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As all professional recordists know, the proper 
operation of any tape recorder involves a compro- 
mise between decibels and distortion. And Audiotape 
has been especially formulated with this important 
relationship in mind -to give you higher output 
(and thus better signal to noise ratio) and lower 
distortion in the normal bias range of all machines. 

Test it. Compare it with any other tape. Plot your 
own output vs distortion curves, similar to the ones 
shown above. You'll find that in the useful, low -dis- 
tortion bias range, Audiotape combines maximum 
output with maximum fidelity and freedom from 
distortion. 

That's just one of many reasons why more and 
more professional recordists are specifying Audiotape 
for their most exacting magnetic recording require- 
ments. Remember - Audiotape is made by audio 
engineers, for audio engineers. It speaks for itself. 

AUDIO DEVICES, Inc. 
444 MADISON AVE., NEW YORK 22. N. Y 

Export Dpt.: 13 East 40th St., New York 16, N. Y, Cables "ARLAE" 

audiadiscs audiotaps auái,ofilm audiop.oiarts 

And there's PROOF of 

UNEQUALLED UNIFORMITY 

in Every Package 

You GET an Esterline -Angus output curve in every five - 

reel package of plastic -base Audiotape. This curve, 
made from one of the reels in that package, actually 
measures the output characteristics of all five reels, 
since they are all slit from the same roll after coating. 
Now you can see, as well as hear, the exceptionally 
high output uniformity that you get only in Audiotape. 
What's more, every 1250 -ft. and 2500 -ft. reel is guaran- 
teed FREE FROM SPLICES! 
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BUDDY ROGERS, 
"The Buddy Rogers Show," WOR, New 'fork 

Ouf front 
-yet unobtrusive 

RCA's 

"STAgMAK R" 

, a ribbon -pressure microphone that 
is so slim . .. so skillfully styled ... so 
unobtrusive ... you must look twice to 
see it. 

Despite its slim construction, the 
STARMAKER meets the exacting quality 
standards of other RCA professional 
Broadcast microphones. Pick -up is non - 
directional. Frequency response is sub- 
stantially uniform, 50 to 15,000 cps. It 
is free from wind rumble and air blast ... and virtually impervious to me- 
chanical shock. 

The STARMAKER fits any standard 
microphone stand ... can be used in 
place of any RCA microphone. No 
extra attachments needed. 

For delivery information call your 
RCA Broadcast Sales Engineer, or write: 
Department R -7. RCA Engineering 
Products, Camden, N. J. (In Canada 
write: RCA Victor Limited, Montreal.) 

RADIO CORPORATION 
of AMERICA 
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For Military 
Prototype 
Equipment 

Use TRIAD "HStt 

Transformers 

Eliminate Redesign 
Triad "HS" (Hermetically Sealed) 
transformers built to MIL -T -27 
requirements are carried in stock 
as standard items by all Triad dis- 
tributors. Available as a complete 
line in matching construction, they 
simplify and expedite the design 
and production of any electronic 

equipment. 

"Climatite" Treated 

Wide Frequency Range 

Reduced Field Pick -up 

Small Size 

Low Distortion 

2 

2254 Sepulveda Blvd. 
Los Angeles 64, Calif. 

AV ICU 

U1201.14Z 
RICHARD H. DORF 

IT IS AN OLD ADAGE we all learn in our 
early school years that two things can- 
not occupy the same space at the same 

time. Nothing in our own experience has 
ever really refuted that statement, but 
Patent No. 2,536,664 looks at first glance 
as though it might. In it, Chester M. Sin 
nett and Herbert Belar (who have assigned 
the patent to RCA) show how to put two 

Figure 3 

completely different musical selections in 
the same grooves of one side of a record. 

The patent is entitled "Stereophonic 
Sound System for Recording," so that is 
how we shall describe it initially. The setup 
is shown in block form in Fig. 1, with a 

s Audio Consultant, 255 West 84th Street, 
New York 

SUPERSONIC OSCILLATOR 
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pair of microphones, A and B, placed in the 
usual positions for binaural pickup. The 
output of microphone A goes through an 
amplifier and to the cutter in the usual way, 
except that it is filtered so that transmission 
is sharply cut off at and above 8,000 cps. 

The signal from microphone B is ampli- 
fied and filtered so that only frequencies be- 
tween 50 and 5,000 cps remain. Then the 
signal is inverted in frequency by the (theo- 
retically) simple method of beating it with 
a fixed- frequency 13,000 -cps oscillator. 
From the beating process a range of differ- 
ence frequencies is produced -from 13,000 
minus 50, or 12,950 cps to 13,000 minus 
5,000, or 8,000 cps. The sum frequencies 
are filtered out by the 8,000 -13,000 -cps 
bandpass filter which follows the inverter. 
The 8,000 -13,000 -cps band is fed to the cut- 
ter along with the 50- 8,000 -cps band pro- 
duced by microphone A and a record is cut 
in the usual way containing a continuous 
band from 50 to 13,000 (or, to be exact, 
12,950) cps. 

Figure 2 shows how the record is played 
back so that the two microphone signals 
can be separated. The first amplifier brings 
up the level of the whole 50- 13,000 -cps 
range on the record. A low -pass filter cut- 
ting off at 8,000 cps passes the band origi- 
nally recorded from microphone A through 
its own amplifier and to speaker A. A band - 
pass filter operating from 8,000 to 13,000 
cps selects the inverted microphone -B sig- 
nal and feeds it to an inverting mixer ex- 
actly like that in Fig. 1. The re- inverting 
process recovers the 50 -5,000 -cps original 
signals from microphone B and feeds them 
to speaker B- whereupon we have two - 
channel, binaural, stereoscopic reproduction. 

To clarify my first paragraph- although 
we have two separate sound channels where 
only one existed before on the record, we 
still haven't crammed two things into the 
same space or eaten our cake and had it too. 
Note that the bandwidth of each channel 
is much smaller than that of one full -fidelity 
channel, which is what the two together add 
up to. Still, the binaural effect might be 
well worth the lack of highs to many peo- 
ple. 

Perhaps a more interesting possibility is 
one not particularly involving fidelity. That 
is the idea of saving record space and cost 
by putting two completely separate record- 
ings on the same disc for file or reference 
purposes. Actually, you could have three 
or perhaps even four if you were willing to 
have a narrow enough band for each, say 
50 -3,000 cps or just enough for speech in- 
telligibility. Then the first channel would 
occupy 50 -3,000 cps. The second would take 
4,000 -7,000 (with a 1,000 -cps guard band 
between 3,000 and 4,000) ; the third would 
occupy the 8,000 to 11,000 -cps band. The 
two oscillators would operate at 7,000 and 
11,000 cps respectively. 

There is no room here for circuitry but 
the patent drawings contain some, and the 
patent text contains some more interesting 
ideas. Like all others, it is available for 25 
cents, postpaid, from the Commissioner of 
Patents, Washington 25, D. C. 

Supersonic Communication 

Carter Tiffany is the inventor of an in- 
triguing idea for electro- acoustic communi- 
cation with the use of ultrasonic frequencies. 
He argues that it would be very handy for 
directors to talk to television actors during 
the show or in many other situations where 
instructions must be given on the q.t. 

Tiffany's patent (No. 2,542,594) proposes 
the equivalent of an amplitude -modulated 
transmitter with a supersonic carrier. The 
carrier, amplitude -modulated by the voice 

[Continued on page 38] 

THE FIRST CHOICE OF RADIO ENGINEERS 

FIDELITY 

FLEXIBILITY 
In rack or console, or in its really portable cases, 

the Magnetorder will suit every purpose. PT6 

Series shown is the most widely used profes- 
sional tape recorder in the world, and is avail- 
able with 3 speeds (33/4; 7í/z,'15) if preferred. 

Lifelike tone quality, low distortion meet N.A.B. 
standards - and of a moderate price! PT63 

Series shown in rack mount also offers three 
heads to erase, record, and play back to mon- 
itor from the tape while recording. 

FEATURES 
PT7 accommodates 101/2' reels and offers 3 heads, 
positive timing and pushbutton control. PT7 

Series shown in complete console model is also 
available for portable or rack mount. For out- 
standing recording equipment, see the complete 
Magnecord line - PT6, PT63 and P17. 

360 NORTH MICHIGAN AVENUE 
CHICAGO 1, ILLINOIS 

WRITE FOR NEW CATALOG 

Magnecord, Inc., Dept. A -6 
360 N. Michigan Ave., Chicago I, III. 

Send me latest catalog of Magnecord 
Equipment. 

Nome 

Address 

City Zone........ Stale 
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REK-O-KUT CO. 
38- 01 Queens Boulevard 
Long Island City 1, N. Y. 

REK -O KUT 
?ec6tediI 

Featuring the exclusive 
Polyphonic Selector. 

Equipped with 
3 -Speed or 

Continuously 
Variable 

Turntable. 
Records 
6" to 16" 
and broadcast 
Iran ac ri of ions. 

Irving Kolodin, Music Editor of the Saturday Review 
of Literature, says, "... the Recitalist was conceived 
for schools businesses, forums, etc., where high 
grade reproducing equipment is in demand ... appeals 
to a music -lover who wants accurate, undistorted re- 
production. The special features are (1) Heavy rim - 
driven turntable, reliable at all speeds (2) Dual point 
pickup (9) Excellent amplifier (4) Speaker mounted in 
detachable cover of carrying case." 
RP -43C (Recitalist with 3 -speed turntable) 

5229.95 
RP -43VC (Rhyth , same as Recitalist, but 

with continuously variable turntable) $269.95 

REK -O -KUT 
Continuously Variable 

Speed Turntable 
The BROADCAST QUAL- 
ITY turntable that 
plays at any speed 
from 25 to 100 R.P.M. 

without "wow ". Plays all 
records from 6" to 16 ", 

standard and microgroove. 
Used by broadcast stations, 

teachers, musicians disc jock- 

eys, dance studios, etc. Operates 
on 50 to 60 cycles. Plays through any amplifier, phono- 
graph, TV or radio set. 

Model CVS12P (illustrated) in portable case 
with 16" dual -stylus pickup ;124.95 

Model CVS -12, 
chassis, motor and turntable assembly $ 84.95 

Model P- 43C -3- Speed, 16" Dual- Stylus Pickup $ 94.95 

REK O KUT 
Model LP -743 
Three - Speed 

12" Transcription 
Turntable 

Recommended by leading 
sound critics. Induction type 
motor, designed for smooth, 
quiet, vibration-free operation. 
Instantaneous speed changes - 

;S4A5 Mt 78, 45 331/2- without stopping 
turntable or removing disc. 

Yes, It Costs Less to Buy REK -O -KUT 
... And Here's Why . . . 

QUALITY is the word for REK -O -KUT products -they perform better, last longer, provide more 
"extras for the money. Your REK -O -KUT phono- 
graph, disc recorder, or turntable will serve you 
faithfully without maintenance, day -in and day -out. 

REK -O -KUT Turntables, Phonographs, and 
Disc Recorders are sold by leading music stores, 
radio parts distributors, and audio-visual dealers. 

Write direct to REK -O -KUT CO. for latest 
illustrated catalog. just off the press. 

REK-O-K UT 
Hi -Fi Phonographs and 
Turntables By Which All 

Others Are Judged! 
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IN THE FEBRUARY Letter several comments 
were made regarding "print thru," espe- 
cially the seriousness of the problem in- 

volving the thin -base recording materials. 
Several communications were received re- 
garding these comments, and it seems to be 
the consensus of opinion that the print thru 
is now being minimized by reducing the 
maximum modulation level on these mate- 
rials until it is no longer objectionable. 

This technique of reducing the maximum 
modulation level opens up a field which, 
while not new, seems to have never been 
completely answered commercially ; and cer- 
tainly many comments made in this article 
will be subject to controversy. In fact, the 
controversy regarding the most "graceful" 
or "pleasing to listen to" method of lim- 
iting, clipping, compressing, etc., of re- 
corded material is still as much in conten- 
tion as it was twenty years ago. 

Some twenty years ago, when the first 
light -valve modulators were used for opti- 
cal recording, they were subject to serious 
damage when excited with high signal lev- 
els. The commonly used method of protec- 
tion was to drive these modulators with a 
triode amplifier followed by a T pad of 
such value that the amplifier "laid down" at 
a signal level corresponding to a few db over 
100 per cent modulation. This system pre- 
vented damage to the modulators from gun- 
shots and similar high -level input signals, 
and the distortion generated in the amplifier 
working close to overload was not objec- 
tionable. However, with improvements in 
modulator materials, modulators were de- 
veloped which were not damaged b'y over- 
loads of several hundred per cent. At- 
tempts were made at that time to let the 
amplifiers drive the modulators to 100 per 
cent modulation with low amplifier distor- 
tion. The results were not as expected ; the 
effect of running a "clean" system into a 
modulator which suddenly generated its 
own distortion at the fixed level corre- 
sponding to 100 per cent modulation was 
much more disagreeable to listen to than 
the previously used gradual overload. 

This statement will probably bring up the 
question of the whereabouts of the mixer, 
or the validity of the volume indicator, or 
the reasons for exceeding 100 per cent 
modulation. Suffice to say that with the 
average mixer, using a high speed VI and 
attempting to hold a maximum modulation 
level, there will be peak amplitudes of sig- 
nal from normal material which will con- 
sistently exceed 100 per cent modulation by 
8 db. This is not to be construed as an in- 
dictment of mixing ability, but rather as a 
statement of the lack of available equipment 
which adequately indicates peak input ampli- 
tudes. The figure of 8 db was obtained by 
monitoring several production channels with 
a 'scope during a normal day's shooting. 

The figure of 8 db increases to 12 db or 
more when vocal choruses or other complex 
waveforms are encountered. It is true that 
there are a few peak -reading volume indi- 
cators available, but they are not in general 
use, largely because of the time constant 
incorporated in the needle return. 

With the advent of the push -pull modu- 

*954 Hancock Ave., Los Angeles 46, 
Calif. 

C. A. HISSERICH' 

lator for optical recording, the effect of 
modulator overload was much less notice- 
able with high- margin driving systems, and 
this type of modulator came into general 
use for original optical recordings. It is 
quite illuminating to listen to high -level 
passages on push -pull and then to play the 
same material back single -ended ; only then 
can the beneficial effects of symmetrical 
overload or push -pull harmonic cancellation 
be fully appreciated. 

Several attempts have been made in the 
motion picture industry to use electronic 
compressors, but the reaction has been 
largely negative. Static distortion tests on 
such devices have absolutely no meaning 
because the distortion is generated during 
the time of the gain change ; in fact, one 
point not commonly appreciated is that 
changing the gain of a system manually 
with a mixer potentiometer will introduce 
sidebands which are the resultant of modu- 
lating the frequencies present in the system 
by the frequency of the gain change. The 
effect of continuously changing the gain 
automatically accounts for some of the 
weird effects obtained with compressors. 

Comparison to Tape 

Thus it will be seen that levels have 
been maintained by accepting a reasonable 
degree of peak overload, and by attempting 
to minimize the disagreeable effects of this 
overload by utilizing the beneficial effects 
of push -pull harmonic cancellation. With 
the advent of magnetic recording, this type 
of operation has continued. It is not gen- 
erally recognized, but magnetic recording 
is inherently push -pull because of the bi- 
directional magnetization characteristics of 
the tape material. In optical recording (of 
the density type), the modulation operates 
from a neutral density (gray) towards the 
opaque (black) in one direction, and to- 
wards the clear (white) in the other direc- 
tion. Unfortunately, the neutral density 
(gray) contains finite silver grains which 

create noise. In magnetic recording, in con- 
trast to this condition, no magnetization ex- 
ists on the individual magnetic particles 
under conditions of no modulation, hence 
they are not contributing to the noise. With 
modulation, a true symmetrical condition 
of magnetization exists about this zero mag- 
netization condition because in one direction 
the magnetization is N -S and in the oppo- 
site direction the magnetization is S -N. The 
only approach to such a system in the field 
of optical recording is the push -pull Class 
B type of recording, a system not in general 
use. The point to be made here is that any 
single -ended density recording operates in 
one direction towards the toe of the H & D 
curve of the film and in the other direction 
towards the knee of the H & D curve, and 
hence is not inherently symmetrical ; mag- 
netic recording, on the other hand, is sym- 
metrical because operation is over the same 
magnetic excursion in both directions, only 
the sign of the poles being reversed. 

From the above conditions, it has been 
found that a "graceful" overload charac- 
teristic can be obtained with magnetic re- 
cording techniques, similar to those obtained 
with push -pull optical modulators. It is 
necessary, however, to modulate the tape 
close to saturation to accomplish this effect, 
hence the concern about "print thru." 
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COMPLETE LINE OF CORES 

TO MEET YOUR NEEDS 

* Furnished in four standard 
permeabilities -125, 60, 26 
and 14. 

* Available in a wide range of 
sizes to obtain nominal in- 
ductances as high as 281 
mh; 1000 turns. 

* These toroidal cores are given 
various types of enamel and 
varnish finishes, some of 
which permit winding with 
heavy Formex insulated wire 
without supplementary insu- 
lation over the core. 

AUDIO ENGINEERING JUNE, 1951 

HIGH Q TOROIDS for use in 
Loading Coils, Filters, Broadband 
Carrier Systems and Networks - 
for frequencies up to 200 K C 

For high Q in a small volume, characterized by low eddy current 
and hysteresis losses, ARNOLD Moly Permalloy Powder Toroidal 
Cores are commercially available to meet high standards of physical 
and electrical requirements. They provide constant permeability 
over a wide range of flux density. The 125 Mu cores are recom- 
mended for use up to 15 kc, 60 Mu at 10 to 50 kc, 26 Mu at 30 to 75 kc, 
and 14 Mu at 50 to 200 kc. Many of these cores may be furnished 
stabilized to provide constant permeability (±0.1 %) over a specific 
temperature range. 

* :tl.,,, nlactured onde, licensing arrangements with Western Electric Company. WD 2910 

THE ARNOLD ENGINEERING COMPANY 
SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CORPORATION 

General Office & Plant: Marengo, Illinois - 
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"A Craftsman Is Oniy As 

Good As His Tools!" 

Benjamin Franklin 

You will find the best in recording apparati 

come from the Reeves Soundcraft Laboratories. 

Magnetic tape with ten distinct features that 

contribute to its higher efficiency and fidelity; 

an assortment of recording discs to answer every 

requirement -all are backed by the greater in- 

tegrity and experience of the Reeves name, 

foremost manufacturer of recording and elec- 

tronics accessories. 

Soundcraft tape is made 

4 
in all types and lengths to 
accommodate all tape re- 
corders. 

Soundcraft recording discs 
available in a variety of sizes, 
single and double face. 

REEVES CORPORATION 

REEVES -"20 YEARS WITH SOUND RECORDING MEDIA- 

10 EAST 52nd ST., NEW YORK 22, N. Y. WORT-REEVES EQUIPMENT CORP., 10 EAST 52nd STREET, NEW YORK 22, N. Y, 
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LETTERS 
Electronic Music 

Sir: 
We have been very pleasantly surprised 

that you have continued to give us patent 
excerpts, especially the one in your August 
issue. 

On page 38 you ask if any of us is in- 
terested in more data on Electronic Music. 
BUT VERY MUCH so. For the past seven or 
eight months the writer has been trying to 
get more information on this subject. Some 
months ago a paper was given on a multi - 
element tube for the use in electronic music 
circuits. At that time I tried to induce some 
one to give us more on the same subject, 
but so far I have had no success. 

Never has there been a better time than 
the present to introduce Electronic Music. 

W. Stuedeman, 
1 N. Harrison St., 
East Orange, N. J. 

(Æ agrees heartily, but so far has met with 
as little success as Mr. Stuedeman. Any 
offersf) 

Re: Pickups and Tons Arms 

Sir: 
In the article on a new Pickup and Tone 

Arm (Æ, March, 1951), the authors ap- 
parently recommend the choice of an offset 
angle which will make the angular tracking 
error zero at both minimum and maximum 
radii of the record, and cite a maximum 
error of 4 deg. for their final design. I am 
curious to learn why an offset angle was 
not chosen which would make a zero track- 
ing error at two intermediate radii, thus 
causing a maximum tracking error of plus 
or minus 2 deg. 

According to B. B. Bauer, the angular 
tracking error is not the best criterion for 
distortion, and this type of tracking dis- 
tortion at any record radius is proportional 
to the ratio of the angular error to the 
radius. 

It is easy to show that in terms of peak 
stylus velocity, V, the distortion equals 
V tan a 

where S is the groove speed. 4aSr' 
Applying the above to the authors' tone 

arm design for the case of the outer groove 
of a 45- r.p.m. record with an assumed modu- 
lation peak velocity of 5.5 in. /sec. it is 
found that the distortion is 1.2 per cent. 
This distortion is not very large, but with 
the combination of the optimum offset 
angle and distance from the record center 
to the vertical axis of the arm, the maxi- 
mum distortion can be reduced to a value 
of only 0.42 per cent. 

J. H. Pressley, 
1036 San Diego Rd., 
Santa Barbara, California 

Voltage Amplifier Circuit 
Sir: 

The May Patent column . described a 
voltage regulator circuit developed by 
Daniels, who is currently my associate, and 
I have used his circuit on several occasions. 

The gain that can be achieved is con- 
siderably greater than the "high hundreds." 
Using a 6SH7 and a 6SF5, a gain of 6000 
is readily obtained. 

Among other advantages, the circuit is 
well adapted to use in negative feedback 
circuits because of its favorable phase - 
shift characteristics. 

John W. Hogan, 
617 East 24th St., 
Minneapolis, Minn. 
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EDITOR'S REPORT 
LOUDNESS vs. FREQUENCY CONTENT 

LISTENERS occasionally mention the variation in level 
during different parts of a radio program, with the 
complaint that voice and music are reproduced in 

a relation which is not in accordance with what might 
be expected, considering the difference in power of the 
two sources. 

Aside from the interest of a sponsor in making sure 
that his message is heard, there are several other ex- 
planations for this effect, one of which may well be that 
the level of a broadcast program is usually adjusted to 
provide a uniform indication on the VU meter, rather 
than for a balanced sound output as heard by the en- 
gineer. During the musical portion of the program, the 
VU meter is indicating the total volume in the signal, 
and it is well known that there is likely to be consider- 
able power in the low frequencies which is not so obvi- 
ous in sound output from the average loudspeaker. 
Therefore, the narrower the reproduced band of fre- 
quencies, the more the discrepancy between levels for 
different types of program material, because the VU 
meter is affected by the entire range of frequencies. 
while the ear does not hear all equally as acoustic out- 
put from the speaker. 

The listener with wide -range speaker facilities - 
equivalent to better -quality monitor speakers in the sta- 
tion-is likely to notice a lesser differential than the 
listener with a table model set using a five -inch speaker. 

If the monitoring were done principally by listening 
to the monitor speaker rather than by adjusting the 
level to satisfy the VU meter, it seems that this trouble 
would not exist at all if the speaker were sufficiently 
good -which brings the discussion back to an oft -ex- 
pressed need for monitoring facilities of the highest pos- 
sible quality in radio and recording studios. 

AUDIO PATENTS 

It has often been said that some people believe any- 
thing they see in print, and 2E is always edited in accord 
with that premise just in case someone in that category 
happens to pick up a copy. 

With respect to the review of patents in the audio 
field, however, readers are cautioned to remember that 
the issuance of a patent is no indication that the device 
will ever be marketed. Since it usually takes from two to 
three years after application is made until a patent is 
issued, and since the enterprising inventor is under- 
standably anxious to improve his financial position by 
marketing his brainchild before the patent is actually 
granted, it must be realized that the possibilities of sell- 
ing the article have usually been explored thoroughly 
during the time the patent application is working its way 

through the steps preceding the issuance of the patent. 
Since many products are actually marketed well before 
the patent is granted, it seems safe to assume that if 
the device were to be commercialized at all it would 
probably be on the market long before it is described in 
the patents column. 

THE SOCIETY AND THE MAGAZINE 
Although the relationship existing between the Audio 

Engineering Society and Æ is generally well understood, 
it is apparently not reiterated with sufficient frequency. 
The Society is an organization of those interested in 
audio engineering as a profession and as a hobby, and 
its income is derived from membership dues. While . 

is its official publication, no member is required to sub- 
scribe, nor do the membership dues include a subscrip- 
tion to the magazine. The papers of the Society are 
printed separately and distributed to the membership, 
and are punched for insertion in a binder which is pro- 
vided for that purpose. Some two or three months later, 
these papers appear in 2E, where they may be read by 
everyone. 

It is important to remember that the Society does not 
necessarily approve of all the material which appears in 
2E, nor does ìE necessarily approve of all the papers 
which are presented in the Society's section. 1E is for- 
tunate in being able to bring these papers to its readers, 
however, because of the mutuality of interest between 
Society members and 1E subscribers. But membership 
dues do not include a subscription, nor do subscribers 
automatically become members of the Society. 

