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Whatever the 

SPEE D 

Whatever the 

PITCH 

aud.i0+d3SCS 

are your best assurance 

of truly fine recording 

and reproduction 

i 
78 rpm 

96 grooves per inch 

33'/3 rpm 
224 grooves per inch 

. 

Un- retouched shadowgraphs, showing Audiodiscs re- 
corded at 78, 45, and 331/3 rpm. Magnified 125 times. 

Today, with the trend toward higher and higher fidelity, the quality 
of a recording disc is more important than ever before. The new 
recording and reproducing techniques - slower speeds, finer grooves, 
and feather- weight pick -ups - demand a lacquer coating of truly flaw- 
less perfection. 

Professional recordists everywhere are finding that Audiodiscs meet 
the most exacting requirements for every type of conventional or 
microgroove recording. The automatic machine -coating process, the 
selection and blending of lacquer ingredients, the tireless testing - 
from raw materials to finished Audiodiscs - are your assurance of 
matchless quality. And for the finest results, it pays to cut Audiodiscs 
with precision -matched Audiopoints - now available for microgroove 
as well as conventional recording and playback applications. 

*Reg. U.S. Pat. O8. 
Audiodiscs are manufactured in the U.S.A. under exclusive license from PYRAL, S. A. R. L., Paris 

Audio Devices, Inc., 444 Madison Ave., N. Y. C. 
Export Dept: Rocke International, 13 East 40th Street, New York 16, N. Y. 



Now you can work with 

Permanent Magnet Material 
(Manufactured under license from Western Electric Company) 
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ARNOLD can supply REMALLOY 
in the form of BARS and CASTINGS 
or SINTERED TO SPECIAL SHAPES 
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REMALLOY generally may be used 
instead of 36 -41% Cobalt Permanent 
Magnet Steel - replacing it without 
design changes, and at a cost saving. 

The first issue of the 

"Magneteer contains 

complete technical infor- 

mation on.Remall °Y 

write for your copy. 

In addition to our customary production of all types of ALNICO and 
other permanent magnet materials, we now produce REMALLOY. 
The various forms in which it is available -bars, castings or sintered 
shapes -are all produced under the Arnold methods of 100% quality - 
control; and can be supplied to you either in rough or semi -finished 
condition, or as completely finished units ready for assembly. Let 
us help you secure the cost- saving advantages of REMALLOY in your 
designs. Call or write for further data, or for engineering assistance. 

THE ARNOLD ENGINEERING COMPANY 
SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CORPORATION 

147 EAST ONTARIO STREET, CHICAGO 11, ILLINOIS 

ARN()111) 
SPECIALISTS AND LEADERS IN THE DESIGN, ENGINEERING AND MANUFACTURE OF 

PERMANENT MAGNETS 
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SETS A NEW PERFORMANCE STAND 

YOU GET ALL THESE FEATURES 

IN THIS NEW HIGH FIDELITY 

SIGNAL GENERATOR 

Voltage 
accurate 

within 0.2 db 

Distortion less than 
0.1 

Continuously 
variable 

a -f voltage 

Frequency 

kc 

rang e 20 cps to 

stability of frequency 
Hig -hp- 206A Audio Signal Gen 

For the first time all the features 
listed above are combined in one pre- 
cision instrument, to give you signals 
of utmost purity and accuracy for high 
fidelity measuring work. 

In addition, the new -hp- 206A Gen- 
erator includes low- temperature 
coefficient frequency determining ele- 

quality audio circuira, the -bp- 206A 
is ideal for FM transmitter mainte- 
nance, studio amplifier and console 
testing, a source for bridge measure- 
ments, a -f voltage or transmission 
measurements; and for other applica- 
tions requiring a very low distortion 
signal of known amplitude. 

RESISTANCE TUNED TUNED 

OSCILLATOR AMPLIFIER 

/ 

VACUUM TUBE MATCHING 

VOLTMETER ATTENUATOR TRANSFORMER 6loon 

000 
SINGLE DIAL CONTROL LI I I db, o.I db steps 

Figure 1 - Circuit Structure of -hp- 206A Generator 

Son I-o 

600(1 

ments for high stability and unvarying 
accuracy over long periods of time. 
A precision attenuator varies output 
signal level in 0.1 decibel steps 
throughout 111 decibels. 

Resistance -tuned Oscillator 
The resistance -tuned oscillator is 

followed by an automatically tracked 
amplifier whose high selectivity re- 
duces oscillator harmonics. Following 
the 111 db attenuator is a transformer 
which can be matched to loads of 50, 
150 and 600 ohms. A 600 ohm single - 
ended output is also provided (Fig. 1). 

Specially designed for testing high 
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Full details available on request 

HEWLETT-PACKARD CO. 
1640L Page Mill Road, Yak Alto, California 

Export Agents: Freiar & Hansen, Ltd. 

301 Clay Street San Francisco, Calif., U. S. A. 

SPECIFICATIONS 
FREQUENCY RANGE: 20 cps to 20 kc, 3 bands. 

CALIBRATION: Direct in cps on lowest bond. 

STABILITY: Better thon 2 %. Low temperature 
coefficient frequency network. 

OUTPUT: +15 dbm into 50, 150, 600 ohms. 
Approx. 10 v into open circuit. 

OUTPUT IMPEDANCE: 50, 150, 600 ohms bal- 
anced. 600 ohms single ended. Matched 
internal impedances. 

FREQUENCY RESPONSE: Within 0.2 db, 30 
cps to 15 kc, beyond meter, at all levels. 

DISTORTION: Less than 0.1% above 50 cps . 

Less than 0.25% below 50 cps. 

HUM LEVEL 70 db below output signal, or 100 
db below zero level. 

OUTPUT METER: Reads in dbm or volts. 

ATTENUATORS: 111 db in 0.1 db steps. Accu- 
racy approximately 0.1 db. 

=mom 
4Iabàthtorq_¡IiSttth1 

F O R s P E E D A N D A C C U R A 
... G . 

Power Supplies Frequency Standards Amplifiers 

UHF Signal Generators Square Wave Generators 

Electronic Tachometers Frequency Meters 

Audio Frequency Oscillators Attenuators 

Audio Signal Generators Noise and Distortion Analyzers Wove Analyzers Vacuum Tube Voltmeters 
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DISK RECORDER 
For Lip Synchronous 
STANDARD AND MICROGROOVE 

RECORDING 

FAIRCHILD STUDIO RECORDER, UNIT 523 

Continuous variation of pitch from 8o to over 500 lines per 
inch. 

Instant variation of pitch with only one feed screw and the 
Fairchild precision selector. 

Ability to change pitch while in operation increases dy- 
namic range. 

Visible armature in the Fairchild cutterhead permits easy 
and accurate alignment for high recording level- without distortion. 

Absolute synchronism for use with sound on film dubbing. 
Velvet smooth direct to center turntable gear drive -elim- 
inates slippage, musical pitch change and insures positive timing of 
program material. 

Laboratory quality microscope with adjustable light for 
visual examination of the groove side walls. 

Vernier control of depth and angle of cut -adjustable during 
recording. 

Precision recording -simplified operation. 

Above are some of the features that are responsible 
for the professional performance of the Fairchild SOUND 
Studio Recorder. Designed for continuous duty, the 
Fairchild Unit 523 offers the utmost in equipment 
flexibility for recording Standard NAB or MICRO- 
GROOVE pitch instantaneous transcriptions and 
masters. One lathe, one feed screw, one drive, one 
unit - FAIRCHILD. 

EQUIPMENT 

The Fairchild Recording Equipment Corporation also manufactures a com- 
plete line of audio equipment for recording installations. Write to us 
about your specific requirements and for complete details about UNIT 523. 

154TH STREET AND 7TH AVENUE, WHITESTONE, L. l., N. Y,, 
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Comments on 45 Report 
,Ii: 

1 have read with great interest the article 
"Characteristics of the New 45 rpm Record" 
by "Stylus ", in the March issue of Ausno 
ENGINEERING. 

I believe that two statements in this in- 
teresting article are inaccurate and should 
be corrected. 

First, the author states, in referring to 
the changing cycle, that due to the time 
needed to play the lead -out and lead -in 
grooves, observers have checked the total 
elapsed time at 3 to 4 seconds. Since we 
are here obviously comparing the X record 
with the Columbia LP, I think it is reason- 
able to count as elapsed time between re- 
cords, the entire period of time taken from 
note to note. In other words, from the cessa- 
tion of music on one record to the commence- 
ment of music on the next. If this is done, it 
will be found that the average time is not 

3 to 4 seconds but nearer 8 seconds and 
occasionally as much as 12 seconds. Ob- 
viously, this is no better than has already 
been achieved in ordinary drop -type mech- 
anism changers. In point of fact,it is some- 
what slower. 

The second point which deserves con- 
sideration is that the author has stated that 
a comparison between LP and X is valid 
only if one studies nominally similar discs, 
that is 7" against 7 ", and that the unwary 
bave compared 7" RCA with 12" Columbia 
which the author considers incorrect as they 
fall in entirely different price ranges and fit 
different markets. This, I believe, is all 
wrong. It is perfectly proper to compare the 
RCA 7" with the Columbia 12" because both 
these companies will be releasing identical 
music on the two types. In other words, if 
both should issue a new recording, for ex- 
ample, of Beethoven's Fifth, Columbia 
should do so on 12" disc and RCA should 
do so on 7" discs. Consequently, it is cor- 
rect and proper to compare these two. Elim- 
inating pop records from consideration, the 
comparison is perfectly valid. 

I believe that these comments regarding 
the two points mentioned above, should be 
taken into account in any over -all consid- 
eration of the two new -type records. 

Leonard Carduner 
Garrard Sales Corp. 
315 Broadway 
New York 7, N. Y. 

Comments on Comments 
Sir: 

In their ivory towers of perfectionism, 
Ammo ENCINEERNG readers share one fault: 
They forget all about the earthy problems 
of keeping an industry solvent. 1 was there- 
fore very happy to find that Mr. Carduner 
inadvertently had answered his own objec- 
tion- "Eliminating pop records from con- 
sideration". How can- you eliminate 80% 
of the record market from consideration? 
The symphonic record market is a mere ex- 
crescence, a wart on the surface of the re- 
cord field, a relatively unprofitable scar that 
survives only as .a by- product. Record pro- 
cessing and pressing facilities are supported 

[Continued on page 41] 
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IN A RADIO SET 

kw/ 
eart K(% 

Sylvania's four tiny new 

tubes hold the answer 

The miniature radio set shown here is an 
example of what can be done through the use 
of Sylvania's new subminiature tubes. 

These specially designed and engineered 
T -3 subminiatures are battery -type receiving 
tubes perfect for very small radios or 
amplifiers. Short tube leads provided in 
conventional pin arrangement permit these 
tubes to be plugged into appropriate sub- 
miniature sockets. They can be operated 
over a wide range of battery voltages. Low 
current requirements result in battery 
economy. 

Send for complete ratings and characteristics. 
Sylvania Electric Products Inc., Advertising 
Dept., R -1405, 500 Fifth Ave., New York 18, N. Y. 

Type 1T6 
(diode 

pentode) 

Type 1E8 
(converter) 

Type 1 AC5 
(output 

pentode) 

Type lAD5 
(RF pentode) 

Four new Syl- 
vania submiria- 
tures shown in 
place in tiny ra- 
dio set. Note size 
in relation to 
pencil. 

SYLVANIIWE LE CTRI C 
RADIO TUBES; CATHODE RAY TUBES; ELECTRONIC DEVICES; FLUORESCENT LAMPS, FIXTURES. WIRING DEVICES, SIGN TUBING; LIGHT BULBS; PHOTOLAMPS 
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EDITOR'S REPORT 

ONE MORE FALLACY 

THIS SUBJECT hardly falls into the classification of 
fallacies, but it is one worth some consideration 
by both manufacturers and constructors alike. This 

is the matter of tone control placement. 
The technical person is familiar with the portrayal of 

the audio spectrum on a sheet of conventional graph 
paper which always places the high frequencies at the 
right, lows at the left. The musician -and nearly every 
layman to both arts -is familiar with the piano keyboard, 
with the treble keys at the right, bass keys at the left. 
Yet it is often that an amplifier reaches the market with 
this natural placement reversed, so that it requires an 
unnatural action to vary either control without conscious- 
ly thinking of its location. 

It would seem that some standardization of the place- 
ment of controls is desirable -the selector switch always 
at the left, followed in turn by the low -frequency control. 
the volume control, the high- frequency tone control, and 
finally the power switch. Not that it makes much dif- 
ference, because a user will eventually become accus- 
tomed to control placement. no matter how illogical it 
may seem, but a uniform arrangement deserves some 
mulling over in a world where standardization is becom- 
ing more and more important. 

BOOK DIVISION ACTIVITIES 

The announcement in the March issue regarding the 
plans of the book division attracted considerable interest, 
and it is now definite that the first volume to be published 
will consist primarily of articles which have appeared 
in these pages since the first issue of AUDIO ENGI- 
NEERING made its bow. Many readers will welcome this 
announcement because of the scarcity of back copies, 
and a compilation in one volume will make it possible 
for the audio hobbyist or experimenter to fill out his 
files of reference material. Unfortunately, the first an- 
nouncements of the magazine went almost entirely to 
engineers and professionals in the audio field -not from 
any desire to restrict its distribution -but mainly because 
experimenters and hobbyists are a nebulous group which 
it was then difficult to reach. Because of this. many who 
would have been readers from the beginning joined the 
ranks long after the magazine came into being and there- 
fore missed some of the important early articles. The 
subjects to be covered include: amplifiers: phonograph 
reproducing equipment; loudspeakers. dividing networks. 
and enclosures; and residence radio systems. 

CONVENTIONS 

Spring is the season when fancies are reputed to 
turn -- and those in our field turn theirs to the con- 
ventions which occur almost weekly during this per- 

6 

iod. Beginning with the massive IRE show in March, 
Spring includes the conventions of the Society of Motion 
Picture Engineers, the National Association of Broadcast- 
ers, and the Acoustical Society of America. The IRE -RMA 
Spring Meeting falls in between, being held this year on 
April 25 -27 in Philadelphia. 

Aside from a natural interest in conventions, the prin- 
cipal reason for bringing up the subject is to express a 
wish that the SMPE and the NAB might consider the 
possibility of holding their meetings during different 
weeks. Both were held this year during the week of April 
4, making it a bit difficult to cover both adequately. Of 
course, most of those interested in one are not interested 
in the other, but with the gap between them being nar- 
rowed by television activities, more and more engineers 
are becoming involved in both arts. Apropos of this, the 
SMPE has proposed to its members that the name of the 
society be changed to the Society of Motion Picture and 
Television Engineers. It appears to be a logical forward 
step. 

