dead? Who said so', 

GENTLY MODERN 
Prokofieff: Symphony- Concerto for Cello 
and Orch. Op. 125. Fauré: Elégie. Samuel 
Mayes; Boston Symphony, Leinsdorf. 

RCA Victor LSC 2703 stereo 
Here's a big, new Romantically inclined 

work of the beloved late composer in a re- 
write version -ii was formerly a cello eon- 

all signal 
noise 

The most noise -free recordings you have ever 
heard are to be made on the new all- transis- 
torized Norelco Continental '401' Stereo Tape 
Recorder, the only recorder using the newly de- 
veloped AC 107 transistors in its two preampli- 
fiers. The only transistor specifically designed for 
magnetic tape head preamplifiers, the AC 107 
utilizes specially purified germanium to achieve 
the extraordinary low noise figure of 3 db, 
measured over the entire audio band 
(rather than the usual single fre- 
quency). This noise figure remains 
stable over large collector- emitter 
voltage swings and despite large 
variations in source resistance. 

Hear the new transistorized Norelco Conti- 
nental '401' 4 -track stereo /mono record and 
playback 4 speeds: 71/2, 32/4, 1t/ /s and the new 
4th speed of 15/16 ips which provides 32 hours 
of recording on a single 7" reel fully self - 
contained with dynamic stereo microphone, two 
speakers (one in the removable cover for stereo 
seporation),dual preamps and dual recording 
and playback amplifiers self - contained PA 

system mixing facilities can also play through 
external hi -fi system multiplay facilities. 

SPECIFICATIONS: Frequency response: 60- 
16,000 cps at 71/2 ips. Head gap: 0.00012 ". 
Signal -to -noise ratio: better than 48 db. Wow 
and flutter: less than 0.14°ó at 71/2 ips. Recording 
level indicator: one -meter type. Program indi- 
cator: built -in, 4 -digit adjustable. Inputs: for 
stereo microphone (1 two- channel); for phono, 

radio or tuner (2). Foot pedal facilities 
(1). Outputs: for external speakers 

ore/co channel); 
for external amplifiers (1 two - 

channel); headphone (1). Recording 
standby. Transistor complement: AC 
107 (4), OC 75 (6), OC 74 (2), OC 44 

(2), 2N1314 (2), OC 79 (1). Line voltage: 117 
volts AC at 60 cycles. Power consumption: 65 
watts. Dimensions: 181 /2 "x 15 "x 10 ". Weight: 38 
lbs. Accessories: Monitoring headset and dual 
microphone adapter. 

For a demonstration, visit your favorite hi -fi or 
camera dealer. Write for Brochure A -5. North 
American Philips Co., Inc., High Fidelity Products 
Division, 100 East 42nd St., New York, N.Y. 10017. 
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certo, composed between 193:; and 1938. but 
was revised in 1940 and then taken apart for 
reassembly on a more important scale in 1950 
and 1952 at the very end of the composer's 
life. It has in this new form an interesting 
sound, part out of the 1930's -the period of 
"Peter and the W'olf," the ballet music 
"Romeo and Juliet," the popular Fifth Sym- 
phony -.tnd part out of the recent Russian 
past with Shostakovitch's slightly military - 
sulloding influence to be heard. 

It's awful' long. n side and half. But awful' 
melodious, too, and the cello does much 
gyuumsticizing without too often sounding 
like a grunting pig, the way cellos do at times 
in cello concerti. The Fauré Elégie is a turn -of- 
the- century trifle, apt for filling up the rest 
of an LP side. 

The new Boston sound, via Dynagroove, 
brings a lot of close -up effects and not too 
much expansiveness_ plus that curious impres- 
sion of constant loudness over too long a time 
that is presumably the Dyna contribution to 
belies living with > -ivalh phonos. 

Gershwin: An American in Paris. 
Milhaud: A Frenchman in New York. Bos- 
ton Pops, Fiedler. 

RCA Victor LSC 2702 stereo 
Bright idea -RCA commissioned the French 

composer to write the other side of this LP 
record. And RCA got just what it asked for, 
since Darius Milhaud, an aimable soul, has 
been a veritable music factory these forty 
years and more ; he came through right on 
time. New York with Fog. Horse and Carriage 
in Central lark. Baseball in Yankee Stadium 
(fugue). And more of the same. 

\ \'hat did RCA get? A big, fat wish -mash of 
nothing very much, expertly written. beauti- 
fully scored, full of every Milhaudian cliché 
of the last almost -half century and, all in all, 
a piece from which the mind wanders easily 
while the players work their hardest. Wonder- 
ful for them, if plenty tough in plenty of 

spots (Milhaud loves scratchy super -high 
violins). Pretty dull stuff for the listener, I 
say. 

Funny thing is, it's so dissonant, this music, 
that it sounds dated! Right out of the "mod- 
ern music" of the 1920s. Those eternal poly - 
chords, coupla ordinary chords one piled on 
top of the other and swearing like cats, tinny, 
foursquare little bits of French tune, like 
sawed -off folk songs. It's glorified TV music as 
of 1920. 

Next to Milhaud, Gershwin is positively 
concise! His ever -fresh score is too hugely 
blown up in the sound -it should be drier. in 
the 1920s manner -but the playing is alive 
and very appreciative. That's what counts. 
The Boston Pops always is like that. 

Milhaud: Sacred Service for the Sabbath 
Morning. Heinz Rehfuss, Orch. du Th. 
Nat. de l'Opéra, Chorus de la RTF, Mil- 
haud. 

Westminster WST 17052 stereo 
Now here's a really thoughtful work by 

Milhaud, a pleasure to hear on records as. I 
run sure. it is gratifying to hear as a part of 
the Jewish service. Also a pleasure to per- 
form, no doubt. It is long, with orchestra, 
chorus and a single solo, a baritone; but it is 
quiet, too, full of rahter lovely melody written 
in flowing counterpoint among the choral 
parts, scored cleanly in an almost Mahleresque 
manner, a few instruments at a time, often 
very low and very high together. Only the 
central portion rises to some fairly loud 
music. There are 20 sections, each with its 
Hebrew title (English translation provided, 
but no Hebrew ; you have to find your own 
way). The chorus and the soloist work fairly 
constantly and the whole sweeps onward with 
an elegance and dignity that opens one's eyes 
to the power of this good natured and rotund 
Frenchman, who pours out music at the drop 
of a hat, most of it enormously skillful and 
a lot shamelessly repetitive and superficial. 

If you ask me, RCA should have commis- 
sioned another Sacred Service, instead of that 
"Frenchman in New York" thing they thought 
up. 

Hovhaness: Symphony No. 4 
Giannini: Symphony No. 3. Eastman 
Wind Ensemble, Roller. 

Mercury SR 90366 stereo 

Now here are two moderns you'll find easy 
to listen to, especially since both are compos- 
ing for modern wind band, super- stereo hi -ti. 
No strings attached. 

Hovhannes, the melancholy Boston Arme- 
nian, says of his work, "I admire the giant 
melody of the Himalayan 'Mountains, sevnth - 
century Armenian religious music, classical 
music of South India, orchestra music of the 
Tang dynasty China around 700 A.D., opera - 
oratorios of Handel." Take all that, including 
Handel (who might be a bit bothered, him- 
self), plus a giant taut -tam, assorted vibes, 
marimbas, xylophones and lots of trombone, 
mix iu a. further Hovhannessism : "I would 
prefer the massive free rhythm bell orgies of 
Zurich to the spineless glockenspiel chimes and 
vibraphone of our industrial orchestras . . 

and you'll run for the nearest record shop to 
find out what Hovhannes has to say in music ! 

You won't be disappointed : it makes grand 
hi -fi and the best aural intermodulation test 
I've yet heard. (Tam -tom at about 70 cps. 
very loud and continuous, against a trombone 
choir, for instance.) 

Vittorio Giannini is less picturesque, but he 
is an honest and unpretentious academic com- 
poser, who lets Brahms and Wagner peek out 
incongruously from his semi -modern wind 
music whenever they have a mind to, which 
is quite often. One of those works that sounds 
almost old- fashioned, but not quite. Skillfully 
written for a lot of brass and percussion. 