BASS REFLEX 

Long known as a trade mark of Jensen Manufactur- 
ing Company, the term "bass reflex " -denoting a vented 
loudspeaker enclosure -has been released by its owners 
to public domain, thus making it possible to describe 
such a cabinet by a phrase which heretofore rightfully 
referred exclusively to Jensen products. 

Many words created to describe a particular product 
attain general use, contrary to legal rights, and often 
become better known than the common name of the 
item. Familiar examples are Kodak, Bakelite, and Deep- 
freeze -all of which denote the products of a certain 
manufacturer, although similar products are made by 
others. Correct usage demands that such words must be 
capitalized when used in text, and must be used only in 
reference to the specific product. 

The term "bass- reflex" is so descriptive and so easily 
understood, however, that it naturally comes to mind 
to describe any vented cabinet. Æ is pleased to express 
its gratitude to Jensen for releasing it to general use. 
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Announcing a New Wide -Range Power Amplifier 

with Substantial Output from 20 Cycles to 3 Megacycles ll /!1l 111.111 l \ 11\X\\ N 

POWER AMPLIFIER 
TTRINN OlIaNU.- tA. /I \ M 
GENERAL 010 COCO. alai 

INPUT 

op 
4f ¡- n 

OUTPUT 

THE USES for a wide -range aperodic amplifier in the 
laboratory are many. A wide range amplifier of con- 
siderable output is particularly useful in development 
and general testing of audio -frequency equipment, and 
in driving supersonic generators. 

The new G -R Type 1233 -A Power Amplifier has 
three output combinations: 

20 cycles to 20 kilocycles, into 150 or 600 ohms, 
balanced or grounded. Output of 15 watts is pro- 
vided between 50 and 15,000 cycles. 

The basic circuit consists 
of three push -pull broad- 
band amplifier stages and 
three output circuits, se- 
lected by a switch. Inter - 
stage couplings are the 
series -peaked type, designed 
for constant gain up to 5 
Mc. The input stage oper- 
ates as a phase inverter. 

Separate output trans- 
formers are used for the 20 
cycle to 20 kilocycle and 20 
kilocycle to 1.5 megacycle 
ranges. Both transformers 
are toroidally wound. Spe- 
cial care was necessary in 
the design of these trans- 

formers to achieve satisfac- 
tory performance at the rel- 
atively high frequency at 
which they operate. Both 
the leakage reactance be- 
tween the primary and sec- 
ondary windings and the 
distributed capacitance of 
the primary are limiting 
factors in determining the 
high- frequency perform- 
ance. 

Polystyrene cups are used 
as the interwinding insula- 
tion to keep the capacitance 
of the insulation at a mini- 
mum. 

20 kilocycles to 1.5 megacycles into 50 ohms, 
grounded. Output 15 watts from 30 kilocycles to 
0.5 megacycles; 8 watts at 1.5 megacycles. 
20 cycles to 3 megacycles; output 150 volts peak - 
to -peak, for a high impedance load with a gain of 
60 db. With grounded output, voltage is limited 
to 50, peak -to -peak, with a gain of 54 db. 

The 20 cycle to 3 Mc output is intended for use as 
an oscilloscope deflection amplifier. The maximum out- 
put is secured in all cases with an input voltage of 0.2 
volt. Distortion is below 3% at maximum output over 
most of frequency range. Noise is between 60 and 70 
db below 15 watts. 

The instrument is provided with a diode voltmeter 
with full -scale ranges of 150, 50 and 15 volts to indicate 
the output voltage. 

The high voltage power supply uses selenium recti- 
fiers in a full -wave voltage -doubling circuit and a two - 
section LC filter. A bias supply, using selenium recti- 
fiers, provides fixed voltages for the output stage. 

This amplifier brings to the development and labora- 
tory technician an instrument of considerable value in 
that in one instrument a source of audio and r -f am- 
plification of very high gain and very good frequency 
characteristic is available at considerably less cost than 
that required to develop and construct an amplifier or 
a series of amplifiers equal to the performance of this 
one. 

Type 1233 -A Power Amplifier $525. 

GENERAL RADIO Company 
275 Massachusetts Avenue, Cambridge 39, Mass. 

90 West Street NEW YORK 920 S. Michigan Ate. CHICAGO 1000 N. Seward St. LOS ANGELES 
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lt tells your 

"RINGER" 

when not to ring! 

eERAtAnENT MAGNET 

-IN _._- 

ARMATURE - - 

Pr ENS--f 

MECHANICAL FORCE 

IS' 

MAGNETIC FORCE 

BIAS SPRING The Bell System's new automatic method of adjusting telephone ringers uses a beam of light pass- 

ing between the gongs to a photoelectric cell. When test currents are applied to the ringer the 

machine decides whether to change the spring tension or the magnetic pull. After each change if 

tests again until the ringer is in perfect adjustment -and the whole procedure takes only 30 seconds. 

To You, it's your familiar telephone bell. To tele- 

phone engineers, it's a "ringer." And it has two jobs 
to do. It must ring, of course, when someone calls 
you. And it must overlook the numerous electrical 
impulses which do not concern it, such as those 
sent out by your dial. 

Ability to respond to some impulses, to ignore 
others, requires exact adjustment between the pull of 

a magnet and the tension of a spring. If they are 
out of balance your telephone might tinkle when it 
oughtn't, or keep silent when it should ring. 

In the past, adjustment was made by hand, little 
by little until the proper setting was reached. It took 
time. But now Bell Laboratories engineers have 
developed a machine which adjusts new ringers per - 
fectly,'before they leave the Western Electric Com- 

pany plants where they are made. And the operation 
takes just 30 seconds. 

This is another example of how the Laboratories 
work constantly to improve every phase of telephony 
- keeping the costs low while the quality of service 
grows higher and higher. 

BELL TELEPHONE LABORATORIES 
WORKING CONTINUALLY TO KEEP YOUR TELEPHONE SERVICE ONE OF TODAY'S GREATEST VALUES 
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A Brief Review of Diode Detectors 
RUDOLPH L. KUEHN 

A discussion of one of the weak points in current AM radio receivers, with 
emphasis on the circuit parameters which affect distortion and efficiency. 

THE ADVANTAGE OF THE DIODE as a 
detector is its ability to provide 
nearly linear rectification. Inasmuch 

as this requires a large .signal voltage, 
the properly loaded diode is well adapted 
because it is not critically susceptible to 
overloading. Diode rectifiers used for 
signal detection, or demodulation, are 
designed for the nearest approach to 
linearity. 

The essential principle of linear de- 
tection is that in a diode rectifier cir- 
cuit with a capacitive load, the direct 
voltage developed across the capacitor 
is equal to the peak value of the input 
alternating voltage. There are two dis- 
tinct types of linear rectifiers : one re- 
sponds to the envelope of a wave form, 
as at (A) in Fig. 1, and the other re- 
sponds to the average of the rectified 
wave pulses of one polarity, as at (B). 
Any linear rectifier is a compromise of 
the two types, but may approach one 
or the other type as a limit. Since the 
efficiency of the envelope type is nearly 
unity, it is preferable to the low efficiency 
of the averaging rectifier. Only the 
former will be considered here. For use 
in a linear rectifier of the envelope type, 
the ideal diode has zero impedance to 
current in one direction and zero ad- 
mittance in the other direction. The 
interelectrode capacitance of the diode 
does not affect the linearity of detection, 
but does affect the carrier frequency cur- 
rent design. 

In the operation of the simplest diode 
rectifier current, an ideal diode is as- 
sumed and the signal is unmodulated 
with an input current impedance of 
zero. In a circuit such as shown at (A) 
of Fig. 2, the diode current has alternat- 
ing components of fundamental and 
harmonic frequencies which are by- 
passed by the load capacitor, and a recti- 
fied component, Io which flows through 
a load conductance Go placed across the 
capacitor. The rectified load voltage Ec 
is free of alternating components since 
they are bypassed. In operation, each 
positive peak of the input voltage 
charges the capacitor to a voltage E. 
equal to the carrier peak voltage. During 
each negative half cycle, a small part of 
this charge leaks off through Go but is 
restored at the next positive peak of in- 
put voltage, resulting in a waveform 
as shown in Fig. 2. The diode current 

* 218 Selma Road, Springfield, Ohio. 
On military leave from National Broad- 
casting Company. 

represented by this series of periodic 
impulses can be summed in time by a 
Fourier analysis : 

/t =lot .... + l nco cos nct + ... . 

where Inc are the fundamental and 
harmonics of the alternating compo- 
nents. Also, I.= EcoGo = E.G. and 1.,,= 
Iseo = 21.= 2ECOGo = 2E0Go. The effec- 
tive carrier- frequency conductance of 
the diode across the input circuit is 

Cco =Ico /Eco =2G0 and the efficiency is 
E.10/(4,100/2). 

In the case of a modulated input volt- 
age, however, ideal circuit operation re- 
quires that the capacitor should charge 
to the peak of the input wave during each 
carrier -frequency cycle; but that there 
should be sufficient current drain through 
Go to cause the output voltage to de- 
crease as rapidly as does the envelope of 
of the input voltage. Actually, these 

ENVELOPE 

IIIII IIIIIIIIiI B I III 
II I lll ll 

111 IIIII 
I l 

(B 

!III 

Fig. 1. Comparison between envelope type of 
detector (A, and average -type IB), showing 

output voltage obtained from each. 

two objectives are incompatible. Near 
the top of each positive peak of input 
voltage the diode passes a pulse of cur- 
rent which charges the capacitor to a 
voltage nearly that of the envelope, but 
the drop in the tube during conduction 
prevents the output from actually reach- 
ing peak value. When the input drops 
below capacitor voltage the tube ceases 
to conduct and the capacitor begins to 
discharge slowly through G,, until the 
next charging cycle. Hence the resulting 
output waveform is somewhat jagged. 
Essentially, though, the detector output 
voltage follows the envelope of the 

m 

(A) 

(B) 

F'g. 2. (A) Simplified diode detector circuit 
and (B), the resultant current through load 

resistor when rectifying an unmodulated carrier 
signal. 

modulated input wave and has the wave- 
form of the modulating voltage. 

When a practical diode detector is so 
operated that the efficiency is high and 
reasonably constant over the modulating 
range, the output will contain very little 
distortion, providing that: 

m, where G.= diode load 
conductance to modulation frequency 
currents, Go = diode load conductance to 
direct currents, and m = degree of modu- 
lation of applied signal. 

In terms of impedances, the expression 
(Zm /Ro) - (Go /Gm) is referred to as 
the a.c. /d.c. impedance ratio of the diode 
load. When violating the above criterion 
-as in the case where Z. is a resistance, 
but less than the d.c. resistance -then the 
negative peaks of the output voltage are 
clipped off at a point where the in- 
stantaneous amplitude corresponds to an 
instantaneous degree of modulation al- 
lowed by (Z,,/R,) ? m. When such 
clipping occurs, the resulting r.m.s. dis- 
tortion is approximately equal to the 
difference between the actual modulation 
and the allowed modulation by the above 
equation, divided by twice the actual 
modulation. When Zm is less than the 
d.c. resistance, but also has a phase angle 
or is reactive, then the violation of the 
criterion above results in a diagonal 
clipping of the peaks. Such distortion 
is less than with flat clipping, but is 
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certainly not negligible. The distortion is 
small when the criterion is satisfied, 
although there is some residual distor- 
tion as a result of variation of the rectifi- 
cation efficiency with instantaneous enve- 
lope amplitude. This is ordinarily under 
three per cent, tending to be smallest 
when the applied signal is large, the 
degree of modulation small, and the 
diode load impedance high compared 
with the plate resistance. 

Practical Operation 

Thus far an ideal diode has been as- 
sumed -that is, one which has zero re- 
sistance to current in one direction and 
zero conductance to current in the other 
direction. The nearest approach to the 
ideal is a high- vacuum tube having an 
indirectly heated cathode and operating 
space- charge limited. Such a diode has 
a current -voltage curve gradually chang- 
ing from exponential for negative anode 
voltage to a 3/2 power curve for positive 
anode voltage. This exponential curve 
is the closest realizable continuous func- 
tion that approximates the ideal diode 
characteristic. The equation of the ex- 
ponential curve is lu=. /goeRgilb where 
Ea is the anode voltage and Igo and E, 
are constants. The value Igo increases 
rapidly with temperature, whereas the 
value of E, is relatively independent of 
operating conditions. The smallest of E, 
however, determines the sharpness of 
curvature for small current. It will be 
noticed that the above equation is of the 
form of Richardson's well -known equa- 
tion for saturation current as a function 
of temperature : la = A T'E Wia r in which 
T is the absolute temperature, w is the 
electron affinity of the emitter, K is 
Boltzmann's constant, and A is a con- 
stant, probably universal for pure metals. 

The. transition between exponential 
and 3/2 power curves occurs at a cur- 
rent level which increases with greater 
cathode surface. The voltage drop in 
filamentary cathodes may be shown to 
change the 3/2 power law into a 5/2 
power law at anode voltages (relative 
to the negative end of the filament) that 
are less than the voltage of the positive 
end of the filament. 

If the diode characteristic is not 
linear, then the detected, or demodu- 
lated, wave form is not an exact replica 
of the applied modulation. This sug- 
gests that the output contains harmonics 
of the modulation voltage as expressed 
in the previously mentioned Fourier 
series. If the input wave is modulated by 
several frequencies, the output also con- 
tains frequencies equal to the sums and 
differences of the modulation frequencies 
and their multiples. The fundamental 
modulation -frequency components of the 
output arising from the second- and 
higher -order terms destroy the linearity 
between modulation- frequency output 
voltage and carrier amplitude that en- 
sues when the characteristic is linear. 

The sum and difference frequencies pro- 
duce dissonance particularly objection- 
able in musical reproduction. 

In order to minimize distortion re- 
sulting from curvature of the diode 
characteristic, to reduce loading of the 
source of detector input voltage, and to 
attain high efficiency, the load conduct- 
ance should be low. There is no ad- 
vantage, however, in making the load 
resistor much greater than thé grid 
coupling resistor of the following am- 
plifier stage. Incorrect values of the 
capacitance in a diode detector may 
cause several types of distortion. The 
charging current that can flow into the 
capacitor for a given value of instanta- 
neous impressed voltage is limited by 
the tube, the impedance of the source, 
and by leakage through the load resistor. 
For a capacitor which is too large, 
equilibrium after an increase or decrease 
of impressed alternating voltage ampli- 
tude may take several carrier- frequency 
cycles to be reached. Hence, if there is a 
rapid amplitude fluctuation, the changes 
in capacitor voltage are smaller than the 
changes in amplitude. Inasmuch as the 
change in capacitor voltage for a given 
change of impressed amplitude decreases 
as the frequency of the amplitude varia- 
tion is increased, and the envelope of a 
modulated wave varies at modulation 
frequency, it follows that too large a 
capacitor causes frequency distortion of 
the detector output. 

The detector load resistance not only 
permits the capacitor to discharge in 
response to the modulating voltage, but 
also allows it to discharge during those 
portions of the carrier -frequency cycle 
in which the instantaneous impressed 
voltage is less than the capacitor voltage. 
This causes the capacitor voltage tò 
vary slightly at carrier frequency. The 
presence of carrier -frequency voltage in 
the output is the limiting factor in de- 
termining the minimum value of ca- 
pacitance that can be used. The ratio 
of the amplitude of the output carrier - 
frequency voltage to the amplitude of 
the signal- frequency voltage is roughly 
Gm /µfrC where fc is the carrier fre- 
quency. Since fc is usually at least ten 
times the highest signal frequency there 
is no difficulty in making C large enough 
to reduce carrier frequency in the output 
and yet not so large that modulation- 

frequency distortion occurs. A capaci- 
tance of approximately 150 if is suit- 
able for use in the broadcast band. Some 
reduction in size of the capacitor may 
be achieved from the use of a full -wave 
diode circuit such as is shown in Fig. 3. 
The output of this circuit does not con- 
tain the carrier frequency, hence C need 
only be large enough to remove the 
second harmonic of the carrier fre- 
quency. 

Conclusion 

In conclusion, the two most important 
characteristics pf a diode detector are: 

(1) The maximum degree of modula- 
tion as a function of modulation fre- 
quency that the incoming signal may 

Fig. 3. Typical push -pull diode detector, wi h 

load resistor and bypass capacitor in norm I 

configuration. 

have, without some form of negative 
clipping; and 

(2) the variation of output voltage as. 
a function of modulation frequency for 
an incoming signal of constant ampli- 
tude and degree of modulation. These 
two characteristics depend upon both the 
input diode impedance and the internal 
impedance of the source of exciting 
voltage, thus making it necessary ta 
consider the diode with its load circuit 
and input circuit as a single system. 
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Plan Now- Attend The Audio Fair in '51 

November 1, 2 and 3 -these are the dates for the 1951 Convention of the Audio 
Engineering Society, and the third annual Audio Fair. This year both the Con- 
vention and the Fair will be ,truly international in scope. Engineers from many 
countries are planning to attend the Convention- technical papers will cover all 
recent achievements in the field of Audio. The Fair will offer the greatest col- 
lection of audio equipment ever assembled in a single display. The place, as usual, 
will be the famous Hotel New Yorker. Admission to technical papers free to 
Society members -admission to the Fair free to everybody. 
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Fig. 1. Typical circuits for supply of direct current for heaters of low -level amplifier stages. 

D.C. Heater Supply for 
Low -Level Amplifiers 

L. B. HEDGE` 

Hum problems in preamplifier and other low -level stages may be reduced or completely 
eliminated by the use of one of the d.c.- supply circuits described by the author. 

THE USE OF DIRECT CURRENT to supply 
the heaters of pre -amplifier and other 
low -level, high -gain amplifier tubes 

is standard practice in professional and 
high -quality equipment design. Direct 
current in this application is effective in 
reducing hum and it has the added ad- 
vantage of making critical stages less 
sensitive to individually selected tubes 
whey replacement is required. This is no 
small advantage, as anyone who has 
tried to locate a quiet replacement for a 
.defunct a.c.- heated pre -amplifier tube 
will appreciate. A d.c. supply for the 
low -level end of a good audio system 
is sound design practice, and it need be 
neither difficult nor expensive. 

Basically there are two schemes for 
direct current heating in an alternating- 
current- supplied amplifier -a separate 
rectifier and filter may be used to supply 
the heaters, or they may be supplied 
from the regular high -voltage unit which 
furnishes the plate power for the ampli- 
fier. The second plan is the one most 
commonly used -the low -level tubes are 
connected in series at the low -voltage 
end of the plate supply circuit -but it 
suffers from several disadvantages: 

1. It requires a heavy -duty power supply 
unit. 

2. It reduces the available plate -voltage 
by the amount of the drop across the 
heater circuit. 

7211 Massachusetts Ave., N.W., Wash- 
ington 16, D. C. 

3. It warms the d.c. heated cathodes with 
the plate voltage applied. 

4. It requires a constant plate- current 
load. 

5. In event of tube failure it may induce 
excessive further damage. 

The heavy -duty power supply may be 
no disadvantage -if the plate load is 
in excess of 150 ma the excess will have 
to be bled across the heater circuit_ The 
second and third items listed are ob- 
vious, and obviously not good. The con- 
stant- plate -load requirement may not be 
a serious drawback, but in some involved 
devices (such as magnetic recording - 
playback units) it may complicate 
switching requirements. The fifth item 
is often neglected -a tube which breaks 
down in such a way as to draw excessive 
plate current may easily cause a heater 
burn -out in one or more of the series - 
connected low level tubes -and a burn 
out in one of these heaters, however 
caused, will leave the no -load plate 
supply voltage between the heater and 
cathode of each tube remaining on the 
supply side of the burn -out. 

The other alternative -a separate rec- 
tifier to supply the low -level heaters - 
may be provided in several ways, each 
of which in large measure avoids the 
first objection listed for the series plate - 
supply scheme, and completely avoids 
the others. With presently available sur- 
plus transformers, selenium rectifiers 
and chokes, and with standard com- 
ponents not much more expensive, a 
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separate d.c. heater supply is both prac- 
tical and economical. 

Typical Circuits 
Basic circuits for d.c. heater supply 

are shown in Fig. 1. The plate -supply 
connection is diagrammed at (A). With 
a string of n 12 -volt heaters (150 ma) 
the voltage drop from X to B- will be 
12.6n, and the resistors R, and Rs are 
selected to provide this condition. If the 
normal plate current drain is less than 
150 ma. R, =0, and R, is adjusted to 
give the 150 -ma current through the 
heater string. If the normal plate current 
is over 150 ma, R, is adjusted to draw a 
few ma (as a safety bleeder across the 
plate supply filter) and R2 is adjusted 
to by -pass the excess current. Adjust- 
ment in either case may be made with 
a milliameter in the heater loop or with 
a voltmeter between X and B -. The 
available plate -supply voltage between 
B- and B+ will be the supply voltage 
across X Y less the drop between X and 
B- in the heater loop. 

Figure 1 (B) is the wiring diagram 
of a separate heater- supply unit shown 
in Fig. 2, built by the author as a stand- 
by and bench unit. A 110 /110 -volt iso- 
lation transformer supplies a half -wave 
selenium rectifier followed by a capaci- 
tor -input filter. a load -adjusting resistor, 
and a safety bleeder. The unit will supply 
one to six 12 -volt, 150 -ma heaters -the 
load- adjusting resistor being set to the 

[Continued on page 36] 
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AUDIO IN THE DEFENSE EFFORT 

Ultrasonics in the Loran Trainer 
PHILIP D. STAHL 

Part 2. Continuing the description of a unique device used for classroom train- 
ing of personnel in the operation of loran navigation receiving equipment. 

THE SUBSTITUTION of ultrasonic waves 
in air for transmitted radio signals 
was outlined in the previous article. 

The simulation of one type of signal for 
another demands certain specific re- 
quirements in the transducers. 

Referring again to (B) in Fig. 8, the 
ultrasonic waves caused by the vibration 
of the diaphragm pass through the 
doughnut- shaped opening (Y) in the 
clamping plate (18) down to the para- 
bolic reflector cone (2). The choice of 
this type of a reflecting surface is dic- 
tated by several important factors. First, 
the propagation requirements of the 
transducers for ground waves and sky 
waves; and second, the fact that the 
absorption of ultrasonic waves in air for 
sky waves is greater than that for ground 
waves due to the longer paths taken by 
the former. Typical ground- and sky - 
wave propagation is shown in Fig. 9. 
The effect of the reflector cone is shown 
in Fig. 10. The reflector has the profile 
of a parabola since this curve converts 

Project Engineer, Presto Recording Corp., 
Paramus, N. J. 
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transducers, 
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Plan view of crystal assembly in 
and (B) cross section of trans- 
mitting transducer. 

parallel beams into radiation from a sin- 
gle point. The parallel beams from the 
transducer diaphragm are thus trans- 
formed into radiation from a point 
source. Any other type of reflector easily 
centered under the transducer would 
produce waves originating from a num- 
ber of sources which would increase or 
decrease radiation at certain angles, thus 
producing a radiation pattern of erratic 
intensity. Since the transmission char- 
acteristic of this device must simulate 
that of electromagnetic transmission, 
compensation must be made for the ab- 
sorption of ultrasonic waves in air. 
Attenuation of ultrasonic waves in air 
is greater than that for radio waves for 
a given distance, so the radiation density 
from the parabolic reflector for low - 
angle (far out) sky waves be greater 

Fig. 10. Focusing effect of reflector cone. 

they are the result of receiving two 
pulses, one slightly later than the other 
but close enough together to overlap. 
The split is the result of the different 
amplitudes and phase relationships of 
the two pulses and may be evident on 

Fig. 9. Diagram show- 
ing propagation of 
ground and sky 

waves . 

- goo MILES 

ARTIFICIAL IONOSPHERE 

,600 MILES 

LIMIT OF GROUND WAVE 

1200 MILES 

UPPER LIMIT 
OF SKY WAVE 

TRANSMITTER LOWER LIMIT OF 
OF SKY WAVE 

than that for high -angle (close in) sky 
waves. The profile of the reflector is de- 
signed so that there is a greater density 
of energy reflected into low angles of 
elevation than into high angles. Specifi- 
cally, the density ratio between the high 
and low angle emission is about 1.7: 1. 

Another advantage of employing this 
type of reflector is that it can be mounted 
directly under the center of the trans- 
ducer so that the source of ultrasonic 
emission is always directly under the 
point indicated as the transmitting sta- 
tion on the loran training map by the 
light spot emanating from the trans- 
ducer light projection system. 

The function of the felt covered shield 
(hat) is to eliminate radiation emanat- 
ing directly from the transducer housing. 
This radiation would produce spurious 
pulses to be received before the desired 
radiation coming from the reflecting 
cone. 