AUDIO IN TV RECEIVERS 

Many are the complaints heard about the audio quality 
in commercial TV receivers. As long as the picture is seen, 
it may not be so important that sound quality be held to 
an optimum, but radio is to be commended for its realism, 
and particularly for its perspective. When an actor looks 
for a needle in a haystack, you can actually hear the hay 
rustling, for example. In direct comparison with sound 
pictures, radio does a better job of setting the scene with 
sound quality alone. To a large extent, this is under- 
standable, for if the viewer can see the actor in the hay- 
stack, it is perfectly obvious that he is there; in radio 
the illusion must be created entirely by sound. 

The comparison with sound pictures is reasonably valid 
because no one normally attends a movie without watch- 
ing the picture -so the sound and picture complement 
each other. But when TV becomes the principal home 
entertainment medium, many owners will want to hear 
a program while doing something else, and the same care 
should be exercised in program production for TV as it 
is now for radio. And in order to appreciate perspective 
and sound quality, a better audio channel will be needed. 

One reader reports that he made a few simple modifi- 
cations to his TV receiver, and that sound is in all ways 
comparable with that from his FM receiver. But why 
should the set owner have to make these modifications? 
If a four, five, or six inch speaker is not adequate, why 
not use a larger one? Good speakers, good amplifiers, 
and proper speaker placement are all essential in making 
the TV receiver a completely satisfactory replacement for 
the radio receiver. 
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F REED NSTRUMET TS & COMPONENTS! 

HIGH HIGH FIDELITY OUTPUT TRANSFORMERS "Q" INDICATOR 

Tym N.. 
NM, NIM.4. Mp xM, w .M. 

IMO.Iw, 

S«a.a : ±'/d4 
S, 

Mnw<in 

SIRO 'Al.,. I l01', M.SCM, NCO,, 
Iao Wt. IüI. 

SY,]]].1s0. 
1O.Ia.M 

1MM0M 
<., 

IS wets 

flMl 1 LI'., IAI6.., 
N"... i,"w'., °w. u... 

SMO Mlw, 
11..r.,1: 

M, u 1SOMr II ..N, 

MSS I.II la, MO, 1 1. 11 .. 1oS 
"'ó,] 

OM Mw, 
ioó,iii. só' 

NMMO 
< <.. 

Is ..n, 

FISTS rw1 p I M5, ap, SM. .I e. ]os . 
Mlm. 

MM ehm 10,7,0,,11:1,0i NMMl li ..,b 

FIRO ru ; pu 115. . 1N, N. M, 
v1, Clw, I 4,ISSL 

ls.oM eMw feo lll IM, 
Nt, d. M 

N'NMI Is ...a 

f115f 
M. lrl.lt a.If1M. 

IN. N. M, Io.00 .Sw, M N.15. IÌ 
aT í1MM Is ...n 

Flw 0 p ]Al,, losa',, 
pDO',, "ú 

14w 

aM elw, SO IIryIM. 
Nd, , M 

N<MMI ]I ..0, 

f NN r.' mil,. IA]',. IoS6l, 
:ú 

moo e1w, pi. M.n'i°' N'sIMM <<., ..... 
FIRO r.Ñ ."I1 w. Z.7., w MM elw, MpIIIRO. 

Ns.Ia,M 
16NON SO 4.111 

IIxT 
hÑ MII 

IU sr 
I w MM e1 . b. f13, Ij tr., M..N. 

INCREMENTAL 

INDUCTANCE 

BRIDGE 
IMPEDANCE RANGE: One mlllihe.ry te 1000 

henries In fi . I.d.cta.es valus ant 
read directly hem four dial d nd 

m.itiplier switch. This rang. ea. be d to 
10,000 henries by N. ue et an external re 
sl oe 

INDUCTANCE ACCURACY: Within plies sr 
mimes 1% N. frog y ranee hem 
40 t. 1000 cycles. 

NULL DETECTOR 
No. 1140 For bridge measurements, 
providing visual null indications or 
aural indications when used in con- 
junction with headphones. The unit 
may also be used as a high gain am- 
plifier for general laboratory work. 
Functionally, the instrument consists 
of a high gain linear amplifier with a 

30 db input attenuator in addition 
to the variable gain control. Output 
voltage is 40 volts undistorted into 

1 megohm load, and IO volts into 
20,000 ohms. 

Decade Ttdeetd't4 
No. 1161 

IOs .1 NY steps 

101 01 KY steps 

10 1.001 NY steps 

2000 50.000 cycles 

No. 1161 

10 s .01 HY steps 

10 s .001 MY steps 

101.0001 NY steps 

10.000.003.000 cycles 

No. 1030 Frequency range 
from 20 cycles to 50 kilo- 
cycles. "Q" range from 
.5 to 500. "Q" of induc- 
tors can be measured 
with up to 50 volts across 
the coil. Indispensable 
instrument for measure- 
ment of "Q" and induc- 
tance of coils, "Q" and 
capacitance of capaci- 
tors, dielectric losses, 
and power factor of in- 
sulating materials. 

COMPARISON BRIDGE 

HERMETICALLY 

No. 1010 An invaluable instru- 
ment for precision laboratory 
adjustment and incoming in- 
spection of resistors, capacita- 
tors and inductors ... Entirely 
self -contained, A.C. operated 
and includes a three frequency 
oscillator, an A.C. bridge and 
a null detector. 

SEALED 619NIPDNENT5 

No. 1164 

10 s 10 HY steps 

101 I HY steps 

Its .I HY steps 

50 -1000 cycles 

D1avdseiNataird 

7a,toidai 9adeeetou LOW FREQUENCY HI "Q"COIIS 9i 

For telemeteriaq and re- 
mote control applications 
using andl and sapanenir 
frequency sobcarrinrs. 

Tn. n r.. n.2 Trim n.l #1900 100 HY Narrow band pan filters 
1000IS.000O<lo I 3000-00.000<Tsls 10,OOP)00,000crcSo 

IMwr.nc. r.Sw TM* : Sndw<.na6 v.lw 
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High quality toroidal coils wound on molybdenum permailoy dust cores. 
All those listed above can be supplied in hermetically sealed cans, 
commercial type construction or open units. Other types can be 
supplied out of stock on special orders. 

#1901 

#1902 

#1903 

#1904 

#1905 

#1906 

75 HY 

50 HY 

25 HY 

10 HY 

5 HY 

1 HY 

Available from stock 
in the indicated in- 
ductance values. 

for remote control and 
telemeterinq applications. 
Nigh pass. low pass, band 
pass and band elimination 
titers for communication 
and carrier systems. 

SEND FOR 
COMPLETE 

DESCRIPTIVE 
LITERATURE nEub,ImsFuMER Cól 

EPL A P 1718 -36 WEIRFIELD ST., (RID6EWOOD) BROOKLYN 27, NEW YORK 
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Now! A Top Quality Tape Recorder at a Reasonable Price 

ew PRESTO 
Magnetic Tape Recorder 

ALAST, a magnetic tape recorder that 
fully measures up to the most exact- 

ing requirements of broadcast network op- 
erations, independent stations and tran- 
scription producers, s-et priced to have 
wide appeal. 

Compare these specifications: 
Frequency response: 30 to 15,000 cps ± 1 db. 
Signal to noise ratio: Over 60 db below max. 
signal. 

Fast speed, 240 ft. per second forward and 
rewind, instantly reversible. 
Recording speeds 7%" or 15" per second 
(15" or 30" per second provided on request). 
Speed selection by special 2 -speed motor. 
Reels direct mounted on motor shafts. Uses 
atity type and size of reel, up to 14 ". 

Erasing, recording and playback heads all 
mounted in separate housing - entire unit 
connected by plug -in for immediate replace- , 
ment. 

Full -size illuminated scale V. U. meter on 
top panel. 

Now! Greater 
Accessibility 
Illustration shows how ev- 
erything mechanical and 
electrical can be serviced 
from the front and top. Am- 
plifiers and power supply are 
in swinging door behind re- 
movable panels. Mechanical 
units are mounted on top 
panel, hinged at rear so it 
can be opened upwards. 

RECORDING CORPORATION 
Paramus; New Jersey 

Mailing Address: 
P. 0. Box 500, Hackensack, N. J. 

In Canada: 

WALTER P. DOWNS, Ltd., Dominion Square Building, Montreal 

WORLD'S LARGEST MANUFACTURER OF INSTANTANEOUS SOUND RECORDING EQUIPMENT AND DISCS 
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Fig. I. Eight 6V6 tubes in push -pull -parallel 
cathode -follower output stage, and twc 
paralleled power transformers give this 
amplifier an unusual appearance. Simple 
circuit arrangement provides maximum 

speaker damping. 

A Practical 

Cathode -Follower Audio AmpliFier 
W. E. GILSON, M.D.,* and RUSSELL PAVLAT* 

A design which provides high damping for the loudspeaker, resulting in excellent transient response. 

SPEAKER damping is a comparatively 
neglected element in the discussion 
of high -quality amplifiers. Specifi- 

cations usually state that the frequen- 
cy response curve can best be drawn 
with a reliable straightedge, and that 
the percentage of distortion is negli- 
gible at a substantial number of BTU's 
output per second. The absolute flat- 
ness and freedom from distortion so 
obtained are largely of emotional value 
to the designer, as a slight variation at 
high output cannot be detected except 
by measurement, because the inner ear 
generates up to 50% harmonic distor- 
tion under that condition.1 Such an 

'Gilson Medical Electronics, 
4 Franklin Ave., Madison 5, Wis. 

Fig. 2. Underside of amplifier chassis. 

amplifier may sound clean, or it may 
be quite "muddy," depending on the 
damping. 

Such fine sounding specifications are 
usually accompanied by (sometimes 
accomplished by) the use of large 
amounts of inverse feedback. Thus fair 
damping is usually obtained, particu- 
larly if an excellent output transformer 
is used, or if the feedback is taken 
from the voice coil winding. Except 
in a very good transformer, there is 
regrettably little relation between the 
wave shapes of the voltages on the 
primary and secondary windings. 

Although in comparable circumstan- 
ces triodes sound somewhat cleaner 
than beam -power tubes to the writers, 

Note clean, straightforward wiring layout. 

this is an uncertain subjective judg- 
ment. Many persons interested in audio 
reproduction will, when the proper 
stimulus is applied, inevitably state 
their dogma "Nothing can beat a pair 
of 2Á3's." One amplifier on the market 
at present, with the modern equivalent 
of the 2A3, sounds definitely muddy, 
largely because of a lack of damping. 
No inverse feedback from the output 
winding is used, and the transformer is 
not of sufficiently high quality to pro- 
vide close coupling between the tubes 
and the voice coil. Thus a good solid 
triode does not inevitably give clean 
reproduction. It can give very good re- 
sults if used in a well designed ampli- 
fier. 

The use of the 6AS7G appears to 
provide some improvement in damping. 
An experimental amplifier using this 
tube, constructed some time ago, sound - 
e4 remarkably clean, considering that 
a poor output transformer was used. 
McProud2 obtained an impedance of 
7 2 ohms across the 16-ohm output 
winding, using the 6ASI'G in a better 
amplifier with good components. 

Considerably better damping can be 
obtained with a cathode follower ampli- 
fier. This type of audio output circuit 
has seldom been used, probably because 
of the high driving voltage required. 
The present circuit has been developed 
to provide adequate output with an 
economical source of distortion -free 
high driving voltage. The circuit ap- 
pears slightly unconventional, but there 
is a definite reason for all of the de- 
partures from the usual. The amplifier 
is shown in Figs. 1 and 2. 
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Fig. 3. Overall schematic of complete amplifier and 

Driving Voltage 
The driving voltage is obtained by 

using a resistance coupled 6SN7 with 
a plate supply voltage of 700, and a 
plate voltage of 300. The cathode fol- 
lower output requires high current at 
low voltage, and the preamplifier stages 
require low current at low voltage. To 
fulfill these requirements, two SNC 
transformers are used with their high- 

voltage secondaries in parallel. The 
combination is then rated at 350 volts 
each side of the center tap, at 300 ma. 
Two 5- volt ,and two 6.3 -volt windings 
are-also avttilable. One of the 6.3 -volt 
windings, with its center tap connected 
to ground, is used for the heaters of 
the early amplifier stages and for the 
6X50T rectifier, which supplies 350 
volts above ground at low power for 

Fig. 4. Frequency response curves at different output levels. Note that range 
extends from 4 cps to well over 30 kc. 

loo 1000 

FREQUENCY IN CYCLES PER SECOND 

10 

power supply. 

these stages. The two 5 -volt windings 
are used for the two 5U4(á- rectifiers, 
which are connected in the reverse of 
the usual manner to provide 350 volts 
below ground at high power, for the 
output stage. There is a total differ- 
ence of 700 volts, across which the . 

driver stage is operated. The remaining 
6.3 -volt winding, which has its center 
tap connected to minus 350, supplies 
the heaters of the driver and output 
stages. 

The bias for the final stage is ob- 
tained from the pulsating d -c voltage 
drop across the 150 -ohm filter resistor, 
which voltage would otherwise be wast- 
ed. This is voltage- divided and filtered 
and gives a 25 -volt negative bias which 
is highly stable. 

In order to obtain peak output, it is 
necessary to make the driver and cath- 
ode follower circuit slightly more sen- 
sitive, as the limitation lies in the 
phase- inverter output. Approximately 
5 per cent regenerative feedback is 
added from cathode to cathode, increas- 
ing peak output and noticeably re- 
ducing peak overall distortion. This 
changes the output impedance imper- 
ceptibly because of the large amount 
of overall degenerative feedback. The 
regenerative circuit may be omitted if 
desired. 

(Continued on page 381 
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Audio Sweep Frequency Generator 
GEORGE A. ARGABRITE* 

Details of a photo -electro- mechanical generator which can be an invaluable 

aid in design and maintenance of amplifiers and associated equipment. 

ASWEEP signal in the audio fre- 
quency band has for a long 
time been recognized as an aid 

in the study of the action of wave 
filters, the over -all response of audio 
apparatus, and transient and other 
associated electrical phenomena. 

A few systems have been proposed 
but still fewer have been completed 
for the production of an audio sweep 
signal. The outstanding success of 
the audio sweep generator of Mr. 
Wayne R. Johnson, and of the in- 
strument u n d e r discussion, have 
proved the undoubted usefulness of 
this type of device. Mr. Johnson's 
generator produces a smoother signal 
than the one herein described (see 
Fig. 16). It is entirely electronic, 
somewhat intricate in design, and 
more costly to build. The oscilloscop- 
ic trace of the present instrument is 
shown in Fig. 2. 