Boy, does Mercury know how to get a big 
hi -fi sound onto discs. Phew : 

2E 

In your opinion which of these Truvox features 
could have been omitted without compromising quality or 
versatility? (Mark an 'X' alongside any listed feature you'd 
be prepared to forego, in terms of quality or versatility). 

three 4- track, stereo heads: erase, record and playback 
three motors: one for each spindle plus Papst 
`squirrel -cage' motor for capstan drive 
three speeds: 71/2 , 33/4 and 1.7/8 inches /sec. 
built -in stereo record /playback and monitor preamps 
separate, calibrated record -level meter for each channel 
heavy 61/2 inch capstan flywheel 
sound -with -sound recording with on -deck controls 
off -the -tape monitoring 
input mixing with fade facilities 
96 kc bias frequency for recording off -the -air 
FM stereo- multiplex without distortion 
balanced dual bearings permitting vertical as well as 
horizontal operation 
patented HusLOC spindles to hold reels securely for 
vertical operation 
pushbutton 'stop' and function selector 
positive braking action without tape spill or breakage 
`record' and 'playback' indicator lights for each channel 

r BEN) AMIN 
TRUVOX 
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instant 'stop- start' cueing button 
automatic microswitch shut -off 
four -digit tape, counter with auto -zero -reset 
independent 'erase- record' warning light 
stereo monitor headphone outputs with level controls 
low- impedance cathode follower outputs for long 
amplifier leads without hi- frequency attenuation 

Now you can check other tape units to see how many 
features have been omitted which you consider important. 
The Truvox PD -100 is 
priced at only $399.50, 
plus $20 for the base. 
For complete details, 
write to: 
BENJAMIN ELECTRONIC 
SOUND CORP. 
80 Swaim St., Westbury, N.Y. 
Sole U.S. distributor for 
Truvox tape recorders, 
Miracord turntables and 
Elac cartridges 

PD -100 STEREO TAPE DECK 
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TAPE RECORDERS AND THE LAW 
(from page 50) 

There are innumerable restrictions on 
each Of the above four categories and in 
addition a restriction called "fair use." 
That is, that a. small part of a copy - 
righted article may he quoted without 
permission if the copyist has a good rea- 
son to do so, for example, book reviews 
and newspaper items. 

1. The copyright owner has the exclu- 
sive right tci `publish' his copyrighted 
work. Anyone who copies may he sued. 
A copy is a tangible reproduction of 
the author's creation. A recording is not 
deemed a `ropy'. 

:. Adapt the copyrighted work, for 
example, translate it into other Ian - 
gnages, dramatize a uondrtumatic work, 
arrange a musical work. and so forth. 

:t. Performing rights are, generally 
speaking, of two kinds: (a) public per- 
formance; the right to exclusively control 
any performance given in public, is con- 
fined only to 'drams', (h) public per- 
formance for profit. ''flue law does not de- 
fine public performance. It does not in- 
clude performance in the home. It does 
include performances that are open to 
the public regardless of the size of the 
audience. In between these two extremes 
lives the twilight zone which courts are 
called upon to decide. ,A performance fco 

profit does not require that admission 
tickets be sold. It would he (1(.01110(1 a per- 
formance for profit if there was direct or 
indirect compensation to the copyist. 

4. The copyright owner of a musical 
composition has the exclusive right to 
make the first sound recording of his 
creation or, if he wishes, to license smne- 
one else to make the first copy. Upon the 
noticing of the first recording, the copy - 
right owner' loses his exclusivity insofar 
as additional recordings are concerned 
and anyone may record the work without 
the consent of the copyright owner on 
condition, however, that (a) the copyist 
notifies the copyright owner of his inten- 
tion to do so (and additional paperwork 
to the copyright office), and (h) pay the 
copyright owner a royalty of 2 cents on 
each record. 

A home tape recording of a musical 
broadcast would not 1w deemed a per- 
forming right violation unless it was 
done for profit. It is a violation, however, 
of the recording right of the copyright 
owner. A home recorder, however, could 
apply for the statutory licensing right if 
he wishes to pay the 2 cents for each re- 
cording that he makes. There is, however, 
another problem that the home recorder 
may be violating the rights of the record- 
ing company, as the courts have already 
held that the recording companies have 
an interest in their master record. 

A new legal problem will shortly arise 

AUDIO MAY, 1964 

under the new labor agreements, wherein 
musicians are given royalties on their 
performances. Star performers have usu- 
ally had royalty rights in their perform- 
ances and received a royalty based upon 
the number of records that were sold. 

In summary, there is no doubt that in 
the strict sense of the law, most tape re- 
cording's, whether the source is a record. 
another tape recording brought out by 
the commercial recording companies, re- 
cordings from radio or television sta- 
tions, and everything that falls into this 
classification is a violation. 

Viewpoint of Government and 
Copyright Owners 

A. The Federal Communications Com- 
mission in Washington has no objection 
to our indicating in the framework of 
this article that copyright matters are 
not covered by the Commission's Rules 
and Regulations. 

B. The Copyright Office in Washing- 
ton has a very similar point of view. 
They state, in addition, that as long as 
this question has not been adjudicated 
liv any court in this country, no definite 
opinion can be expressed. 

C. Counsel for another organization 
which enforces the rights of copyright 
owners told us very clearly that they 
Nvant strict enforcenicnt of the law. They 
consider every type of authorized record- 
in as bootlegging. They think the law 
of 1909 is too lenient and should be re- 
vised. On the other hand, they do not 
want to be quoted or lionnd to any state- 
ment -whatsoever. 

D. Agencies such as AS('AP and BAII 
state that as performing rights societies 
they are not engaged in licensing the 
right to manufacture or duplicate records 
or tapes. This right is reserved to their 
individual members. Therefore, these so- 
cieties did not answer this question. 

Viewpoint of Broadcasters 

Many radio stations and major record 
manufacturers do not wish to be in- 
volved. They prefer not to give any 
definite opinions as to whether tape re- 
cordings by private individuals are per- 
missible. They believe there is nothing 
definite enough to warrant the venturing 
of opinions in this matter. It lias, how- 
ever. been pointed out very clearly that 
inviting the public to record over the air, 
or to record from discs, is illegal and 
may be prosecuted. That means that a 
tape recorder manufacturer should be 
careful when advertising. He may be 
subject to suit should he invite the tape 
recorder owner to record music or any 
signal over the air, from records. from 
pre -recorded tapes, or any similar source. 

"A lawyer for one of the large broad- 

ALTEC 

SOUND TALK 

WHY YOU PAY MORE FOR THE 
ENDURING QUALITY OF 
ALTEC ' I,AYBACiÇ COMPONENTS 

From time to time, we are asked why Altec 
QIA`iBACK Components can't be made to 
sell for less, so that the quality of 
QLAY9ACYL could be enjoyed by more 
people. Our reply -one that we give quite 
sincerely -is: How can anyone claiming to 
offer the quality of'PIA`1BACK.Components 
sell for any less when all manufacturers 
pay exactly the same for labor and parts 
(such as resistors, transistors, capacitors, 
transformers, tubes, and so on) assuming 
these parts are of identical quality to the 
ones we use. Naturally, anyone can sell 
for less by using fewer components, and 
cheaper components, and less care in man- 
ufacture. It is always possible to make a 
product much cheaper and a lot worse. 
But where is the "bargain' ?" After all, you 
buy components to obtain the finest sound 
reproduction available. To settle for less 
... to purchase components on the basis of 
price alone...means that you have settled 
for second best. 

HOW TO DETERMINE WHICH 
COMPONENTS ARE RIGHT 
AT THE PRICE: 

The logical answer: Buy the same compo- 
nents the professionals buy and use -the 
broadcast technicians, the recording artists 
and engineers, the musical conductors -the 
people whose bread and butter depend on 
the selection and use of the finest sound 
systems it is possible to obtain. You will 
find that Altec Q1.ANI AC& Components are 
used as standard studio equipment at ABC, 
Capitol Records, Columbia, Sam Gold- 
wyn, Glen Glenn, Studio 3. Walton and 
many other broadcast /recording studios 
of equal technical excellence. These, and 
many other big name users, are shown in 
our illustrated brochure, "Altec VI.A` INKC& 
Equipment:' (We would be happy to send 
you a copy.) Going back 40 years to 
Western Electric Company, Altec engi- 
neering has been foremost in the broad- 
cast and recording arts and it is this 
experience that is available to you through 
Altec 41,VOIACK Components. 