Sky -Wave Splitting 

A phenomenon which manifests itself 
in electro- magnetic transmission is sky - 
wave splitting. Split sky waves appear 
as split pulses on the indicator screen 
and take forms similar to that shown in 
the upper part of Fig. 11. These pulses 
are much wider than unsplit pulses since 

any part of the leading or trailing edges 
of the pulse. To simulate splitting in the 
trainer, splitting vanes are attached to 
the periphery of the geared ring (15), 
which revolves slowly about the trans- 
ducer. The diagrams show the patterns 
which appear on the indicator scope 
when the vanes are properly mounted 
and the mounting ring rotated about the 
transducer. Note that a blocking vane is 
mounted normal to the radius while a 
reflecting vane is mounted at an angle 
to the radius. At (A) the indicator scope 
pattern is the result of receiving the 
two pulses, X and Y before the blocking 
vane has moved into position. The X 
pulse travels directly to the receiver, 
while the Y pulse travels first to the re- 
flecting vane and then to the receiver. 
Since the latter pulse travels a longer 
path it must necessarily arrive later and 
appears to the right of the X pulse. At 
(B) the blocking vane is just coming 
into position. The X pulse is now par- 
tially masked off and the received pulse 
becomes smaller in amplitude due to the 
decrease in density of the X pulse field. 
The result is a split on the leading edge 
of the pattern. As the blocking vane con- 
tinues to move, the split moves further 
down the left side of the pattern until 
a complete suppression of the leading 
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INDICATOR 
SCOPE 
PATTERNS 

RECEIVER 

BLOCKING VANE 

REFLECTING 
VANE 

% Y 

RECEIVER 

Y K Y 

SOURCE 

(A) SPLITTING AT MAX. (6) LEADING EDGE 
INTENSITY FADING 

RECEIVER 
11t 
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edge takes place. At (C) the blocking 
vane has moved out of the path of the 
direct ray and the reflecting beam is 
considerably reduced at the receiver. 
The result is a decrease in the amplitude 
of the Y pulse and a split moving down 
the trailing edge. Several pairs of block- 
ing and reflecting vanes are mounted on 
the periphery of the splitting gear so 
that adequate splitting cycles are ob- 
tained as the gear ring rotates. It will 
be noted from Fig. 12 that the splitting 
vanes do not extend down far enough to 
interfere with the ground waves. 

In order to simulate actual loran sig- 
nals, the pulse radiated from the trainer 
must resemble a half sine wave and be 
in the order of 40 to 50 µsec wide at the 
half -power point. Because the Rochelle 
salts crystals exhibit more than one 
mode of operation and display activity 
on more than one frequency, problems 
arise in keeping the wave shape within 
requirements. Examination of the spec- 
trum of resonances for the particular 
crystals used in the transducers shows 
several predominant resonances in the 
band from 135 to 200 kc. Exciting the 
transducer with a steep -wavefront vol- 
tage of the character required in this ap- 
plication would cause the crystals ordi- 
narily to produce some output at 
frequencies other than only the major 
one. However, by properly adjusting the 
damping and matching characteristics 
using the castor oil, it is possible to re- 
duce to a minimum the spurious re- 
sponses of the crystals. Damping in 
combination with passing the received 
pulse from the mobile transducer through 
appropriate tuned filter elements in the 
amplifier converter, produces simulated 
loran signals that are exact duplicates, 
insofar as pulse shape is concerned, of 
actual loran pulses. Figure 13 shows 
typical loran pulses received at dis- 
tances corresponding to ground wave 
and sky wave regions. 

The Receiving Channel 

Figure 3 shows the block diagram of 
the receiving section of the Loran 
Trainer. In the simulated loran system, 
the signals radiated by the transmitting 

Fig. 11. Effect of 
splitting vanes on re- 
ceived sky -wave sig- 

nal. 

transducers are picked up by the receiv- 
ing transducer on the mobile carriage. 
This carriage is an electromechanical 
triangular shaped unit which acts as the 
aircraft and has attached to it a trans- 
ducer similar to the one previously de- 

Fig. 12. Paths of 
simulated ground and 
sky waves in the 

trainer. 

The reflector cone underneath the 
transducer has the same parabolic pro- 
file as the one used on the transmitter 
and consequently the radiation char- 
acteristic described for the transmitting 
reflector is mathematically squared. Spe- 
cifically, the radiation factors of 1.7 

times for low angle (far out) sky waves 
for both the transmitting and receiving 
transducers are combined to produce 
an increase of about three times in in- 
tensity. It has been found that with this 
design, the overall transmitter -receiver 
system reflectors compensate for the ef- 
fect of ultrasonic absorption to such a 
degree that for all practical purposes 
the ultrasonic radiation represents the 
same inverse square distribution as its 
electro- magnetic counterpart. 

Figure 15 shows the carriage -drive 
unit which controls, from the trainer 
console, the speed and direction of the 
mobile carriage. The speed of the crab 
can be set from zero to 3600 nautical 

ARTIFICIAL IONOSPHERE 

TRANSMITTING TRANSDUCER 

SPLITTING 
MOTOR 

I, I/ SPLITTING Rt(9Y- 
IiL VANESL 

RECEIVING TRANSDUCER 

TRAINER TABLE SURFACE 

scribed. The differences are in the method 
of mounting and in the electrical func- 
tion. Whereas the transmitting unit was 
required to convert electrical input to 
acoustical energy, the purpose of the 
mobile or receiving transducer is to con- 
vert acoustical or ultrasonic waves into 
electrical energy to be amplified at 175 kc 
thence converted to the 1950 -kc channel 
1 in the loran system so it can be radi- 
ated and picked up by standard receiv- 
ing apparatus operated by each trainee. 
The speed and heading of the mobile car- 
riage ( "crab ") can be controlled en- 
tirely and quite accurately from the 
operating console of the trainer by an- 
other electro- mechanical unit called the 
Carriage Drive. 

Figure 14 shows the complete simu- 
lated aircraft consisting of the "crab" 
and receiving transducer. The transducer 
is identical with its transmitting counter- 
part insofar as the internal structure is 
concerned. The dishpan reflector alters 
the course of the transmitted signals on 
their way to the receiving transducer, 
so that they are directed toward the 
latter's diaphragm. The movement of the 
diaphragm at the ultrasonic rate is trans- 
mitted via the castor oil medium to the 
crystal assembly. The mechanical stresses 
produced in these crystals develop cor- 
responding voltages across them, which 
are then fed by coaxial cable to the input 
of the Amplifier -Converter unit. 
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miles per hour while the direction is 
controllable over 360 deg. In addition, 
provision is made to simulate drift of 
the aircraft's heading and to correct for 
latitude curvature. The carriage drive 
can move the crab over any part of the 
complete loran training table which is 

nd 
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3,d HOP SKY WAVE 

W VTRONGIONOUNQ 
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INDICATOR SCOPE PATTERN OF LORAN PULSES 

Fig. 13. Typical indicator scope patterns; (A , 

in strong ground -wave region, and (B), in sky - 

wave region. 

8 x 8 feet in area and represents 1,300; 
000 nautical square miles. 

The block diagram for Amplifier - 
Converter is shown in Fig. 16. This unit 
first amplifies and shapes the 175 -kc sig- 
nals from the mobile transducer, and 
then converts and amplifies them fur- 

15 

www.americanradiohistory.comAmericanRadioHistory.Com

www.americanradiohistory.com


ther at 1950 kc, channel 1 in the loran 
system. The circuit may be divided into 
three major sections : First, the 175 -kc 
amplifiers; second, a converter section 
which converts the 175 -kc signals to 
1950 kc; third, a 1950 -kc tuned amplifier 
section which provides power to the radi- 
ating antenna and, through a low -impe- 
dance cathode -follower output, drive for 
the monitor equipment. The antenna 
radiates sufficient power so that adequate 
signals can be picked up by student loran 
sets hundreds of feet away from the 
trainer proper. 

The purpose of the Interference Gen- 
erator is to simulate any and all types of 
interference encountered under actual 
signal reception. The possible types of 
noises encountered are : atmospheric 
static, radar signals, c.w. signals, and 
commutator or brush noise from gen- 
erators and motors operating in the air- 
craft proper. 

The 8 x 8 foot table shown in Fig. 2 
represents the operating surface for the 
entire scaled down or miniaturized ver- 
sion of 1,300,000 nautical miles of loran 
service area. The table actually consists 
of two 4 x 8 foot sections bolted together. 
The table legs are mounted on adjustable 
castors. Thus the entire unit may be 
leveled so that the masonite running sur- 
face for the crab is absolutely level. Sus- 
pended 7 in. above the operating surface 
is the artificial ionosphere, an 8 x 8 glass 
surface actually consisting of four 4 x 4 
sections of 3 /8 -in. tempered plate glass. 
The height of about 84 miles (seven 
inches) for the artificial ionosphere is 
dictated by the requirement that the 
trainer reproduce the relationship be- 
tween the sky -wave path length and 
ground -wave path length. The difference 
between the two is shown to be a func- 
tion of the ground -wave distance. In the 
case of actual loran, ground -wave dis- 
tance is measured along the arc of the 
earth, and the sky waves are reflected 
from a sphere (inosphere) concentric 

Fig. 14. Selsyn-driven 
mobile carriage with 
transducer mounted. 
This unit simulates 

aircraft or ship. 

with the earth and approximately 51 
nautical miles above the earth's surface. 
In the trainer, however, the earth and 
sky are represented by parallel planes. 
Consequently, a compromise ionosphere 

Fig. 15. Carriage 
drive unit, with elec- 
tromechanical equip- 
ment for control of 

crab movement. 

ducer, 175 -kc ultrasonic pulses can be 
radiated over 270 deg. in azimuth and 
45 deg. in altitude and be made to cover 
an area greater than 64 sq. ft. Both 
ground and sky waves can be simulated 
insofar as propagation characteristics 
are concerned as well as reproducing the 
effect of sky -wave splitting. Another 
transducer of essentially identical design 
is used as a receiving unit and after be- 
ing amplified and converted to one of 
the loran channel frequencies, the signal 
is radiated to any number of trainee 
loran receiving sets thus performing the 
important task of training the maximum 
number of personnel in the operational 
use of loran navigation apparatus with a 

height is necessary. The optimum height 
turns out to be about 84 miles. 

Conclusion 

The Loran Trainer described above 
has the following noteworthy features of 
interest: A complete radio system cover- 
ing a great surface area of the earth 
simulated and reduced to practical di- 
mensions by substituting for the radio 
wave with a velocity of approximately 
186,000 miles per second, an ultrasonic 
counterpart with a velocity of approxi- 
mately 1129 feet per second. Using an 
eight- segment Rochelle salt crystal trans- 
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The Effect of Sound Intensity 
Level on Judgment of "Tonal 
Range" and "Volume Level" 

STEPHEN E. STUNTZ` 

FOR MANY YEARS we have been aware 
that changes in the physical inten- 
sity of sounds are accompanied by 

changes in the subjective dimension 
which we call loudness. We also know 
that for the normal human listener 
these two quantities are not always 
linearly related. This becomes apparent 
when we stimulate the ear with pure 
tones at various frequencies, over a 
range of intensity- level. Figure 1 will 
illustrate this point. Here the data of 
Fletcher and Munson' are displayed in 
a form enabling us to make direct com- 
parisons between the loudness of a given 
frequency at several intensity- levels, or 
between the loudness of several fre- 

* Research Psychologist U.S.N. Medical 
Research Laboratory U.S.N. Submarine 
Base, New London, Conn. 

1H. Fletcher and W. A. Munson. Loud- 
ness, its definition, measurement and cal- 
culation. J. Acous. Soc. Am. S, 2, 82, 1933. 
Opinions and conclusions expressed in this 
paper are the author's own and do not 
reflect policies of the United States Navy. 

Responsibility for the contents of this 
paper rests upon the author, and state- 
ments contained herein are not binding 
upon the Audio Engineering Society. 

40 60 60 100 120 

INTENSITY 
Db ABOVE REFERENCE LEVEL 

Fg. 1. The loudness function, showing how 
sound intensity -level (reference 10 -" watt/ 
cm`( affects the loudness of pure tones at dif- 
ferent frequencies in the useful auditory spec- 

trum. Frequency is shown as parameter. 

A discussion of the wide variety of factors which influence 
the conclusions derived from listener preference tests. 

quencies at a single intensity- level. The 
scaling of the psychological dimension, 
loudness, in this figure follows the rec- 
ommendations of the American Stand- 
ards Association Committee on Acous- 
tical Measurements and Terminology2; 
the term "sone" is applied to the unit of 
loudness measurement according to a 
suggestion by Stevens.s Intensity -level 
is referred to the acoustical standard of 
10-18 watt per cm2. 

The curves shown here depict the 
growth of sensation magnitude with sig- 
nal intensity, at a variety of frequencies. 
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Fg. 2. An interpretation of the loudness fune- 
ton, showing how the over -all frequency -re- 
s onse of normal human hearing varies with 
the intensity -level of sound. Intensity -level is 

the parameter. 

They characterize the reactions of an 
average listener over the greater portion 
of the useful auditory spectrum. Several 
details are worth special attention : first, 
that although the growth of loudness is 
far more rapid at low (those below 200 
cps) than at high frequencies for ordi- 
nary intensity- levels, much greater in- 
tensity of sound is required at the low 
frequencies to initiate any sensation at 
all. Second, the rate of growth is not 
uniform for all frequencies until an in- 
tensity-level is reached approaching the 

' Proposed standards for noise measure- 
ment. J. Acous. Soc. Am. 5, 2, 109, 1933. 
' S. S. Stevens. A scale for the measure- 

ment of a psychological magnitude: loud- 
ness. Psychol. Rev. 43, 405, 1936. 
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Fig. 3. Response characteristics of Eisenberg 
and Chinn's electrical system, exclusive of 
loudspeaker, used in their study of preference 
for "tonal range" and "volume level." (Repro- 
duced from the Journal of Experimental Psy- 
chology, 1945, by permission of that Journal and 
of the American Psychological Association.) 

threshold of feeling, that is, non -audi- 
tory sensation. Third, the loudness of 
frequencies in the range 700 to 4000 cps 
seems to be affected by intensity 
changes least of all. It will be recalled 
that the normal human ear is most sensi- 
tive to this portion of the spectrum, 
often called the "middle range." Fourth 
and last, loudness shifts at the higher 
frequencies (around 10,000 cps), those 
with which we are often concerned in 
"high- fidelity" sound reproduction, are 
not greatly different from those of the 
middle frequencies. In summation, these 
curves suggest that the ear's frequency 
response is to a considerable extent di- 
rectly influenced by the intensity of 
stimulating sounds. 

Let us review this conclusion in more 
conventional terms. Figure 2, based on 
the same data as Fig. 1, shows directly 
how variations of intensity affect what 
might be called the normal listener's 
frequency response. The four intensity 
levels shown as parameters -50, 60, 70, 
and 75 db -were chosen on the basis of 
some experimental data which will be 
discussed subsequently. The implications 
of this figure are of considerable in- 
terest to the audio engineer. For one 
thing, the ear does n "t behave like the 
usual electroacoustic transducer, whose 
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frequency response remains relatively 
unchanged over a range of intensities 
limited at the upper extreme by the on- 
set of overloading. In this connection, it 
is noteworthy that the 75 -db intensity 
level is far below the ear's overload 
limit. Therefore, we cannot say that the 
apparent broadening of the flat top of 
the curve is necessarily related to over - 
excitation of the auditory mechanism. 
Another point of importance is that 
when we raise signal intensity from 50 

db to 75 db, we effectively add to the 
listener's range at 1 sone, or 1000 milli - 
sones, loudness, something over three 
octaves downward from 400 cps, Put 
another way, by raising the intensity- 
level from 50 db to 75 db, we render a 
125 -cps tone over 90 times louder for 
the average listener. By either state- 
ment, it is evident that a tremendous im- 
provement of the ear's effective bass 
response follows a rise in over -all signal 
intensity. To a somewhat lesser extent, 
the same is true at the treble end of the 
spectrum, as these curves suggest. It is 
expected that the 50 -db contour, if ex- 
tended, would intersect the 100 millisone 
(0.1 sone) loudness ordinate just below 
20,000 cps, or near the upper frequency 
limit of normal hearing. 

Listener Preferences 

Recently a number of experimenters 
have investigated the preference of lis- 
teners for various conditions of fre- 
quency range and intensity-level in the 
reproduction of music and speech. Of 
the several studies reported, the most ex- 
tensively documented appear to be 
Eisenberg and Chinn's* and Olson's.5 
In both of these experiments, it will be 
recalled, listeners were required to com- 
pare consecutive passages of musical se- 
lections played through adjustable fre- 
quency filters. In Eisenberg and Chinn's 
study, electrical filters were employed 
restricting the range at both ends simul- 
taneously. Figure 3 shows the three 
band -pass characteristics upon which 
their listeners based judgments of "tonal 
range" preference. The authors note 
that these curves apply only to the elec- 
trical portions of their apparatus; in dis- 
cussing their results, they imply that 
these curves also represent conditions in 
the acoustical field surrounding their 
listeners. It will also be recalled that 
Eisenberg and Chinn studied preference 
for program intensity- level, choosing 50, 
60, and 70 db as the three values for 
comparison. In one series of subexperi- 

' P. Eisenberg and H. A. Chinn. Tonal 
range and volume level preferences of broad- 
cast listeners. J. Exp. Psychol. 35, 5, 374, 
October 1945. 
' H. F. Olson. Frequency range pref- 

erences for speech and music. J..Acous. Soc. 
Am.19, 4, 549, July 1947. 
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ments, these three intensity- levels were 
combined with the three frequency pass - 
bands already described, and the listen- 
ers asked to state preference for the re- 
sultant condition of both "tonal range" 
and "volume level." As we have already 
seen, when a sufficient change in signal 
intensity occurs listeners will report an 
apparent change in frequency range 
even though no physical control of pass - 
band has been imposed. Now in the 
measurement of preferences, it is im- 

portant that the conditions serving as 
bases for judgment be clearly discrim- 
inable to the average observer. If the 
differences between them be discernible 
only by chance, then the observer is 

plainly handicapped in stating his pref- 
erence with certainty. Keeping this in 
mind, then, let us look at the effects of 
Eisenberg and Chinn's filters upon the 
auditory spectrum as perceived by an 
average observer under the three in- 
tensity- levels used. Returning to Fig. 2, 
we can estimate from the 50, 60, and 70 
db curves the perceptual results of sound 
transmission through a system nominally 
flat from 40 to 10,000 cps, corresponding 
to the "wide tonal range" of these ex- 
periments. Figure 4 shows the subjective 
effect of the "medium- tonal- range," that 
is, 60 to 6,000 cps, filtering; it will be 
noted that only at the "high volume 
level" do the restrictions at both high 
and low ends become noticeable. At the 
two lower levels, the observer would be 
expected to report mainly a change in 
highs as a result of filtering, but a varia- 
tion of both lows and highs would be 
reported as a result of the changes in 
level. Figure 5, showing the effects of 
"narrow- range," that is, 150 to 4,900 
cps, filtering, suggests an opposite con- 
clusion: here the greatest perceived dif- 
ferences occur at the low- frequency end 
as level is varied. Restriction at the high 
end is so severe that raising level from 
50 to 70 db expands subjective fre- 
quency range hardly more than half an 
octave upward at 1 sone loudness. Fig- 
ures 2, 4 and 5 indicate that a growth in 
the perceived range of frequencies prob- 
ably occurred independently of the band - 
pass controls imposed by means of fil- 
ters. 

In Figs. 6, 7 and 8 we can see the 
effects of filtering at any one of the 
three intensity- levels. Figure 6 suggests 
that at "high- volume level" the average 
listener would experience little difficulty 
discerning the shift from "wide" to "nar- 
row" ranges, that is, from band A to 
band C. Likewise, the shift from "me- 
dium" to "narrow", band B to band C, 
probably would be easily detected. How - 
evér, in comparisons of "wide" with 

Fig. 4. Subjective effect of Eisenberg and 
Chinn's "medium tonal range" filters at "high" 
(70 -db), "moderate" (60 -db), and "low" 150 - 
db) volume levels. Broken lines indicate cutoff 
effect of filters. Note the apparent ineffective- 

ness of high -pass filters at 50 and 60 db. 
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Fig. 5. Subjective effect of Eisenberg and 
Chinn's "narrow tonal range" filters at "high" 
(70 -db), "moderate" (60 -db) and "low" (50- 
db) volume levels. Broken lines indicate cutoff 
effect of filters. Note relative ineffectiveness 
of high -pass filter at 50 db, and slight effect 
on subjective bandwidth at high end caused 

by change in intensity -levels. 
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Fig. 6. Subjective effect of Eisenberg and 
Chinn's "wide," "medium" and "narrow tonal 
range" filters at 70 -db intensity-level ( "high 
volume level "). Broken lines indicate cutoff 

effect of filters. 

"medium ", that is, "A" with "B ", dis- 
crimination is likely to be uncertain, 
yielding statements of preference not ac- 
ceptably reliable. Figure 7 shows an ag- 
gravation of this difficulty, brought about 
by reducing intensity-level to 60 db. 
Here the three bands become more easily 
confused, although discrimination of 
"wide" (A) from "narrow" (C) might 
still be accomplished with better than 
chance success. Figure 8 presents a pic- 
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ture of potential confusion bordering on 
chaos. Here, at 50 db intensity- level, dif- 
ferential effects of high -pass filtering 
have almost disappeared. Any discrim- 
ination among the three bands must be 
made on the basis of changes at the high 
end alone. Since there is relatively little 
difference between "narrow" (C) and 
"medium" (B) for the listener (perhaps 
one -third of an octave above 5,000 cps 
at 1 sone loudness), we would anticipate 
largely unreliable judgments of prefer- 
ence for one or the other. However, the 
subjective difference between "wide" 
(A) and "narrow" (C) is more evident, 
and likely would produce more satisfac- 
tory indications of preference. 

In the experiments conducted by Ol- 
son, intensity -level was maintained at 75 
db throughout, and but two frequency- 
range conditions were compared -unre- 
stricted bandwidth, and a nominal 5,000 
cps low -pass. Figure 9 shows the phys- 
ical effect of the frequency -range con- 
trols imposed in this experiment, while 
Fig. 10 represents the subjective effect 
of these controls. Observe that at the 
high frequency end this curve compares 
favorably with that for Eisenberg and 
Chinn's "narrow range" at 70 db (Fig. 
6, curve C), while the curve represent- 
ing the effect of Olson's unrestricted 
condition closely resembles Eisenberg 
and Chinn's "wide -range" curve at 
"high volume level" (Fig. 2, 70 db). 
From these observations we might infer 
that as far as the high- frequency end of 
the range is concerned, there was little 
difference between the discrimination 
task presented Olson's listeners and that 
confronting Eisenberg and Chinn's. 
Also, we may predict that Olson's two 
passbands should be easily discriminable 
on the basis of their subjective differ- 
ences, and therefore give rise to highly 
reliable estimates of preference for one 
or the other. 

Analysis of Tests 

The published results of the two 
studies cited here have been analyzed 
for the purpose of estimating the relia- 
bility of preferences indicated by the lis- 
teners. The results of this analysis are 
shown in Table I. Only the preferences 
of the "cross- section ", or unspecialized, 
listeners are treated, on the grounds that 
they are more representative of the gen- 
eral population than would be the judg- 
ments of, say, professional musicians, 
high -fidelity enthusiasts, audio engi- 
neers, or other specialists. This table 
summarizes only the testing in which 
music was used. It lists the preference- 
statements of whose occurrence we can 
be reasonably sure 99 or more times out 
of 100 ( ".01 level of confidence "). 

Fig. 7. Subjective effect of Eisenberg and 
Chinn's "wide," "medium" and "narrow tonal 
range" filters at 60 -db intensity -level ( "mod- 
erate volume level "). Broken lines indicate 

cutoff effect of filters. 
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Fig. 8. Subjective effect of Eisenberg and 
Chinn's "wide," "medium" and "narrow tonal 
range" filters at 50 -db intensity -level ( "low 
volume level "). Broken lines indicate cutoff 

effect of filters. 
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Fig. 9. Approximate response characteristic of 
acoustical filter system used in Olson's study 
of preference for frequency range, showing 
acoustical cutoff of "5000 -cps" low -pass 

filter. 
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Fig. 10. Subjective effect of Olson's "wide ' 

and "narrow frequency range" filters at 75 -db 
in ity- level. Broken line shows cutoff effect 
due to filter. Note similarity between this low - 
pass cutoff effect and that of Eisenberg and 
Chinn's "narrow tonal range" at "high volume 

level" (70 -db curve, Fig. 5). 

Eisenberg and Chinn's preferred com- 
binations of "tonal range" and "volume 
level" appear in the left-hand columns. 
From their results as here interpreted, 
there emerge two facts of considerable 
importance. First, out of the twenty 
combinations of band -pass filtering, in- 
tensity- level, and musical content which 
their listeners were asked to evaluate, 
only the nine shown here appear to have 
produced adequately reliable statements 
of preference. This suggests that in the 
remaining eleven, judgment was com- 
plicated by inadequate discriminability 
of the conditions offered for comparison, 
due either to the effects of/combining 
frequency -range and intensity- level, or 
to failure of the musical samples to suf- 
ficiently occupy the portions of spectrum 
studied.° The second important point is 
indicated by the asterisks appearing in 
the left -hand column of the upper table. 
Five out of nine of the reliably preferred 
combinations yield passbands which are 
subjectively broader than their non -pre- 
ferred counterparts, although by phys- 
ical definition they are narrower. To 
some extent, the authors may have been 
aware of this apparent anomaly, for 
they conclude that "the most reliable 
judgments were made when both tonal 
range and volume level were varied."' 
However, the findings reported here 
strongly suggest that their prime con- 
clusion, "listeners prefer either a narrow 
or medium tonal range to a wide one," 
may deserve careful reviewing. Sub- 
mitting the results of Olson to similar 
analysis, we do not find evidence of such 
contaminating factors. (Table I) Evi- 
dently the passbands and intensity -level 
used so unequivocally structured the 
judgmental situation, and were so oc- 
cupied by the spectra of the musical 
samples chosen, that his listeners could 
make their choices relatively unhamp- 
ered by doubt. All of the judgments 
rendered by his unselected listeners meet 
the criterion for reliability, and defi- 
nitely favor wide -passband transmission 
over narrow. 