For production testing, a number 
of manufacturers are using this au- 
dio sweep generator for final tests on 
recording heads, such as disc, tape, 
and film. A short section of one of 
the mediums on which the record is 
made is recorded and then repro- 
duced with test equipment. This re- 
sulting signal on the oscilloscope is 
indicative of the quality of the piece 
of apparatus under test. 

In testing audio amplifiers, the 
sweep signal is introduced to the 
amplifier and the output is observed 
on an oscilloscope. While under test, 
the volume control can be operated; 
noise is evidenced by breaks in the 
pattern on the screen. Linearity of 
the volume control circuit is' observed 
by noting the flatness of the response 
with the volume control set at min- 
imum and maximum gains, respec- 
tively (see Figs. 4 & 5). The action 
of tone controls is clearly indicated 
on the screen. Noisy tubes may be 
quickly located when they are vi- 
brated b y tapping, the resulting 
screen picture being highly modu- 
lated by a microphonic tube. 

In production- testing transformers, 
the input and output characteristic 
impedances of the transformers are 
simulated with proper resistive net- 

*Chief Engineer, The Trionic Company of 
America, ,(Çlarkstan Corp.) 
11927 W. Pico Blvd., Los Angeles, Calif. 

works and the over -all response of 

the transformer, either under load or 

with a minimum signal, may be 

quickly evaluated on the oscilloscope. 
In the development of filter net- 

works, such as are used for compen- 
sation in film, phonograph and trans- 
cription reproduction, the circuits 
are set up or bread -boarded, and the 
action of the circuit observed on the 
oscilloscope, using the audio sweep 

Fig. I. The card is a transparency 5" 
in diameter, scanned with a .005 "x1/2 

Tight beam. It is rotated at 600 rpm, 
producing a sweep frequency of from 
40 to 10,000 cps, ten times per sec- 

ond alternating with an unmodulated 
base line. The variable width of the 
base line compensates for photogra- 
phic anomalies so that a mean aver- 

age track density is maintained. 

signal. Changes can be made while 
the pattern is being observed. In 
this manner, much time is saved in 
the development of the corrective 
network. 

Periodical checks on the over -all 
performance of radio stations are 
necessary procedures. At the micro- 
phone input, in a typical radio sta -' 
tion, the audio sweep signal may be 
introduced and the modulated car- 
rier picked up by an external or 
isolated test radio receiver. The ob- 
served signal on the oscilloscope 
from this receiver quickly gives an 
over -all picture of the signal quality. 

Microphone and Speaker Testing 

In the design and testing of mi- 
crophones, a two -way speaker system 
which effectively covers the band 
from 40 to 10,000 cycles may be used 
as an audio signal source in an an- 
echoic room. It has been found that 
(lue to the nature of the sweep sig- 
nal, it is not as necessary to have 
perfect conditions of non- reverber- 
ation as in the case of steady -state 
audio signals for testing. Since there 
is no steady state condition in the 
audio signal, a normally short period 
reverberation of less than 1 /20th 
second does not contribute to stand- 
ing waves. In a way, the action is 
somewhat similar to the narrow band 
swept signal which has been in com- 
mon use for some years. 

Under the above test conditions, it 
is expedient to rotate the microphone 
under test and observe its polar pat- 
tern response. 

For the design and testing of 
speakers, the cross -over filter net- 
works used in two -way speaker sys- 
tems can be very easily evaluated 
when using the audio sweep signal. 
Here again a free field is desirable, 

111l111('"mme+^'M 

I I MI! 
r1111r3,,, 
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Fig. 2 (left). Normal pattern for the audio sweep generator. This is the signal 
produced by the card in Fig. I. Marker pips are at I, 3, 5, 7, 9, and IO kc. 

The overall range is from 40 cps to IO kc. Fig. 3 (right). Showing pattern 
obtained when there is a misalignment of the optical slit of about 7 °. Deteri- 

oration of the highs is similar in the case of film and tape recording. 
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i l l 'h!!"'±mm rr 
Fig. 4 (left). A commercial amplifier, with the volume control near maximum attenuation. The series resistance of the input potentiometer attenuates the highs. Fig. 5 (right). Same amplifier as in Fig. 4 with the volume control set at full volume and indicating a slight high- frequency boost. 

Fig. 6 (left). A high -Q low -pass filter network, with a 1200 -cps cutoff. At the low end of the oscillogram can be seen the typical transient response of such a circuit. Fig. 7 (right). A high -Q high -pass filter network, with a cutoff at about 200 cps. The transient response at the beginning and the accompany- ing modulation of the sweep carrier are typical of high -Q circuits. 

Fig. 8. Left: Series capacitance. Right: Series inductance. 
but the quality of the free field need 
not be as high as in the case where 
a steady state sound source Is used. 
The same conditions apply to the 
testing of speakers as to the testing 
of microphones. Polar patterns may 
be quickly evaluated from a qualita- 
tive angle. 

In experimental work with the 
varistor, the rectifying action in both 
the so- called "plate" and control con- 
tacts may be observed on the oscil- 
loscope, as well as the performance 
of the device circuit -wise, by using 
the audio sweep signal. Figure 15 
shows a rectifying action in which 
about 5% reverse voltage shows up. 
This particular unit was faulty and 
a new point of contact was found 
which made the circuit operative. 
The audio sweep signal has proved 
valuable in experimental work on the 
varistor at this laboratory. 

In the case of rectifiers for meters, 
the inherent capacity within the 
bridge is often found to be a limit- 

12 

ing factor in their use at the higher 
frequencies. The capacitance of the 
rectifier acts as a shunt condenser. It 
is seen on the oscilloscope screen as 
an obvious passing of thé high fre- 
quencies in the region of 10,000 
cycles. 

Design Details 

Approaching the problem by build- 
ing an audio sweep generator from 
a more or less >nieal standpoint 
has produced a piece of entirely port- 
able equipment which is very rea- 
sonable in cost and capable in its 
performance. The heart of the gener- 
ator is a photographic disc (trans - 
parent card). See Fig. 1. The origin- 
al compilation of the card is 48 
inches in diameter. The card for use 
in the instrument is 5 inches in dia- 
meter. 

The production of the original disc 
involved some hundreds of hours of 
calculations and plotting. The transi- 
tional, or changing frequency sin- 

AUDIO E 

usoidal, wave was plotted against a 
circular base line as an abscissa, and 
radii of the circle as ordinates. The 
design was then filled in to give the 
pattern a black- and -white contrast. 
The disc was then reduced photo- 
graphically and a positive was made 
from the original negative. From the 
positive, the subsequent negatives 
were produced. 

An unimportant form of distortion 
arises from slight irregularities in 
the plotting of the original pattern. 
These irregularities are peculiar not 
as recurrent phenomena but are in- 
digenous to the single cycle with 
which they are associated and so do 
not cause a misinterpretation in the 
analysis of apparatus under test. In 
order to ascertain the amount and 
kind of distortion that was inad- 
vertently introduced into the original 
pattern, successive broad band elim- 
ination filter networks were used. 'l'lie 
residual obtained in this manner is of 
necessity all of the distortion com- 
ponents that were in that section of 
the original signal, the fundamental 
having been removed. The nature of 
these distortion components appeared 
to be for the most part triangular 
in wave form. See Fig. 13. 

Image Spread 

Subsequent investigations revealed 
a fact which has long been known in 
the processing of film. This is known 
as "image spread." Image spread, in 
brief, is the tendency for the exposed 
portion of the film to affect expo- 
sure -wise the immediately adjacent 
unexposed emulsion. While this factor 
is negligible in motion picture work, 
it was fairly troublesome' in the pro- 
duction of the sweep frequency disc. 

Image spread produced a small 
amount of odd harmonic distortion 
and introduced a lowering of the 
high - frequency signal. In the origi- 
nal 48 -inch diameter card the wave 
length at 10,000 cycles is .136 inches. 
In the finished 5 -inch card, the wave 
length at 10,000 cycles is .135/9.6 
inches. In the case of the first and 
third exposures, the image has a 
tendency to become smaller. This is 
because three successive images, pho- 
tographically speaking, have occurred. 
A narrow margin of the original 
wave form has been removed from all 
boundaries. The proportional amount 
of area removed is much greater in 
the high -frequency region than in the 
low -frequency region. 

As a result, distortion in the low 
frequencies has been held to a frac- 
tion of a per cent, while in the re- 
gions above 5,000 cycles reduction 
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in the distortion was increasingly 
apparent up to 10,000 cycles. Two 
factors have played an important 
part in the reduction of this distor- 
tion. One of these is by the use of 
a gaseous type of photoelectric cell. 
The other factor was in the prepar- 
ation of another disc or card in 
which the calculated image spread 
was corrected for in the plotting of 
a new four -foot -diameter card. In the 
case of the use of the gaseous photo- 
cell, type 927, which is familiar in 
the reproduction of sound motion 
pictures, distortion components above 
10,000 cycles were materially re- 
duced, for if there were third har- 
monic distortion in a 5,000 cycle 
fundamental, such distortion would 
be of th,e order of 15,000 cycles, a 
frequency essentially out of the range 
of the present instrument. 

The photographic reproductions of 
cards have to be made under ex- 
tremely rigid laboratory conditions 
pertaining to exposure, printing, and 
developing. 

Regarding the circuit, the charac- 
teristics of the amplifier are kept 
within the strictest specifications. It 
has been found that completed ampli- 
fiers that would ordinarily pass in- 
spection on the production line would 
not adequately fill the specifications 
required in the photo -electric circuit. 
Changing the tubes is sufficient to 
show what are normally considered 
only slight variations in tube charac- 
teristics. In regard to photo cells, 
these too must be rigidly inspected 
for performance characteristics. The 
greatest variations of the type 927 
phototube seem to be about 6 db 
difference in amplitude response at 
the low frequencies and the high fre- 
quencies. As an example, one tube 
may have an attenuation sloping 
toward the high end of about 1 db 
per octave, while another tube will 
have an opposite slope. These are 
extreme cases, however. Such an ac- 
tion from photocells is due, in part, 
to the slight variations from tube to 
tube in the gaseous pressure within. 
The audio sweep generator h a s 

proved to be a valuable device for 
checking photocell tube performance. 
A tip-up circuit of the feed -back 
type is provided with an adjustment 
on the chassis which takes care of 
any linear irregularities in the over- 
all response of the phototube when, 
and if, it becomes necessary to change 
the tube. 

Light Source 

The exciter lamp, when operated 
on d.c., had no tendency to introduce 
a 120 -cycle hum component. The 

lection of a small, self -focusing flash- 
light bulb, type 22. proved to be 
a satisfactory and economical light 
source. The tube normally operates 
on 2.2 volts at around 250 ma. Its 
life is greatly extended and its cur- 
rent consumption materially reduced 
when operated from a 30 amp. hour, 
1/ volt, A battery. Considerably in 
excess of 150 hours of service may 
be expected from each battery. This 
is the only battery in the circuit; it 
may be easily. replaced. The life of 
the 222 lamp under the reduced rat- 
ing is an unknown quantity, probably 
1,000 hours or more. 
Other Cards 

Different types of signals, such as 
the square wave and the triangular 
wave, have been incorporated in some 

of the cards for use with the audic 
sweep generator. In the case of the 
square wave, a perfectly square wave 
signal is not possible when using type 
927 photocells. The harmonic content 
falls considerably above 10,000 cycles. 
Rounded corners appear. The use of 
high vacuum photo -electric cells cor- 
rects this condition but they require 
higher gain circuits. In the reproduc- 
tion of a triangular wave which, in- 
cidentally, becomes on the card a 

form of spherical triangle, the wave 
was plotted with a changing base 
line. Self- generation of a sine wave 
becomes evident at about 8500 cps. 
This action is the result of non - 
resolution of harmonic content in 
the triangular wave above that fre- 

[Continued on page 40] 

Figures 9 to 14 (above). Simple low -Q band -elimination and band -pass filter 
networks composed of commercial capacitors and inductances. 

Fig. 15 (left). Germanium rectifier in a circuit showing 5% reverse voltage. 
Fig. 16 (right). The audio sweep frequency signal from the electronic gen- 
erator of Wayne R. Johnson. The marker pips are at I, 3, 5, 7, and IO kc. 

The lowest frequency in the output of this generator is 40 cps. 
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Corner Speaker Cabinet for 12 -inch Cones 

TxE .DESI(\ for a corner cabinet for 
15 -inch i ones, first shown in the 
January issue, is followed here by 

a similar design adapted for the use of 
a 12 -inch cone, either with or without 
a high -frequency unit and horn. This 
design has been worked out on the basis 
of a 7 -cu. ft. enclosure, and without the 
TV picture tube compartment, it is 
considerably smaller in size than its 
predecessor. 

The dimensions shown in the draw- 
ing below are planned for the use of 
Yz -inch 5 -ply panels, although only 
slight changes would be necessary if 

-in. plywood were to be used instead. 
The mounting strips, 4 -in. square, are 
not shown for most of the construction, 
but for solid work it is desirable that 

C. G. McPROUD 

all joints be reinforced by these strips. 
All points should be glued, and the as- 
sembly should be made by means of 
wood screws. 

Because of the fact that there are 
only two parallel surfaces in the enclo- 
sure, it is not actually necessary that 
the entire inside of the cabinet be pad- 
ded. The two parallel surfaces are the 
top and the bottom, and these should be 
padded with Ozite or some similar ma- 
terial. The two sides should be braced 
across the back after the cone is in- 
stalled. The top must be gasketed 
against the wall to ensure an air -tight 
joint. The sides of the speaker -well are 
straight, and 1 -in. material is recom- 
mended. 

If a two -way system is desired, an 

h -f horn and unit may be installed 
above the cone opening. Either the Ba- 
con two -cell horn and unit, the Univer- 
sity dual tweeter, or the Atlas HF -1 
horn will mount flat against the front 
panel, and any of these units should 
be used with a suitable dividing net 
work. 

To give a finished appearance to the 
cabinet, a grill cloth can be placed over 
the speaker -well before it is attached 
to the front panel, and some similar 
treatment should be given to . the high - 
frequency horn, if one is used. 

This cabinet will ensure good load- 
ing of the cone down to about 35 cps, 
and the relatively small floor space re- 
quired for a corner unit is a definite 
advantage. 
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Conversion Method to Increase Film 

Recording Studio Facilities 

NORMAN T. PRISAMENT* and THOMAS F. LoGIUDICE ** 

When expansion of activity demands greater flexibility, an economical 

plan is desirable. The authors describe a successful installation of this type. 