PREMIUM QUALITY COMMANDS 
PREMIUM PRICE 

AltecVl.AYBACYLComponents cost more 
than ordinary "hi fi" because equipment 
that is built to professional standards, for 
use by professionals, simply can't be built 
for any less. Your home music center may 
well be one of the largest single equipment 
investments you will ever make. And, since 
you're buying for the years ahead ...for 
the ultimate in musical enjoyment...in the 
expectation of always hearing the best that 
music reproduction has to offer...may we 
suggest that you emulate the professionals 
in selecting your components? Insist on 
listening to genuine AltecVLAYBACY,Com- 
ponents in a direct comparison with any 
other units, of any make. Then, see if you 
don't agree that "the price for the very 
best is always right ..." 

Altee Lansing Corporation 
A« 1,4 Anaheim, California 
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SAVE 
HUNDREDS OF DOLLARS 

The Original Kit Organ 

No longer is the luxury of own- 
ing a full size organ restricted to 
those in the upper income brack- 
ets. Now you can have the pride 
of possessing an instrument of 
superbly beautiful tone -one that 
sounds like the glorious pipe or- 
gan -and meets the specifications 
of the American Guild of Organ- 
ists. Hundreds of non -technical 
people - housewives, doctors, 
business men, are building Arti- 
san Organs for their homes. 
churches or schools. 
BEFORE YOU BUY, COMPARE! 

Be sure to get all the facts about 
kit organs before you buy any 
organ. Ordinary kit organs have 
only 12 master oscillators. Arti- 
san has an independent oscillator 
for each key of every keyboard. 
Most kit organs have only a few 
tone filters, preamps and coup- 
lers. Artisan has 22 tone filters, 
22 preamps and 14 couplers on 
the smallest two manual organ. 
Ordinary organs key the "audio ". 
causing thumps and key clicks. 
Artisan keys the oscillators, pro- 
viding pipe -like attack and decay 
so essential to traditional pipe 
organ tone. These are only a few 
of the more than 50 unique fea- 
tures found in Artisan Kit Or- 
gans. Prices range from $1750 to 
$7500. You can pay as you build 
and play as you build. 

Get information about the 
world's happiest hobby 

76//:lc,n ORGANS Imt nin 
2476 A N. Lake , Altadena, Glif. 

Please send me free informa 
tion about building an Artisan Organ 

Name 

Address 

City 

State 
is 

70 

Zip 
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casting systems, whose opinion we had 
requested, writes us that he strongly dis- 
approves of any kind of recording of 
programs on tape by private persons. 
_Apart from the fact that it is illegal to 
tape programs, this practice takes ad- 
vantage of the end product of consider- 
able time and effort on the part of skilled 
tud creative people- performers, writ- 
er, musicians, directors and technicians. 
It is, therefore, unfair to copy such per- 
formances for the benefit of private per- 
sons. Also where commercial records are 
copied off the air or borrowed, the per- 
formers and composers are deprived of 
their royalties, which they would get if 
the record were purchased. 

"In contrast, it is interesting that ad- 
ministrators and officers of radio sta- 
tions who are not lawyers, have a com- 
pletely different opinion." The following 
letter illustrates the point : "I have 
checked with our attorneys in Washing- 
ton who indicate to me that there is no 
legal problem with respect to an individ- 
ual taping off the air for playback in his 
home for his own pleasure. 

" - ' will always welcome commer- 
cials from a manufacturer such as your- 
self inviting people to utilize Tandberg 
equipment to tape record our program- 
ming at home." 

When multiplex originated som4 time 
ago, a group of broadcasters carne up 
with the idea of transmitting a signal 
together with the carrier wave, so that 
anyone who would use a commercial tape 
recorder to record such signals on tape, 
would record an audible tone which 
would spoil the recording. The tone may 
result from a combination of the emitted 
sound with the bias frequency used in 
the tape recorder. There are also other 
ways to spoil the recording for the home 
tape recorder user. However, such a vio- 
lent reaction resulted at this tine that 

the broadcasters discarded this idea com- 
pletely. It seems that this avenue of ap- 
proach to the copyright law has been 
completely discarded. 

Viewpoint of the Hi -Fi Enthusiast 

It is only fair to give the opinion of 
users and buyers of tape recorders. Fol- 
lowing is a typical letter: 

"I was bitten by the hi -fi bug 'in the 
early fifties and have never recovered. If 
anything, the disease has worsened for I 
now own not only an array of the usual 
audio equipment, but several tape record- 
ers as well. 

"Since the purchase of my first ma- 
chine I have taken advantage of all re- 
cording opportunities and now have sev- 
eral hundred recorded tapes to show for 
it. Music by far comprises the bulk of 
my collection, though there are a number 
of taped movie soundtracks, TV shows, 
and poetry readings. 

"FM offers a wealth of music to the 
tape recordist with its many live or taped 

speaking of the 
DUAL 1009 
Auto /Professional 
Turntable 

Ai 
in American Record Guide, Jan. '64 
". . the only automatic thus far 
tested that I feel justified in sug- 
gesting for the finest systems . . . 

bids fair to reduce the `superiority' 
of manuals from fact to fiction." 
in Audio, Nov. '63 

. tracked perfectly well with the 
table tilted to almost 90 °, with 
warped records and with eccentric 
records ... means that the arm is 
balanced in all planes ... the ability 
to vary speed is a real asset." 
in Electronics World, March '64 
". . fully capable of operating 
with a tracking force of 0.5 grams, 
as rated. The trip mechanism oper- 
ated flawlessly at this force, with 
no evidence of side thrust on the 
cartridge ..." 
in HiFi /Stereo Review, Jan. '64 

. . will function as well as any 
good separate tonearm ... the most 
compliant cartridges, operating at 
the lowest forces for which they 
are designed, can be used ..." 
in High Fidelity, Nov. '63 
" . Variations in line voltage, as 
well as in the number of records 
placed on the turntable, had very 
little effect on the speed, so that 
speed accuracy and speed constancy 
(under a wide range of operating 
conditions) were truly excellent." 
in Popular Science, Feb. '64 

.. I can drive a pair of AR3 speakers 
with full bass boost on the amplifier 
and still not hear objectionable turn- 
table rumble. (When I try this with 
most record changers, they make a 
sound like a subway train 
rolling through my living 
room.)" 

Complete reprints of these sensational reviews 
are yours for the asking. Better yet, see the 
Dual 1009 demonstrated at your audio dealer. 
An outstanding value at $99.50. 

UNITED AUDIO 1 DUAL 
12 Wt.ST 1 8TH T., N.Y. N.Y. 10011 

CIRCLE 77 
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broadcasts of major symphony orches- 
tras and its programs of jazz, folk, and 
popular music.. Recording popular music 
from FM can be very economical. 4i -rpnr 
singles at nearly a dollar apiece can run 
into a considerable suns if one is hot on 
popular musie. Recording them on tape, 
however, can represent substantial sav- 
ings as roughly twenty or so pop tunes 
eau he fitted on a 1200 -ft.. reel of tape. 

"Recording classical records is an- 
other thing. They are often handsomely 
packaged with artistic covers and fine 
liner notes. Still, the temptation is to 
record the dise when it. is played over 
FM (or borrowed), rather than to go out 
and purchase it. Of late, I have confined 
my purehases to discs of limited appeal, 
those seldom played on Fri or, if played, 
not in their entirety. 

"Publie libraries very often have rec- 
ords, and my local one has a collection 
of approximately 500 discs. 

"Live recording;, though infrequent, is 
probably the most exciting and creative 
part of tape recording.. Needless to say. 
I have always asked pernrissiou when re- 
cording live performances. 