If the preceding arguments be ac- 
[Continued on page 26] 

° In designing tests of this sort, one must 
be aware that a mere statement of the range 
of frequencies which his apparatus will 
transmit is insufficient evidence that this 
range was actually occupied by the sound 
on which the listeners had to base their 
preferences. Neither of the studies reviewed 
in this paper makes any direct mention of 
the frequency content of the program mate- 
rial used. Some sort of spectral analysis is 
plainly required in order to demonstrate 
the physical effect of the frequency -re- 
stricting controls imposed. 

T Ibid., p. 390. 
° Loc. cit. 
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Phono Facts 
MAXIMILIAN WEIL 

A compilation of 74 simple pointers which serve as a complete training course for 
the person who is confronted with the problem of selecting phonograph equipment. 

OF THE HUNDREDS of letters received 
from day to day by the writer, it is 
astonishing to find that such a large 

percentage are from readers of this maga- 
zine. It is astonishing because many of these 
readers are in no way connected with the 
field of electronics, but they have gained a 
good understanding of audio equipment and 
are more critical in selection of apparatus. 

Of the many questions in the field of 
sound reproduction that such letters con- 
tain, the most frequent ones are answered 
here. 

It was back about 1935 that "high fidelity" 
became the talk of the industry. At that 
time, the R.M.A. issued a definition of high 
fidelity as- "equipment capable of repro- 
ducing frequencies to 7,500 cps or over." 
This was most unfortunate, as it made 
wide range and high fidelity synonymous. 
Since then, audio equipment has been built 
to kilocycles and more kilocycles. 

On the one hand, the purchaser buys a 
high -fidelity audio system inthe belief that 
the performance will be, as claimed, one 
of fidelity. That, to the purchaser, means 
faithful reproduction. To the technician, 
on the other hand, it means wide frequency 
range in most cases. 

According to the above definition, the 
technician is not misrepresenting, if the 
audio system is capable of reproducing a 
wide frequency range. At the same time, 
however, the purchaser is in firm belief 
that he is buying faithful reproduction. Ac- 
cordingly, the deal is a sort of legal fraud, 
with both parties innocent of it. 

Let us cite a few actual cases : 

Mr. Smith, who had just bought a high - 
fidelity audio system on sales talk such as 
"crisp," "sharp as a, razor," "you can hear 
the resin on the bow," etc., is much dis- 
appointed and disillusioned. 

Says Mr. Smith, "It sounds very un- 
pleasant. I decided to check up and went to 
a concert. At the actual concert, the music 
I heard was not 'crisp,' not 'sharp as a 
razor,' I didn't hear the resin on the bow 
and, what's more, I didn't want to." Smith 
then puts the treble -control to work, cutting 
off a lot of kilocycles for which he paid 
that extra money. 

Take the case of Mr. Newman, who 
just paid over $650.00 for a high -fidelity 
system. He is disappointed and complains. 
The seller answers, "This is 'high fidelity', 
you must become used to it ...." Mr. 
Newman says, "That's nonsense, no one has 
to get used to it when at an actual concert 
and that is the real thing, Mr. High Fidelity 
himself." 

The term high fidelity, as used in con- 
nection with audio apparatus, has always 
seemed to me unfortunate. Why high fidel- 
ity ? Sounds very much like the man who 
keeps emphasizing that he is highly honest 
-as though there were different degrees 
of honesty. 

Here is a quick test : Compare two pick- 
ups A and B of different make but whose 
wide -frequency characteristics are sub- 

eAudak Company, 500 Fifth Ave., New 
York 18, N. Y. 

stantially the same. One will be found to 
perform with fidelity, with pleasing musical 
quality while the other will be harsh, stri- 
dent, shrill. Yet, both have the same range. 

It is now generally conceded that mere 
extension of frequency range does not, by 
itself, result in faithful reproduction. 

The interchangeable use of high fidelity 
and wide frequency range is probably rooted 
deeply by now. However, for the good of the 
audio industry, high fidelity should be re- 
defined in order to stop continued mis- 
understanding. 

Pickup Pointers 

1. Of two singers covering the same range 
-each capable of reaching "High C" -one 

Fig. 1. One of the latest developments in 
acoustic tone -arms -that used on the Ortho- 

phonic instruments of the mid -twenties. 

may be pleasing, the other just the reverse. 
With reproducers of different design, both 
wide -range, one will be pleasing, the other 
harsh. 

2. Most critical factor in a reproducer 
is vibratory momentum. 

3. The larger the vibrating mass, the 
greater the vibratory momentum. 

4. At the comparatively low frequency 
of 1,000 cps, the vibrating mass has to make 
2.000 reversals per second -a terrific rate. 
But, before it can reverse in direction, 
it has to come to a stop, and the record 
groove does the stopping. 

5. Obviously, the tinier the vibrating 
mass, the easier and cleaner the reversal 
and the less the "hangover." 

6. Hangover causes the worst type of 
distortion. 

7. Needle radiation is caused by stylus 
itself acting as a diaphragm. However, 
such radiation is very small and can be 
heard only when very near to it. Hold a 
steel needle, loosely, between thumb and 
forefinger, play it on a 78 r.p.m. record. 
The sound heard will be due to needle 
radiation. 

8. Needle talk or needle noise is due to 
three factors: 

a. Heavy vibrating mass. 
b. Lack of sufficient lateral compliance. 
c. Lack of sufficient vertical compliance. 

9. Needle noise is produced by stylus 
stiffness or heavy vibrating mass, or both, 
forcing the record itself to act as a dia- 

10. Needle noise is annoying when the 
record player is in the same room with the 

Fig. 2. Early commercial magnetic pickup, show- 
ing similarity in construction to acoustic model. 

listener. However, the seriousness of needle 
noise is in the damage inflicted on the 
record groove by the factors which cause 
the noise. 

11. The constant, inexorable pounding of 
the groove walls will soon show itself in 
increased distortion and gradual destruc- 
tion of the disc. 

12. A practical way to judge reproducer 
compliance is by listening for needle -noise 
from across the room, when playing a 
78- r.p.m. record. 

13. The greater the needle- noise, the 
greater the lack of compliance or the larger 
the vibrating mass -or both. 

14. High vertical compliance is as im- 
portant as is high lateral compliance. 

15. Lack of sufficient vertical compliance 
greatly accelerates groove erosion. 

16. Twice during each cycle the stylus hits 
a constricted part of the groove (pinch 
effect) with a terrific "bang." The effect 
of this is similar to what happens when the 
dangling chain on the rear of truck bounces 
along the pavement. 

17. The reproducer must be designed so 
as not to permit frontal oscillations -to 
and fro movement of the stylus. 

18. When a reproducer possesses the de- 
sired vertical compliance, it is important 
that it be so designed as not to permit 
vertical generation. Such generation in- 
troduces second harmonic and vertical - 
noise distortion. 

19. For the compliance to be effective, 
the lateral compliance of the tone -arm 
should be at least equal to the lateral com- 
pliance of the reproducer. 

20. Science knows of no way to determine 
the musical quality of a pickup. As with 
musical instruments, it must be put to the 
only test that really matters ... listening. 

21. Frequency curves and other technical 
impedimenta are necessary guides in the 
laboratory. However, the important fact is 
that the ear is the absolute and final judge 
of musical quality. 

22. The higher the quality of the pickup, 
the more important is correct matching. 

23. In general, the higher the quality of 
a pickup, the lower the output. 

24. Reproducing sound from disc is based 
on solid mechanical coupling between 
stylus -point and groove -not mere touch, 
but solid coupling. 

25. Most popular is the belief that the 
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lighter the needle force, the lower the 
record -wear. In general, this is so down to 
a certain point. Reducing the needle force 
below that critical point will wear the 
record faster. 

26. Even with infinite compliance, there 
is a definite downward limit to which the 
needle force can be reduced. This downward 
limit is determined by the point at which 
"groove skating" begins. 

27. Reducing the needle force to the 
point of groove skating will result in dis- 
tortion, and will damage the record rather 
than preserve it. 

28. Tests show that as a factor in record - 
wear, vibratory- momentum ranks as number 
one. It is even more destructive than a too 
low needle force. 

29. In general, the pickup with the lowest 
vibratory -momentum will have the lowest 
distortion and the least record -wear, other 
things being equal. 

STYLUS 

Much has been written on the subject 
of styli the past few years. Twelve years 
ago, there was an organized effort put be- 
hind the sale of "permanent" points 
(jewels) for use with pickups then in the 
homes. At that time the writer stated .... 

"It is safe to say that more than 90 per cent 
of the pickups now in use will not work prop- 
erly w,th a jewel- point. Any attempt to use 
a jewel -point with such pickups will result in 
serious Injury to the record. 

This was an understatement, if anything. 
Yet, thousands of jewel -points were sold for 
use with such pickups (needle force 
to % pound), ruining hundreds of thousands 
of discs. These styli were sold for as high 
as $50.00 each, net. 

About four years ago, in an attempt to 
post the unsuspecting buyer, the writer 
decided on a lone crusade against the un- 
scrupulous sale of "permanent" points. For 
several weeks, advertisements were run in 
22 of the leading newspapers throughout 
the country. The cost of this campaign 
added up to a substantial figure. Apparently 
someone was being hurt by this campaign, 
for in October, 1949, the Federal Trade 
Commission called on the writer for details 
and explanations of the facts on which this 
campaign was based. 

Some months later, the Commission 
issued injunctions ordering the vendors of 
jewel points to desist from making any 
further claims as to the number of plays, 
etc. 

Stylus Pointers 

30. How many records can be played with 
a given jewel point? This is one of the 
most frequently asked questions. Figures 
ranging from 2,500, 5,000, and even 10,000 
plays have appeared in sales literature. 

This is an important question and cannot 
be answered directly. It is like asking "How 
many miles of wear can be obtained out of 
a pair of shoes ?" It will depend on the kind 
of shoes they are, of course, the weight of 
the person wearing them, the nature of the 
walk and -most important -the nature of 
the ground walked upon, such as gravel, 
concrete, grass, etc. 

The number of plays obtainable from 
any jewel point depends on the kind of 
jewel and on the needle force. It further 
depends a great deal on the reproducer with 
which the stylus is used, the arm structure, 
and the nature of the material of which the 
record is made -this latter being especially 
important. 

31. A jewel point that is good for 184 
hours play in one case may last only half 
that time or even less, when used with a 

Fig. 3. Modern high - 

q u a l i t y magnetic 
pickup which pro- 
vides for playing of 
two different groove 
widths with a needle 
force of 6 to 8 grams. 

different reproducer, different arm, different 
discs, etc. 

32. It is important for the stylus point 
to have correct radius for the particular use 
intended. For LP discs, a radius of .001 in. 
will give the best results ; for 78 r.p.m. 
records, a radius of .0028 to .003 will give 
best results. 

33. It is highly important for the stylus 
point to have the greatest degree of polish 
the particular jewel is capable of acquiring. 

34. The included angle should be between 
45 and 50 degrees. 

35. With the advent of pickups with a 
needle force of 12 grams or less, the dia- 
mond has come to the fore as a desirable 
stylus. 

36. The use of sapphire or diamond must 
be decided for each particular case. Each 
has some advantage over the other. 

37. The natural sapphire is capable of 
acquiring extremely high polish. 

38. The National Bureau of Standards 
rates the diamond as 4% times as hard 
as the natural sapphire. 

39. A diamond point will last longer than 
a sapphire point. However, no jewel point 
is permanent, be it diamond or sapphire. 
Therefore, periodic replacement is neces- 
sary for good reproduction and if the discs 
themselves are to be preserved. 

40. A diamond is good for many more 
plays than a sapphire. However, there is 
no difference in the actual musical results, 
everything else being equal. 

41. The musical performance with a com- 
promise stylus -point will be -just as the 
name implies -a compromise, at best. 

42. In the case of stylus -assemblies, the 
mounting of the jewel is but a small part 
of the procedure. The complete stylus as- 
sembly must then be laboratory calibrated 
for proper frequency response, etc. 

43. How does the user know when to 
change the stylus? This is a question that 
keeps coming up over and over again. Here 
is a quick and simple method that will give 
a positive indication of the stylus condition: 
Obtain a lacquer disc with unmodulated grooves cut on both sides of it-one side for a 3 -mil stylus and on the other for a 1 -mil stylus. Both types of grooves may be on one side of the disc. When- 
ever in doubt, play two or three grooves on this 
disc. If the stylus leaves the grooves unchanged 
in luster and smoothness, you may be sure it is 
in good condition. If, however, the groove walls 
show score marks or any other difference when 
compared with the unplayed grooves, you will 
know that the stylus needs replacement. An ordin- 
nary magnifying glass will be of assistance. 

This method is simplicity itself. It does 
not require dismounting of the pickup or 
removal of the stylus. It actually demon- 
strates itself. 

TONE -ARM 
In the old acoustic phonograph, the tone - 

arm had several highly important functions 
to perform. It was the connecting link be- 
tween the reproducer ( "sound- box ") and 
the horn. This linkage had to provide lateral 
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and vertical movements for the arm. At 
the same time these linkages had to be 
fairly air- tight. The tone -arm had to trans- 
mit the total acoustic energy generated by 
the reproducer diaphagm. It had to act as 
an acoustic pre -amplifier and it had to 
maintain a pre -determined relation between 
stylus and record groove. 

Arm resonance -the great destroyer of 
record grooves -is observed only when 
sufficient initial exciting energy at the criti- 
cal frequency is transmitted to the arm. 

The stylus in the acoustic reproducer 
possessed great stiffness -very, very low 
compliance -and transmitted to the arm a 
large percentage of the stylus -generated 
vibratory energy. To avoid devastating 
resonance, damping was introduced between 
the reproducer and the arm to minimize 
exciter -energy from reaching the arm. 

Tone Arm Pointers 

44. In electronic sound reproduction, the 
arm has only one function -to maintain 
the stylus in a pre- determined relation to 
the record grooves. 

45. The arm structure and assembly 
should be such as to introduce no restraint 
to the free travel of the stylus across the 
disc. 

46. The greater the length of the arm, 
the better. 

47. The greater the distance between 
stylus -point and the vertical pivots, the 
smaller the change in the angle of incidence 
between stylus and record groove. 

48. The greater the distance between 
stylus and vertical pivots, the less the pitch - 
distortion due to turntable wobble, record 
warpage, etc. 

49. Up and down movements due to 
pinch effect and small record surface ir- regularities, as well as minor eccentricity, 
should be absorbed by the vertical com- 
pliance of the stylus itself. A stylus capable 
of absorbing such movements frees the 
record from having to lift the total mass 
of the reproducer, practically eliminating 
record wear caused by this action. This is 
highly important because, no matter how 
light the reproducer, its total mass is con- 
siderable when compared to the tiny stylus 
point. 

50. Since the tone arm guides the repro- 
ducer across the disc, it is important that 
the lateral arm compliance be at least 
equal to the compliance of the reproducer. 

51. Where spring counterbalance is used, 
it should be checked periodically, prefer- 
ably seasonally. This is an important factor 
with a highly -sensitized reproducer working 
with a needle force of 10 grams or less. 
A tiny variation of 4 or 5 grams means a 
variation of 50 per cent, resulting in groove 
skating and distortion. 

52. For obvious reasons, the simpler the 
arm and the fewer the component parts, 
the better. 

[Continued on page 34] 
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Small electro- acoustic laboratories are 
incomplete without several instru- 
ments which will serve a variety of 

uses. Sometimes a pre -amplifier is re- 
quired which will add no significant 
distortion or noise; sometimes it is 
necessary to measure sound level or 
power output, or to run a curve on a 
new loudspeaker or pickup cartridge. 
In the home, we may wish to listen to 
records through a good pair of head- 
phones without disturbing other mem- 
bers of the family. 

About a year ago, an amplifier was 
designed for just such a variety of uses, 
and built from parts taken from an over- 
stuffed "junk- box." Compromises which 
might interfere with the optimum per- Chicago 
formance of any of these functions were 
not made. This amplifier has been used 
as: 

Versatile Amplifier 
from Junk -Box Parts 

CURTISS R. SCHAFER 

Construction details for a unit which will find myriad 
uses in laboratories, shops, and in industrial plants 
which are involved with audio and acoustical 

equipment. 

TABLE I 

TUBE and TRANSFORMER SUBSTITUTIONS 

V,, V_ 

V, 
V. 
V:, 

T 

ADC 

6J7, 6SJ7,6AU6, 5879 
Triode -connected 1603, 6J7, 6SJ7, 1620, 6AU6, 5879 
6X5, 6X4; 5Y3 if 5 -v. fil. winding is available on T, 
0C3. VR105, OB2 
615, 6C4 
Triode- connected 617, 6SJ7, 6AU6, 5879 

T, T T. 

A-1921 

1. A wide -range, low -noise pre -amplifier, 
from 25 -ohm, 600 -ohm, or high -impedance 
sources into 600- and 50 -ohm loads. 

2. A VU and db meter, with or without 
amplification. 

3. A sound -level and sound- pressure 
meter. In the former application, it was 
used with a good microphone and ASA 
weighting networks' In the latter, a small 
condenser microphone and Sanborn ampli- 
fier were fed into the high -impedance input 
of this amplifier, and the combination used 
to measure the radiation patterns and 
single- frequency efficiencies of loudspeakers. 
(The super- high -fidelity gang may be in- 
terested to know that the W.E. 640 -A 
makes an excellent tweeter which is very 
cleán right up to 100 kc.) 

4. An ideal setup for auditioning records, 
and monitoring the cutting of acetate tran- 
scriptions. It is used with the W.E. 71I -A 
moving -coil headphones shown; these 
phones, incidentally, were not out of the 
junk -box but were selected for their low 
distortion, excellent transient response, and 
the absence of peaks in their frequency 
response curve.' 

5. A pure -tone audiometer in conjunction 
with a good oscillator and the 711 -A 
phones, and a speech -tone audiometer with 
speech -test records. 

6. A sensitive, logarithmic vacuum -tube 

[Continued on page 26] 

Route 4, Ridgefield, Conn. 
' Leo L. Beranek: "Acoustic Measure- 

ments ;" Wiley, 1949, pp 224-9. 
2 Wente and Thuras; Moving -coil tele- 

phone receivers and microphones; Bell Sys. 
Tech. 1., Oct. 1931, pp 565 -576. Also J. 
"Icons. Soc. Ann., July 1931, pp 44-55. 
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BI-1 BO-1 

L L 

BO -1 PCC -85 

Peerless K-251-Q S-215-Q S-215-Q R-400-A 

Stancor HF-20 WF-34 WF-34 P-4079 

Thordarson T-20A05 T-22R32 T-9009 

Triad HS-1 HS-50 HS-50 R-11A 

RC- 1585 

C-305-A 

C-1420 
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Fig. 2. Overall schematic of the amplifier described. Refer to Table I for list of substitut 
transformers and tubes which may be employed in this unit. 
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Fifteen years ago the now famous Nola Recording 
Studios opened for business with a hope, a prayer... 
and one early model Presto recorder. Today the 
New York studios occupy 40,000 feet of space 
including an entire floor in one of Broadway's 
good size office buildings and a branch studio in 
Steinway Hall. From nine in the morning until after 
midnight the outstanding stars of show business 
parade through the studios and record their talents on 
a battery of Presto machines. 

Studio Manager 
Tom Nola impressed 
with Presto's quality 

performance under 
heavy schedule 

wherever you go 

there's PRESTO 

I 

The basic equipment used includes Presto 14-B 
disc machines, Presto 92 -A recording amplifiers 
and Presto 41 -A limiting amplifiers. For playback 
purposes and re- recording, Presto 64 -A transcription 
turntables are employed, while Presto "Green 
Label" discs are standard equipment also. Says 
Manager Nola, "The faultless performance 
of all our Presto equipment which is in use almost 
continuously has been a big factor in our growth 
and success. That's why we're a Presto studio." 

J J RECORDING CORPORATION 
PARAMUS, NEW JERSEY MAILING ADDRESS: BOX 500, HACKENSACK, N. J. 

IN CANADA: Wolter P. Downs, Ltd., Dominion Sq. Bldg., Montreal, Quebec OVERSEAS: M Simons & Son Co., Inc., 25 Warren Street, New York, N. Y. 
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EDWARD TATNALL CANBY 

With a Tight Skirt 
THE INTERMITTENT SERIES of ruminations 

in this space upon problems of after -the 
loudspeaker reproduction has brought in 

more correspondence (and more ideas per 
page) than any other subject I've tackled - 
except perhaps the now very dead issue of 
"fuzziness" in LP's. It would seem to me 
that the final acoustical phase of sound re- 
production is an area which, in comparison 
with the treatment of all other phases, is still 
in its infancy, and this in spite of innumera- 
ble studies in the past and innumerable offi- 
cial and unofficial investigations now ramp- 
ant. Things are just beginning to warm up. 
We have concrete and basic improvements 
already available in the spreading number of 
variously hornloaded and corner -mounted 
speaker enclosures -improvements that are 
as basic, I'd say, as the introduction of the 
magnetic pickup or the PM speaker to gen- 
eral home use. Yet in these latter cases there 
is not too much left to do, relatively speak- 
ing; more polishing, more perfection in de- 
tail perhaps. Whereas the post- speaker con- 
trol of sound is still wide open, and a thou- 
sand and one ideas are floating about 
energetically, from holes in walls to foun- 
tains and columns of sound and what -not. 

We are far from the end, I repeat, in the 
way of post- speaker theory and practice. 
Corner mounting has become semi- universal 
amongst high -quality -audio fans, and the 
results, even without horns, are excellent - 
due largely to post- speaker acoustical ef- 
fects. Systems of reflection, replacing the 
time honored point source, are now be- 
coming widely desirable in the hi -fi man's 
realm -and reflection is strictly a post - 
speaker affair. What next? 

A Room for the Speaker 

I don't think it is too much to suggest 
that we should now seriously consider our 
listening rooms as a vital part of our re- 
production chain, subject to design and 
adaptation with good sound in view. There 
have been living rooms built around a 
speaker. There should be more. A mammoth 
device such as the larger horn -loaded 
systems positively requires an adequately 
large and rightly designed room with the 
proper liveness in order to function at all 
-nothing is more preposterous than one 

279 W. 4th St., New York 14, N. Y. 

ut these elephantine bass -producers situated 
in a small apartment, where a complex of 
unendurable standing waves and too -close 
reflections makes hash of good music. 

A correspondent -to touch on another 
angle- suggests what has often occurred 
to me as an interesting possibility in the 
quest for realism; make your recording 
dead, as dead as possible; then play it in 
the proper acoustical conditions to produce 
a real binaural -style liveness through 
multiple reflection in the listening room. 
Only trouble with this is, of course, one 
would have to have a different room for 
every type of music, from solo to full 
orchestra! At least it theoretically solves 
the endless problems of double liveness -in 
the recording and in the reproduction -a 
problem that is far greater in practice than 
most of us have been willing to admit. 

Space vs. Baas 

One more line of thought before I stop. 
The only thing that has seemed even more 
impractical than designing an ideal room 
around a speaker has been the designing 
of an ideal enclosure -from the wife's view- 
point- around the same speaker ; i.e., an 
enclosure somewhat less bulky than an 
automobile crate, preferably the size of a 
hat box. Everything else can be miniature 
and hi -fi too (except perhaps the output 
transformer and even that isn't big ; it's 
just heavy). But speaker mounting ? Not a 
thing you can do, and have all the bass 
too, we are told. 

However, the newer types of enclosure 
have started off a lot of experiment in 
space -work. The heavy box full of plain air 
is already on the way out in favor of in- 
geniously folded and flared horns, bettering 
the space-vs.-bass ratio by quite a bit, 
getting a lot better distribution of sound 
source too. But more is in the wind than 
this, judging from some breath -taking ex- 
periments I've been allowed to look at and 
listen to lately. More later, when things 
ripen -but I'll drop this much to tantalize 
you. How about a speaker system (two - 
way) with smooth bass radiation down be- 
low virtually all present 15 -in. fancy en- 
closures, one on which your wife can sit 
down gracefully with a tight skirt? I've 

[Continued on page 30] 

Pops 
RUDO S. GLOBUS 

NOW THE POSSESSOR of a brand -new 
house and a brand -new TV monster, 
I am entitled to take a crack at a pops 

problem which is brand -new and covers an 
area which transcends, at points, both pops 
and pop recordings. However, in a devious 
way, it leads back to the subject matter of 
this column, revealing some hitherto ob- 
vious elements in the pop industry. 