ONE OF THE MAJOR problems facing 
the operator of a small recording 
studio installation is how he can 

provide most suitably for a normal ex- 

pansion from a single or dual -channel 
plant to one capable of recording on 

film, disc, or tape -either individually 
or all together -and the method of 

making such a transition without dis- 

rupting the regular studio' business. 
Many smaller studios are faced with 

this problem at some time in their his- 
tory. Up until the last year, disc re- 

cording has usually been sufficient to 

fulfill the requirements of the majority 
of studios, with only a small number 
of them being involved in the produc- 
tion of sound films. With the increas- 
ing need for television films and the 
tremendous swing toward magnetic 
tape for intermediate operations it is 

becoming more and more necessary to 
have a plant which is sufficiently ver- 

satile to accommodate all three types 
of recording if the operator is to retain 
a volume of business adequate to en- 
sure a financially successful operation. 
Assuming, however, that it is deter- 
mined that such a growth must be ac- 
commodated, the actual method of mak- 
ing the expansion physically must then 
be considered. 

Unquestionably it would be desirable 
to have a completely integrated plant, 
similar to that of a large network head- 
quarters, if the arrangement is to be 
flexible in operation. Up to a certain 
point, this is true, but there are cer- 
tain limitations which can not be ex- 
ceeded. In the first place, it will usual- 
ly be necessary to maintain service to 
the customer almost continuously, and 
this service can not be interrupted for 
more than a minimum of time. In the 
second place, the cost of entirely new 
equipment is high, undeniably, and the 
expenditure may not be warranted. In 

*President, * *Sales Manager, 
Arlington Electric Products, Inc., 
500 W. 52nd St., New York 19, N. Y. 

most instances, the latter of the two 
reasons will be the more important, and 
it is usually not considered economical- 
ly sound practice to discard equipment 
which is performing satisfactorily just 
to have a completely new plant. 

To find an answer for this problem, 
let us look at the requirements of a 

typical studio, inventory its existing 
equipment, and then consider in detail 
how such a transition was made. The 
particular studio to be studied is the 
News Reel Laboratory in Philadelphia, 
and the photos accompanying this paper 
were made after the transition was 
completed. 

Expanded Requirements 
The requirements to be met for the 

completed plant were built around a 
studio console which would be able to 
exercise complete control over the re- 
cording operation. This console was to 
have facilities for mixing six inputs, 
each having controllable frequency re- 

Fig. I. Complete installation of mixing 
console and equipment cabinet, with 
the Maurer I6 -mm film recorder to 
the left of the rack. The disc recorder 
is mounted similarly at the right of 

the cabinet. 

spunse so as to conipeusate for different 
t, pes of source material. The console 
was required to feed a recording bus, 
to which could be connected the indi- 
vidual recording machines, and the 
monitoring amplifier and the VU meter. 
At the outset two disc recorders were 
to be fed, using the amplifier regularly 
furnished with them. In addition, a 

16 -mm film recording channel was to 
connect to the bus, and all of the re- 
corders were to be operated simultane- 
ously if necessary. To avoid duplication 
of equipment, the 16 -mm channel had 
to be removable as a complete unit so 

as to be available for location work. 
For inputs, facilities were required 

to accommodate six studio microphones, 
four turntables, a 16 -mm film phono- 
graph, a 35 -mm film phonograph, and a 
remote line, with an AM /FM tuner 
available for air checks. While four- 
teen input circuits were necessary, only 
six of them were expected to be neces- 
sary for any one recording session. 
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Fig. 2. Block schematic of installation, with console equipment enclosed in dotted lines. 

In addition'to the speech circuits on 
the mixing console, it was desired that 
any input source could be started or 
stopped independently, or that a num- 
ber of them could be placed on a sync 
bus so that they started or stopped as 
a group, a necessity for dubbing from 
film to film, or in dubbing a number 
of pre -synchronized recordings, either 
film or disc. While not contemplated 
for immediate installation, future plans 
envisaged the addition of one or more 
tape recorders, and sufficient flexibility 
was required so as to accommodate 
them when the need arose. Also provid- 
ed is a talkback amplifier and speaker. 

System Layout 

The existence of the individual units, 
each as an operating entity, made the 
problem comparatively simple. Figure 
i shows the entire installation, while 

Fig. 2 is a block schematic of the in- 
stallation, with the components grouped 
as they are actually installed. All of the 
patching facilities are installed on a 
six -foot rack cabinet, Fig. 3, which ac- 
commodates -from top to bottom -the 
radio tuner, the jack strips, the Maurer 
film recording amplifier, the Fairchild 
disc recording amp r and power sup - 
ply, the monitoring amplifier, and the 
power supply for the amplifiers in the 
mixing console. The power supply for 
the 16 -mm film rece der is used ex- 
ternally, being conáected by cables and 
plugs. The recording amplifiers and 
their power supplies are readily remov- 
able, although little need is contem- 
plated for location-work with the disc 
recorders. 

Plugs for the various inputs are in- 
stalled on the sides of the cabinet, ad- 
jacent to the jack strips, and the input 

circuits are wired to jacks. The six in- 
put circuits to the console also appear 
en jacks, and any of the input sources 
may be patched to the desired mixer 
position on the console. Output plugs 
are also placed at locations on the cab- 
inet sides which require a minimum of 
wiring in the cabinet. A -c power con- 
nections to the film recorder, projector, 
and the film phonographs, as well as 
tor the four turntables, are made di- 
rectly to the console, with one a -c input 
line feeding the console for the power 
circuits. 

Wherever possible the various plug 
connections are made with the same 
type of plug normally used with the 
equipment, reducing the work of mak- 
ing the installation and retaining the 
individuality of the various units. Thus 
when the film recording equipment is 
to be used on location, it is simply re- 
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moved from the rack and used as a 
separate channel. Since the same plugs 
and connectors are used, a replacement 
can be substituted in an emergency 
without the need of making adapters. 

Mixing Console 

The mixing console provides sufficient 
gain for recording from microphone 
with any of the equipments to be used. 
Since both of the recording channels 
are designed to work with low level in- 
puts, it is not necessary that the output 
from the mixing console be as high as 
it would be in an installation using a 
zero -level bits to drive all of the suc- 
ceeding equipment. Instead, the output 
of the console need not be more than 
about -30, and the amplification system 
therefore demands the use of only the 
preamplifiers and the booster amplifier. 
Up to this point, the circuits involved 
are conventional, consisting of six pre- 
amplifiers followed by individual mixer 
attenuators in a parallel network, and 
feeding the booster amplifier. This is 
followed by the master gain control, and 
the signal from this point is routed to 
the equipment rack, where a series of 
branch pads feed the monitor amplifier 
and the recording channels. The VU 
meter is connected to the output of the 
monitoring amplifier, since this is the 
first point at which an adequate level 
is available. 

Among the features of the console, 
one is particularly outstanding. This is 
the method of mounting the preampli- 
fiers so that they are instantly replace- 
able in case of any failure. On account 
of their circuit arrangement, they must 
be mounted adjacent to the panel so 
that the high- and low- frequency equal- 
izers are readily available for use dur- 
ing a recording session. The preampli- 
fiers, therefore, are mounted just be- 
hind the front panel of the mixer con- 
sole, with the equalizer control shafts 
projecting through the panel. Each pre- 
amplifier case is equipped with two 
tapered pins which engage in holes pro- 
vided in the angle -iron framework of 
the console, and two fiat -head machine 
screws are inserted through suitable 
holes in another angle -iron member at 
the top. Electrical connections are made 
by means of cables and plugs. Thus, to 
remove the amplifier it is only neces- 
sary to raise the top of the console, re- 
move two screws and two knobs, dis- 
connect two plugs, and the unit may be 
lifted out. 

The mixer attenuators are just below 
the preamplifiers, and the VU meter 
attenuator is conveniently placed just 
above the inclusive volume control at 
the center. At the operator's left is a 
group of switches for controlling the 
starting and stopping of the various 
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Fig. 4. Response curves obtainable with compensating preamplifiers. 

equipments. Two modes of operation 
are provided -one with the machines 
running independently, and the other 
with the machines operating in sync. 
Three -position switches are used, one 
position for off, one for non -sync or 

Fig. 3. Equipment cabinet with tuner, 
jack strips, film and disc recording 
amplifiers, monitoring amplifier, and 
console power supply, top to bottom. 

independent operation, and the third 
for sync operation. In the latter posi- 
tion, the individual equipment is con- 
nected to the sync bus, which is ener- 
gized by another switch to start simul- 
taneously all machines so connected. A 
separate pilot light indicates when each 
machine is running. In addition to the 
various equipments, three film footage 
counters are employed, one each for 16- 
and 35-nun speeds on the console, and 
another which indicates both film 
speeds in the studio. All of the ampli- 
fiers and counters are standard Arling- 
ton Electric products,, and are simply 
assembled in a workable arrangement. 

Amplifiers 

The preamplifiers, model EA -2, are 
of rather unique design, and provide 
means for compensating for practically 
any frequency response condition which 
is apt to be encountered in normal op- 
eration of a studio. Two controls are 
available, each providing seven different 
response curves for each end of the 
audio spectrum, with the curves shown 
in, Fig. 4. Each preamplifier has a gain 
of 25 db, although internal connections 
may be made to reduce the gain to zero 
at 1000 cps. As will be noted from the 
schematic, Fig. 5, the boost positions 
operate in the feedback circuit, with 
the droop positions being simple capac- 
itance roll -off circuits. Low- microphon- 
ic 1620's are used in both stages, and 
with d -c filament supply, the hum and 
noise level is below -90 dbm. 

The booster amplifier is similar to 
the preamplifiers, except for the addi- 
tion of another stage to give a gain of 
60 db at 1000 cps. The same compensat- 
ing circuits are used, but the controls 
for this amplifier are not accessible 
from the panel of the mixing console. 
This unit is mounted in a compartment 
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Fig. 5. Preamplifier schematic. Ten -megohm click- suppressor resistors (not 
shown) are connected from each capacitor across to arm of associated switch. 

at the lower right side of the console, 
and is accessible through a door in 
the side. 

Still another amplifier is mounted in 
the console for use in the talkback cir- 
cuit. This unit is a standard intercom- 
municating amplifier, with the speaker 
being located on the top of the console. 
The amplifier itself is located at the 
lcwer left side of the console, in a posi- 
tion similar to that of the booster amp- 
lifier. The entire console is designed to 
work in the same room as the record- 
ing machines, so no signal or commu- 
nication circuits are necessary between 
the console and the recording positions. 
The talkback system is provided for 
communication with the studio. 

The monitoring amplifier, an Altec- 
Lansing 127A, is mounted on the equip- 

nient rack. It feeds the monitoring 
speaker in the recording room, and for 
playback, the speaker in the studio. The 
VU meter is connected to the output 
of this amplifier, and when normal op- 
erating settings are obtained, its in- 
dications are correct for all of the re- 
cording channels. 
Console Construction 

The console is fabricated with a weld- 
ed angle -iron framework to ensure 
strength and freedom from working 
loose. It is covered with veneered hard- 
wood and finished in a modern light 
oak. The panel and operating desk sur- 
faces are composed of one piece of sheet 
durai, bent to conform to the console 
framework and finished in a black 
baked enamel. All connections to the 
console are made at the rear with Can- 

Fig. 6. Similar console arrangement for eight mixing attenuators. 
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non plugs, the number of pins differing 
for the various types of circuits to avoid 
damage to equipment due to improper 
patching up. 

Large rubber -tired wheels are em- 
ployed so the console can be used in 
the studio, if necessary. For studio use 
where there are apt to be many light 
and camera cables on the floor, it is 
desirable that the wheels be sufficiently 
large so as to roll over the obstructions 
with the least effort. To ensure easy 
handling, two wheels are fixed in the 
lengthwise position of the console, while 
the other two are casters. Figure 6 
shows a similar console with eight mix- 
er positions, but without the equipment 
control switches. 

Operation 
In operation, this installation has 

proved to be just as satisfactory as that 
with a more conventional, fully inte- 
grated installation, with the additional 
advantage of being completely flexible. 
As the occasion demands, it is possible 
to remove any channel for use in an- 
other studio or on location, and with- 
out disturbing the remaining equip- 
ment. Furthermore, because of the util- 
ization of existing complete recording 
channels, the entire installation was 
put into operation over a single week- 
end, eliminating the need of disturbing 
the studio on any normal work days. 
The elements of added cost to provide 
a system of this type are mainly those 
of the console and the rack cabinet as 
mountings for the equipment, much of 
which was already in use in the studio. 
Had it been necessary to adapt any of 
the recording channels for six micro- 
phone inputs, the six preamplifiers 
would have been required, as would 
some means for mounting the equip- 
ment. Thus the cost of the entire sys- 
tem may be considered to be primarily 
that of the components which would 
have been needed for any one of the 
channels, yet the final result is that of 
complete flexibility. It is on this basis 
that a system of this type is submitted 
as the economical solution to the small 
studio's problem of meeting increased 
needs for recording service, yet without 
my sacrifice of quality of work or con- 
venience in operation. 

Audio Engineering 
Society News 

THE FIRST student chapter of the Au- 
dio Engineering Society has recent- 

ly been formed by students of RCA 
Institutes, Inc. The first semi- annual 
meeting was held on Wednesday eve- 
ning, March 23, 1949, at the Johnny 
Victor Theater, RCA Victor Exhibition 
Hall, 40 West 49th St , New York. 

[Continued on page 411 
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Fig. I. Panel of new Daven I I -A transmission set. 

A SimpliFied Transmission Set 
J. P. SMITH, Jr.,* and C. F. SCOTT* 

Technical details of a new instrument designed to provide accurate gain measuring facilities. 

TRANSMISSION measuring sets in a 
variety of forms have been used 
in the audio field for many years 

in testing audio equipment and trans- 
mission lines. They may be classified 
in two general types: (1) those which 
include a calibrated amplifier and which 
may be used for gain or loss measure- 
ments, and (2) those which do not in- 
clude an amplifier and which are nor- 
mally used for gain measurements only. 
Loss measurements can be made on 
this latter type by the use of an external 
amplifier which can be readily calibrated 
before use by means of the gain set. 
The primary reasons for not including 
an amplifier are: (a) no distortion or 
noise is introduced in the loss type; 
(b) no power input is required; and 

*Engineering Staff, The Daven Co., 
191 Central Ave., Newark 4, N. I. 