"As regards the copyright laws on tape 
recording, I have never seen thou printed 
in full. I realize that certain of my 
actions may be 'technically' improper, 
the recording of discs from the public 
library and the copying of radio and TV" 

programs, for instance. T have never 
heard of any home recordist being sued 
or punished for doing this. I think we 
should be :Illowed to record copyrighted 
material free as lone, as we do not sell 
the recording." 
Viewpoint of the Tape Recorder 
Manufacturer 

'l'he tape recorder manufacturer is de- 
finitely in a predicament. He wishes 
clarification of the situation, and a more 
clearly- defined law. Judging from the 
information of the parties involved. with 
the exception of the lawyers, the saving 
"Let Sleeping Dogs Lie" seems to apply. 
Actually, the border line is now clearly 
drawn. It is regarded as common practice 
for people who buy tape recorders to 
record progranw and music over the air. 
Recorders are sold by the thousand and 
hundred thousands for such purposes 
without any serious objection. However, 
as soon as any company wishes to adver- 
tise these farts, the law steps in, and tells 
its that this is a borderline case and can- 
not he done. 

Summary 

Everybody eoncerued agrees that the 
situation is extremely complex. The law 
of 1909 is outmoded. Non-commercial 
tape recording tlont sources such as com- 
mercial recordings, broadcasts, and so on, 
is not permissible in the strict sense of 
the law. Most people feel that it should 
be permissible. 
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There is a BEYER transducer for your application 
Professional microphones for studio use 

Dynamic, Moving Coil, Ribbon and 
Double Ribbon 

Optimum performance microphones for 
high fidelity speech and music reproduction 

Microphones for home tape recorders 
and amateur use 

Industrial and special application microphones 

Dynamic headphones 

Transformers, Windscreens, Stands, Tripods, 
Adaptors 

Write for complete BEYER Catalog No. 1064M 
giving detailed specifications and curves. 

MICROPHONES HEADSETS - TRANSFORMERS 
TEST INSTRUMENT - AUXILIARIES 

145 ELM STREET -MAMARONECK, N. Y. AREA CODE: 914 - OW 8 -0080 
CIRCLE 71 

A ceramic cartridge 
in a system like this? 

Absolutely! 
The new Sonotone Velocitone Mark IV has every- 
thing the finest magnetic cartridges have, includ- 
ing compliance of 15 x 10-6 cm /dynes ii all 
directions. Tracks at the low forces required by 
professional turntables. The Velocitone Mark IV 
is also ideal fcr changers. 

Sonotone Corporation, 

It offers advantages not possible with magnetic 
cartridges - a virtually indestructible stylus, the 
SONO- FLEX t; freedom from magnetically- induced 
hum. Factory- matched equalizers plug into any 
magnetic input. With tfual diamond styli, $24.25 
Sugg. list; diamond /sap'thire, $20.25 Sugg. list. 

Electronic Applications Division, Elmsford, New York 
CIRCLE 78 
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Maintaining Hi -Fi Equipment 
Joseph Marshall 

A valuable reference for 
anyone whose living or 
hobby is servicing hi -fi 
equipment. Outlines the 
professional approach for 
servicing all types of hi- 
fi components. Covers 
trouble -shooting of elec- 
tronic, mechanical and 
acoustic problems. 224 
pages. 
No. 58 Paperback $2.90* 

Designing and Building Hi -Fi 

Jeff Markel 
Written by a professional 
hi -fi furniture designer 
who has taught furniture 
design at leading col- 
leges, this book is an au- 
thentic reference of value 
to the hi -fi fan and pro- 
fessional custom builder. 
Covers everything from 
types of woods to furni- 
ture finishing for the 
mechanically adept; de- 
sign principles, styles and 
arrangements for the 
decor minded. 224 pages. 
No. 79 Paperback 52.90* 

Furniture 

McProud High Fidelity Omnibook 
Prepared and edited by 
C. G. McProud, publisher 
of Audio and noted au- 
thority and pioneer in 
the field of high fidelity. 
Contains a wealth of 
ideas, how to's, what 
to's, and when to's, writ- 

` ten so plainly that both 
engineer and layman can 
appreciate its valuable 

b 

context. Covers planning, 
problems with decoration, 
cabinets and building hi- 

r fi furniture. A perfect 
guide. 
No. 115 $2.50* 

Tape Recorders and Tape Recording 
Harold D. Weiler 

TAPE RECORDERS 

-APE RECORDING 

No. 112 

A complete book on home 
recording by the author 
of High Fidelity Simpli- 
fied. Easy to read and 
learn the techniques re- 
quired for professional 
results with home re- 
corders. Covers room 
acoustics, microphone 
techniques, sound effects, 
editing and splicing, etc. 
Invaluable to recording 
enthusiasts. 

Paper Cover 52.95* 

Handbook of 
Sound Reproduction 

Edgar M. Villchur 

Right up to date, o corn 
plete course on sound re 
production. Covers every- 
thing from the basic 
elements to Individual 
chapters of each of the 
important components of 
a high fidelity system. 
No. 110 53.75' 

"the best of AUDIO" - 
edited by C. G. McProud 

A new compendium o, 
AUDIO knowledge. H. 'c 
is a collection of he 
best of AUDIO - The 
AUDIO Clinic by Joseph 
Giovanelli . . . noted 
audio engineer and the 
original high fidelity an- 
swer -man - EQUIPMENT 
PROFILES edited by C. G. 
McProud . . . Editor of 
AUDIO. Here is a wealth 
of hi -fi and audio infor- 
mation. Answers to the 
most important Issues in 
high fidelity and a valu- 
able reference. 
No. 124 Volume I 52.00' 

MONTHLY SPECIAL! SAVE $5.25 
Save over 45% with this collection of AUDIO Books. 

Handbook of Sound Reproduction 1$3.75) "best of AUDIO" ($2.00) 
McProud High Fidelity Omnibook ($2.50) 
Tape Recorders & Tape Recording ($2.95) 

TOTAL VALUE OF ALL FOUR BOOKS $11.20 
Your cost ONLY $5.95 POSTPAID 

This offer expires May 31, 1964. Good only on direct order to Publisher 

CIRCLE 05300 

AUDIO Bookshelf - RADIO MAGAZINES, INC. 
P. O. Box 629, Mineola, New York 11502 
Please send me the books I hove circled below. I am enclosing the 

*AII U.S.A. and CANADIAN 
orders shipped postpaid. 

full remittance of $.... ... .. .... (No C.0 D or billing.) 

58 79 I10 112 115 123 

124 125 127 142 251 05300 

NAME 

ADDRESS 

CITY STATE ZIP 

1; 
ï t i., (r 

At 

Order your books leisurely 
by mail - save time and travel. `[ 

we pay the postage. 
_9" 

mgr Yf' a 

"The AUDIO Cyclopedia" 1280 
3400 

Howard M. Tremaine 1600 

Here is one single volume, 
with the most compre- 
hensive coverage of every 
phase of audio. Concise, 
accurate explanations of 
all audio and hi -fi sub- 
jects. More than 7 years 
in preparation -the most 
authoritative encyclope- 
dic work with a unique 
quick reference system for -ä 

instant answers to any R:. 

question. A vital com- 
plete reference book for 
every audio engineer, 
technician, and serious 
audiophile. No. 

pages 
topics 
illustrations 

0 

' . 

123 $19.95e 

r.. 

The 5th AUDIO Anthology 
- -- Edited by C. 

,`? thology of the 
publisher of AUDIO. 

cant articles covering: 
recording and 

, stereo multiplex; 
ments; stereo 
construction and 
which appeared 

is "" during 1958 and 
5th is truly o collectors' 

stti, and a valuable 
the professional 
teacher, student, 
hi -fi fan. 144 

G. McProud, 
An an- 

most signifi- 
stereo 

reproduction; 
measure- 

technology, 
theory - 
in AUDIO 
1959. The 

item 
reference for 

engineer, 
hobbyist and 

pages. 

$3.50 No. 125 

No. 

AUDIOGUIDE 
- 

AuDioGIIIDE 
1942.106.1 

n'OrT 
WPM 

e- 
........ 

By the editors of AUDIO, the 
original magazine about 
high fidelity. A 1962 -1963 
product review of stereo high 

reference 
components. Valuable 

reference 
a 

for the high fidel- 
ity enthusiast and hobbyist. 
Part I contains a thorough 
discussion of the Problems of 
a Stereo Installation; Part II 
is a complete treatise on 
Selecting a Tape Recorder. 
Indispensable to the prospec- 
tive buyer of stereo cam- 
ponents and tape recorders. 
Includes a section on where 
to buy various stereo hi -fi 
components and accessories. 
156 pages. 