I am appalled at video audio (I like the 
rhyme of video audio, but not the thing it- 
self). My major brand set (it came with the 
house) features an audio circuit which 
makes a scrap heap look like a Rolls Royce. 
Despite this melange of audio crudities, the 
stuff that is fed into it makes my blood run 
cold. It is not within my province to deal 
with the actual pickup at the studio (al- 
though I would fondly cherish the chastise- 
ment of the engineers on a lot of video 
dates). I am rather concerned with the 
kind of musical organization that is making 
its fiendish tradition a hallmark of video 
pops. Where the freaks who play these 
dates are found, I don't know... or rather, 
to be perfectly frank about it, I do know. 
I have watched and listened to scores of 
budding vocalists cringing under the impact 
of accompaniments which are in the wrong 
key, off -beat, and playing an approximation 
of the harmonic progressions that are sup- 
posed to go with the numbers. Clinkers, 
simple and pure mistakes, basic inability 

. all are characteristic of the major 
musical combinations that video has resusci- 
tated from the musicians' junk heap. 

One of the explanations involves the use 
of doublers to excess. The doubler, a par- 
ticular freak of our freaky age, is a guy 
who plays anywhere from two to twenty 
instruments badly. His questionable skill 
as a jack of all trades allows for obvious 
economies (the usual, why hire thirty men 
when five will do ?). 

[Continued on page 31] 

15 Palm Lane, Westbury, L. I., N. Y. 
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oieutr011Ìu 

that's what the man sag.... 

One single magnetic unit plays all home 
records- Sapphire or Diamond styli. 
Special models for radio stations, in- 

cluding a Vertical -Lateral unit. 

AUDIO ENGINEERING JUNE, 1951 

. thanks for shipping the stylus. It 
is now in use, and serves as a constant 
reminder of the electronic magic . 
wrought in the POLYPHASE pickup. I 
am gratified, but not surprised. Mr. 
Weil's sensible views on sound reproduc- 
tion, quoted in April "Atlantic Monthly ", 
lead one to expect . . . artistically sat- 
isfying music, which one actually gets 
from POLYPHASE . it is refreshing 
to possess at least ONE unit designed 
with more than electrical efficiency in 
mind." 

FROM A LETTER 

A minx 
POLYP HA S E 

reproducers 
The Standard by which Others 

are Judged and Valued" 

have won the acclaim of thousands 
of users everywhere -Never before 
such EAR -QUALITY, such FAITH. 
FUL REPRODUCTION but . . . 

after all the reams are written 
about kilocycles and other labora- 
tory data -when the chips are 
down -you and only you can de- 
cide what sounds best and most 
pleasing to your ears. Therefore ... SEE and HEAR POLYPHASE 
-and you be the judge. 

Available with the new Compass -pivoted 
Audax Arms and for Record Changers. 

Write for editorial reprint 
on POLYPHASE principles 

AU11:1K COMPANY 
500 Fifth Avenue New York 18 

"Craters of Fine Electro -Acoustical Apparatus 
for Over 25 Years" 
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SOUND INTENSITY LEVEL [from page 28] 

TABLE I 

Tonal Range Volume Level Preferences Significant at or Above 
.01 Level of Confidence 

From data of Eisenberg and Chinn 119451: unselected listeners 
PREFERRED COMBINATION 

TONAL 
RANGE 

VOLUME 
LEVEL 

TONAL 
RANCE 

VOLUME 
LEVEL 

MUSIC 
TYPE 

° Narrow Moderate Wide Low Classical 
Narrow Moderate Wide High Classical 
Narrow Moderate Wide High Popular 
Narrow Moderate Wide High Light Classical 

a Narrow High Wide Moderate Classical 
° Wide Moderate Wide Low Classical 
° Narrow Moderate Narrow Low Classical 
* Wide 

Narrow 
High 

Moderate 
Wide 
Narrow 

Moderate 
High 

Classical 
Classical 

* Range -level combination which 
combination. 

gives subjectively greater frequency passband than non -preferred 

From data of Olson 11947) . Unselected listeners 
PREFERRED 

FREQUENCY RANGE 

Wide 
Wide 

TYPE OF 
MUSIC 

Popular 
Semiclassical 

VERSATILE AMPLIFIER 
[from page 22] 

voltmeter for running frequency response 
curves on amplifiers, pickup cartridges, and 
microphones.' 

Description 

Basically, the unit consists of a stable 
amplifier plus a standard VU meter with 
scale "A ". This combination may seem 
to resemble an existing vtvm which in- 
corporates a logarithmic pole- shaped 
meter, but it has several advantages 
which are important in electro- acoustic 
work. First, a balanced full -wave recti- 
fier is required if a true indication is to 
be obtained from an unsymmetrical 
speech wave. Most speech and music 
waves are unsymmetrical, and if a full - 
wave rectifier is not used, reversals of 
the leads to the meter will give alter- 
nately higher and lower readings, neither 
of which is the true one. 

Second, phase distortion in an ampli- 
fier, microphone, or phonograph pickup, 
although slight, will change the wave 
shape of peaks in the program material, 
and cause serious errors if the rectifier 
is not of the root- mean -square type. 
(Most commercial vtvm's are calibrated 
in r.m.s. scales but actually indicate peak 
voltages.) 

Third, the dynamic characteristics of 
this VU meter permit accurate and 
standard- method monitoring of speech 
and music. The meter has been discussed 
in detail in two earlier papers. * s The 

s Wente and Thuras: High efficiency re- 
ceiver of large power capacity; Bell Sys. 
Tech. J., Jan. 1928, pp 140 -153. 

*Chinn, Gannett, and Morris : A new 
standard volume indicator and reference 
level; Proc. I. R. E., Jan. 1940, pp 1 -17. 

s Affel, Chinn, and Morris: A new "VI" 
and reference level; Electronics, Feb. 1939. 

traditional temperature errors of copper 
oxide rectifiers are here reduced to a 
maximum variation of 0.1 db. for tem- 
peratures between 50° and 120° F. The 
harmonic distortion introduced by 
bridging the meter across a 600 -ohm 
line is less than 0.2 per cent r.m.s. The 
frequency characteristic is uniform 
within 0.5 db from 25 to 16,000 cps. The 
scale zero is equivalent to a steady sine - 
wave input of 1.228 volt r.m.s. applied 
through 3600 ohms in series with the 
meter. This represents 4 db above a ref - 
rence level of 1 mw in 600 ohms. 

With regard to noise and microphon- 
ism, type 1603 tubes still compare favor- 
ably with anything of later vintage, and 
they are used here in the first and sec- 
ond stages. A W.E. 262B was selected 
for the third stage principally because 
the ADC 1921 transformer was designed 
to work out of this tube. A parallel out- 
put tube, the 76, feeds the phones. Table 
I shows possible substitutions for tubes 
and transformers. 

The two pairs of binding posts at the 
left edge of the panel are the high -im- 
pedance and 600 -ohm inputs, either of 
which may be selected by the switch in 
the upper left corner. The 25 -ohm ter- 
minals are intended for the low -im- 
pedance dynamic microphone which is 
used with this amplifier, and these ter- 
minals are in a microphone input re- 
ceptacle on the left side of the chassis. 

The 711 -A phones, of 50 ohms im- 
pedance, may be plugged into the pair of 
binding posts at the lower right. The 
upper two pairs permit connection to the 
output of the amplifier, either with or 
without the VU meter, or the use of the 
VU meter alone for power level meas- 

ceptable, then we may postulate a con- 
siderable similarity between the results 
of Eisenberg and Chinn and those of Ol- 
son. This similarity would be even more 
apparent, we might predict, had certain 
of the physical controls of Eisenberg and 
Chinn been more rigorously applied. 

ADDENDUM 

It is often observed that the disagreement 
between Olson's and Eisenberg and Chinn's 
results is due to a possible inherent differ- 
ence between listening to music transmitted 
acoustically direct from its original source 
and listening to the same sounds played 
through a reproducing system. Up to now 
this criticism has been offered without 
empirical support, indicating a gap of cru- 
cial significance in the case for wide -range 
sound reproduction. A research group 
headed by H. F. Olson at the Princeton 
laboratories of RCA is currently collecting 
data to determine whether listeners' pre - 
erences based on directly transmitted sound 
are comparable to those based on repro- 
duced sound. 

urements. On 600 -ohm circuits, the 
bridging loss of the VU meter is ap- 
proximately 0.3 db. 

The overall gain, from high- imped- 
ance input through 600 -ohm output, is 
70 db. Noise and hum are about 70 db 
below the maximum output level of 
100 mw. The frequency response of the 
amplifier alone is ± 

1 db from 20 to 
20,000 cps, but this frequency range 
may be extended about an octave on 
each end by careful choice of transform- 
ers for the tubes employed, and by care- 
ful construction practices. For all meas- 
urements made with this equipment in- 
volving steady -state sine waves, the 
numb& of VU indicated is numerically 
equal to the number of db above or be- 
low the reference value of 1 milliwatt. 

In measurements involving speech and 
music, no db equivalent is obtainable, 
and all these measurements must be ex- 
pressed as VU. The advantage of this 
system is that the dynamic character- 
istics of the meter used are standardized, 
so that measurements made on speech 
and music circuits in one laboratory may 
be more accurately correlated with sim- 
ilar measurements made in another lab- 
oratory or in the broadcast studio. 

The prospective constructor will prob- 
ably find acceptable substitutes for many 
of the components indicated by trade 
names on the schematic. However, he 
should be sure of the frequency response 
and harmonic distortion ratings on the 
transformers he may select. Other com- 
ponents, with the exception of head- 
phones and microphones, are not criti- 
cal. The general chassis layout is indi- 
cated in Fig. 1, while Fig. 2 is the sche- 
matic of the entire unit. 
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HARVEY'S Famous AUDIO-TORIUM 
Your One -Stop Center for the Best in Sound! 

Complete Stocks! All Brands! Fast Service! 

WILLIAMSON HR -15 AMPLIFIER 
KIT 

&Pt 
The famous Williamson HR -I5 amplifier circuit... 
now available with the original Partridge trans- 
formers built to Williamson's specifications. Build 
this kit in 3 hours or less, and enjoy sound of a 
quality you never heard before. The HR -I5 is a 
2- Chassis power amplifier for use with tuners or 
other front ends having own volume and tone con- 
trols. All American triodes, 2- 6SN7GTY, 2 -807, 
or 6BG6G in PP output, 5V4G rectifier. Response 

.5db, 10- 100,000 cycles. Output impedances 
1.7 to 109 ohms in 8 steps. Absolute gain 70.8 
db. 20 db. of feedback around 4 stages and the 
output transformers. Kit is complete with Tubes, 
Punched Chassis, Pre wired Resistor Board, Sockets, 
Genuine Partridge Output Transformer, and All 
Necessary Parts..... $75.00. 

PARTRIDGE OUTPUT TRANSFORMER 
WWFB, as used in above Kit, available sepa- 
rately _ $24.50 

NOW IN STOCK !NEW 
PARTRIDGE CFB SERIES 

Frequency response 3db down 
at 3 cycles and 95,000 cycles. 
Power rating 30 to 30,000 
cycles at 60 watts with less 
than 1ió distortion without 
negative feedback. Write for 
descriptive literature. 

$35.00 net 

Jobbers write for prices on the complete 
line of Partridge Transformers. 

MAGNECORD SERIES 6 

RECORDERS AND AMPLIFIERS 

PT6 -JA Recorder and Amplifier . . . the only 
combination that offers such high professional 
quality at such a low price. Includes PT6 -A 
Recorder plus Amplifier with low impedance 
microphone and bridging inputs, 10 watt audio 
amplifier with monitor, speaker and jack for 
external speaker, 600 ohms balanced line output 
terminal. 
PT6- JAH- Mognecord Combination with 

high speed forward _. __ _. $564.00 
PT6 -AH- Recorder with high speed 

forward 316.00 
PT6 -1- Amplifier 248.00 

PT6 -P . Lightweight Portable Amplifier, 
including a record playback remote ampli- 
fier and power supply for use with the 

PT6 -A Recorder $462.00 

McINTOSH AMPLIFIERS 
We have McIntosh Amplifiers in stock for im- 
mediate delivery. Full information on request, 
or come in (if you're in town) for a demon- 

HARVEY has a Combination for Every Taste and Purse! 

To Help You In Your Selections 
We List A Few Suggestions 

PHONO -RADIO COMBINATIONS 

Phono Combination Type "A" 
Bell #2122 Amplifier 
V -M #950 G. E. Changer with 

Dual G. E. Cartridge 
University #6200 Speaker $102.95 
Radio -Phono Combination Type B 

Bell #2122 Amplifier 
Meissner BCC Tuner 
Electra -Voice SP12B Speaker 
V -M #950 G. E. Changer 

with Dual G. E. Cartridge $1 56.75 
HI -FI Phono -Radio Combination 

Type "C" 
Espey 511B Radio Chassis 
University #6201 Speaker 
V -M #950 G. E. Changer 

with Dual G. E. Cartridge $192.90 
HI -Fi Phono -Combination Type "D" 

Bell #2145 Amplifier 
Webster #100 -27 Changer with Dual 

G. E. Cartridge 
University 6201 Speaker $255.75 

Hi -Fi Phono -Radio Combination 
Type 

"E" 
Meissner 8CC Tuner 
Bell #2145 Amplifier 
Webster #100 -27 Changer with Dual G. E. 

Cartridge 
University 6201 Speaker $303.75 
Super Phono Combination Type "F" 

Brook 12A3 Amplifier 
Webster #100 -27 Changer with G. E. 

Dual Cartridge 
Altec f'604 B Speaker 

stration. 
20 W -2 Amplifier _.. $149.50 
50 W -2 Amplifier 249.50 
AE -2A Equalizer Pre Amp 74.50 

$385.90 

Complete Hi -Fi Radio -Phono 
Combination Type "G" 

Rodio Craftsmen RC -10 Tuner 
Radio Craftsmen RC -2 Amplifier 
University 6201 Speaker 
V -M #950 G. E. Changer 

with Dual G. E. Cartridge $247.75 
Super Hi -Fi Radio -Phono Combination 

Type "H" 
McIntosh 20W2 Amplifier 
McIntosh AE2A Preamp 
Webster #100 -27 Changer with Dual 

G. E. Cartridge 
Collins FM -11 Tuner 
Altec 604 B Speaker 

Super DeLuxe Radio -Phono 
Combination #1 Type "I" 

$497.25 

McIntosh 20W2 Amplifier 
McIntosh AE2A Preamp 
Browning RV1OA Tuner 
Garrard RC80 Changer with Pickering or 

Audak Sapphire Cartridges for Both 78 

and LP Records. 
Altec 604 B Speaker $531.75 

Super DeLuxe Radio -Phono 
Combination #2 Type "J" 

Altec 101 B Tuner 
Altec Tuner Power Supply 
McIntosh 20W2 Amplifier 
Garrard RC80 Changer with Pickering or 

Audak Sapphire Cartridges for Both 78 

and LP Records 
Altec 604 B Speaker $689.50 

SPEAKERS 
ALTEC 604B 

Speaker and net- 
work incorporate 
many new features 
including lower 
crossover frequen- 
cy, redesigned high fre- 
quency chamber. Hos 
extended frequency 
range. 60° horizontal, 
40° vertical coverage, 
crossover 1000 cycles, impedance 16 ohms, 1 

power rating 30 watts. 15" diameter. 1 

604B speaker, less network $140.00 1 

N1000B network $ 19.00 I 

yES ... And Harvey 
Has Cabinets, Too 

A most attractive selection of handsome 
cabinets to suit your decor and pocket- 
book. Custom- built. Priced from $48.50 

VISIT THE 
AUDIO - 
TORIUM 

Come and visit our 

depart. new 
n mt oll these 

items and many more 
on working display 
at all times. 

AUDIO ENGINEERING JUNE, 1951 

Telephone:: 
r 

LUxemburg 2-1500 

w t `, 
e)()M;):\,Iy( I;I, 

103 West 43rd St., New York 18, N. Y. 

NOTE: In view el the 

rapidly changing mar- 

ket cnditiens, all 
price shown are sub- 

ject te change without 

natice and are Net, 

F.0.B., N.T.C. 
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NEW PRODUCTS 
Precision -Built Potentiometer. Both pre- 

cision and ruggedness are characteristic 
of a special potentiometer recently manu- factured by Clarostat Mfg. Co., Inc., Dover, 
N. H. Tapered winding is held to a toler- 

ance of ± 1.5 per cent linearity as meas- 
ured at ten test prints. The unit is de- 
signed to operate dependably over extreme ranges of temperature, humidity and bar- 
ometric pressure, and under severe vibra- 
tion. Specially treated to minimize effects 
of fungus and corrosive atmosphere. 

Miniaturised Microphone. Offered to the industry as the smallest uni- directional 
moving -coil dynamic microphone, the new 
Shure Model 658 Unidyne is approximately 

one -half the size of its companion in the 
Shure line, the widely used Unidyne Model 
55. The little Unidyne retains all of the 
directional qualities of the larger model, 
and has high over -all efficiency and smooth frequency response. Manufacturer 
is Shure Brothers, Inc., 225 W. Huron St., 
Chicago 10, III. 

Tape Splicing Block. Editing of mag- netic tape is facilitated by the new Editall Splicing Block recently announced by Tech Laboratories, Inc., Palisades Park, 
N. J. Designed by Joel Tall, and based on 

his years of experience as tape editor for 
CBS, the block eliminates the use of hold- 
ing clips or other similar devices, thus 
permitting the operator to attain greater 
editing speed with .reduced fatigue. The 
block is sturdily made of Duraluminum. 
Bulletin available on request. 

Intermodulation Meter. Although rela- 
tively low in cost, the new Model 165 
intermodulatlon meter manufactured by 
Audio Instrument Co., 133 W. 14th St., 
New York 11, N. Y., is capable of per- 
forming precision tests on recording and 
broadcast equipment also is well suited 
for laboratory application. Exceptional 
compactness permits signal generator, 

28 

analyzer, and voltmeter all in a single 
unit. Panel size is 8 %" x 19 ". Residual in- 
termodulation is below 0.1 per cent. Stand- 
ard high frequencies produced by internal 
oscillator are 2, 7, and 12 kc. Low fre- 
quency provided internally is 60 cps. Both 
4: 1 and 1: 1 ratios of low- to high -fre- 
quency voltage may be used. 

PM Loudspeakers. Featuring minia- turization of design, the new Elac series 
2P speakers are only 23¢ in. in diameter 

and contain a 2.4 oz. Alnico magnet. Al- 
though intended principally for use in 
sound- powered equipment such as inter- 
coms, the speaker is well suited for use 
in portable receivers. Heavy electrical 
damping and low- resonance diaphragm 
result in remarkable reproduction from a 
speaker so small. Manufacturer is Elec- 
tro Acoustic Industries Ltd., London, of 
which U. S. sales representatives are Brit- 
ish Electronic Group, 366 Madison Ave., 
New York 17, N. Y. 

Playback Equalizer. Users of the G -E 
magnetic cartridge may compensate for 
recording curves of domestic and Euro- 
pean recordings by means of the Type HL 
1 -6 playback equalizer now being distrib- 
uted exclusively by Radio Shack Corp., 
167 Washington St., Boston 8, Mass. The 
unit is an inexpensive passive network 
utilizing n 6- position selector switch. Each 
position closely approximates one of six 
widely -used high- low -balance recording 
curves. Installation consists merely of 
connecting the equalizer between pickup 
and pre -amplifier. 

Magnetic Sound Track on Film. A 
need long felt in the sound film field is 
met commercially for the first time by 
Magna -Stripe, a patented process for plac- 
ing a strip of magnetic oxide on standard 
black- and -white or color motion picture 
film. Magna- Stripe is inert and has no 
effect on photographic emulsion nor on processing solution. It is claimed that sound quality obtainable from Magna- 
Stripe is superior to any type of optical 
sound track. RCA, Ampro and other pro- 
jector manufacturers have produced pro- 
totype projectors which reproduce and 
record Magna -Stripe as well as play back 
optical sound in the conventional manner. 
Since each projector so equipped is a re- 
corder as well and contains erase fea- tures, this means that producers of sound 
films can do their own recording directly. 
Magna -Stripe is a patented process of 
Reeves Soundcraft Corp., 10 E. 52nd St., 
New York 2.2, N. Y. Full technical infor- 
mation will be supplied upon request. 

PM Toner. Automatic drift compensa- 
tion and self -contained power supply are 
features of the new URECO Model 501 
FM tuner, a high- quality five -tube unit 
which may be simply connected to any radio or to a separate amplifier. Circuit 
of the tuner comprises a stage of tuned 
r -f amplification, two high -gain i -f stages, 
and ratio detector. High -Q air -form coils 
are used in the r -f, antenna and oscillator 

circuits. Tuning is by means of a 3 -gang copper -plate condenser. Illuminated dial is vernier driven. Overall dimensions are 
9 x 7 x 6 in. Manufactured by Universal 
Television Manufacturing Co., 196 Bow- 
ery, New York 12, N. Y. 

Speaker Cabinets. Acoustic loading 1s 
provided by means of a folded duct in a 
new series of speaker enclosures recently 

introduced by Brociner Electronics Labo- 
ratory, 1546 2nd Ave., New York 28, N. Y. 
Available in models for various co -axial 
speaker units, the new 15C Ductfiex cabi- 
net offers extended bass response and ex- 
cellent damping. The cabinet is excep- 
tionally compact, measuring only 341/2" x 
26 "x171 ". The speaker opening is near 
the top, affording good distribution of 
high frequencies. Available in dark brown 
or blonda mahogany. 
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 Power Tetrode. 
Availability of the 
British Type KT66 
vacuum tube in the 
United States, is a 
recent announce- 
ment from British 
Industries Corpo- 
ration, 164 Duane 
St., New York 13 
N. Y. The KT66 parallels the 
American 6L6 in 
electrical charac- 
teristics, and can 
be used inter- 
changeably in any 
circuit. Pin ar- 
rangement also is 
identical. 

NEW LITERATURE 

Operadio Manufacturing Co., St. Charles 
Ill. Is now publishing the fifth edition of< 

the Sound Slidefllm Guide. Listing more 
than 1000 available films, the Guide in- 
cludes an alphabetical title index, a list 
of sources from which films may be ob- 
tained, and descriptive matter covering 
subject material of each film. Said by the 
publishers to be the only publication of 
its kind, the Guide will be mailed upon 
receipt of one dollar. 

Crest Transformer Corp., 1834 W. North 
Ave., Chicago 22, III. is offering free of 
charge a new 16 -page illustrated catalog 
listing complete data on the Crestran line 
of radio, television and electronic trans- 
formers. Also listed are Crestrol constant - 
voltage transformers. 

Buchanan Electrical Products Corp., 
Hillside, N. J. is currently circulating 
Bulletin 750, a 4 -page listing of the com- 
pany's "pre- SURE -connectors" for solder - 
less splicing and terminating of electrical 
wires. Extremely well illustrated. Avail- 
able on request. 

P. R. Mallory R Co., Inc., Indianapolis 
Ind. has recently published a technical 
information bulletin covering the com- 
pany's complete line of mercury -type dry 
batteries. Detailed specifications of all 
units now available are included, as well 
as a technical discussion covering malty 
aspects of battery design and application. 
Requests for copies should be addressed 
to Battery Division, North Tarrytown, 
N. Y. 
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Melipot Cory., 912 Meridian St., South 
Pasadena, Calif., will mail without charge 
a new data chart listing technical speci- 
fications of various types of Helipot pre- 
cision potentiometers. Shown are electri- 
cal and mechanical characteristics, power 
ratings, accuracies, and a listing of single - 
turn and multiturn units available from 
stock. 

Kupfrian Manufacturing Co., 245 Pros- 
pect Ave., Binghamton, N. Y. is now dis- 
tributing Bulletin 5194, a listing of light - 
duty flexible shafts for application in the 
electronic, automotive, aeronautical, and 
industrial fields. In addition to illustra- 
tions and descriptive material, the bul- 
letin contains an interesting discussion 
covering the manufacture and usage of 
flexible shafts 

Berkshire Laboratories, 502 Lexington 
Rd., Concord, Mass. will mail free upon 
request a technical bulletin describing and 
illustrating the Berkshire Labmarker, a 
small low -cost wave -shaping device for 
producing time marks in cathode -ray 
oscillography. 

The Radio Club of America, Inc.. 11 W. 
42nd St., New York 18, N. Y. has available 
a limited number of copies of its current 
Proceedings, an 80 -page book devoted en- 
tirely to commemoration of the first short- 
wave transatlantic transmission in De- 
cember, 1921. Contains much material 
unavailable elsewhere. Feeling that the 
book would be valued as a collectors' item, 
extra copies were printed and may be 
obtained by addressing requests to the 
Club. Chat is one dollar. 