Fig. 2. Block di- 
agram of t h e 
t r a n s mission 

measuring set. 

(c) any laboratory amplifier can be 
used with the instrument to measure 
loss. This article deals primarily with 
the development, operation, and limita- 
tions of the second type of transmission 
measuring set, more commonly known 
as a gain set. 

All forms of gain sets consist es- 
sentially of a calibrated attenuation 
section and a load section. The cali- 
brated attenuation section, in conjunc- 
tion with an audio signal generator and 
a meter for measuring the input level, 
delivers a known signal level at known 
impedance to the equipment under test. 
The load section matches the output 
impedance of the equipment under test 
and measures the power delivered by 
that equipment. The transmission meas- 
uring set to be described is designed for 
use with an external audio signal gen- 

erator. This is done to keep cost low 
and to prevent duplication of equipment 
since most broadcast stations and audio 
equipment laboratories have one or 
more such signal generators which can 
be used conveniently with the gain set. 

This description covers a simplified 

version of a transmission measuring 
set, utilizing only one transformer, one 
meter, and one meter range control, 
yet which provides most of the functions 
of more complicated sets. Figure 1 

shows the general layout and arrange- 
ment of components. The set is cali- 
brated on the basis of 1 mw into 600 
ohms, and utilizes the standard Vü 
meter. Features of the construction in- 
clude sectional assembly and a hinged 
front panel. Each section is individually 
mounted with its own terminal block 
and is readily removable for inspection 
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Load 
control 

Load 
resistors 

Isolation 
repeat cod 

Source ix 
control 

Fig. 3. Interior is made readily accessible 

and repair. Two fasteners at the top 
of the front panel may be released and 
the front panel tilted forward, allowing 
easy access to the parte for servicing. 

Figure 2 illustrates in block diagram 
form the elements of the two main sec- 
tions of the transmission measuring set. 
The characteristics and functions of 
these sections are discussed separately. 

Meter 
multiplier 

Loss section 
attenuation controls 

for maintenance by hinged front panel. 

Source Section 
This section provides the source of 

known level and impedance to feed the 
equipment under test. Note that the 
incoming line from the oscillator is 
split into two branches, branch A with 
an impedance of 7500 ohms, and branch 
B with an impedance of 600 ohms. For 
each loes in the 600 -ohm branch (exclu- 

sive of the variable loss networks) there 
is a corresponding loss in the 7500 -ohm 
branch. As a consequence, the VU 
meter indicates source level at X. The 
actual level provided at the source jacks 
is the algebraic sum of the input key 
setting, the meter indication, the set- 
ting of the attenuation control dials, 
and the db indication on the Source Z 
control. 

Referring again to the 600 -ohm 
branch of Fig. 2 the purpose of RI is 
to provide the generator impedance. 
Since the input voltage is held constant 
by means of the VU meter in the 7500 - 
ohm branch, a resistance RI equal to 
the input impedance of the lose network 
R2 must be inserted. Half the voltage 
appears across R1 and half across the 
input of R2. This accounts for a loss 
of 6 db. R2 has a value of 300 ohms in 
order that the input impedance of the 
transmission set will be approximately 
600 ohms. The variable lose network, 
R2, consists of 300 -ohm "T" attenua- 
tor decades providing ten steps of 0.1 
db, ten steps of 1.0 db, and ten steps of 
10 db. Figure 3 shows a rear view of 
the panel with the shields removed from 
the loss section attenuators. The pur- 
pose of the transformer T1 is to provide 
means of transforming from an un- 
balanced source to an output independ- 
ent of ground location in the gain set, 
since one side of the 300 -ohm "T" net- 
works must be grounded. A carefully 
designed transformer, shielded both 
electrostatically and magnetically (from 
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external fields) is used to erase the ef- 
fect of the internal ground. The loca- 
tion of the ground on the system to be 
measured thus has no effect on the trans- 
mission measurement, and both bal- 
anced and unbalanced systems can be 
measured equally well. The purpose of 
the network Rs is to provide various 
load impedances. Four source imped- 
ances are provided -600, 250, 150, and 
50 ohms. For ease in testing bridging - 
type amplifiers, two additional positions 
on the impedance -matching switch are 
provided which have internal terminat- 
ing resistors. These two positions are 
600 Bridging and 150 Bridging. The 
network RS has a constant loss of 10 
db for the 600 -, 250 -, and 150 -ohm posi- 
tions, and a loss of 20 db for the 30- 
ohm step. In addition to providing sev- 
eral source impedances, this network al- 
so serves as isolation between the trans- 
former windings and the Source jacks. 
With this isolation, variable impedance 
input devices such as unloaded grid 
input transformers, filters, and so on 
can be fed without interaction with the 
transformer. Reviewing the 600 -ohm 
branch of Fig. 3, the initial loss with 
R2 dials set at zero will be 6 (gain set 
loss due to R1) plus i (transformer 
loss) plus 10 (Ra loss), or a total of 17 
db. Thus, in order to obtain a +4 source 
level, the input level must be 17 db 
above +4, or +21 dbm. 

Many low -distortion oscillators will 
not provide a +21 dbm level. For this 
reason, a -10 key has been added which 
removes 14 db loss from the 7500 -ohm 
branch, so that a lower output from the 
external oscillator can be used if de- 
sired. While discussing the preliminary 
fundamentals, two factors must be 
pointed out. (1) Since it is a branched 
circuit, the overall frequency response 
reduces itself to this : while holding the 
vII meter constant at 0 dbm and vary- 
ing the frequency from 20 to 20,000 
cps the source voltage across a resistive 
load must remain constant. VU meters 
in general fall off about 0.5 db at 20 kc. 
Therefore, if the transformer Ti had a 
flat frequency response, and the VU 
meter pointer held at zero, the source 
voltage would rise 0.5 db at 20 kc. To 
take care of this error, T1 is loaded to 
droop by an amount equal to the droop 
of the VU meter, and hence the source 
voltage remains constant with frequency 
with reference to the vII meter indica- 
tion, but the oscillator input voltage 
must be readjusted to compensate for 
this droop. No errors in measurements 
are introduced by this. (2) The trans- 
former Tl must not only be well shield- 
ed but must present constant input and 
output impedances of 300 ohms from 
20 cps to 20 kc. A deviation of an ohm 
over the band will show up when in- 
serting varying amounts of loss in R2. 
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Since this transformer must also oper- 
ate over the range from -111 to +4 
dbm, the magnetic circuit must be so 
designed that the impedance will re- 
main constant over this range of levels. 

Load Section 
In the previous models of Daven gain 

sets the load impedance matching was 
obtained by the use of a tapped trans- 
former and shunting resistors. Such a 
transformer is a costly item and varia- 
tions in production necessitate adjust- 
able frequency compensation. The trans- 
former has been omitted from this gain 
set and replaced by a variable resistive 
impedance- matching network on which 
the accuracy is easily controllable in 
production and which does not neces- 
sitate frequency compensation. A re- 
sistive network method of impedance 
matching entails a minimum level 
greater than that of the transformer 
method at impedances below 600 ohms. 
The impedances provided are 600, 250, 
150, 16, 8, and 4 ohms. The minimum 

levels for a zero meter indication are 
+4, +8, +10, +20, +22, and +24 
dbm respectively. It is believed that 
most amplifiers with 150 -ohm outputs 
will supply an output level of at least 
+10 dbm, and that most amplifiers for 
speaker use will supply an output of at 
least -I-24 dbm. The confusion and 
chance for error which might come 
about by the changing minimum level 
for various impedances has been elimin- 
ated by an arrangement whereby the 
load meter multiplier dial is rotated au- 
tomatically when the load impedance 
control is changed from one impedance 
to another. Thus, the zero on the VII 
meter scale corresponds to the level in- 
dicated by the meter multplier dial, re- 
gardless of the impedance across which 
the meter is connected. Without further 
precaution, this would allow the pos- 
sibility of rotating the meter multiplier 
knob beyond the maximum +42 dbm 
level of the load section of the instru- 
ment. This has been overcome by an 

[Continued on page 30] 
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LEWIS S. GOODFRIEND* 

The study of audio begins at the basic transducer - 
the ear -in this first installment of practical course. 

FARING is the psychological re- 
sponse sponse to the physiological phe- 
nomena involved in the sensation 

of sound. The sense organ for sound, 
the ear, is man's transducer for con- 
verting pressure waves in air into 
electrical impulses in the nervous sys- 
tem. It is neither a perfect transducer 
nor the ideal device for the purpose, 
but it is a well engineered device and 
has a number of important safety fea- 
tures. The ear is the fundamental 
transducer in all audio work, and es- 
tablishes the final criteria for the 
judgment of sound quality by man. 
No matter what meters and measuring 
instruments indicate. about the purity 
of a sound or its harmonic content, if 
it is not pleasing to the listener as pre- 
sented to his brain via his ears and 
nervous system, then it is unpleasant. 
To quote one of the country's leading 
audio engineers, "if it sounds bad, it 
is bad." 

The material that follows will give 
some of the details of the physiology 
of the ear and the manner in which 
the ear converts sound waves into 
psychological responses. 

Figure 1 shows a cross- section of 
the right ear in a form that deviates 
from an exact picture in that the coch- 
lea, the coil at the right, has been 
turned forward, and the middle ear 
muscles have been omitted because of 
size limitations. The position of the 
Eustachian tube, and the entry of the 

'Stevens Institute of Technology, 
Hoboken, N. I. 

nerves through the bone of the skull 
are greatly simplified, since the exact 
positions do not affect the discussion 
of the operation of the ear. 

It can be seen from this figure that 
the ear is naturally divided into three 
sections -the outer ear, the middle ear, 
and the inner ear., The outer ear func- 
tions as a collector of sound energy 
and a shield for the delicate structures 
of the middle and inner ears. The skin 
cells of the outer Car generate a bitter - 
tasting waxlike substance that inhibits 
the entrance of insects and prevents 
drying of the eardrum skin and ear 
canal. The part of the ear which pro- 
jects from the side of the head is the 
auricle or pinna, and has little func- 
tion in the method of hearing of mod- 
ern man. 

The Middle Ear 
The middle ear is separated from the 

outer ear by a tough fibrous mem- 
brane, the tympanic membrane or ear- 
drum. The eardrum is slightly conical, 
with its apex pointed inward, and on 
the inner side is fastened to the mal- 
leus (hammer) one of the three small 
bony pieces contained in the inner ear. 
These small bones, called the ossicles, 
form a mechanical linkage system 
which is supported by various liga- 
ments in the middle ear cavity. As 
pointed out, the first of the ossicles, 
the hammer, is fastened at one end to 
the eardrum. The other end is fastened 
to the second member of the chain, the 
incus (anvil) which in turn drives the 
stapes (stirrup). It is the stapes that 
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Fig. I. Diagram- 
matic cross sec- 
tion of the ear 
showing the out- 
er, middle, and 
inner ear togeth- 
er with the nerves 
a n d Eustachian 
tube. (From Hear- 
ing and Deafness, 
by Hallowell Dav- 
is. Courtesy Mur- 
ray Hill Books, 

Inc.) 

connects the middle ear driving sys- 
tem to the inner ear by means of its 
footplate. 

The wall separating the inner and 
middle ears is known as the medial 
wall and is made up in large part by 
the temporal bone. There are two open- 
ings in the temporal bone. The first, 
the oval window -so- called because of 
it.: shape - receives the footplate. Sim- 
ilarly, the opening below is called the 
round window, and both open on the 
cochlea in the inner ear. The round 
window is covered by a thin flexible 
membrane. Below these openings to 
the inner ear is the Eustachian tube 
which connects the middle ear to the 
throat. This tube is normally closed at 
its lower end and opens in the process 
of swallowing, equalizing the pressure 
between the middle ear and the sur- 
rounding atmosphere. If the pressure 
were not equal on both sides of the 
eardrum, the drum would not vibrate 
freely, and distortion and hearing loss 
would result. 

The motion of the ossicles is some- 
what complex even when stimulated 
by the simplest driving forces, but it 
may be stated that when the eardrum 
moves inward the footplate rotates 
about a point at its base. This is due 
to the nature of the ligamentary sup- 
ports of the ossicles and their control 
over ossicular motion. 

It is here in our study that two ex- 
tremely important audio problems may 
be examined. First is the magnitude of 
the displacement of the eardrum dur- 
ing normal hearing, and the second, 
distortion in hearing loud sounds due 
to the operating characteristic of the 
ossicles. If we supply a barely audible 
(threshold) sound to an average per- 
son, that sound will cause the eardrum 
to move back and forth a distance that 
is so small that it may be compared to 
the size of an atom. The actual dis- 
placement of the eardrum for such a 
sound is about 104° cm which is less 
than one one -hundredth the diameter 
of a molecule of hydrogen gas. Sounds 
that cause a displacement of the ear- 
drum of more than 10 -3 cm (one -thou- 
sandth of a centimeter) cause pain 
and if permitted to continue for any 
length of time, can cause injury. 
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Distortion 
The second problem, the distortion 

caused by the ossicles at high sound 
levels, is often neglected in discussions 
of medium -and high -power high -fidel- 
ity audio systems. Figure 2 shows a 
curve relating the force applied by the 
stapes to the rotation of the malleus. 
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Fig. 2. Curve relating force at oval 
window to rotation of malleus. When 
the rotation is more than 30 deg. in- 
ward, the ¡oint between the malleus 
and incus is dislocated. (After Stuhl- 
man. Courtesy J. Acous. Soc. Am.) 

There are three points of interest on 
the curve, the rest position of the 
stapes, marked O, and the two extremes 
of force. The rest position is not at 
the center C, of the linear region of 
the curve, and the curve deviates from 
linearity at the extremes of force due 
to the elastic characteristics of the 
supporting ligaments and dislocation 
of the ossicular joints on application 
of large forces. Many researchers have 
done considerable work on this subject 
and it is believed that these two non - 
linearities in the ossicles may be re- 
sponsible for the generation of the 
harmonics which are noticed when lis- 
tening to loud sounds. 

The inner ear consists of three semi- 
circular canals, the cochlea, and the 
space joining them known as the vesti- 
bule. All of these are filled with a lym- 
phatic fluid. The semicircular canals 
and the vestibule do not take part in 
the process of hearing, but are asso- 
ciated with the sense of balance. It is 
the cochlea that contains the mechano- 
electric transducing elements. 