-- - 
127 $1.00 

High Fidelity Simplified 
Harold D. Weiler 

The complete hi-fl 
answers all questions 
tuners, changers, amplifiers, 
tape recorders, 
record players, etc. 
ideas for custom 
tions. Tells how to 
concert hall reception 
your home. 216 poges. 

No. 142 

3rd Edition 

story - 
about eu i 

1. 

f (II4 
- , 

speakers, /gip 
Lots of s 

installa- 
achieve 

in ,n.. i 
53.30 

IvY 
QC 

Getting The Most 
Herman Burstein 

Out Of Your Tape Recorder 

Written in "plain talk" for 
the man who has, or wishes 
to buy, a tape recorder. It 
answers the myriad clues- 
lions raised by tope record- 
ing enthusiosrs. Its chapters 
cover every phase of opera - 

tion and maintenance -from 
adding a tope recorder to 
the hi -fi system, to a thor- 
ough dissertation on miuo- 
phones. Lots of practical 
information on how to buy. 
176 poges. 

No.251 54.25 

9dstteratousf '- J- 
TAPE RECORDER 

f ; * 
t- -- - .5._ 

, -'a 
' 

kJ --,Y\ 
- I 

w. -- 
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TELSTAR- SHAPED ELECTROSTATIC 
(from page 24) 

maximum power at all frequencies up to 
20,000 cps, and if the amplifier's rated 
plate -to -plate load impedance was 4300 
ohms, then the capacitive input imped- 
anee of the tweeter as seen by the ampli- 
fier at the primary of the stepup trans- 
former should be 4300 ohms at 20,000 cps. 
This is the impedance of a 0.0015 µf ca- 
pacitor. The turns ratio of the stepup 
trantortner is then adjusted so that the 
actual input eapacitance of the tweeter, 
which is the capacitance between the two 
push -pull speaker plates, is reflected to 
the transformer primary as 0.0018 µf. 

If you are not a hi -fi purist you can 
"fudge" a little and improve the effi- 
ciency somewhat by saying that full 
power to 20,1100 cps is not needed for 
music reproduction, and that full power 
to 11,000 cps or so with gradually de- 
creasing power to 20,000 cps would be 
adequate. The author fudged, and 4300 
ohms at 11,000 cps represents a capaci- 
tance of 0.003 µf. The transformer 
stepup ratio was adjusted to reflect 0.003 
µf on the primary instead of the 0.0018 
µf. The fudging increased the efficiency 
by 65 per cent. 

Referring hack to Fig. 4C, the capaci- 
tive load impedance seen by the amplifier, 
(a2C), has been selected as 0.003 µf. 
Once this capacitance value is selected, 
the values of the other components i u 

the tweeter coupling network are fixed 
with the exception of L,. The other com- 
ponents are determined as follows : the 
capacitor C, should be about ten times 
larger than (a2C,) as it is in series with 
the speaker input load capacitance, and 
any voltage drop across C, is wasted 
in terms of speaker efficiency. C, in Fig. 
4C was chosen as 0.025 µf, and repre- 
sents an 11 per cent voltage loss in terms 
of the 0.003 µf speaker load capacitance. 
The leakage inductance and shunt capaci- 

taupe of the stepup transformer, which 
should he as small as possible, are deter- 
mined by the transformer selected. R_ is 

set equal to the impedance of the 
speaker, (a2C,), at the upper resonant 
frequency, f,,, which is the resonant fre- 
quency of the transformer leakage in- 
ductance (L,euk) with the speaker capaci- 
tance (a2C8). 

The resonant frequency. f,,, can be 

determined by measuring the values of 
(I,,,,,1,,.) and (a2C,) individually or by 

sweeping the frequency range with an 

audio oscillator and watching for the 
resonant peak at f,, in the frequency re- 
sponse of the network with a VTVM. 
R, is set equal to the impedance of C, at 
the crossover frequency, which in this 
case was 500 cps. The value of L, ap- 
parently has to be determined experimen- 
tally with an audio oscillator and VTVM, 
and is selected to eliminate any peaking 
or drooping in the response curve at the 
erossm er frequency. L, has a second use- 
ful purpose in "unloading" R, from the 
amplifier at the high end of the fre- 
quency range where the amplifier is 

heavily loaded by the 0.003 µf speaker 
load capacitance. 

Woofer and Midrange 
Crossover Networks 

The author has not yet built a cross - 
over network for an electrostatic woofer 
or midrange speaker, so only a few 
guidelines will be offered. The basic 
crossover network shown in Fig. 4A can 
be used for a mid -range speaker by add- 
ing an appropriate inductance in series 
with R2. For a woofer, the components 
C R and L, in Fig. 4A would be elimi- 
nated and an appropriate inductance 
would he added in series with R_. The 
values of the various components in the 
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introducing... 
The FAIRCHILD 
REVERBERTRON 

A Dynamic 
Reverberation System 
that can outperform most conventional reverb 
chambers and all other electro- mechanical rever- 
beration devices. 

Top performance and flexibility are assured 
through the use of an exclusive electronically con- 
trolled and variable reverberation decay circuit. This 
unique circuit allows production of fast staccato 
reverberation effects that enhance, but do not blur, 
the creation of the pleasing reverberation effect 
found in concert halls (under 2 seconds), and the 
production of cavernous reverb sounds (5 seconds) 
for use in special dramatic or musical applications. 

The reverb decay times are obtained through 
the use of dynamic electronic circuits rather than 
mechanical means, allowing creation of the unusual 
effects, plus the ability to remote control the units 
without the use of expensive servo mechanisms, 
if so desired. 

The size of the FAIRCHILD REVERBERTRON, 

101/2" by 19 ", allows easy rack mounting, and 
location of one or several units next to the mixer. 

The price plus the size of the FAIRCHILD REVER- 

BERTRON facilitates use of several units when pre- 
viously only one unit could be utilized. Now every 
studio and broadcaster can have the 'production plus' 
of reverberation with the FAIRCHILD REVERBERTRON. 

FAIRCHILD REVERBERTRON MODEL 658: $645.00 

Write to Fairchild - the pacemaker in profes- 
sional audio products - for complete details. 

FAIRCHILD RECORDING EQUIP. CORP. 

10.40 45th Avenue, Long Island City 1, N. Y. 

CIRCLE 73 

NEW! LAFAYETTE 
AM /FM STEREO 

RECEIVER Model LA -230 

The beautiful LA -230 makes an ideal 
heart for your stereo system. Features 
a. sensitive AM and FM stereo tuner 
with "Stereo Searcher" circuit for 
easy station location; a 24 -watt ster- 
eo amplifier with a clean response 
of 20- 20,000 cps and complete 
stereo preamp facilities. Just add 
speakers for complete stereo system. 

Imported 

1 r LAFAYETTE Radio ELECTRONICS 
1 7 tee. Dept. AE -4, P.O. Box 10, 

Syosset, L.I., N.Y. 11791 

Rush me FREE Giant 422 Page 1964 
Cat. 640 

.D LA -230WX AM /FM Receiver 
s Enclosed 

Shipping Charges Collect 

I Name 

I Address 

Fig. 8. Maximum amplifier output voltage vs. plate -to -plate load impedance for the I City State Zip 
author's 60 -watt Dynakit amplifier. L 
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They call us 
"fanatics: 
(Because we are.) 

We achieved standards of perfection 
in our $159.00 dangerous bookshelf 
speaker that are fanatical. And as soon 
as we accomplished the impossible, we 
did it again at $99.75. And again at 
$69.75. 

We even created a professional studio 
monitor at $249.* 

Little wonder they call EMI's world - 
famous designer, Dr. G. F. Dutton, many 
other names, too, back home in England. 
"Indomitable." "Brilliant." "Formidable 
competition." 

Some people complain that our 
speakers are as relentless as we in ex- 
posing the subtlest musical transients 
and the slightest flaws in other compo- 
nents. But EMI's musical reproduction is 
pure glory. Live, robust, thoroughly 
realistic with smooth, balanced response 
to beyond audibility. 

Other fanatics appreciate this greatly. 
And we invite one and all to private 
demonstrations at their EMI dealers. 

All prices slightly higher in South and West. 