,lite eLJiecriminafing eventually 

Leonard! Come to o 
BROWNING FM TUNER 

MODEL RV -10A 

This superb tuner brings to the listener all the 
startling realism of which only FM is capable. Auto- 
matic Frequency Control to assure correct tuning. 
Audio response flat from 15 to 15,000 cps ± 1 Ya db. 
High impedance output to feed any high fidelity 
amplifier. PHONO- FM -TV- RECORDER switch per- 
mits instant transfer of input signals. Tube Com- 
plement- 3 -6AU6, 1 -7F8, 2 -6SJ7, 1-6H6, 1-6)6. 

NET $91.57 

H. H. SCOTT HIGH FIDELITY 
AMPLIFIER MODEL 210-B 

A precision instrument, the 210 -B is truly an in- 
vestment in many years of listening pleasure. in- 
corporates the famous SCOTT DUNAURAL NOiSE 
SUPPRESSOR which virtually eliminates record sur- 
face noise and motor rumble. Frequency Response - 
12 to 22,000 cps. Tubes- 2- 12SL7GT, 1- 6SN7GT, 
1 -6SQ7, 2 -6SG7, 1-6J1, 2 -6L6G, 1 -SV4G. Com- 
plete with tubes and instructions. 
NET $219.52 

POLYPHASE HEA4 
lar any arm 

Mr íi4, and 45 ,p. 

rum LEFT 
for 71 rpm 

AUDAX POLYPHASE 
REPRODUCERS 

This amazing reproducer has de- 
servedly won the acclaim of thou- 
sands of users everywhere. Stylii 
are replaceable individually -as 
simply as you replace the ordinary 
steel needle. Frequency Response 
-20 to over 10,000 cps. 

NET -L6 for all lateral re- 
cordings $20.28 
NET -R2 for all lateral re- 
cordings $14.41 
Both models available with 
adapters for Webster- Chicago 
or Garrard Changers. Also 
available with Diamond Stylii. 

STEPHENS COAXIAL 
SPEAKER MODEL 

106AX 

Broadcast stations throughout the 
country have adopted this superb 
coaxial speaker as a monitor be- 
cause of its remarkable true -to -life 
tone. Built -in crossover network 
with crossover at 1200 cps. High 
Frequency Dispersion -40° X 80 °. 
Power rating -20 watts. Impedance 
-16 ohms. Frequency Response 
-20 to 11,000 cps. 

NET $122.01 

Write for Catalogue 
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Here's why those in the know 

-demand 

Quarter-turn rugged Acme thread 
for quick, easy disconnect. 

Removable insert barrel 
for bench wiring. 

Pin and socket contacts are 
precision-machined from solid bar stock, 

electroplated with silver or gold. 

Split shell makes wiring and 
inspection jobs easier. 

CANNON 
PLUGS 

Full- floating socket 
contacts relieve 
strain on contacts, 
provide smoother 
operation. 

Recognition of Cannon's 36 years of sound 
engineering and fine, uncompromising con- 
struction has built the demand for Cannon 
Plugs. Here we take an inside look at the 
lightweight Type "K" 90° connector, fore- 
runner of the Army -Navy Series. More fea- 
tures of the "K" were incorporated into the 
"AN" design than any other connector. 

Constantly improved over the years, Type 
"K" is now used for numerous applications 
such as aircraft, radio, television, sound, 
phone recorders, motion pictures, geophysi- 

30 

c- 
CANNON 
ELECTRIC 

Since 1915 

Cannon Electric Company 
Los Angeles 31 

California 
Factories in Los Angeles, Toronto, New 
Haven. Representatives in principal 
cities. Address inquiries to 'Cannon 
Electric Company, Department. F -109, 
P. O. Box 75, Lincoln Heights Station, 
Los Angeles 31, California 

cal research and widely used throughout the 
electro- mechanical and electronic instrument 
fields. 

The design and construction details in the 
Cannon "K" Series are typical of the care 
Cannon takes in producing more than 18,000 
precision, multi -contact connectors to serve 
the exacting needs of industry. 

We will gladly send you engineering bul- 
letins describing each of the many basic 
types of Cannon Plugs if you will briefly 
describe your applications. 

Diagram at left shows how the four positions of 
cable entry on the large 90° "K" endbell make 
the wiring job easier. Smaller Type K" con- 
nectors have three positions. 

Type "K" and "RK" connectors are avail- 
able in 7 shell types having 8 diameters. 
Inserts have more than 190 contact ar- 
rangements. Some of these have Coax, 
Twinax or Thermocouple contacts as stand - 
std. Integral cable clamps available in all 
"K" plug types. 

RECORD REVUE 

[from page 24] 

seen and heard it, and sat on it. A bit small 
for a comfortable seat, at that. Wow! 

Debussy, Le Martyre de St. Sebastien 
(1911). 

Oklahoma City Symphony, Alessandro; 
Okla. City Symph. Chorale, Frances 
Yeend, Miriam Stewart, Anna Kaskas. 

Allegro LP: 
ALG 100 

A pale, colorless excerpting of a few or- 
chestral passages of this major work came 
out before the war -and that is all we have 
been able to hear of it. This complete re- 
cording, with fulsome chorus and three so- 
loists, is a revelation, and a wonderful mu- 
sical demonstration of the advantage of LP. 
Such a work, on a huge scale, was utterly 
impractical on 78's -least of all from a 
small company ; yet only a small company 
would tackle it. It is mood music, impres- 
sionistic, building up an extraordinary at- 
mosphere -and on 78's that atmosphere 
would have been shattered by the recurring 
breaks, and by the pulsing 78- r.p.m. rhythm, 
so damaging to slow music. 

This was Debussy's last major work for 
orchestra, and his first including chorus 
since the earliest works ; it is extremely dif- 
ficult and obviously can rarely be per- 
formed complete. Yet after one hearing it 
is equally obvious that this is no mere re- 
hash but one of the biggest and most im- 
portant works he ever wrote. For anybody 
interested in Debussy, then, this recording 
is profoundly exciting, and for any of you 
engineers who like the Waring Pennsyl- 
vanians or equivalent, this'll be a good 
look -see as to where it all came from. The 
chorus and soloists permeate the work, the 
last section being unaccompanied chorus 
for a long period, and the blending of the 
vocal and instrumental elements is such as 
you rarely hear elsewhere. Performance is 
excellent, if sometimes a bit brashly Amer- 
ican in the chorus for such ultra- Parisian 
music. 

Incidentally, like many Allegros this is 
basically an excellent recording but is cut 
at very high levels, in this case somewhat 
overcut. An excellent expendable test rec- 
ord for groove tracking and compliance. 
Try the beginning of cut 3, side A, a power- 
ful brass -and -bass -drum passage which is 
badly overcut. I know several professional 
cartridge- and -arm combinations that jump 
grooves repeatedly right here -but one of 
the standard changers, with V.R. cartridge, 
tracks it without jumping and one profes- 
sional combination I have also will track 
it easily. The passage is, of course, dis- 
torted at the peaks and buzzes unmerci- 
fully -but the point at which the buzzing 
begins varies significantly with different 
playing equipment, quite aside from groove 
jumping. A useful disc to have around, 
though it's not likely to last very long un- 
der test! 
Leroy Anderson Conducts 

Leroy Anderson & His "Pops" Concert 
Orch, 

Decca LP: 
DL 7509 (10 ") 

Duplicates a few of the snazzy numbers 
on RCA's recent "Classical Juke Box" disc 
(See Æ, March) and there's not too much 

to choose between them, that having been 
a top recording too. Anderson has a light 
style all his own and so far I haven't got 
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tired of it, though Coates and Gillis and 
other "light orchestra" composers make 
me fidget. The humor is delightful, the or- 
chestral effects unusual, and the whole very 
musical. This has a top combination of 
big, deep liveness plus sharp edgy closeness. 

P.S. This is a big orchestra -where did 
Leroy pick it up so quickly -all his very 
own? Maybe, just maybe, it's the Boston 
Pops again, masquerading under another 
label? Pardon me; I mean the individual 
players who, by pure coincidence, happen 
to be employed separately and individually 
as the Boston "Pops" (which of course is 
also known on some occasions, by pure 
coincidence, as the Boston Symphony Or- 
chestra. When it isn't playing Anderson, 
which it specializes in. ...) 'Who knows? 

Wagner, Piano Sonata in B flat; Album - 
blatt; Album Sonata. 

Felicitas Karrer, piano. 
RLP 199 -26 

Beethoven, Piano Sonata Op. 31, w2 in 
D minor; Variations in F. Haydn, Varia- 
tions in F minor. 

Ernst von Dohnanyi, piano. 
RLP 199 -16 

Two very interesting piano records. The 
Wagner sonata is quite amazing- sounds 
like early Schubert, or Weber, a quite con- 
ventional but powerful little early work 
(1831) indicating the trend of development 

in Wagner -which was from the convention- 
ally bombastic towards ultimate originality. 
Albumblatt, from the 1850's and the Album 
Sonata, like Siegfried Idyll from the 70's, 
round out the picture, and are excellently 
played too by Karrer. Very good piano 
sound. 

Dohnanyi, seemingly a bit stiff and ec- 
centric in tempo, full of pianistic manner- 
isms, does an interpretative job that is 
powerful and, after some hearings, increas- 
ingly impressive. A lot more carefully 
worked out than it may seem at first and 
pianists who know the Beethoven and 
Haydn will find fascinating detail work in 
phrasing and emphasis. This is obviously 
a grand old man of music. 

POPS 
[from page 24] 

The enormous lack of concern of our coy 
and posturing baby industry for the audio 
end of TV makes competent orchestras and 
competent arrangements totally unnecessary. 
For the most part, video dates are free- 
lance affairs for musicians, with the usual 
shortcomings that result from quickie re- 
hearsals and a general devil -may care at- 
titude. 

Stock Arrangements 

Take the arrangements, for instance. 
Anybody who has worked the two -bit band 
circuit knows the story of the stock ar- 
rangement. The stock sheets are the product 
of music publishers who employ large staffs 
who turn out quick parts for general band 
use. Reduced to an absurdly simple level 
and containing the musical innovations that 
could be expected from a hard pressed 
group, the stock arrangements save the ex- 
pense of hiring a full -time (or even part - 
time) arranger to liven up a band's de- 
sultory chore. The simplicity and banality 
of the stock arrangements become murder- 

, ous when played by mish -mash combos with 
little or no skill. I have had the experience 
of playing stocks with bands of this sort 

toughest transformers 

"SEALED-IN-STEEL" Equipment Line 

AVAILABLE 
IN THREE 

VERSATILE 
CONSTRUCTIONS 
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the INSIDE STORY tells why! 
The proof of toughness is on the inside -the actual proof that demon- 

strates why CHICAGO Transformers are preferred by engineers, why 

they fully meet the express requirements of today's tubes andcircuits. 
Here are the "inside facts" of CHICAGO "Sealed -in- Steel" design: 

OExclusive one -piece drawn - 

steel case, unsurpassed for 
strength, moisture -resistance, 
better electrostatic and magnetic 
shielding, mounting ease, and 
streamlined appearance. 

©Uniformly -wound precise coil 
structures- cooler operation 

and better electrostatic shielding 
in power units- minimum leak- 
age, optimum coupling in audio 
units. 

©Core of high -grade non -aging 
silicon steel brought to high 

efficiency by scientific heat- treat- 
ing in CHICAGO'S own anneal- 
ing ovens. 

O('ore and coil vacuum- impreg- 
nated with varnish. Final 

high-temperature baking achieves 
a perfectly impregnated coil and 
core locked against vibration. 

©All internal free space is filled 
by special, moisture- resistant 

compound. Prevents corrosion 
and helps maintain far cooler 
operation than in conventional 
air- surrounded mountings. 

OChecked by quality controls 
at every stage of manufac- 

ture, rigidly inspected, "torture- 
chamber"- tested to insure long, 
dependable life in actual service. 

SEND FOR "NEW EQUIPMENT LINE" CATALOG 

You'll want the full details on CHICAGO'S New Equipm,nt 
Line -the famous Sealed -in -Steel line that offers ad d 

engineering design to fil today's circuits. Lists units for all 

purposes: Power, Bias, Filament, Filler Reactor, Audio, 
MIL -T -27, Modulation, Stepdown and Isolation. Write for your 

FREE catalog today -or get a copy from your distributor. 

H -Type. Steel base 
cover deep -seal 
soldered into case. 
Terminals hermeti- 
cally sealed. Ceramic 
bushings. Stud - 
mounted unit. Meets 
MIL -T -27 Specifica- 
tions. 

S -Typa. Steel base 
cover fitted with 
phenolic terminal 
board. Convenient 
numbered solder lug 
terminals. Flange - 
mounted unit. 

C -Type. With 10" 
color -coded stripped 
and tinned leads 
brought out through 
fibre board base 
cover. Flange - 
mounted unit. 

3501 ADDISON STREET CHICAGO 18, ILLINOIS 
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9205 DEGAUSSER 
Demagnetizes magnetic tape and film 
to erase 'recording and residuals. 
Accommodates 5400 foot reels of 1/4" 
tape; 1000 foot, 35mm. Write for 
details. Net Price $69.50 
See us at the Pacific Electronics Exhibit 

in San Francisco, August 22-24, 1951 

CINEMA ENGINEERING COMPANY 
1510 WEST VERDUGO AVENUE, BURBANK, CALIFORNIA 

Expon Agenti Foma, d Moosen. Ltd. 701 Clay Sr,eer Son Erano,m, CoG1., V. S. A. 

OUR 
9' eatede 
RADIO 
TEXT 

THE ONE VOLUME 
FOR EVERY PRACTICAL 

RADIO MAN 
THE WORLDS MOST VALUABLE REFERENCE 

WORK FOR RADIO MEN, FROM ADVANCED 
AMATEURS TO TV and RADIO TECHNICIANS 

72ecu, Cféactt 7luzteeee% sdctiog - 

RADIO HANDBOOK 
ac pueetieal Radio 7'lteH 
How to design, construct and operate standard 
types of radio transmitting and receiving equip. 
ment ... both at standard frequencies and in 

the v.h -f range. Information you must have 
where you can find it quickly . . now in 

complete one - volume library, the RADIO 
HANDBOOK! 

9 a Radio 7ee6Líúa.ta: 
Reference data galore, the latest in theory and prac- 
tice. and wealth of information on the operation of 
vacuum tubes as amplifiers in all frequency ranges. 
Profusely indexed for easy finding, clearly illustrated 
and described for easy reading, all within easy reach 
for owners of this one- volume RADIO HANDBOOK! 

90z 7idvaKeed HCattecvta. 

In addition to aN this, you'll find new information on simpli- 
fied TVI- proofing, bandswitching fined- station and mobile 
transmitters, remotely -tuned v.f.o. for mobile or fixed. 
station use, and multitude of new ideas and suggestions 
foi improved operation. Also, more study material has 

been added to help you obtain your first licenses, or a 

higher class of amateur or commercial license .. , if's all 
In the new RADIO HANDBOOK! 

You can't afford to be without this beautifully 
bound one -volume "encyclopedia of radio informa- 
tion" ... the largest RADIO HANDBOOK ever pub- 
lished ... 736 pages of vital information -at a cost 
of less than one cent per page! 

BY MAIL FROM 

$6.00 
AND WORTH IT! 

US, $6.25 in U.S.A. 

FOREIGN ORDERS, $6.50 

ORDER NOW! 40 
AT YOUR FAVORITE DEALER or direct by mail from 

&woks. cte, zw 1320 KENWOOD ROAD San-raf3U.ttaAa, CALIFORNIA 
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in small town dates, and the effect is deadly. 
However, during the quiet period of the 

last five years, the stock arrangement has 
been obscured by the general failure of the 
standard pops business. Unless you went 
to a lot of small town dances played by 
small town bands, you didn't hear much of 
the boring business. Now, TV has resusci- 
tated the stock, which with devil -may -care 
musicianship is productive of a larcenous 
combination. The accompaniment for acro- 
batic acts, dance teams, dog acts, dull 
comedy routines, vocals and even produc- 
tion numbers is vicious. The situation takes 
on a great degree of importance in view 
of the fact that from all indications the ma- 
jority of listening time is now being de- 
voted to video, and even with better stuff 
available via records, AM and FM, the 
effect of habit could be ruinous. As a mat- 
ter of fact, recent audio history has demon- 
strated poignantly that audio habit does in- 
deed exist. 

Now, this contention, as usual, is going 
to produce a lot of pooh bahs. There is a 
widespread dogma, especially in the area 
of psychoacoustics that there is do such 
thing as audio habit because there is no such 
thing as audio memory. I, for one, main- 
tain that audio memory does exist, if only 
in a relative and referrent sense. 

We can reduce modern audio history to 
two general factions. . . so- called Hi -Fi 
and, to coin a phrase, Lo -Fi. Both are 
equally bad... but at least Lo -Fi doesn't 
attempt to dignify itself with violent state- 
ments about perfection, absolute "repro- 
duction," etc. Both, when compared to the 
real thing, are way off the mark. But, we 
have seen the eruption of a generation 
trained to listen to music in terms of one or 
the other, or variations up and down the 
ladder. The Lo-Fi addict is pleasantly sur- 
prised by the concert hall. The Hi -Fi addict 
is horribly disappointed. In both cases, per- 
sistent listening has set standards and 
audio habit forms which determine the re- 
sponse level to what they purportedly were 
listening to in the first place. Both have 
been cheated (in some cases, advanta- 
geously). You are perfectly aware of the 
gross disadvantages. 

But, the habit is two -fold. One is habit 
from pure sound aspect. The other involves 
the musical element. Since it is possible 
to train the public into the acceptance of any 
level of audio and musical performance 
when a quality is absent, the pernicious- 
ness of video pops becomes more alarming. 
The logical train of events goes something 
like this : 

I. The guy who owns a television set 
(and recent surveys of a worthwhile statist- 
ical nature support this contention) listens 
rarely, if ever, to radio AM or FM-or to 
records. If we exclude the minority who, 
because of special tastes and aptitudes, 
continue to listen to music via radio or 
records, plenty of substantiation for this 
view exists. 

2. On the basis of statement No. 1, it 
necessarily follows that audio habit, now 
including sound and musical determinations, 
develops through and from video -audio. 
The video addict, in addition, does not at- 
tend motion pictures to any great extent 
(or at least, infrequently) and again, with 
the exception of a small minority, does not 
attend concerts. In terms of pops, he has 
no place to go for jazz experience any 
longer, and the big pop band touring the 
country is out. 

3. Since no area of comparison exists 
and since his attention is drawn primarily 
to the visual aspect of TV, he unconsciously 
accepts the audio standards as given and 
falls into the habit of mediocrity. 

4. Keeping in mind the fact that this is 
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an argument directed towards the long - 
range point of view, the cumulative effect 
of video -audio will reflect back on audio in 
general, unless something equivalent to what 
happened in the radio and record industry 
happens to video. The tremendous strides 
of the past ten years in educating the public 
to higher audio standards (a process which 
is far from complete and one involving an 
enormous amount of heartache due to the 
general recalcitrance of the public and of 
the industry) could go kablooie within a 
matter of not too many years. 

Pop Band Industry 

Let me give you a quick sketch of what 
has happened to the pop industry since the 
war ; this is a brilliant example of how 
quickly the descent actually occurs. From 
1938 on, the pop industry was geared to a 
buyers market. For a band to go, a tre- 
mendous amount of money had to be spent. 
Any major band went through a period of 
as long as two years building itself up be- 
fore it was ready to make money. An 
enormous investment to hire men, hire re- 
hearsal halls, hire top -notch arrangers, buy 
time on the radio, publicize, and even buy 
recording dates occasionally. It wasn't only 
a question of building a demand for a 

"name ;" the name had to be synonymous 
with a quality of one sort or another. Hun- 
dreds of bands flopped, despite fantastic 
financial investments. While some made 
the grade because of exceptional publicity 
work, most of them featured fine instru- 
mentalists, fine arrangements, and a slick, 
professional finish that came from much 
rehearsing, much playing together. Good- 
man, Shaw, Dorsey, Miller, and the whole 
coterie represented quality performances. 
They set amazingly high musical standards. 

In less than ten years, the names became 
myths, the bands as permanent and finished 
organizations disappeared. Their replace- 
ments are pick -up crews, assembled for a 

recording date or a quick, money -making 
stage show, and skillful only in the pre- 
carious ability to shuffle forth with what 
is in demand. 

From the audio point of view, the public 
demanded a good, danceable beat on their 
records and a fairly clear presentation of 
solo passages. The audio demands of '38 
to '45 were actually higher, in terms of pop 
recordings, than they are now. 

Despite this, disc jockeys have continued 
to play a fairly wide range of pops and op- 
portunities still exist for some moderately 
decent listening. But along comes video, 
conquers the hearts, ears, and eyes of the 
country at large, and the disc jockey avenue 
seems inevitably doomed. 

People will still want to listen to music 
and dance to it. When music becomes merely 
an accompaniment to a visual act, thereby 
requiring that it only conform to a vague 
pattern, the habit of mediocrity will have 
set in permanently. So long as an industry 
insists on feeding the public only such ma- 
terial as will satisfy the public, the prospects 
are bad. The public cannot be expected to 
have the know -how, technical and musical, 
with which to set its own standards. A 
responsible industry must set standards pre- 
cisely because it knows better. 

POT LUCK: 
According to the trade, Mitch Miller 

made Frankie Laine a star when both 
were on the Mercury payroll. Now Miller 
is pop director for Columbia and Laine 
has switched to the cherry label. Whether 
coincidence or not, the best job Frankie 
has done for a long time is on Columbia 
39367 . two weird things entitled 
"Jezebel" and "Rose, Rose, I Love You," 

the latter being translated, according to the 
label ... but from what language, I don't 
know. Mitch backs Frankie on the Jezebel 
side, Paul Weston on the Rose, Rose, etc. 
A good job has been done by all ... better 
than any of the other discs featuring the 
same numbers. The Rose thing is oriental, 
strange, and has the overtones and under- 
tones of good old fashioned melodrama. 
Interesting and bouncy listening. 

I am probably interfering with alien 
territory ... and muchly apologize to cell - 
mate Canby ... but feel the urge to com- 
ment on the recent appearance of Suzanne 
Danco on a New York concert stage. Miss 
Danco, a widely heralded Belgian soprano, 
did a thoroughly magnificent job on the 
Ravel Sheherezade for the old English 
Decca (now London) some years back. On 
the basis of her vocal brilliance on discs, 
her New York premiere was sold out. Her 

live performance revealed good showman- 
ship, adequate technical control, but a weak 
and strangely inadequate voice. The shock 
was so great to the cognoscenti who had 
built Danco up to empyrion heights because 
of the Sheherezade recording that every 
excuse in the books was used by way of ex- 
planation. On top of this, we are now being 
bombarded and hypó d by the "new" Caruso, 
Mr. Mario Lanza of blacksmith fame. 
The valiant efforts of the M.G.M. press 
department are being aided and abetted 
by numerous pathological disc jockies who 
insist on playing old Caruso records and 
comparing them with the divine Lanza. 
Our only fitting comment involves a pro- 
duction of Wagner's Tristan with Yma 
Sumac singing the Isolde and Lanza the 
Tristan. Or better yet, have you ever con- 
sidered Sarah Vaughn as the perfect 
B riinhi (de ? 

GOODMANS 
/1/f-W HIGH FIDELITY - 12" P. M. 

This 12 -in. high fidelity unit has a twin -curvilinear dia- 
phragm (British patent No. 451754). A carefully designed mag- 
net assembly using anisotropic material provides a total flux of 
158,000 maxwells on a 1i -in. pole. The back centering device 
is a dustproof bakelised linen disk with concentric corrugations. 
The combination of these features gives this precision -built in- 
strument an oustandingly wide coverage from 40 to 15,000 
c.p.s. free from bass modulation effects. An ideal high fidelity 
reproducer for the record enthusiast and the connoisseur of 
wide range musical reproduction, it gives exceptionally fine 
transient and frequency response. 

U. S. NATIONAL SALES 

WILLGOLD ELECTRONICS SALES CORP. 
350 Fifth Avenue, New York, N. Y. 

TAME AXIOM 150 

New England Office 
Harold A. Chamberlin 
31 Milk St., Boston 9, Mass. 

Pacific Coast Office 
Perlmuth -Colman Cr Associates, Inc. 
1335 Flower St., Los Angeles, Calif. 

Chicago Office 
Harry Halinton Co. 
612 N. Mich. Ave., Chicago 11, III. 

Canadian Office 
A. C. Simmonds O Sons, Ltd. 
100 Merton St., Toronto 12. Can. 

SPECIFICATION 
Frequency Coverage 

40/15,000 c.o.s. 

Overall Diameter 
12 in. -31.3 cros. 

Overall Depth 
6 in. -17.6 ems. 

Fundamental Resonance 
55 c.p.s. 

Voice Coil Diameter 
13/4 in. -4.4 cros. 

Voice Coil Impedance 
15 ohms at 400 e.p.s. 

Maximum Power Cap. 
15 Watts Peak A.C. 