The normal position of the two -and- 
three- quarter turn coil of the cochlea 
is horizontally in front of the vestibule. 
The cochlear spiral is made up of two 
galleries. The upper is the vestibular 
gallery and is separated from the lower 
tympanic gallery by a shelf or bone, 
and the flexible and thin basilar mem- 
brane. The two galleries are joined at 
the narrow end by a small passage, the 
helicotrema, and at the large end are 
connected to the middle ear by the 
stapes in the vestibular gallery, and to 

Fig. 3. General- 
ized cross -section 
of the organ of 
Corti. (After 
Fletcher, Speech 
and Hearing, D. 
Van Nostrand.) 

tLe round window in the tympanic gal- 
lery. Thus, although both galleries are 
dynamically connected to the middle 
ear, none of the fluid,.of the inner ear is 
in direct contact with the atmosphere. 
When the footplate is moved inward by 
a sound wave it pushes against the fluid 
which causes the elastic basilar mem- 
brane to displace, in this way applying 
pressure to the fluid in the lower gallery. 
The fluid in the tympanic gallery pushes 
the round window outward into the 
middle ear. When the footplate moves 
outward the movement can be traced 
in a similar manner. Several excellent 
works have been written covering the 
mechanism and dynamics of the inner 
ear, but only a simple outline will be 
presented here. 

When the ossicles are excited by high 
frequencies, the stapes will oscillate 
rapidly and only the narrower portion 
of the basilar membrane -near the 
large end of the cochlea -will be ex- 
cited, while the wider far end of the 
membrane will be excited by low -fre- 
quency sounds which cause only a slow 
motion of the .stapes and fluid. Some 
of the fluid may even flow around from 
one gallery to the other through the 
helicotrema at very low frequencies. It 
appears that the basilar membrane is 
tuned, that is, it responds along its 
length to different frequencies, and the 
whole system behaves as a low -pass fil- 
ter. There have been no wholly satis- 
factory explanations of this phenomen- 
on to date. 

If a turn of the cochlea is cut, its 
interior would be similar to the gen- 
eralized cross- section in Fig. 3. The 
membrane running horizontally across 
the figure is the basilar membrane and 
supports numerous cell structures to- 
gether known as the organ of Corti. 
It should be noted that the scala vesti- 
bule or vestibular gallery is separated 
into two ducts, the lower, often called 
the cochlear canal, being closed at the 
helicotrema end. The dividing mem- 
brane is the vestibular or Reissner's 
membrane, and is extremely thin and 

flexible so that it takes no apparent 
part in the operation of the ear. On 
the basilar membrane are cells called 
the hair cells, having little hairlike 
projections called cilia, a n d it is 
through these that the nerves to the 
brain run. There are four rows of cilia, 
comprising a total of about 24,000 sepa- 
rate hair cells. 20,000 of these are 
grouped in the outer rows which run 
parallel with the length of the basilar 
membrane, while the remainder -some 
3,500 -are located in the inner row. 
Between the inner row and the grouped 
outer three rows of hair cells are the 
rods or pillars of Corti. These rods ap- 
pear to act as a stiff frame during 
motion of the basilar membrane. They 
cause the hair cells to move relative 
to the tectorial membrane above them 
which bends the cilia whose upper ends 
are anchored in the tectorial mem- 
brane. Several recent publications give 
complete details of the theorized oper- 
ation of the mechanism from this 
point on. It will suffice here to say that 
motion of the cilia triggers impulses 
which are carried by the nerves from 
their endings in the hair cells along 
the ganglion of Corti to the eighth 
cranial nerve, t h e auditory nerve, 
which is the lower of the two nerves 
shown at the right in Fig, 1. Since 
the basilar membrane vibrates in dif- 
ferent places when stimulated by 
sounds of different frequencies, only 
the nerves associated with a given posi- 
tion along the basilar membrane are 
activated when that portion of the 
membrane is vibrating. 

At this stage it is possible to observe 
some of the effects that give rise to 
hearing loss, deafness, and the effects 
of the distortions already discussed. 
These will be considered in the next 
installment of this series. 
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Author with the station turntable. At the left is the phasing unit of 
the 5 -kw AM WIS transmitter. In the right foreground is the trans- 

mitter console, with a portion of the speech bays behind it. 

HERBERT G. EIDSON, JR.* 

A turntable housing of professional quality which may be 
constructed at a reasonable cost to provide record repro- 
duction facilities suitable for the most exacting uses. 

ÇnhzithLLcthJ1 Lf 
A Broadcast Station Record Turntable 

TIiE TRANSCRIPTION turntable herein 
described -was designed to match 
a transmitter consoler in shade 

of finish, type of footing, and height. 
The drawings seem to make the table 
appear a bit awkward on the 7A -inch 
base, but a look at the photographs 
will prove that this is not true. In ac- 
tuality, it is a neat, commercial -look- 
ing turntable, easy to use and quite in 
place with its surroundings. If a table 
of this type were purchased from a 
standard manufacturer the cost would 
be from about $125.00 upward. The ap- 
proximate cost of construction of the 
complete cabinet is $17.00. 

List of Material 
1 piece ;" plywood 223/" x 24" 
1 piece 34" plywood 223i" x 24" 
4 iron brackets 3" x 3A" x 3" (See 

drawings) 
4 bolts, 5V x 8 ", round heads 
8 iron angles, 90° type, 2" 
4 cabinet hinges with Y8" off -set 
2 door fasteners 
16' 1344 x 13/4 wood stripping 
4' 1" x 2" wood stripping 
4' screen door wood stripping 
4 nuts for 3" round head bolts 
2 black felt strips 24" x 434" 
2 black felt strips 22A" x 43/4" 
6 sheets of #1 flint paper 
6 sheets of fine sandpaper 
1 box fine steel wool 
2 2" paint brushes 
1 pint of turpentine 
1 small can of wood putty 
TA pint paste wood filler, transparent 
1 pint enamel paint, medium gray 
A pint enamel paint, black 

a Chief Engineer WIS, WIS -FM; Technical 
Director WIST, Columbia, S. C. 
I Western Electric 5 -kw AM transmitter 
405B2 console. 

pint clear varnish 
1 pint satin -finish varnish 

screws, small finishing nails 
small tube of cement 

The footing consists of two elongated 
"legs" running from front to back, 
each being twenty -three inches long, 
seven and one -half inches high and 
three and one -half inches thick, held 
into place with 90 deg. iron angles. The 
corners are more heavily sanded than 
the corners of the cabinet, first with 
course -grain and then smoothed with 
fine -grain sandpaper. All sections of 

Pattern fo facilitate 

the cabinet are held together with 
proper woodscrews, except as before 
mentioned. The heads are allowed to 
sink into the wood about Irr inch so 
that wood putty can be used to cover 
them. Round -head bolts are used for 
the actual feet of the table, being 

x 8 inches. The heads protrude about 
inch and can be used for exact lev- 

eling of the turntable cabinet. The bolt 
is secured first by a wood collar fas- 
tened to the footing about an inch 
above the bolt head. The other end of 

layout of piece for economical cutting of plywood panel. 
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Plans and elevations of turntable cabinet, together with details of metal parts needed for assembly. 

the bolt threads into a nut which is 
in turn welded to an iron bracket 
screwed tightly to the footing adjacent 
to the bottom of the cabinet, using six 
wood screws. 

Painting and Finishing 
Mix about five tablespoons of wood 

putty and fill in all screw and nail 
holes and small cracks, leaving the put- 
ty protruding above the surface slight- 
ly to allow for shrinkage while drying. 
After twenty -four hours sand the cab- 
inet thoroughly with #1 sandpaper and 
finish with fine sandpaper. 

Stir wood filler so as to mix well and, 
if necessary, add turpentine to obtain 
a consistency of thick cream. Using a 
two -inch brush, apply wood filler over 
all outside surfaces, brushing across 

1 the grain at all times. After five min- 
utes, to allow for absorption, rub with 
a large clean cloth across the grain, 
thus removing all excess wood filler. Do 
not use wood fillers that require no 
rubbing; they will not give the desired 
results. Allow filler twenty -four hours 
to dry. Now, using fine steel wool, go 
over the outside lightly, leaving a 
smooth, flat surface. 

Stir thoroughly a new can of gray 
enamel. Thin with / volume of tur- 
pentine. This will . allow the paint to 
flow more freely. Apply one coat, using 
long even strokes with the grain of the 
wood. When cabinet is covered, stroke 
the edges over, to be certain no paint 
is running. Allow one full day for dry- 
ing. Now sand lightly with fine sand- 

paper, go over the surface with a moist 
clean cloth, let dry and apply a second 
coat of gray enamel. When this is dry, 
work well with fine steel wool, wipe 
with a moist cloth, let dry and apply 
coat of satin finish varnish with new, 
clean brush. This last coat will tone 
down the lustre produced by the enam- 
el and give the cabinet a finished look. 

During the painting and drying 
cycles of the cabinet, the "legs" should 
be treated with woód filler just as the 
cabinet was and given two coats of 
black enamel, lightly sanding after the 

Bottom view. Note boltheads which 
have become feet for the cabinet. 
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first c o a t. The enamel should be 
thinned with turpentine in the same 
manner as the gray enamel. 

The turntable2 shown in the photo- 
graphs is a well -known make, as is the 
pickup arm and head.3 No cutout was 
shown for the turntable because differ- 
ent makes of -turntable require dif- 
ferent size apertures. The motor switch 
shown is a standard 120 -volt mercury 
switch mounted into the front with a 
standard chrome finish covering plate. 
The output from the pickup head is 
brought out through the under side of 
the top section and soldered to phone 
tips. These then slip into two phone 
tip jacks which are mounted on a Bake- 
lite strip near the top of the cabinet. 
Shielded wire is then used to carry the 
audio signal to the amplifier. This lead 
should be kept as far from the turn- 
table motor and 120 -volt wiring as pos- 
sible. A separate heavy copper braided 
ground strap should be connected to 
the motor chassis from a good ground. 
Do not use the shield of the pickup 
audio lead for this or there will be 
hum induced by the circulating alter- 
nating currents. All wires should be 
brought out from the bottom of the 
cabinet to be as inconspicuous as pos- 
sible. The large space in the bottom 
of the cabinet can be used for record 
or transcription storage by mounting 
shelves inside. If this is contemplated, 
install them before painting and finish- 
ing to ensure a neat construction job. 

Rek-O-Kut Model G -2. 
3Astatie HP -16 with GE head. 
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JUST IN TIME for discussion here, I've had 
a most interesting delayed reaction on 
my January comments (general subject 

of the Fletcher- Munson curves) concerning 
the relative levels of broadcast music and 
the announcer's voice. Howard A. Chinn, 
Chief Audio -Video Engineer at CBS writes 
ir.., sending along a 1947 articles describing 
complaints from radio listeners that -exactly 
the opposite of my contention -music was 
often found relatively too loud, the announcer 
or other voices too low, and detailing a care- 
ful listener test that CBS staged to get in- 
formation which resulted finally in a whole 
new set of transmission standards being put 
into effect in 1946, designed in general to 
tone down the music, relatively, and bring 
up the voice, If you will read my article on 
p. 20 of the January issue, you will under- 
stand why Mr. Chinn writes me that he is 
"puzzled" that my observations seem to be 
the reverse of those made by his listeners 
and amply confirmed by his tests! (As you 
may have noted, I wrote that announcers' 
voices were often too loud in relation to the 
music level.) Somebody appears to be off 
the beam, and when you see how method- 
ically and expertly CBS went about measur- 
ing its listeners' preferences, you will suspect 
that it is this column that was befuddled. 

The answer to the contradictory viewpoints 
is quiite simple. rt all can be found on one 
little word "music" and in the phrase, "radio 
concerts, both live and broadcast from pho- 
nograph records" that I used. My trade be- 
ing what it is, you may guess that I meant 
so- called "classical music." (Not that I 
would for an instant subscribe to the idea 
that all "classical" music can be usefully 
lumped together in any one category.) Mr. 
Chinn is referring to a body of music tech- 
nically quite different, as is indicated in his 
report. 

Now it may be beside the point to men- 
tion the sad dearth on the air (from the 
musician's viewpoint) of that enormous 
wealth of music of a thousand varieties, new 
and old, that is lumped as "classical." I 
don't know what the percentage of "class- 
ical" music on the air is, whether 5 per cent 
or .005 per cent -more likely the latter. In 
Mr. Chinn's listener test the percentage was 
not even that. It was, as far as r can gather, 
zero per cent. No criticism at all -for the 
test, after all, was a practical one, based on 
the average radio program. The test included 
popular music (theme music, songs with 
orchestra), music to go with a comedy quiz 
show, a radio drama (bridge music, etc.) a 
comedy- variety show, and a crime drama of 

*279 W. 4th St., New York 14, N. Y. 
iProceedings of the I.R.E., Dec. '47, "New 

C.B.S. Program Transmission Standards." 
Reprinted as CBS Gen. Eng. Dept. Publi- 
cations E611 -H. 
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the more ghastly sort; most of it was thickly 
interspersed with spoken passages. The long- 
est complete slice- voices- and -music -was 
eight and a half minutes, the shortest was 
two minutes and 17 seconds. There was no 
semblance of a "concert" in this except pos- 
sibly the popular music, presumably unin- 
terrupted by speaking voices for three min- 
utes at a time. Given this typical radio ma- 
terial, and it was of course deliberately 
chosen as typical, Mr. Chinn got the reaction 
exactly opposite from mine, and there is not 
the slightest question that he was right in 
his conclusions. 

But I was not speaking of this music. Per- 
haps I was wrong in limiting myself to the 
tiny minority of radio programs that can be 
labeled "concert." But remember that in the 
field of recorded music the classical (let's 
omit the quotes for convenience!) is of much 
greater relative importance than in radio 
and this for a simple reason: not because 
the record people are more virtuous or more 
highbrow than the hard -boiled radio men, 
but because in the record field classical mu- 
sic can make money; in radio it very seldom 
can. And this, because radio depends on a 
super -mass audience of enormous size and 
a microscopic return per listening head, nor 
can it please more than one audience at a 
given moment; whereas records may be prof- 
itably channeled to many smaller and more 
select audiences without interfering in the 
least with simultaneous larger mass audi- 
ences. When I said that radio concert music 
was often plagued by announcers' voices at 
far too high a relative level (again, see the 
January issue for reasoning behind this) I 
spoke of the sort of music that lasts, un- 
broken, for anywhere from fifteen minutes 
to an hour. In such broadcasts the listening 
conditions, the listeners' minds, interests, 
tolerances, are utterly different than in lis- 
tening to the radio programs used in Mr. 
Chinn's test. More important, the ' music it- 
self is utterly different. 