EMI 
(makers of The Dangerous Loudspeaker) 

exclusively from Scope Electronics Corp. 
(subsidiary of Lynch Corp.), 

235 East 42nd Street, New York, N. Y. 10017 
Write for free catalog. Dept. 4 -A 

74 

..r,,,,o,Ver networks would be select d to 
give the desired crossover frequenci s. 

There may be other kinds of oss- 
over networks that would work well with 
electrostatic woofers and midllange 
speakers. For example, if the crossovers 
were designed as RC networks in tead 
of RLC, it may he possible to us the 
input capacitance of the speakers f em- 
selves as the capacitance elements i the 
network. 

Amplifier Loading Effects 

The author was curious as to what ef- 
fect a co paeitive load would have on the 
amplifiers power output at high fre- 
quencies. since the load line for the 
power output tubes becomes a circle in- 
stead of a straight line. Figure S shows 
the maximum undistorted plate -to -plate 
output voltage versus frequency of the 
author's 60 -watt Dynakit amplifier for 
various resistive and capacitive loads. 
The amplifier's response is flat up to the 
frequency where the reactance of the 
load capacitance plus the 0.0015 pf wind- 
ing capacitance in the output trans- 
former equals the rated load impedance 
of 4300 ohms. The maximum output volt- 
age then drops off at 9- or 12-db- per -oc- 
tave above that point. The amplifier's 
maximum voltage output with the actual 
crossover network and electrostatic 
speaker load is slightly better than that 
indicated by Figure S. The maximum 
output voltage (measured at the push - 
pull speaker plates) corresponds ap- 
proximately to the curve for the 0.002 
pf load in Fig. 8. 

When tested with square waves the 
amplifier exhibited excellent transient re- 
sponse at high frequencies with the elec- 
trostatic tweeter and 500 -cps crossover 
network as a load. To make the test 
realistic, two moving -coil woofers 
connected to the amplifier at the 
time through a 500 -cps low -pass 
work. No ringing or overshoot wa 
servable, and while a little roundi 

were 
same 
net - 
oh- 

g of 
the corners of the square waves was 
present it was much less than expected. 

The outstanding transient response of 
this amplifier with a capacitive load is 
due to the design of the feedback net- 
works used in it which I think Makes 
the Dynakit one of the best amplifiers 
commercially available for driving an 
electrostatic speaker. The amplifier's one 
small drawback in its otherwise excel- 
lent design appears to be a slight ten- 
dency toward low- frequency instability. 
The author's Dynakit exhibited a 6 -db 
peak in its frequency response at S cps 
(with no load on the amplifier). Both the 
peak at 8 cps and the tendency tóward 
low- frequency instability were elim nated 
by changing the KT8S grid couplin con- 
densers in the amplifier from 0. 5 pf 
to 2.0 pf. 

( CONCLUDED NEXT MONTH) 

CLASSIFIED 
Rates: 10e per word per Insertion for noncommercial 
advertisements; 250 per word for commercial adver- 
tisements. Rates are net, and no discomnts will be 
allowed. Copy must be accompanied by remittance In 
fall, and most reach the New York office by the 
first of the month preceding the date of Issue. 

HIGH FIDELITY SPEAKERS REPAIRED 
AMPRITE SPEAKER SERVICE 

168 W. 23rd St., New York 11, N. Y. 
CH 3 -4812 

MILITARY DISCOUNTS -name brands. 
Free recording tape and stereo handbook. In- 
elude rank, serial number. Electronics Inter- 
national, Inc., Box 3066, Charlottesville, Vir- 
ginia. 

HI -FI COMPONENTS, tape recorders at guar- 
anteed "We will Not Be Undersold" prices. 
15 -day money -back guarantee, 2 -year war- 
ranty. NO CATALOG. QUOTATIONS FREE. 
HI- FIDELITY CENTER, 1797 -V 1st Ave., 
New York 28, N. Y. 

HARPSICHORD. Same as owned by Phila- 
delphia Orchestra and RCA Victor. In kit 
form for home workshop assembly, $150. 
Clavichord kit. $100. Free brochure. Write : 

Zuckermann Harpsichords. Dept. R, 115 
Christopher St., New York 14, N. Y. 

STEREO TAPES : 50% off. Send for free 
literature. Stereo Tape Supply Co., I'. O. Box 
3361. Orlando, Fla. 

THE BOOKLOVER's ANSWER : New bi- 
monthly magazine for book collectors. Fea- 
tures little magazine reviews, interesting ar- 
ticles and mused book bargains. Introductory 
one year subscription only $2. Sample copy 
400. The Bookiover's Answer, Box 1451, Roch- 
ester 2, New York. 

WANTED : Circuit or manual for Radio 
Craftsman C300 equalizer -preamplifier. J. Lef- 
ley, 7423 South Kingston Ave., Chicago 49, 
Ill. 

FOR SALE - Tandberg 6. 5275 ; Rek -O -Kut 
B -12H with Thorens BTD -12S arm, $135: 
Citation I. $150 ; two Citation II. $135 each : 

Scott 310C with 335 multiplex adaptor, $160. 
Best offers accepted. I)an Massey, 345 Har- 
vard St., Cambridge, Mass. 02138. 

COMPLETE BOZAK SYSTEM, B 207A, 
B -209. N:101. 5 cubic foot enclosure. $120. 
Dennis Jülgate, R. F. D., Freedom, N. Y. 

SELL : Blonder- Tongue Audio Baton. $60 ; 

Aram Magazine, February. 1960 to date. best 
offer ; Partridge WWFB transformer, $15. 
J..J. Davidson, RR 13. Box 36S, Indianapolis, 
Ind. 

WANTED : Utah "Quartet" corner enclo- 
sure system hi -fi speaker. Carl S. Anderson, 
228 Red Lion Road, Huntingdon Valley. Pa. 

WANTED. Hammond Type 4 reverberator 
unit. Mel Randall, 27 High St., Merrimac. 
Mass. 

SAVE YOUR 
COPIES OF 

AUDIO 
Each file holds a 

full year's copies. 

Jesse Jones Vol- 
ume Files for every 
publication. 

Covered in durable 
leather like Kivar, 
title embossed in 16 

Kt gold. 

Satisfaction guaranteed 

Attractive and 
practical for your 

home or office 
3 for $7.00 

6 for $13.00 

ORDER NOW -send 
check or money order 

MAGAZINE FILE CO. 
520 FIFTH AVENUE 
NEW YORK 36, N. Y. 

FREE DUE; 
CRIPTIVE FOLDER 
O N R E Q U E S T 
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FIVE -CORE ' SOLDER 
Sold only by Radio Ports Distributors 

*Based on cost comparison in current catalogs. 
MUITICORE SALES CORP., PORT WASHINGTON, N Y. 

CIRCLE 80 

Specializes in SAVING YOU MONEY 

FACTORY FRESH COMPONENTS 
11 

LOWEST POSSIBLE QUOTATIONS 

FAST DELIVERY 

' TIME PAYMENTS UP TO 36 MOS. I 
We are FRANCHISED by OYER 

50 
NATIONALLY FAMOUS MANUFAC- 

TURERS. WRITE FOR BARGAIN 

LIST. 

Visit Our Warehouse 
715A 2nd Ave., INr. 38th 

New York 16, New Yor 

CIRCLE 81 

FAST SHIPMENTS 
TIME PAYMENTS 

COMPONENTS KITS 

BEST -BY- COMPARISON PRICES. 
VISIT FACTORY SEALED CARTONS 
OUR SEND FOR "OUOTES" ON PACKAGE STORE 

DEALS AND SAVE MORE 
WRITE FOR MONTHLY SPECIALS 

CA RSTON Staàios 
125A East 88 St., New York 28, N. Y. 

CIRCLE 82 

ELECTRONIC ORGANS 
In kit or component form. The Model 
8000A two manual organ kit with 
sustain costs only $350. 