Flux Density 
14,000 gauss 

Net Weight 
12 lbs. 13 *es. 
15810 gra.l 

Finish -Grey Rivalling 
Enamel. 

Meet us at the Canadian In ional Trade Fair. 
Toronto, May 28 -lune 8, Group #17, Stand #4753. 

Manufactured by: 

G O O D M A N S I N D U S T R I E S L 
WEMBLEY MIDDLESEX 

I M I T E D 
ENGLAND 

AUDIO ENGINEERING JUNE, 1951 33 

www.americanradiohistory.comAmericanRadioHistory.Com

www.americanradiohistory.com


HEADQUARTERS 
II 

lil 

McIntosh Amplifiers 
Highest quality, efficiency. Full dynamic 
range. Frequency range -20 to 20,000 
plus or minus .2db; 10 to 200.000 plus 
or minus 2db. Lowest phase shift dis- 
tortion, lowest noise level. 

50 W -1 for less than 1% distortion 
Continuous single frequency 
rating 
50 watts RM5 -Peak 100 . 

$249.50 net 
20 W -2 for less than 1% distortion 

Continuous single frequency 
rating 
20 watts EMS-Peak 40 

$149.50 net 

PT6 -)AH Recorder & Amplifier 
Portable rig for professional, superb 
reproduction of all types of pro- 
gram material. 10 -Watts output. 
Highest Quality, Greatest Value. 

Complete systems from $564.00 

IN STOCK 
NOW! 

SOUND 
1527 CHESTNUT ST., 

HIGH FIDELITY SYSTEMS 
ON DISPLAY 

AT OUR SHOWROOMS 

& RECORDING COMPANY 
PHILA. 2, PA. - RI. 6 -8388 

IN ORDER TO FIND IT- 
WHY NOT BIND IT? 
Your reference library of AUDIO ENGINEER- 
ING can be up -to -the- minute by keeping your 
copies in an AUDIO Binder. 
APPEARANCE .. Your den, workshop ... or wherever you do your experi- 

mentation can be kept in "apple -pie" order when all your copies of 
AUDIO ENGINEERING are within easy reach. The deep, blue cover 
will harmonize with any color scheme and ... in addition; the backbone 
will be gold -stamped with AUDIO ENGINEERING and any year you 
specify. 

CONVENIENCE . No more wondering what happened to last month's issue 
or the month before ... Just reach for your Binder and no time is 

lost finding the information you need ... AT ONCE. 

WORKMANSHIP ... DuPont Fabricord ... stainproof and washable ... rigid 
backbone with bound -in metal support . . . center channel to keep 
magazines securely in position. 

COST ... For only $2.50 you can have this handsome binder for your ready 
reference.° 

°i Foreign orders add 50c per binders n--- - - - - -. 
Audio Engineering 
342 Madison Ave., New York 17, N. Y 

Enclosed find $ for Binders 

Name 

Address 

City Zone State 

Year Wanted 1947 1948 1949 1950. 

PHONO FACTS 
[frown page 211 

53. The greater the number of loosely 
coupled parts (not integral with the arm), 
the greater the possible number of resonance 
points. 

54. The transmission of stylus -vibratory 
energy to the arm can be minimized, for 
all practical purposes, with a reproducer 
having high lateral and vertical compliances. 
Such condition prevents development of 
arm resonance. 

55. The old practice of loading the arm 
with extra "dead" weight to push the re- 
sonance- point below a given frequency or 
to attain resonance at a certain frequency 
should be avoided. 

56. When used with a highly compliant 
reproducer, arm loading introduces dis- 
tortion. Furthermore, since the extra weight 
has to be pushed across the disc by the 
record grooves, serious erosion results. 

57. The "McProud test" is still the best 
and simplest for checking the combined tone - 
arm and reproducer compliance (tracking). 
For details, see AUDIO ENGINEERING, 
August 1950. 

58. For years past, many attempts have 
been made at devising a tone -arm that 
would maintain tangency automatically. 
Patent Office records show prolific activity 
along that line for the past 20 years. The 
parallelogram idea was the basis in most 
of these attempts. Any such mechanism 
would mean an increased number of com- 
ponent parts and joints. Thus far, such 
devices have all proved themselves inferior 
and total unsatisfactory. 

These attempts overlook the highly im- 
portant fact that the groove wall would 
have to do all the work to keep such 
mechanism in tangency. This would mean 
serious record wear. Furthermore, since 
the groove wall itself has to push such 
mechanism into tangency, obviously such 
tangency would then be too late to do any 
good. This condition is analogous to a 
trolley car moving slowly around a curve. 
The rail has to do all the work in con- 
stantly pushing the wheels to conform to 
the rail- radius. Everyone is acquainted with 
the fact that the outside rail on a curve 
wears out much faster 

TURNTABLE 

59. The first essential in a turntable is 
that it maintain a constant speed, if there 
is to be no pitch distortion due to the 
speed factor. 

60. A simple and most practical method 
of testing the speed constancy of a turntable 
is by playing either a piano or a violin 
recording with long sustained notes. Where 
available, playing a disc with a constant 
frequency note -anything from 1,000 to 
3,000 cps -is an excellent method to use. 
The human ear is very sensitive to changes 
in pitch (wow). 

61. Ability of a turntable to maintain 
constant pitch is very important. It should 
be checked at all the speeds that are being 
used in actual playing. 

62. The slower the speed, the more dif- 
ficult it is to maintain constant pitch. There- 
fore, the slow speed, 33 -1/3 r.p.m., should 
be checked carefully. 

63. Where quality performance is sought, 
a quality magnetic pickup is assumed. 

64. Up to a few years ago, pickups were 
made with heavy vibrating mass for high 
output. High output was necessary to make 
up for the lack of gain in amplifiers. It was 
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also needed to overcome the stray fields 
due to poorly designed electric motors. 

65. It is now generally accepted that 
today's amplifier must be built with suf- 
ficient gain to permit the use of a modern 
high -quality magnetic pickup. 

66. Because of this, turntable motors are 
now engineered and built so that they will 
not interfere with the performance of a 
quality magnetic pickup. 

67. Turntables designed to satisfy the 
factors outlined above are now available. 
Satisfactory multispeed turntables may now 
be had at a very modest cost. 

68. A turntable should always be mounted 
so that the motor will be as far as possible 
from the reproducer head. 

69. The turntable proper should be free 
of wobble. 

70. When mounted, the turntable should 
be as level as possible. 

71. A steel turntable should be solid 
throughout the area traversed by the stylus. 
That is, there should be no perforations 
of any kind throughout that area. As a 
rule, such perforations register in the loud 
speaker. 

72. A good turntable should be free of 
rumble, both lateral and vertical. 

73. A rumble not only registers in the 
speaker, but also increases record -wear. 

74. Felt or rubber covering placed loosely 
on the turntable has a tendency to slip. This 
should be prevented if pitch variation is to 
be avoided. 

Figure 1 shows the highest development 
in acoustic tone -arms, about 1926. Note 
the ball -bearing structure. The well in the 
base was filled with a viscous material 
which served the dual purpose of providing 
some damping at that end of the arm, and 
at the same time providing a fairly air- 
tight junction between arm and horn. To 
cut down the transfer of stylus -generated 
exciter energy, suitable damping was ap- 
plied at junction of reproducer and arm. 
In spite of all these precautions, however, 
the stiffness of the stylus was so great that 
some of the vibratory energy found its way to the arm. 

Figure 2 shows the first commercial 
electronic pickup, built by Audak about 
1926. The tone -arm of this pickup moved in ball bearings. Note the reproducer -head 
pivoted at the front of the arm -a carry- over from the acoustic tone -arm. This was found to be highly undesirable -- especially when the 33 -1/3 r.p.m. discs came in with talking pictures. 

Figure 3 shows a modern tone -arm. In conclusion, it is hoped that the answers 
given in this article may prove of assistance. 
To those not versed in the art who may be contemplating the assembly of quality audio apparatus, the following suggestion is offered : 

Assuming that, after inquiries and in- 
vestigation, you have finally decided on the reproducer as the first step in building up 
the chain of audio components. Write to or 
call on the maker of the pickup, and ask 
him for his recommendations for a turn- 
table and amplifier. It is natural for the 
maker of the pickup to wish his reproducer 
to perform with a good turntable and a 
good amplifier. For that reason, his recom- 
mendations may be depended upon. After 
that, you ask the maker of the amplifier 
what speaker he recommends. For the same 
reasons, the maker will want to recommend 
the speaker which will perform best with 
his amplifier . 

The writer has seen this method of 
selecting audio apparatus work out satis- 
factorily in many cases. It is simple and 
costs nothing. Try it out the next time 
you have to assemble a system. 

PFFRIFS S 
while meeting the ever increasing priority demands of the 

Armed Forces, fully realizes the importance of the civilian, 

commercial and industrial economy to the present national 

emergency. To supply this civilian need of transformers, 

Peerless continues to keep available a line of "selected" 

transformers ... chosen because of their characteristics to 

cover best the wide needs of civilian and commercial use. 

This "selected" group consists of 59 types of trans- 

formers, with seven case styles. There have been included 

in this group, power, filament, plate, input, interstage, bridg- 

ing, output, impedance matching transformers, reactors and 

power chokes ... all with the same unsurpassed quality that 

has given Peerless industry-wide leadership. Write for descrip- 

tive catalog and price list -AL- 1149 -1. 

PEERLESS 
Electrical Products 

Division 

9356 Santa Monica Blvd. 

Beverly Hills, Calif. 

161 Sixth Avenue 

New York 13, N. Y. 

KES, 
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Rugged 
Construction 
Exceptional 
Calibration 
Stability 
Unaffected by 
Variations 
in Humidity 

for PRECISION SOUND 

MEASUREMENTS or HIGH QUALITY 

SOUND RECORDING 

Built to give years of service without adjustments and 
without change in calibration. Even without dessicators, 
Kellogg Midget Condenser Microphones show no detectable 
drift in laboratory service. Proven in use for optimum per- 
formance for over 15 years. 

PRINCIPAL 
CHARACTERISTICS: 

RESPONSE -the response for the cavity and 
coupler sound measurements type Model A it 
about -58db when referred to 1 volt /dyne/ 
curt. This response is flot te within 1db from 
100 to 7000cps and to within 3db from 60 to 
10,000cps. The overload on Model A occurs 
above 140db. 

In the free field type Model B the rupenes is 

about -55db referred to 1 volt /dyne /cmt. 

SLID' 
r.r.insra un I MIDGET CONDENSER MICROPHONE 

This response is Rat to within ± 3db from 20 to 
12,000cps and to within ± 3db from 20 to 15,000 
cps with the grill removed. The overload level for 
this model is approximately 130db. 

MATERIAL -Diaphragm -.001" ST -17 aluminum 
alloy. All other major components are brats. Ex 
ternal surfaces are bright gold plated and lac- 
quered. CAPACITY -Approximately 40mmf. INSU- 
LATION RESISTANCE - 100,000 megohms mini 
mum m ed at 250 volts. POLARIZING VOLT- 
AGE- 150.300 volts. 150.225 volts is the ,scon 
mended range. 

Users include government laboratories, universities, 
audio development laboratories, sound studies and 
industrial plants manufacturing sound equipment. 

Model B is available either uncalibrated or 
with free field calibration. Prompt delivery 
on both models- be sure to specify type 
desired. 

Send for full specifications today. Write Dept. 27 -F. 

SWITCHBOARD AND SUPPLY COMPANY 

650 SOUTH uuto TWIN. CHIC 00 
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SCOOP at HUDSON 
HIGH FIDELITY 

BRITISH 
8" PM SPEAKER 

LIMITED 
QUANTITY 95 
No. S -1557 

40- 13,000 cps! Superb 8" PM Speaker outperforms most 
12" speakers - Sensationally Priced! All Brand New 
and Perfect! Use two or more of these to achieve 
the finest high fidelity reproduction. Ideal for phono, 
TV, etc. where space is limited and high power is not 
required. Very High Efficiency, Beautifully Built -Easily 
worth Double our Low Price! 4 -6 ohms impedance. 

HI -FI 12" COAXIAL SPEAKER 
'7assroc 4 Ì% ¿Glee 

50- 15,000 CPS 

5149 
No. S -1568 

2 For $29.00 

A Fortunate Speaker Buy! This coaxial reproducer 
was built to sell for TWICE our Bargain Price. Made 
by a leading manufacturer -Brand New and Perfect! 
12" Woofer and 31/2" Tweeter, with built -in cross 
over network. Provides excellent listening quality. 
Rated at 10 watts, 8 ohms impedance. Completely 
dustproof. Woofer has 32 oz. Alnico Ill and Tweeter 
has 1.47 oz. Alnico V magnet. Frequency response Is 
smooth from 50 to 15,000 cps., with crossover at 
about 1600 cycles. An Excellent Value! Shpg. Wt. 8 lbs. 

Complete 
with 

Built-In 
Crossover 

Network 

Other Famous Makes In Stock 
Famous Western Electric 7286 $35.70 

RCA 515S1 $35.57 University 6201 $44.10 

RCA 515S2 $48.50 University 6200 $20.58 

Limited Quantities of All Famous Makes 

FAMOUS 
MAKE 
AM -FM 
RADIO 

$3450 
EACH 

Low Cost! High Quality Performance! This AM -FM table 
model radio will make an excellent tuner or receiver 
for a custom installation. By itself it is a completely 
self -contained receiver with good sensitivity and 
smooth tuning, but has a 5" PM speaker. As an AM- 
FM tuner (with audio cut out), using a large speaker 
and separate amplifier, It's terrific! Solves the prob- 
lem of a low cost tune`' Made to sell for double our 
price! Uses separate IF coils for AM and FM. Has 
tone control, built -in AM and FM loops, with con- 
nections for external antenna. Uses 2.6816, 12ÁT7, 
6BH6, 12AL5, 12AT6, 35L6, 3525. For 110 V, 50/60 
cycles AC or DC. Walnut plastic cabinet, 12 x 8 x 7 D ". 
Quantity Limited! No. S -1431 

VISIT OUR SOUND STUDIO 
ALL STANDARD MAKES of High Fidelity Equipment are 
On Demonstration in our Elaborate Sound Studio. Come 
in and compare the latest equipment . see and 
hear the newest developments in sound engineering! 

FREE! 
SEND for our New 1951 
RADIO -TV -SOUND CATALOG 

The Most Complete, Informa- 
tive Catalog -Manual Ever 
Published on High Fidelity 
Equipment! 

HUDSON 
RADIO & TELEVISION CORP. 

212 Fulton Street, New York 7, N. Y. 
Olgby 9-1192 
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OPEN THURSDAY EVENINGS UNTIL 9 P. M. 

D.C. HEATER SUPPLY 

[from page 13] 

proper value. The rectifier might be one 
150 -ma (or more) unit or, as shown, 
two parallel 75-ma units. A resistor of 
50 to 100 ohms should be connected in 
the rectifier circuit to limit the peak 
current in the rectifier. The value of the 
resistor is not critical, but if parallel 
units are used separate and equal re- 
sistors (as shown at B in Fig. 1, 
R7 and R4) should be used since small 
differences in the resistances of the rec- 
tifier units may otherwise result in large 
unbalance in the currents flowing in 
them, and overload of one of the units. 

Figure 1 (C) shows a full -wave 
bridge rectifier in a supply unit similar 
to that of (B). The rectifier should 
have a rating of 150 ma or more as a 
bridge unit -it can be made up from 
four 75 -ma half -wave rectifiers. 

The filters shown in Fig. 1 (B) and 
(C) will give high- voltage output and 
a well filtered supply. Omission of the 
input capacitor (C, or Cu) will lower 
the output voltage and reduce the size of 
the resistor R,. For fixed installation, 
R, should be selected using, as with the 
plate series scheme. either a milliameter 
in the heater circuit or a voltmeter 
across the string. For an adjustable lab- 
oratory unit R, may well be a 500 -ohm 
20 -watt power rheostat. The output ca- 
pacitor (C, or CO effectively puts R, in 

IF YOU BUY ON SPECIFICATIONS 

and tops in value, you'll buy the 

TWIN -TRAX* TAPE RECORDER 
"Choice of Engineers Everywhere" 

Compare the guaranteed specifications 
of a Twin -Trex Tape Recorder with any 
other recorder in any price class. You'll 
find that Twin -Trax gives you more fea- 
tures, better all- around performance and 
more value for your money. 
Complete specifications, performance rat- 
ings and direct factory prices in our 
catalog 5109. Send for it today. 

*Trademark Reg. 

AMPLIFIER CORP. of AMERICA 
398 Broadway. New York 13, N. Y 

AUDIO ENGINEERING SCHOOL 
Procurel engineering training in Audio fundamentals, 
Disc, Film, Magnetic Recording, and Audio frequency 
measurements. 
Studio training simulates Broadcast, Motion Pictures, 
Television, and Commercial Recording work. 

Approved for Veterans 
Hollywood Sound Institute, Inc. 

1040A North Kenmore, Heumooed 27, Calif. 
correspondence Courses Available 

Specify if veteran or Non.V 

Fig. 2. Separate heater supply unit built by 
the author. 

the filter section, and Ra is included to 
discharge the capacitors if the unit 
should be turned off with the heater 
string open. 

The low- voltage end of the heater 
string should be the most sensitive 
(lowest level) tube supplied, and the 
heater circuit should be grounded at 
the socket of this tube to discourage 
hum and /or noise from "riding in" on 
the heater supply. 

The small selenium rectifier' and the 
high- capacitance low- voltage electro- 

' Miniature Selenium Rectifier Hand- 
book, Federal Telephone and Radio Corp., 
Clifton, N. J., contains a wealth of design 
and application data on these rectifiers. 

fPottilaitmefczt 

POSITIONS OPEN and AVAILABLE 
PERSONNEL may be listed here at no 
charge to industry or to members of 
the Society. For insertion in this col- 
umn, brief announcements should be in 
the hands of the Secretary, Audio En- 
gineering Society, Box F, Oceanside, 
N. Y., before the fifth of the month pre- 
ceding the date of issue. 
4x Positions Open Positions Wanted 

* Project Engineer. Permanent position 
for an electronic engineer of at least 5 

years experience in radio broadcast and 
sound systems equipment, capable of in- 
dependent development work in this field. 
Salary open. Send resume to Dr. A. K. 
Aster, The W. L. Maxson Corporation, 
460 West 34th Street, New York 1, N. Y. 

*Wanted: Sylvania Electric has open- 
ings for engineers and physicists in all 
phases of electronic research, design, de- 
velopment, and application. These are 
permanent positions in a rapidly expand- 
ing program, and offer excellent growth 
possibilities. Several locations. For fur- 
ther Information send resume or inquiry 
to D. W. Currier, Sylvania Electric Prod- 
ucts, Inc., 1740 Broadway, New York 17, 
N. Y. 
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lytics also make practicable the pro- 
vision of d.c. heater current from the 
low- voltage windings of a filament or 
combination power transformer. The 
basic schemes for this type of supply are 
shown in Fig. 1 (D), (E), and (F). 

If two 12.6 -volt windings or a center - 
tapped 25 -volt winding are available on 
the transformer the full -wave rectifier 
shown at (D) may be used to supply 
several 12 -volt heaters -two 6.3 -volt 
windings may be similarly connected to 
supply a few 6 -volt tubes. Each rectifier 
will carry only half of the d.c. output 
current in this arrangement, but the per - 
missable voltage drop precludes the use 
of an effective network filter and the 
capacitor C, should be at least 200 pf. 
for each 150 -ma load on such a 12 -volt 
supply. C, in a 6 -volt supply wired this 
way should be not less than 1000 1,1 for 
each 300 ma drawn. 

The bridge connection shown at (E) 
may be used to supply 12 -volt tubes from 
a 12.6 -volt winding or from two 6.3 -volt 
windings connected in series or 6 -volt 
tubes from a single 6.3 -volt winding. 
Filter capacitor requirements are the 
same as for the full -wave connection of 
(D), and each leg of the bridge rectifier 
will carry only one -half of the d.c. load. 

Simplest Form 
Simplest of the low- voltage d.c. sup- 

plies is that shown at (F) -a single 
half -wave rectifier with a single capaci- 
tor as the filter. In this circuit Ca should 
have a minimum capacitance of at least 
1000 pi. for each 150 ma of d.c. load at 
12 volts, or 4000 µf for each 300 ma at 
6 volts, and the ripple present in the 
heater circuit will, at best, be fairly 
heavy.2 

It should be noted that filament wind- 
ings used in any of the low voltage cir- 
cuits (D), (E), and (F) need not be 
reserved for the d.c. supply alone- 
they may be feeding a.c. to other tubes 
as well, provided only that the added 
rectifier drain does not overload the 
windings. Grounding the negative heater 
lead to the lowest -level tube at the 
socket of that tube is still to be recom- 
mended with these low- voltage supplies 
-but if one of these circuits is added to 
an existing piece of equipment care must 
be taken to insure against short- circuit- 
ing the supply by grounding the d.c. out- 
put when the heater circuit is grounded 
elsewhere in the equipment. 

Voltage to supply a bridge rectifier of 
the type shown at (E) may sometimes 
be contrived in a set where it is not ob- 
viously available. A transformer with 
a 6.3 -volt filament winding and 5 -volt 
rectifier winding, for example, may be 
made to serve by substituting a selenium 
or cathode type 6.3 -volt rectifier for the 
5 -volt tube, and connecting the two 
windings in series to provide 11.3 volts 
to the bridge. Operating a low -level 
amplifier tube at slightly under its rated 
heater voltage will usually provide bet- 

2 Mallory Technical Manual, P. R. Mal- 
lory and Co., Inc., Indianapolis, Indiana, 
contains a good non -technical summary of 
filter operation and design problems. A 
complete treatment will be found in Ter- 
man's Radio Engineers Handbook, Mc- 
Graw -Hill Book Co., Inc., N. Y. 

t1Cljo NEW Intermodulation Meter and Set 
HIGHEST PROFESSIONAL FLEXIBILITY at Reasonable Cost! 

Model 165 IM Meter is especially suited for 
laboratories, broadcasters, recording studios. Has 
signal generator, analyzer, voltmeter in single 
compact case. Reads %IM, amplifier output di- 
rectly on meter. Provides for use of oscilloscope 
to analyze and cure IM causes: full graphic in- 
structions supplied. Wide range of low & high test 
frequencies: 60 cps internally, 0 -200 cps exter- 
nally; standard 2, 7, 12 kc internally, 2 -20 kc 
externally. Only 0.1% residual IM due to ac 
curate bridge -type mixing circuit for 2 tones & 

special analyzer wave filters. Voltage ratio 
choices: for LF testing, 4:1 ; for more accurate 
HF testing, 1:1. 8t x 19" rack -type panel; 83' " 

deep. Price $250.00. 

With Model 
162 IM Set and 
your own audio 
oscillator and 
oscilloscope, you 
measure %IM 
in any pickup, 
amplifier or sys- 
tem directly on 
your scope 
imagein just 
seconds. Iden- 
tify wrong bias, 
wrong load Z, tube unbalance, regen- 
eration, insufficient drive capacity, etc. 
Complete with graphic instructions for 
adjusting equipment for best perform- 
ance. Price $88.50. 
WRITE NOW FOR CATALOG A 

COMPANY 

Daot.7t 133 W.14th ST. N. Y.11, N. Y. 

MISSING AN ISSUE? 

June 1949 January 1950 March 1950 July 1950 September 1950 

December 1949 February 1950 June 1950 August 1950 October 1950 

1949 -June 1950 -500 each July 1950- October 1950 -35f each 
Payment must accompany order 

Circulation Dept., Audio Engineering, 342 Madison Ave., N. Y. 17, N. Y. 

AUDIO ENGINEERING JUNE, 1951 

SEND 
FOR IT: 

free! 
212 -Page 

Buying 

Guide 

1951 ALLIED CATALOG 

World's Largest Stocks 

ELECTRONIC SUPPLIES 

for INDUSTRY and 

BROADCAST STATIONS 

One Complete Dependable Source 
for Everything in Electronics 

Simplify your purchasing -send your consolidated 
orders to ALLIED -the single, complete source for 
all Electronic Supplies. Depend on ALLIED for the 
world's largest stocks of special tubes, parts, test 
instruments, audio equipment, accessories-com - 
plete quality lines of electronic supplies. Our 
expert Industrial supply service saves you time, 
effort and money. Send today for your FREE 
copy of the 1951 ALLIED Catalog -the only com- 
plete, up -to -date guide to Electronic Supplies for 
Industrial and Broadcast use. 

ALLIED RADIO CORP. 
833 W. Jackson Blvd., Dept. 17 -F -1. Chicago 7, Illinois 

Allied Radio al 

We Specialize in Electronic 
Equipment for Research, 
Development, Maintenance 
and Production Operations 

SEND FOR 

FREE 1951 
ALLIED CATALOG 
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A MPERITE 
Studio Microphones 

at P.A. Prices 

Ideal for 
BROADCASTING 

RECORDING 

PUBLIC ADDRESS 
"The ultimate in micro- 
phone quality;' says 
Evan Rushing, sound 
engineer of the Hotel 
New Yorker. 