Given this style of musical program, I 
think my observations, the reverse of Mr. 
Chinn's, will prove souttd. And so there is 
no contradiction, but rather, one more ex- 
ample of how careful we must be, in this 
doubtful area where music and psychology 
overlap into engineering, not to omit some 
vital variable in our calculations, as I did 
in calmly ignoring the rest of radio! 

Let me detail a few more specific items 
or difference in the conditions 'of Mr. Chinn's 
programs and mine. 

1. There is an actual physical difference 
between the average symphonic or "chamber" 

AUDIO 

(horrid word!) work and the average popu- 
lar or incidental dramatic music. Though 
radio uses some quite large orchestras mak- 
ing plenty of phons, the average volume 
level is, for continuous music, fairly uni- 
form. That is part of the popular and light 
symphonic style. Much music of other pe- 
riods, however, features enormous dynamic 
ranges, notably music such as that of Bee- 
thoven or Tchaikowsky. That music was writ- 
ten, first, for uninterrupted, concentrated 
listening; and, second, for live concert per- 
formance with every bit of the dynamic range 
counting. Most present day light or popular 
music is written, perhaps unconsciously at 
times, with an electronic sound in mind and 
with radio or recorded dynamic possibilities 
strictly in effect. Classical music, even cham- 
ber music for a small group of instruments, 
benefits enormously in the direct listening 
from high volume levels that give a real- 
istic approximation of the actual musical 
level, non -radio, as the composer intended. 
Most serious music listeners -with a notable 
exception to be mentioned in a moment - 
will give Beethoven all the volume that the 
reproducing instrument can take with reason- 
able distortion (often in spite of dreadful 
distortion). The longer the piece is-the 
longer the freedom from the sound of a 
broadcast voice -the more likely is the mu- 
sical volume to creep up to the high level 
the music itself demands, for those who 
know it. Hence, when, after a long voiceless 
interval, as in a symphony, the announcer 
suddenly comes in (speaking, as always, in 
a low voice, close to the mike) his tones are 
stentorian! For the rest, see the Fletcher - 
Munson observations in the January article. 

In contrast to this, the average radio pro- 
gram has music that by its very nature does 
not demand a high level, since it was ex- 
pressly written for radio -style listening. 
Equally important, the music is short; there 
is never very long between voices speaking. 
The mind keeps the sound of the speaking 
voice to the fore and the radio level is ad- 
justed to it. In all but the straight popular 
music program, in all the varieties of com- 
edy, drama, quiz show, crime show, the 
speaking voice is far the most important item 
for listening attention. Music is incidental 
and must at all costs keep it place. Hence 
Mr. Chinn's accurate observation that in 
such programs -the very backbone of radio 
-music must not be too loud, voices must 
be kept well up in level. 

2. But there is one condition which to my 
mind would bear a lot of investigating both 
in the area which was covered by the CBS 
tests on relative levels and my own classical 
music area. Some radio listening is done di- 
rectly, in silence -that is, listener silence. 
A great deal more of it is done indirectly, to 
the accompaniment of conversation. Still an- 

[Continued on page 34] 
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Response ±2.5 db, 40 cps to 15 kc., 

Output -46 db. 
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New W )"High Fidelity Broadcast Dynamic 

You've wanted microphones like these! 
Performance meets the highest FM and AM broadcast 

standards. The bass end is smooth and flat. 
The highs are particularly clean and peak -free. Construction is 

extremely rugged and shock -resistant. Has E -V Acoustalloy 
diaphragm. Omni -directional. Each microphone 

individually laboratory calibrated and certified. Try one. 

Compare it with any mike in your own studios. 

Write for full facts today! 

New "650" 

Response ±2.5 db, 

40 cps to 15 kc. 

Output -46db. 
External Shock Mount. 

Impedance Selector 

List Price, ... ...$150 

ELECTRO-VOICE, INC., BUCHANAN, MICHIGAN 
Export: 13 E. 40th St., New York 16, U. S. A. Cables: Arlab 

New "645" 

Response ± 2.5 db, 

40 cps to 15 kc. 

Output -50 db. 

External Shock Mount. 

Impedance Selector 

List Price $100 
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The "635" 

Response ±2.5 db, 

60 cps to 13 kc. 

Output -53 db. 

Impedance Selector. 

For Hand or Stand. 

List Price $60 
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NEW PRODUCTS 
HE old order changeth -and instead 
of only one phonograph turntable, the 
user now requires three, or will with- 

in a few weeks. Many dual -speed changers 
are already available, but for those who 

either do not have the space for additional 
units or who wish to avoid the complica- 

tion of such equipment, the new Micro. 
verter provides one solution, making it pos- 

sible to convert a 78 rpm record player or 
changer directly to 33 -1/3 rpm operation 
in very few minutes. The Microverter con- 

sists of two units-one being a planetary- 
geared turntable which is simply placed on 

top of the regular 78 -rpm table. An exten- 
sion arm projects beyond the rim of the 
turntable, and when operating at 18 rpm, 
rotates along with the two tables. A sepa- 

rate playback arm on its own mounting is 

attached to the motor board at the side of 

the turntable. This mounting has a slide 
which performs two operations -one being 
mechanical and the other electrical. In the 
normal position, the regular playback arm 
is connected to the amplifier, and the slide 
is out of the way, permitting normal oper- 
ation of the turntable at 78 rpm. In the 
long -playing position, the slide engages the 
arm on the turntable, causing the planetary 
to function and the upper turntable then 
rotates at 33 -1/3 rpm. Movement of the 
slide to the long -playing position discon- 
nects the regular playback arm and con- 
nects the microgroove arm to the amplifier. 

For those who use transcription -type 
turntables, or who shun the conventional 
record players for one reason or another, 
a new Trionic arm is shown by Clarkstan 
Corporation, 11927 West Pico Blvd., Los 
Angeles 34, Calif. This arm is so arranged 
that the cartridge can be replaced instan- 
taneously without soldering, using silver 
plated plunger contacts to make connec- 
tion with the cartridge pins. The arm will 
accommodate any pickup cartridge, mag- 
netic or crystal, not over 34 -in. wide, and 
a thumb screw clamp holds the cartridge 
in place. A quick- acting weight adjustment 
provides for the range from 5 grams up, 
and the arm is available in two sizes -one 
for a maximum of 12 -in. records, the other 
for transcriptions of 16- or 17 -inch diameter. 

Using the new Titone ceramic pickup 
principle introduced last year, the Sono - 
tone Corporation recently exhibited a new 
universal pickup which employs dual points 
set in one stylus in a side -by -side arrange- 
ment. The change from standard to long - 
playing points is made by the flip of a 
lever, which can also change the pressure 
with which the stylus contacts the disc. The 
Titone pickup, which uses a barium tita- 
nate ceramic for the piezo- electric element, 
is unaffected by temperature or humidity, 
and is thus capable of giving consistent 
reproduction throughout the year, regard- 
less of weather conditions. 

Incorporating a new wrist action pick- 
up arm which accommodates two needles 
on a reversible head, a new transcription 
player has just been announced by the Cali- 

Clarkstan Corporation 

Sonotone Corporation 

Califone Corporation 

Elken Splicer 

Knight Wire Recorder 

fone Corporation, 1041 N. Sycamore St.. 
Hollywood, California. 

Ever try to play vinylite records in dry 
weather in a room where there was much 
dust? A new product-known as Anti -Static 
No. 79 is a liquid which is either sprayed 
or wiped onto any surface which is prone 
to generate static. The liquid is non- inflam- 
mable, fast drying, and when dry is non - 
visible, yet it effectively prevents the crack- 
ling noise often noted when reproducing 
this type of record. It is also useful for 
acetate masters, and when sprayed or wiped 
onto meter faces prevents the effect of static 
on the indication. Another use is to prevent 
dust attraction on -you should forgive the 
expression - television tube masks and 
lenses. 

Now is the time for all good manufac- 
turers to come to the aid of the tape re- 
cordist -which they have done with a vim. 
One of the handiest devices to appear is 
the E -Z -CUE, a product of the Accessories 
Division of Amplifier Corp. of America, 
398-4 Broadway, New York 13, N. Y. The 
E -Z -Cue is a counter which indicates the 
number of revolutions of a wire or tape 
spool, reversing as the spool does, and show- 
ing the exact position of the wire or tape 
at any time. At average speeds, this device 
maintains accuracy within approximately 
one second of recording time, and is a genu- 
ine time -saver where much indexing or edit- 
ing is necessary. Along with full informa- 
tion on this device, the manufacturer is 
also distributing a 12 -page booklet answer- 
ing "99 Questions Most Often Asked About 
Magnetape Twin -Trax Recorders," the title 
of which thoroughly describes the contents. 

Built along the same lines as an 8- or 
16 -mm film splicer, the new Elken tape 
splicer makes perfect cuts and patches on 
magnetic tape, saving from one to five mi- 
nutes over the conventional method. Splices 
made on this machine are not readily de- 
tectable by the naked eye, and the joints 
pass over playbackheads without any audi- 
ble evidence. The Elken Splicer is distri- 
buted by W. V. Stencil Co., manufacturers 
of wide -range magnetic tape recorders. 
located at 1016 N. Highland Ave., Holly- 
wood, Calif. 

The new Knight Wire Recorder, a 
product of Allied Radio Corporation, 833 
W. Jackson Blvd., Chicago 7, Ill. is a low - 
priced combination instrument which fea- 
tures simplicity of operation, and serves al- 
so as a phonograph playback unit, wireless 
phonograph oscillator, or a PA system. 

There is always room for more good 
equipment on the market, and more is con- 
stantly being announced. Fairchild is add- 
ing to its line of broadcast equipment with 
an NAB recording equalizer, either with 
or without an amplifier mounted integrally; 
a standard vu -meter panel providing three 
inputs; and a new diameter equalizer for 
disc recorders. This latter item has an in- 
sertion loss of 10 db, and is arranged to 
give a maximum boost of 8 db at 10,000 

[Continued on page 45] 
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MODELS 

FIVE NEW 7" MODELS 

P7 -T ST -804 P7 -T ST -807 
P7 -U ST -806 F7 -T ST -809 

F7 -U ST -808 

FIVE NEW 6 "x9" OVAL MODELS 

P69 -S ST -812 P69 -T ST -811 

P69 -V ST -810 F69 -T ST -814 
F69 -U ST -813 

ONE NEW 51/4" MODEL 

P525 -V ST -803 

The addition of these new models brings the 
number of speakers in the Jensen Standard 
Series to fifty -three - the most complete array 
in speaker history. In addition are the Jensen 
Concert Series, Special Series, Coaxial, and 
Professional Series. There is a genuine Jensen 
available for every purpose. 

Write for Catalog 1010 -F 

engen 
MANUFACTURING COMPANY 

Division of the Muter Company 
6633 SOUTH LARAMIE AVENUE 

CHICAGO 38, ILLINOIS 
In Canada: Copper Wire Products, Ltd., 351 Carlow Ave., Toronto 
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LIST PRICE j * 
$6750 

ILL 

Multi- Impedance Switch 
for Low, Medium or High 
Impedance. 

OF THESE MICROPHONES 

HAS THE SUPER -CARDIOID 

PICKUP PATTERN THAT 

REDUCES FEEDBACK BY 73z 

THE FAMOUS "SS" 
UNIDYNE DYNAMIC 
Unidirectional Microphone. This superlative 
dynamic microphone is a Multi- Impedance 
Microphone -you can have either High, Me- 
dium, or Low Impedance simply by turning 
a switch! Because it is a Super -Cardioid, the 
"Unidyne" kills Feedback energy by 73 %- 
making it possible to use under the most 
difficult acoustic conditions. The "Unidyne" 
is probably the most widely used microphone 
throughout the world. Recommended for all 
highest quality general -purpose uses. 

THE NEW "737A" 
MONOPLEX CRYSTAL 

Unidirectional Microphone. The "Monoplex" is the ONLY 
Super -Cardioid Crystal Microphone made. As such, it is 
undoubtedly the finest of all crystal microphones. (A 
comparative test will prove this statement convincingly.) 
The "Monoplex" employs the same type of acoustic 
phase -shifting network used in the highest cost Shure 
Broadcast Microphones. Has "Metal Seal" crystal -will 
withstand adverse climatic conditions. Can be used in 
those applications where severe background noise would 
make conventional microphones practically useless! 

Licensed under patents. of Brush Development Company. Shure patents pending. 

SHURE BROTHERS, Inc. 
Microphones and Acoustic Devices 

LIST PRICE 

$3975 

225 West Huron Street, Chicago 10, Illinois Cable Address: SHUREMICRO 
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MEASURING SET 
[from page 21] 

arrangement whereby a mechanism 
changes the load impedance control 
back in the direction of 600 ohms if the 
operator inadvertently attempts to go 
beyond the +42 dbm point on the meter 
multiplier. The VU meter in the load 
section presents a problem due to the 
falling characteristic, as mentioned be- 
fore. Unlike the source section, the fall- 
ing meter characteristic in the load 
section does not show up as a rise in 
response, but as an actual fall. An ad- 
ditional complication is that any equal- 
ization used must present a constant 
impedance (with frequency) across the 
load. The reason for this is that the 
equipment to be measured has a finite 
output impedance, and the load im- 
pedance should not change with fre- 
quency' nor with a change in the setting 
of the load meter multiplier switch. If 
the impedance of this meter corrector 
changed with frequency, a different fre- 
quency response would be obtained for 
each setting of the load meter multiplier 
switch. An "L" network equalizer in the 
load circuit provides compensation for 
the meter frequency -response character- 
istics. Thus the load level is the alge- 
braic sum of the meter multiplier con- 
trol setting and the meter indication. 
Meter Switching 

In this transmission set, a single 
meter is employed, and is switched by 
means of a shielded lever key from the 
source section to the load section. As 
the meter is removed from a section, 
a resistive load is substituted in its 
place to keep the level constant. Since 
the meter is used at, or near, zero VII 
in either position, the level difference a- 
cross the key is quite small. Figure 4 
is a complete simplified schematic of 
the actual circuit used. The functions 
of the jacks, keys, and other compon- 
ents are merely to perform the opera- 
tions outlined on the block diagram of 
Fig. 2. 

Shielding between sections is especial- 
ly important at the higher audio fre- 
quencies when there is a great difference 
in levels between the sections, as in 
testing high -gain amplifiers. With ade- 
quate shielding at the proper points 
the accuracy is maintained when level 
differences are at maximum. The pre- 
caution of adequate shielding and plac- 
ing of leads in making connections to 
equipment under test must be observed 
if the optimum results are to be ob- 
tained. 
Technical Data 

The curves of Fig. 5 illustrate the 
data taken on the set. Since the only 
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God 

bless you, 
mister 

thousands of Cancer patients are grateful to you ! 