PANTRONIC, INC. 
Dept. A -5 

Box 7395, Riverside, Calif. 
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9hc2csd./44y /Vales ... 
Superscope buys majority interest in 

Marantz. In a trove that caught Ille in- 
dustry by surprise, Superscope, Inc., V. S. 
distributor of Sony tape recorders, pur - 
chased a majority interest in the Jlarantz 
Coittpany. Accirding to DIr. tlarantz, the 
hange will allots the blarantz Company to 
increase production on various of its prod- 
ucts which have been in short supply for 
some time, and also to develop new prod- 
ucts. Distribution patterns :und policies 
will be unchanged, according to 11r. Mar- 
ant although representation in the New 
York and California. markets will be han- 
dled through the existing Superscope of- 

AKG Microphone Warranty Extended. 
AKG I.l ,11neriea, the sole mattufactureCs 
representative in the United St:Lhh,s fin 
microphones, headphones and aceessrìcs 
manufactured by AKG of Vienna, has un- 
dertaken to recognize currently valid war - 
ranties on AK-ti products sold in the United 
States prior to .htllu:uy 1, 1964. After Jan- 
uary 1, 1964, AKB of Anterica will recog- 
nize nn/// the warranties with respect to 
products sold through AI' B of America or 
its official distributors and dealers. 

Citation Helps Venus Space Shot. Cor- 
related Data Systems Corporation based in 
Glendale, California, recently :announced 
the use of forty Citation 1113 basic power 
it ill plifiers manufactured by H:untan -Kar- 
dnn Inc. as part of an elaborate and care- 
fully regulated square-wave power supply. 
The Citation amplifiers were part of a 
anntplicated system which provided output 
waveforms up to 100V push -pull with rise 
and fall times to :i micro -seconds. Citation 
was chosen by Correlated Data Systems 
because of its execptiolally wide, linear 
response at high power levels. 

Allen Becomes Gcthant VP. laugh S. 
Allen, Jr., was elected Vice President of 
Gotham Audio Corporation, New York City. 
1\1r. Allen joined (Ittlit n as S:IIes Director 
in January, 19t3. Tn broadcasting and re- 
cording since graduation in IS.I . from the 
University- of California in 1741, Mr. Allen 
previously- hais been Sales V.l'. for Lang - 
tt orth Feature Programs, l ills, Newt/ Yorlc with 
whom he spent I i years: Supervisor in 
charge of Telt conlnlunications l tperations 
of the United Nations, and was associated 
with other recording and broadcasting ac- 
tivities on the \Vest toast before and after 
World 1Var II. During World \Var II, -Mr. 
Allen was nn electronics officer and saw 
duty from Guadalcanal to the Philippines. 
He emerged kith the rank of Lieutenant 
Commander. As Vice (resident for Gotham, 
he is responsible for advertising, salles, en- 
gineering and : Ldministra taon. 

Reeves Soundcraft Appoints Western 
Regional Manager. John E. Borg has been 
Icuned Western Regional Sales 31,inagee 
for Reeves Soundcraat Division of Reeves 
Indust ries, Inc. Borg will hr responsible 
for sales of all Reeves Soundcraft mag- 
net is recording products to the government, 
industrial and consumer markets. Borg 
rormerly was 'tl:aketirlg and (;eneral Sales 
Manager of Technical Associates in Bur- 
bank, California, manufacturers of nuclear 
instrumentation products. He has also 
been associated with the filet Divisive 
of the Leach Corporation and the Indus- 
trial .Division of United Transformer Cor - 
poration in various sales and marketing 
positions. 

CANADA 
High Fidelity Equipment 

Complete Lines Complete Service 
Hi -Fi Records - Components 

and Accessories 

E;LECOO1 CE 
SOUND SYSTEMS 

126 DUNDAS ST. WEST. TORONTO. CANADA 

CIRCLE 84 

n r---------1 
save Write For Our Price Now. 

YOU'LL BE GLAD YOU DID. 

Up to 24 mos. to pay 

15 day money -back guar- 
antee. 
Full 2 yr Warranty -Parts 
.f Labor. 
Factory Franchised all 
lines. We ship from stock. 
Trade -ins Highest allow- 
ance -Send your list. 
19th year of reliable ser- 
vice- world -wide. 

e We guarantee "WE 
WILL NOT BE 
UNDERSOLD." 

Best Buy. 
Hi -Fi List Free. 

over 

40% 

on 

hi-fi 
. _.- 

HI-FIoEUN 
eTC 

Tne of Low Loe, Prices" 

1797 -U 1st Ave. 
New York, N. Y.10028 
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BUYER'S GUIDE 
TO COMPONENTS 
TRADING 

1 TUNERS, RECEIVERS & AMPLIFIERS ... 
all leading makes and models. WHY BUY? 
When you can TRADE . and receive the 
highest trade -in allowance from the coun- 
try's original and largest audio trading 
organization, Audio Exchange. 

2 RECORD PLAYBACK SYSTEMS, AND TAPE 
RECORD /PLAYBACK . .. all leading makes 
and models.... The Hi Fi /Stereo compo- 
nents your ear is yearning for will not only 
cost you less when you trade by mail with 
Audio Exchange (or in person at our New 
York area showrooms), it's SAFER. Un- 
matched guarantees: free parts and labor 
within 90 days...75% allowance in trade - 

back within 6 months ... plus a 10 -day 
money -back guarantee on USED components. 

3 SPEAKER SYSTEMS, Wall, Large Enclo- 
sure and Bookshelf . .. all leading makes 
and models ... 

FREE -"TRADERS HANDBOOK " -a color- 
ful 12 -page booklet that explains every- 
thing about trading by mail. New compo- 
nents from over a hundred manufacturers, 
and guaranteed used equipment by the 
carload. All at lower cost because of higher 
trade -in allowances. Write for free copy. 

UDIO WORLD'S FIRST AND 
FOREMOST HI Fl /STEREO 
TRADING ORGANIZATION 

xcHanGe O 
PLEASE MAIL ALL ORDERS AND I Nall RIES TO JAMAICA 

I 153.31 Hillside Ave., Jamaica 33, H. Y. DipIA -5 Patel 7.677 I 

WHITE PLAINS, N. Y. BROOKLYN, el Y. MANHASSET. N. Y. I 
203 Mamaroneck Ave. 1065 flalbuin Are. 451 Plandome Rd. 

PLEASE SEND ME FREE BOOKLET 

I NAME 

ADDRESS 

I CITY STATE 

.,/ 
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14 
MICRO BALANCE 
TYPE 
STEREO TONE ARM 
WITH 
HYDRAULIC 
ARM ELEVATOR 

MODEL 

GA -23 

"Neat Onkyo" 
Does it Again ! 

A new concept in stereo 
tone -arms by Japan's for - 
most audio firm. 
New Stereo Tone Arms in- 
corporate the precision of 
the best cameras .... res- 
pond to less than 1 gram 
of stylus pressure. 

Lever- switch for raising stylus; 
lowers by oil pressure. 10 
inm /sec 

I/ Let's you pick up phonograph 
safely while record is playing. 

NEAT 
NEAT ONKYO DENKI CO., LTD. 

No 4 -1 chome, Nanda Hatago -cho 
Chiyoda-ku, Tokyo, Japan 

MOVING COIL TYPE STEREO 
CARTRIDGE WITH A 0.5 OR 0.7 -MIL 
D AMOND STYLUS 

Frequency characteristics: 10- 21,000 Cís 
Output voltage : 5mV 5 cm /sec. 1,000 c/s 
Crosstalk : 30 dB at 40- 12,000 c/s 
Stylus pressure : 2-3 gr 
Compliance : 1.9x 10 6 cm /dyne 
Stylus point: 0.5 mil; 0.7 mil diamond 
Mounting measurement : JIS. EIA 

CIRCLE 76 

76 

ADVERTISING 
INDEX 

Acoustech, Inc. 14 

Acoustic Research, Inc. . 47 

AKG of America 66 

Altec Lansing Corporation 5, 69 

American Concertone, Inc. 49 

Artisan Organs 70 
Audio Bookshelf . 72 
Audio Exchange l 75 

Audio Unlimited L 75 

Benjamin EJectronic Sound Corp. .... 64, 68 

Bozak 76 

British Industries Corporation 3 

Carston Studios 
Classified 
Concord Electronics Corporation 

Dynaco, Inc. 