Shout right into the 
new Amperite Micro - 
phone-or stand 2 feet 
away- reproduction is 
always perfect. 

Not affected by 
any climatic conditions. 

Guaranteed to with- 
stand severe "knocking 
around." 

Models 
RBLG -200 ohms 
RBHG -Hi -imp. 

List $42.00 

"Kontak" Mikes 
Model SKH, list $12.00 
Model KKH, list $18.00 

Offer, 

Special Write for Special Introdudory Off ' 

Offer: and 4 -page 
illustrated folder. 

561 BROADWAY NEW YORK 12. N. Y. 

Canada: Atlas Rodio Corp., ltd., 560 King St. W., Toronto 

A S0- 1/LY0d INVESTMENT 

IN FINE MUSIC . . . 

SOWATTO) 
502 - - $249.50 

50 WATT AMPLIFIER 
Unequalled for quality reproduction 
of any sound source, the McIntosh 
is the most advanced amplifier of 
the day. Its unique, compact design 
offers: HIGHEST EFFICIENCY - over 
65 %, LESS THAN 1% DISTORTION 
AT PEAK POWER; DYNAMIC RANGE: 
OVER 70db; FREQUENCY RESPONSE: 
20- 20,000 cps. 

AE -2 Amplifier 
Equalizer - $74.50 ' *' 

SEND FOR 572C CATALOG 

20 WATTS 
(peak: 40) 

20W -2 
5149.50 

Dept. A 

McINTOSH Engineering Laboratories, Inc. 
320 Water Street, Binghamton, N. Y. 
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ter rather than poorer quality in that 
stage, and it will tend to reduce electrical 
and mocrophonic noises in the stage and 
to further reduce tube replacement vari- 
ations. 

PARTS LIST 

Cs, C., C. 150v, 80 -µf electrolytic cond. 
Cs, C., C. 150v, 40 -µf electrolytic cond. 
Ch, 8 henry, 150 ma choke 
R,, R. R., R. See text 
R,, R. 50 -ohm, 2 -watt resistors 
R, 10 -ohm, 2 -watt resistor 
Rect, Selenium rectifier (1 -150 ma or, as 

shown, 2 -75 ma) 
Rect, (150 ma bridge, 

75 ma each leg) 
Rect, (rated } of d.c. 

load) 
Rect. (bridge rated for 

full d.c. load, each leg 
rated for } of d.c. load) 

Rect. " (rated for full 
d.c. load) 

C7 25v elect. capacitor. For 6.3v, 1000 µf 
per 300 ma load 

For 12.6v, 200 µf per 150 ma load 
C. 25v elect. capacitor. For 6.3v, 4000 µf 

per 300 ma load 
For 12.6v, 1000 pf per 150 ma load 

AUDIO PATENTS 
[from page 3] 

of the speaker, is fed to an electroacoustic 
horn transducer which acts just as a loud- 
speaker does in a conventional audio sys- 
tem--- except that nobody can hear this one, 
including any microphones which may be 
in the vicinity. The system is diagrammed 
in Fig. 3. 

Each person who is to hear the instruc- 
tions, however, wears a tiny, ear -fitting 
devicing which might resemble a hearing - 
aid button and which can be made very in- 
conspicuous, and which contains an ingen- 
ious demodulating system. There is a thin 
diaphragm made of piezo- electric material 
and this is moved by the supersonic air 
vibrations. So far, there would still be no 
demodulation, since displacement of the 
diaphragm would be even for both super- 
sonic half -cycles. But across the piezo- 
electric diaphragm the inventor connects a 
small crystal rectifier. Now, as the dia- 
phragm deforms in one direction due to the 
first half -cycle of supersonic air displace- 
ment, the voltage it produces across the 
rectifier due to piezo -electric effect pushes 
little current through the diode. But defor- 
mation in the other direction produces a 
piezo -electric voltage of opposite polarity 
and this causes current to flow readily 
through the rectifier. The comparatively 
heavy current flow loads the piezo -electric 
diaphragm and prevents it from deforming 
in full response to the air -pressure change. 
Thus the diaphragm is allowed to bend 
fully in one direction but not in the other. 
The nonlinearity does the same job as the 
second detector in a receiver and the de- 
modulated carrier signal presented to the 
ear contains a fully intelligible audio sig- 
nal. 

You couldn't very well use a standard 
loudspeaker for this job and producing the 
piezo -electric receiver diaphragm might 
present problems. The system sounds ex- 
tremely practical, however, and seems to 
have certain advantages over some of the 
r.f. systems now used for cueing in TV 
studios. The patent sheets contain circuit 
drawings and specifications for the ear and 
transmitter units. 

CLASSIFIED 
Rates: 10e per word per Insertion for noncommercial 
advertisements: 25e per word for commercial saver 
tisements. Rates are net, and no discounts will be 
allowed. Copy must be accompanied by remittance In 
full, and most reach the New York office by the first 
of the month preceding the date of issue. 

FOR SALE: Altec Iansing 604B speaker 
in 612A l'tility Cabinet, $150 f.o.b. New York. 
Box CK-1, AUDIO ENGINEERING. 

FOR SALE: Presto PT900R1 portable tape 
recording unit, approximately 200 lira use; 
carefully handled by non -professional user; 
excellent condition. Best offer over $550. 
A. Ogawa, 49 Irving St., Cambridge 38, Mass. 

FOR SALE : MAGNECORD amplifier, PT6J. 
In carrying case; includes 15 -in. /sec. equalizer 
Used one month, like -new condition $200, f.o.b. 
New York. Box CK -2, AUDIO ENGINEERING. 

FOR SALE: I'T900R1 Presto portable tape 
recorder used as demonstrator approx. 15-20 
hrs., 50 -ohm inputs, $675.00; Brook IOD 30- watt amplifier, 175.00; Altec 32313 amplifier 
$95.00; Presto L2 playback amplifier- speaker 
unit, $197.00; two 

playback 
recording cases, $20.00 

each. All In good condition. Shipping charges 
(' COD. MAST ItTONE (RECORDING COM- 

PANY, Box 1060, lies Moines, Iowa. 

PRESTO OWNERS- ATTENTION! 
ON and 8N overhead mechanism rebuilt for 

microgroove. 80 to 290 lines In 66 steps. De- sign proven 2 years In our studios. Write for 
particulars. 

Trans -Radio Recordings Inc., 
683 Boylston Street, 

Boston 16, Mass. 

FOR SALE : Altee Lansing 605A speaker with dividing network, mounted in a Cameron 
('raft Blond Oak cabinet, $190. 2 Rek -O -Kut 
G2 standard, $75 each, including two Brush 
PL-20 arms. Entire lot for $325. James E. 
Palmer, 3095 36th Place, Sandia Base, Albu- 
querque, N. M. 

SALESMAN WANTED: Sales experience es- 
sential, interested in Hl -Fi. Write stating 
qua! Men Oona and salary requirements. Box 
CK -3. Al'tut ENGINEERING. 

. LET ME IMPROVE your present amplifier 
to sound like a Williamson. Arthur Levine, 
3.105 Kossuth Ave., Bronx 67, N. Y. OL 2.8615, 
evr nings. 

TRANSCRIPTION TT OWNERS: Collec- 
tion of original acetate recordings. including 
symphonies, Horowitz and Rubinstein piano 
works. Colman's "Tale of Two Cities." and 
others -over 50 total. \\'rite for list. Box 
CK -4, Autno ENGINEERING 

BRANI) NEW Pickering diamond LP car - 
tridge original sealed box, only $32. Another 
used 30 hra, $24. Pickering 190 arm. $18. 
Brush (if) -- 12.000 headphones. $8. Brand new 
Barker speaker, $38. Brand new University 
speaker, $17. I'lastic tape, two 7 -in, reels, $4. 
IJU 8 -2057, H. Skalamera, 435 E. 74th St., 
New York 21, N. Y. 

FOR SALE: PR-12 Federal disc recorder 
with radio and mike and BK -401 Brush mag- 
netic tape recorder with Chinn conversion 
and :35 rolls tape. (test immediate offer. Apt. 
152. 125 West 16t1í St., N.Y.C.. CH 2-3226. 

NOTHING ELSE LIKE IT 

ELEMENTS of SINGLE 

and DUAL TRACK 

TAPE RECORDING and 

1001 APPLICATIONS 

S 
. 00 44e.s " 

ONLY POSTPAID 

144 pages crammed with facts. Contains cir- 
cuit diagrams. parts lists, construction hints, 
as well as elementary and advanced theory 
and design. Send check, cash, or M.O. 

AMPLIFIER CORP. OF AMERICA 
ava aroaaway New 

AUDIO ENGINEERING 

York 13, N. Y. 
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HAVE "HAVE YOU HEARD 

THE SOUND 
OF QUALITY?" 

. . . . . i - ' 
NEWCOMB SOUND IS BETTER 

Manufacturers of public address, mobile, 
phonograph, musical instrument and wired 
music amplifiers Portable systems Port. 
able phonographs and radios Transcription 
players Rack and panel equipment. 
Write today! Circle items of interest and 
indicate whether you ore a Dealer, Ports 
Jobber or Sound Specialist. 

NEWCOMB AUDIO PRODUCTS CO. 
DEPT. T, 6824 LEXINGTON AVE. 
HOLLYWOOD 38, CALIFORNIA 

PROFESS lO\A . 
DIRECTORY' 

C. J. LEBEL 
AUDIO CONSULTANT 

Development, Test, Custom Equipment, 

Complete Laboratory and Shop Facilities 

133 WEST 14TH STREET 
NEW YORK 11, N. Y. 
CH 3 -8082 

Custom -Built Equipment 

U. S. Recording Co. 
I GI Vermont Ave.. Washington 5. D. C. 

Lincoln 3 -2705 

RICHARD H. DORF 
AUDIO CONSULTANT 

Sound Systems Recording Installations 

Product Design Technical Literature 

255 W. 84th Street Phone 

New York 24, N. Y. Schuyler 4 -1928 

Radio Club of America in midst of new 
membership drive. Questions concerning 
eligibility should be addressed to the Club 
at 11 W. 42nd St., New York City. . . . 

Mandl- Hoffman Corporation, Hollywood, 
has begun production of new Model S5 
synchronous magnetic -film recording and 
reproducing equipment to meet needs of 
both TV and motion picture industries.... 
Seventh annual Pacific Electronic Exhibit 
scheduled for August 22 -24 in San Fran- 
cisco Civic Auditorium -event will co- 
incide with western IRE convention. . . . 

Lowell Metal Products Corporation, St. 
Louis, makers of acoustical equipment 
in audio field, announces name change to 
Lowell Manufacturing Company. 
Eighteenth National !adio Show, British 
counterpart of Chicago Parts Show will 
take place August 28 to September 8 at 
Earls Court, London. . . R Sound - 
craft Corporation, New York, announces 
outright purchase of Bergen Wire Rope 
Company, Lodi, N. .I. No changes antici- 
pated in tchnical management group. 

Curtiss- Wright Corporation negotiating 
for purchase of all assets of Columbia 
Protektosite Company, Inc., Carlstadt, 
N. J. In addition to continuing plastic 
manufacturing activities, Curtiss- Wright 
plans additional construction to house 
Electronics Division presently located at 
Caldwell, N. J. . . .SMPTE moving June 
8 to larger headquarters in New York. 
New address will be 40 W. 40th St. . . 

Westinghouse Electric Corporation plan- 
ning huge plant near Bath, N. Y. for 
manufacture of electronic tubes. Plant 
will occupy 70-acre site, and employ 2000 
persons. Walter Borten Company, 
Peekskill, N. Y., startled trade with 
sample mailing of smallest twisted -wire- 
type brush ever produced commer- 
cially 

.901cia4but People 
Theodore Lindenberg appointed chief 

design engineer for Pickering & Company. 
Formerly with Fairchild, Lindenberg is 
past president of Audio Engineering So- 
ciety. . . . Wickham Harter, Centralab 
sales manager, announces appointment of 
Ted Lowell as sales rep in Missouri and 
Illinois area. . Entire Audio industry 
shocked by passing of William J. Neserka, 
v.p. of The Turner Company. 

Joshua Sieger has resigned from Freed 
Iuulio corporation to become independent 
technical consultant on radar, TV, and 
cons mom ica t ions. Appointment of 
Richard H. Dorf, .E audio patents re- 
viewer, as electronics project engineer 
announced by Ira Kamen, electronics di- 
rector of Brach Manufacturing Division 
of General Bronze Corporation. . . . 

W. E. Ditmars, president, Gray Manu- 
facturing Company, announces promotion 
of Harry W. Stewart to commercial man - 
ager- formerly in sales promotion de- 
partment. . . Rodney D. Ohipp, director 
of engineering for Du Mont TV network, 
slated to visit Europe. Will be accom- 
panied by his wife who is v.p. and chief 
engineer of Newark Controls and presi- 
dent of the Society of Women Engineers, 
and who will be guest of the British 
Women's Engineering Society. 

George O. Smith, writer of science fic- 
tion, appointed manager of components 
engineering for Emerson Radio and 
Phonograph Corporation, according to R. 
T. Capodanno, director of engineering.... 
S. K. Burnell, formerly of Westinghouse, 
has joined Burlingame Associates, manu- 
facturers' representatives, as advertising 
director. . . Vinton Praeedley Jr., is new 
account executive with NBC. . Roy 
Newish, audio veteran and director of 
Harvey Radio Company sound depart- 
ment, back on the job after a bout with a 
bug. . James Freeman, media director 
of St. Georges & Keyes advertising 
agency, and associate Richard H. Shively 
building tape library of fine music with 
new Concertone. 

1 
WORLD'S FINEST 

RECORD CHANGER 
Plays all speeds 

Fully automatic with automatic stop 

Heavy duty silent motor 
Absolutely no rumble! 

Heavy drive shalt 
No wows! 

No wavers! 

At your 
dealer or 
write to 

Dept. 6E 

FREE! 
Fact sheet 

for pointers 
on new record 

changers 

GARRARD SALES CORP. 
164 DUANE ST., NEW YORK 13, N. Y. 

Sensational Bargain in Brand New 
Record Demonstrators 

Built for Columbia Records 

by Magnavox 

Amplifier designed in conjunction with 
the speaker to be capable of bringing 
you the storm and fire of Wagnerian 
opera or the light lilting melody of 
Debussy with equal realism. 
Oversize 12" Speaker Inclined Sound - 
Board 
Console Cabinet approximately a yard 
wide and a yard high 
2 tone controls -Treble and Bass -As 
well as 2 volume controls 
A Pickup that is as gentle as a beam of 
winter sunshine. Intended to leave records 
in new condition after demonstration 
78 and 33 1 3 R.P.M. Originally a 3 speed 
motor, but Columbia had the sleeve on 
the motor shaft for 45 R.P.M. removed, 
so the R.C.A. doughnuts could not be 
played. This can be re- installed for a few 
cents, if you must play the doughnuts. 
No expense was spared in producing 
these record demonstrators. They were 
Columbia's weapon in the savage, relent- 
less and costly war between the titans 
in the record business, that only ended 
when R.C.A. started to market 33 1/3 
R.P.M. records under its own label. 
This buy of a lifetime is guaranteed to 
please you. Price only $60.00. A quick 
sellout is certain at this low price. Rush 

your order. 

BUFFALO RADIO SUPPLY 
219 -221 Genesee St. Dept. AE 
Buffalo 3, New YorkWo. 9004 
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THE IDEA BEHIND THE WORDS 

HARTLEY -TURNER 
00 

3. - 
qq 

ttaining the near ideal 
We have described the policy which begat 

the Hartley- Turner 215 speaker. The question 

arises "Have we produced something which 

really does appeal to high - fidelity listeners ?" 
In many parts of America there are Hartley - 
Turner speakeasies formed by enthusiasts for 
our products. Here is a letter from one in 

Venezuela. 
"It is thought you would like our report on 

the 215 speaker, three of which were received 
in perfect condition about two weeks ago. All 
were impressed by both the packaging and the 
fine workmanship. The speaker is a beautiful 
appearing job mechanically, the craftsmanship 
evident even to the lay eye. 

"We set it up in line against my Klipschorn 
and three other well known models. About that 
time my wife was ready to throw all of us out. 

"But there have been a number of evenings 
of listening -most of us skeptics thought it 
would be all over in one hearing -and the 

average reaction is one of being not quite able 

to believe it. But, more seriously, I think the 
group opinion boils down to this. It is a won- 
derful speaker. As you have said, it takes more 

"drive" than most. It is not as good as the 
Klipschorn (maybe we are over -conditioned to 

its sound, however). It is better than the sec- 

ond speaker, which lacks bass, having a sharp 

cut -off at 60 cps. Nothing else tested is in 

the same class. 
"There have been other tests. We ran it as 

a bass woofer, feeding it from the low -half 
of a 400 -cps crossover network, as a tweeter 
above 100 cps, and as a mid -range unit, 400- 
1000 cps. In each position we were impressed, 

but mostly in its high and low response. The 

answer to your low response is, of course, the 

available 3/B -in. movement without distortion. 
The highs -well, your cone is the first direct 
radiator I have encountered that approaches 

the crispness of a diaphragm -type speaker. 
Most of these are too crisp: I like the 215 

there very much. 

"As things stand now -and this is but a 

progress report -1 still prefer my Klipschorn, 
but I never expected to find in one single unit 
the musical quality and range of the 215. As 

economics do not allow a Klipschorn in every 
room, the 215 will find one or several useful 

spots in my home as well as in some of the 

others' homes. And it will certainly be my 

recommendation to all of those who cannot 
afford a $600.00 unit." 

5 S: 5 A A a e 

Perhaps we cannot reasonably be expected to 
produce for $48.00 a better speaker than one 

costing $600.00, but if $48.00 is YOUR price 
level, the 215 will take you very far along 
the road to your ideal of undistorted sound 
reproduction. 

Illustrated literature free on request, but do 
send a dollar bill and get on our regular list 
of technical data and "New Notes in Radio," 
a pocket guide to high -fidelity. 

H. A. HARTLEY CO. LTD. 
152, Hammersmith Road 

LONDON W.6, ENGLAND 

ADVERTISING 
INDEX 

Air -Tone Sound & Recording Co. 34 

Allied Radio Corp. 37 

Altec Lansing Corp. 35 

Amperite Co., Inc. 38 

Ampex Electric Corp. 40 

Amplifier Corp. of America 36, 38 

Arnold Engineering Co., The 5 

Audak Co. 25 

Audio Devices, Inc. Cover 2 

Audio Instrument Co. 37 

Belden Mfg. Co. 7 

Bell Telephone Labs . 10 

Buffalo Radio Supply 39 

Cannon Electric Co. 30 

Chicago Transformer Div. 31 

Cinema Engineering Co. 32 

Classified Ads 38 

Daven Co., The Cover 3 

Dorf, Richard H. 39 

Editors and Engineers 32 

Garrard Sales Corp. 39 

General Radio Co. 9 

Goodman Industries, Ltd. 33 

Hartley, H. A. Co., Ltd. 40 

Harvey Radio Co., Inc. 27 

Hollywood Sound Institute, Inc. 36 

Hudson Radio & Television Corp. 36 

Kellogg Switchboard & Supply Co. 35 

LeBel, C. J 39 

Leonard Radio, Inc. 29 

Magnecord, Inc. 3 

McIntosh Engineering Lab, Inc. 38 

Newcomb Audio Products Co. 39 

Partridge Transformers, Ltd. 40 

Presto Recording Corp. 23 

Professional Directory 39 

Radio Corp. of America 1 

Reeves Soundcraft Corp. 6 

Rek -O -Kut Co. 4 

Triad Transformer Mfg. Co. 2 

U. S. Recording Co. 39 

United Transformer Co. Cover 4 

PARTRIDGE 
THE AUDIO TRANSFORMERS 

that pass ALL tests 

Time, no less than 
test, has proved Partridge Audio 
Transformers to be the most effi- 
cient and reliable in the world. 

* WILLIAMSON Output TRANS- 
FORMERS, of which there is no U. S. 

equivalent (vide "Audio Engineering" Nov. 
1949) built to the original specification, 
comes to you for $21.00, mail and insurance 
paid. 

* PARTRIDGE CFB 20 Watt output 
type, accepted as without rival. Series leak- 
age induct., 10 m.H; primary shunt induct. 
130 H, with 'C' core construction and 
hermetically sealed -to you for $30.00, 
mail and insurance paid. 

Fullest data, including square wave tests, dis- 
tortion curves etc., together with list of U. S. 
stockists rushed Air Mail to you. 

NOTE: We despatch by insured mail per 
return upon receipt of your ordinary dollar 
check. 

jobbers are invited to handle the trans- 
former that the States Is eager to buy - 
remmber, immediate delivery from large 
stooks ie New York! 

PARTRIDGE TRANSFORMERS LTD. 
ROEBUCK ROAD, TOLWORTH SURREY, EBCLARO 

4/1.1N 
HIGH QUALITY 
RECORDING 

MAGNETIC TAPE RECORDERS 
SOLD BY ... 
BING CROSBY ENTERPRISES, Inc., Hollywood 
AUDIO.VIDEO PRODUCTS CORP., New York City 
GRAYBAR ELECTRIC CO., Inc., Principal Cities 
THE HAWAIIAN NETWORK, Ltd., Honolulu 
RADIO PARTS, Inc., New Orleans 
Export: WESTREX CORPORATION, 

N D FOR BOOKLET 
York City 

As 
ss sE 

AMPEX 
ELECTRIC CORPORATION 

San Carlos California 

Mpaí 
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of the !RMSMISSION 

MEASURING 
SETS 

X85 CENTRAL AVENUE 

Used Todax 

DAVEN TRANSMISSION 
MEASURING SET 7A 

Equipment specially designed for use by utilities, 
telephone and power companies. May be directly 
applied to measuring gains or losses through ampli- 
fiers, repeaters, attenuating networks or communi- 
cation lines. 

TRANSMISSION SECTION 

GENERATED FREQUENCIES: 500. 1000. 2500 
cycles per second. 

OUTPUT LEVEL: -13. 0. +4 and +10 dbm. 
INPUT and OUTPUT IMPEDANCE: 600 ohms 

over entire frequency range. 
RECEIVING SECTION 

FREQUENCY RESPONSE: Within 1.0 db 
from 50 to 15.000 cps. 

AMPLIFICATION RANGE: -10 to +30 db in 
- 4 ao n,epn. 

1\te Made 

Not only is the Daven Company the largest 
supplier of transmission measuring sets, but it 

is also a source for every needed type of in- 
strument for the measurement of the transmis- 
sion characteristics of communication systems. 

It furnishes units to check all types of broad- 
cast equipment and audio devices for com- 

mercial and industrial use as well as for 

organizations such as utilities, telephone and 

power companies. Therefore, whatever your 
requirements are in this field, write to Daven 

for complete catalog ma- 
terial, and outline your 
own particular problems for 
specific assistance from our 
engineering staff. 

NEW ARK 4, NEW 

CO 

1ERSEV 

e 

DAVEN TRANSMISSION 
MEASURING SET 11A 

A moderately priced instrument for broadcast 
equipment. A simplified, accurate, direct reading 
instrument, designed to make measurements in 
accord:mce ssith FCC regulations. 

FREQUENCY RANGE: 20 CY to 20 Iic. 
ACCURACY: ' 0.1 db. 20 CY to 20 Rc. 

RANGE OF LEVEL: 

+ 4 to -110 db I in steps of 0.1 db. -10 to -124 db 

APPLICATIONS: 
(a) Audio gain and loss measurements. 
(b) Measurements of matching and bridg- 

ing devices. 
(c) Complex circuit measurements. 
(d) Measuring mismatch loss. 
(e) Frequency response measurements. 

o 

. ;1 
6 ': ; f. t¡. 

t 0 _-__ _J .._. 

1 

100 
..._ÓO z' 
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for every 
application 
While the catalogue line of UTC 
components covers a wide variety 
of applications, many people are not 
familiar with the full range of prod- 
ucts produced by UTC. It is impossible 
to describe the thousands of special 
UTC designs as they become avail- 
able. The illustrations below are in- 
tended to indicate some of the range 
In size of these special predocts. 

This 

broadcast 
cubic foot modulation Kw 100 cub service. 

Frequency 
response is for .50 response 

flot from 30 

The high O foroid coil shown is 12" in diameter. It operates in a 50 Kw. circuit at supersonic frequency. 

This sub -^yi ̂ i °furs 
(.18 cubic inch) output transformer 

is 

ice. Wed for hearing aid and other 
7/16" 

r^yx 
9/16" 3/4", 

While the dimensions 
are only 

frequency requirements. 
ice. le for voice 
the fidelity is ample core 

b' 
inch) porto auto ̂ces 

and 

This 
sub-miniature °000 Yc \es9° 50 

Kc. 

'._ 

t +ó °t 
frequencies 

from 1, 

150 VARICK "STREET v NEW YORK 13, N. Y. 

EXPORT DIVISION: 13 EAST 40th STREET. NEW YORK 16, N. Y. CABLES: "ARLAB" 
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