75 
74 
53 

13 

EICO Electronic Instr., Co., Inc. 11 

Electro- Voice, Inc. 1, COv. IV 

Electro -Voice Sound Systems, Inc. 75 

Elpa Marketing Industries 59 

E.MI (Scope Electronics) 74 
Empire Scientific Corp. 15 

Fairchild Recording Equipment Corp. .... 73 

Finney Company 4 

Fisher Radio Corp. 30, 31 

Garrard Sales Corp. 3 

Harman -Kardon 
Heath Company 
Hi Fidelity Center 

9 

55 
75 

International Electroacoustics, Inc. 61 

Lafayette Radio 73 
Lansing, James B., Sound, Inc. 57 

Magnecord 
McIntosh Laboratory, Inc 
Multicore Sales Corp. 

Neat Onkyo Denki Co., Ltd. 
Newcomb Audio Products Co. 
North American Philips Co., Inc 

Ohio Recording Service 

Pantronics, Inc. 
Permoflux Corporation 
Pickering & Company, Inc 

Cpv I l l 

63 
75 

76 
45 
67 

60 

75 
76 
17 

RCA Electronic Components & Devices .. 12 

Rye Sound Corp. 71 

Sarkes Tarzian, Inc. 8 

Scott, H. H., Inc. Cov..11 
Sennheiser Electronic Corp. (N.Y.) 65 

Sherwood Electronic Laboratories, Inc. 18 

Shure Brothers, Inc. 27 

Sonotone Corporation 71 

Stanton Magnetics, Inc. 7 

Tandberg of America, Inc. 37 40 
TRW Columbus Division, 

Thompson Ramo Wooldridge 29 

United Audio Products 70 
University Loudspeakers Si 

0441Th+ 

Dynamic 

HEADPHONES 

THE ONLY HEADPHONES WITH A 
LIFETIME GUARANTEE 

Permoflux presents . Absolutely the 
finest sound in stereo high fidelity today. 
Professional quality sound with exciting 
features that add up to the greatest value 
in stereo listening. 

TONAL STABILITY 
COMPARATIVE FREEDOM FROM 
HARMONIC DISTORTION 
WIDEST FREQUENCY RESPONSE 
BEST POWER HANDLING 
LONGEST LIFE 

Feature for feature your best headphone buy 
is Permoflux -with a lifetime warranty. Write 
for free details. 

PERMOFLUX CORPORATION 
P. 0. Box 1945, Glendale, Calif. 

CIRCLE 80 

assemble your own 
fabulous 

&iiimphonqo. 

and with Bozak's Symphonic Growth you can 
expand a pair, step -by -step, into the full 
11- speaker systems that are providing the 
finest stereo heard today. Write us for 
details, or see your Franchised Bozak Dealer. r 

DARIEN!CONN.!06821 
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WHERE CAN YOU BUY 40 SOUND QUALITY FEATURES? 1. Modular con- 
struction featuring complete plug -in record amplifier, reproduce amplifier, and bias oscillator 2. Fully solid -state 
electronics 3. Hysteresis synchronous metering capstar drive 4. Solenoid operated tape gate, brakes and pres 
sure roller 5. Separate reel drive motors 6. Safely handles all tape, including half mil 7. Front pane' microphone 
jacks 8. Mixing inputs for high level line 9. Front panel mode switch with tally lights 10. Monitoring from tape or 
source. 11. Separate channel monitor and output switches 12. Durable, easily cleaned, easy -on- the -eye proles 
sional vinyl finish 13. Standard readily available American transistors and components 14. Superior tape guiding 
15. Military type fair -safe differential band brakes 16. Sturdy die -cast main plate 17. Signal switching available 
at remote socket 18. Position for optional fourth head 19. Remote "start- stop" 20. Local- remote front panel con- 
trol 21. Pushbutton transport controls 22. Record safety interlock 23. New "cue" transport control 24. Large, rug- 
ged hardened stainless steel capstan 25. Ball bearing inertial stabilizer flywheel 26. Payout compliance arm aná 
tape break shut -off 27. Automatic capstan motor stop for tape run -out 28. Take -up compliance arm 29. R 

power supply 30. Emitter follower outputs 31. Stereo - 
mono front panel earphone switch 32. Simultaneous 
record and playback 33. Double flywheel capstan 
drive 34. Switchable equalization 35. Auxiliary 
emitter -follower outputs 36. Auxiliary high imped- 
ance inputs 37. Standard "hi -fi" connectors 38. 

Large "operator" type knobs 39. Earphone monitor 
jack on front panel 40. V.U. meter for each channel 

FULLY SOLID -STATE ELECTRONICS 

SOUND -ON -SOUND & SOUND- WITH -SOUND 

FOR QUARTER -TRACK STEREO 

OR MONAURAL OPERATION 

TAPE SPEEDS: 3.75 and 7.5 inches per second. 

REEL SIZE: 5 -, 7- anc 8 -inch E.I.A. hubs. 

HEADS: Four. Selectable ?a -track Erase, '4 -track 
Record and ?a -track Play are Standard. 
Accessory two -track Stereo Play available 
as fourth head. 

DIMENSIONS: 19" wide, 15 -3á" high, 12" deep. 

Unprecedented in our industry, Magnecord. 
America's first manufacturer of magnetic tape 
recorders, now introduces a unique model. 
The NEW Magnecord 1024 offers you the 
highest possible quality at the lowest con- 
ceivable price! For professional sound, design 
simplicity, moderate price, engineered per- 

formance and quality throughout BUY 

the most versatile of them all . .. BUY the 
NEW 1024! 

Buy the N EW 
cagnecorcl 

Jo2 4 

ONLY 

9 
for further information write 

MAGNECORD SALES DEPARTMENT 
MIDWESTERN NSTRUMENTS, INC. 
P. 0. BOX 7509 TULSA 35, OKLAHOMA 
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Ten Good Reasons Why Leading Audio Engineers 
(Who'll Stop at Nothing to Improve Quality) 
Choose E-V Professional Microphones! 

1. High FIDELITY is your stock in 
trade. And the peak -free 40- 20,000 cps 
response of the E -V 655C provides it 
simply and directly, with no complex 
added equipment to burden you. 

2. It's quite easy to maintain complete 
COMPATIBILITY between the sound of 
lavalier microphones and stand units. 
Simply use the tiny E -V 649B with your 
larger E -V microphone. Voice quality 
mixes perfectly. 

3. The reputation for RELIABILITY 
enjoyed by the E -V 666 comes from its 
ability to deliver superb cardioid response 
even after accidental abuse that would 
destroy many a lesser microphone. 

4. The ready AVAILABILITY of E -V 
professional microphones at leading radio 
parts distributors everywhere is an E -V 
pioneered policy begun back when the 
"workhorse of the industry ", the E -V 635, 
was introduced. 

5. Outstanding in its FLEXIBILITY is 
the new E -V 654A. This versatile micro- 

phone slips easily into floor or desk stands, 
or can be hand held or used as a lavalier. 

6. Ten E -V professional models give you 
unusual VARIETY. For instance, if you 
require close -up sound pickup, yet 
mustn't hide the performer, the ultra -thin 
E -V 652 solves both aroblems handsomely. 

7. The CREATIVITY of E -V engineers 
comes from intimate knowledge of field 
problems. It earned them an Academy 
Award for their unique solution to film 
and TV sound problems with the E -V 642 
microphone. 

8. ECONOMY is vital in every studio 
operation, yet quality must be upheld. 
And the E -V 665 is ideal where superb 
cardioid performance is needed, but the 
utmost in mounting flexibility is not re- 
quired. 

9. Even the 7 -foot long E -V 643 ultra - 
directional microphone is protected by 
this unique E -V GUARANTEE: except 
for refinishing, all repairs are free no 

matter what happens to the unit during 
the first two years! 

10. The VITALITY of E -V design 
comes from constant improvement of ex- 
isting models, plus fresh new ideas that 
solve your problems. Newest is the E -V 
668, specifically created for boom micro- 
phone applications. 

Put all ten good reasons to work for you 
in your studio or in the field by choosing 
the E -V Professional microphone that's 
right for your sound pickup requirements. 
Your E -V distributor can offer up to 15 

years of experience in assisting studios to 
better sound. See him today, or write for 
a complete distributor list and free micro- 
phone catalog. 

ELECTRO- VOICE, INC. 
Dept. 541A, Buchanan, Michigan 

gketo,- 
SETTING NEW STANDARDS IN SOUND 
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