Cancer's annual toll of 200,000 lives is grim proof of the need 

for your continued generosity. The money you contribute 

to the American Cancer Society helps pay for the 

development of methods of treatment which are now saving 

about one -quarter of the people who are. stricken with 

Cancer ... people who might otherwise have died. Your money 

supports the work of more than a thousand specialists who 

are fighting to find the cause and cure of Cancer. 

And it finances a vast education program that. trains 

professional groups, tells the public how to recognize 

Cancer and what to do about it. 

Your life -the life of everyone you know- 

is at stake. Your investment can mean 

health and happiness to millions. 

Thank you . and God Bless You, Mister. 

just mail it to 

CANCER Just write "CANCER" on the envelope 
containing your contribution. It will be delivered 
to the American Cancer Society office in your state. 
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YOURS FOR THE FIRST TIME 
A Moderate priced Cellular Horn 
that reproduces at HIGH FIDELITY 

If you've been looking for a high fidelity cellular horn, at a 
moderate cost, lust listen to the clear true -to -life tones repro- 
duced by the new Racon two -cell high frequency horn and you'll 
agree your search is ended. 

Latest product of Racon advanced engineering, this all cast 
aluminum high frequency horn is logarithmically expanded as two 
horns to give the widest distribution angle. 

Power capacity of unit permits choice of cross -over point which 
makes best possible use of available cone speakers. 

Specially designed for flush mounting in any cabinet; small 
enough to fit into the horn console. 

Supplied with instruction sheets and cut out pattern for cabinet. 

Tweeter -Model #CHU2 Deluxe Aluminum casting 
List Price $37.50 

Tweeter -Model #CHUI Standard Acoustic Cloth 
List Price $30.00 

Simple Capacitor Network- #CON -I5 
List Price $ 9.00 

Variable Audio Taper Resistor Capacitor Network - 
#CON -15R List Price $11.00 

Resistive Capacitor Inductive Network -#CON -20 
List Price $22.50 

I1 rate today for our catalog 

RACON ELECTRIC CO., INC. 
52 E. 19th Street., New York 3, N. Y. 
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Speakers 
Horn OM,?$ 

Horns 

transformer used is a 1 :1 isolation 
coil, there is no change in frequency 
response between the various impedance 
steps. To simplify the curves only 600 - 
ohm values are given. The same per- 
centage ratios will bold for the other 
impedances. Curve A is the source im- 
pedance looking back into the set from 
the Source jacks, with attenuation dials 
set at maximum. Curve B is the load 
impedance looking into the load jacks 
with the meter range switch set at +42 
Curve C is the frequency characteristic 
of the source section. In taking this 
data, the VU meter was held constant 
and the source voltage across a resis- 
tive load was recorded. Curve D is the 
frequency characteristic of the load 
section. To obtain this data, the source 
was a zero -impedance generator (volt- 
age held constant) feeding through a 
600 -ohm resistor into the Load jacks. 
Curve E is the overall frequency re- 
sponse characteristic taken by holding 
the source VU meter constant and re- 
cording the indications of the same 
meter across the load. Curve F is a 
measure of the shielding of the isola- 
tion transformer T1 and the impedance 
matching network in the source section. 
This leakage was measured by holding 
the input level constant and varying the 
frequency. The leakage voltage was 
measured between the Source jacks 
(tied together) and ground. Note that 
the leakage increases with frequency. 
The db leakage is additive with the db 
loss; for example, if there is a 60 db 
loss in the controls, and at 15 kc there 
is 60 db leakage, then the leakage is 120 
db below the input level. Another way 
to consider this is that at 15 kc if the 
leakage is down 60 db at 15 ka, the error 
in measurement may be off by one part 
in one thousand (corresponding to 60 
db) due to this leakage. The leakage 
measurement represented in Curve F 
is for overall source section, including 
wiring, the transformer, and the im- 
pedance matching network. 

This simplified transmission measur- 
ing set was developed to provide a popu- 
lar priced instrument for small station 
and laboratory use. By this simplifica- 
tion, the overall accuracy is actually 
better than that found in many more 
complex sets. 

AUDIO AMPLIFIER 

[from page 101 

Early models of this amplifier man- 
ifested a variety of motorboating. Be- 
cause of the low impedance of the out- 
put stage, and its consequent control 
of the power supply voltage, in -phase 
motorboating is likely to occur due to 
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the push-pull tubes acting as if they 
were in parallel. The first model using 
this circuit had the lower. ends of the 
2400 -ohm driver bias resistors con- 
nected directly to minus 350. Motor - 
boating occurred even with only the 
drivers and output tubes plugged in. 
This can be explained by regarding the 
minus 350 as the reference point, with 
ground moving up and down in volt- 
age, depending on the drain by the out- 
put stage on the power supply. Ground 
is coupled to the grids of the drivers 
through various capacitors and resist- 
ors. A negative pulse on the grids of 
the drivers will cause the grids of the 
output tubes to become less negative, 
causing greater drain on the power 
supply. Ground and the grids of the 
driver will thus become more negative, 
and motorboating results. This inter- 
esting but undesired phenomenon was 
eliminated by inserting a 15,000 -ohm 
resistor between the 2400 -ohm bias re- 
sistors and minus 350, and connecting 
a 40 -uf capacitor from the junction to 
ground. As it is now connected, when 
ground moves up and down both the 
grids and cathodes move with it, and 
the output is practically zero. 

Speaker Damping 

The primary purpose in the design 
of the amplifier was to achieve unusu- 
ally good damping. This has been car- 
ried to such an extent that the limit- 
ing factor is the d -c resistance of the 
output winding, less than one ohm. The 
cleanness of reproduction obtained is 
definitely noticeable. A good demon- 
stration is side 4 of Columbia's "Young 
Person's Guide to the Orchestra ", 
which has excellent low notes as well 
as the crack of a whip near the end of 
the record. The extreme low frequencies 
are more naturally reproduced because 
of the added control of the voice coil. 
There is no muddiness. Another test 
of the damping, somewhat analogous 
to definition in a camera lens, is the 
separation of rapidly rolled drumbeats. 

It is usually suggested that the out- 
put of a tweeter be reduced by means 
of a resistor network, because it is 
higher in efficiency than a woofer. In 
listening tests it has been found tenta- 
tively that the introduction of a re- 
sistance in series with a good compres- 
sion type tweeter reduces its sharpness 
and clarity, making it sound like an 
ordinary cone type tweeter. It is thus 
suggested that other methods might be 
tried, such as multiple tweeters spread- 
ing the sound more widely, for ex- 
ample. 

The amplifier is used primarily in 
our "Gilson ", a radio -phonograph com- 
bination using a Jensen 18 -inch thea- 
tre speaker with two Jensen tweeters. 
Passably good reproduction can be ob- 
tained, however, even with a 15 -inch 

Diamonds cost Bess 

P 
ICK - U P cartridges equipped with 

diamond styli may cost more than 

sapphire or metal stylus cartridges, ini- 

tially, but the useful life of a diamond 

stylus cartridge is so much greater than 

the difference in cost that, from the view- 

point of length of service, listening pleas- 

ure and record life, diamond styli car- 

tridges are cheapest by any comparison. 

For those who want and demand the 

highest quality record reproduction and 

who don't want their records chewed up 

by being played with worn styli, the 

values of a Pickering Diamond Car- 

tridge will prove most significant. 

Pickering Diamond Cartridges are 

unique -their supremacy is unchal- 

lenged. They meet the exacting 

requirements of the most critical 

listener who wants to hear the 

realism and brilliance original- 
ly recorded and which makes 

record playing such a pleas- 

ure. The design and manu- 

facture of Pickering Dia- 

mond Cartridges include 

all known factors which 

minimize record wear 
and eliminate unpleas- 

ant, annoying sounds 

while recreating the 

quality, brilliance 
and realism of the 

original recording. 

The diamonds used 

for the stylus of Pick- 

ering cartridges are 

whole diamonds and 
not splints. They are 

more resistant to damage 

than any other stylus gem 

material (sapphire, ruby or 

diamond splints). They are 

well cut, gem -polished to 

high accuracy and precisely 

mounted to ride smoothly in 

the groove walls, reproducing 
all the fine modulations which 

can be pressed into modern re- 

cordings. 

Pickering Diamond Cartridges are 

good for thousands of playings . . . 

compared with hundreds for sapphire 

and less for metal styli. An authority 

writing on wear resistance of stylus ma- 

terials, states- ". . . the ratio of wear 

resistance between diamonds and sap- 

phires is 90 to 1 in favor of diamonds." 

Pickering Diamond Pick -up Cartridges 

are true gems for record playing . . . 

and cost less. 

Model D -120 

Model R -150 

Model D -140 

for transcriptions and 
lacquer discs 

for phonograph records 

for microgroove records 

Order your Pickering Pick -up Cartridges 

from your favorite jobber. 
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Fig. 5. Total harmonic 
distortion vs output at 

50 cps. 

HARVEY 
PROUDLY PRESENTS THIS 
FINE RECORDING COMBINATION 

-.. 
rvr6A MAGNECORD TAPE RECORDER 

Made by Magnecord, Inc., Dept. D., 360 N. Michigan Ave., Chicago 1, 111. 

Basic tape recorder, excellent quality for music, in use now in hundreds of broadcast '4 

stations and recording studios. Low distortion and wide band reproduction, two 
speeds, 71/2" and 15 ", high speed rewind. Frequency response ± 2 db 40 cy to 15 
kc. Synchronous motor drive. Combines with amplifier PT6 -P, combination record - 
playback- remote with 3 mike inputs. Built -in monitor speaker plus headphone jack. 
Pre- and post -emphasis cuts in according to use. Line output 600 ohms, 1 ma. into y 

Magnecorder head. Many other features, too many to list. Write for literature, or 
better still, come in for a demonstration. With 15" plug -in recording equalizer. 

Magnecord PT6 -A Recorder 

Ph" plug-in recording 
equalizer 

NoWUsedBy -- 
WHMA WPDQ WGAC 
KENI WJHP WCCP 
KFAR WTMC WCON 
KLCN WJAX WABE 
KOOL WDLP WDUN 
KLZ WLRD WGST 
KUSC WCOA WMBI 
KFMV WRUF WAAF 
KFRS WBBQ WKAN 
KARM WAGA WLS 
KPAS WGGA WSBC 
KROY WRGA WXRT 
KFBK WRBL WGES 
KCRA KFKU WAIT 
KMA KVNU KUTA 
KALL KXLY KXLE 
KOMO WIBA WISC 
WMBR WGBA WROK 

$278.00 

Telephone: 

18.75 

WGEN 
WILA 
WHBF 
KLIX 
KFXD 
KVMV 
KIFI 
KID 
KSEI 
WRSW 
WDRC 
WHO 
KIOA 
KGLO 
KELA 
KREM 
WLIN 
KI MV 

LUxemburg 2-1500 

RADIO COMPANY INC. 
103 West 43rd St., Now York 18, N. Y. 
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Magnecord PT6 -P Portable Ampli- 
fier, with case, interconnecting 
cords and plugs $462.00 

KSAL 
WREN 
WDET 
WELL 
WKBZ 
WDTR 
KNUJ 
KSUM 
KWOA 
WJPR 
WTOK 
WSLI 
KFEQ 
KFRU 
KTNT 
KPQ 
WIBU 
KFSB 

KMBC 
KWTO 
WMBH 
KXLK 

KMON 
KXLF 
KXLL 
KOPR 
KFOR 
KOIL 
WOW 
WRAL 
WFVG 
WNAO 
KHQ 
KTNT 
WWCF 
WMFR 
KVOX 
WPAT 
WEVD 
WOV 
WNYC 
WJJN 
WNBC 
WOR 

WSYR 
WFDR 
KCRC 
KTUL 
KOME 
KFLW 
KWSC 
KBRO 
WFOW 
KSLM 
KORE 
KUGN 
KOIN 
KEX 
KRNR 
KOOS 
WISL 
WVAM 
WNAE 
WQAN 
WCOP 
WPRO 

WESC 
KYAK 
WHA 
WDUZ 
WLAC 
WIRJ 
WJZM 
WSIX 
WJHL 
WVUN 
KPRC 
KTHT 
KRDH 
KSET 
KRLD 
WFAA 
KFDX 
KEYS 
KOVO 
KWLK 
WKOW 

All in stock for immediate delivery. 

All prices Net, F.O.B. New York and 
subject to change without notice. 

1/4 

NX: 

; 

7: äg¡+trx"rxrr:?!?1% 

speaker designed for home use, because 
of the control of the voice coil. 

The frequency response is shown in 
Fig. 4, the total harmonic distortion 
in Fig. 5. The deviations shown cannot 
be detected by the ear. 

Figure 6 shows oscillograms taken 
ñom the 16 -ohm voice coil of a 15 -inch 
speaker. The response to a square wave 
at 200 cps is shown at (A), at 5000 cps 
at (B). 

The effect of damping is demon- 
strated at (C) and (D). A 0.5 -volt d -c 
pulse is applied to the input, produc- 
ing a transient, the shape of which de- 
peads on a number of factors. (C) 

(A) (B) 

(C) (D) 

Fig. 6. Oscillograms of output for va- 
rious input signals: (A) 200 -cps square 
wave; (B) 5000 -cps square wave; (C) 
0.5 -volt d -c pulse at input, speaker 
connected normally; (D) same signal as 
at (C), but with 10 -ohm resistor in series 
with voice coil. Last two oscillograms 

show effect of damping. 

shows the lack of overshoot and smooth 
exponential return as the coupling ca- 
pacitors discharge. At (D), a 10 -ohm 
resistor has been connected in series 
with the 16 -ohm voice coil. The poten- 
tials produced by the marked overshoot 
and continued vibration of the voice 
coil can clearly be seen. 

REFERENCES 

1E. G. Weaver and C. W. Bray, J. Acous. 
Soc. Am., VoL 9, pp. 227 -233 (Jan. 1938). 

2C G. McProud, AUDIO ENGINEERING, Mar. 
1945. 

RECORD REVUE 
[from page 26] 

other huge chunk of listening is done as an 
incidental to other foreground activity, read- 
ing for instance; phonographs similarly. 

It is my contention that in every field of 
radio and in listening to recorded music as 
well, these different types of listening pose 

AUDIO ENGINEERING MAY, 1949 



utterly divergent listener problems. I sug- 
gest that.- Mr. Chinn's tests of listener rela- 
tive volume preference might have been ap- 

plied interestingly not only to the first con- 
dition, but to the more prevalent second 
and /or third conditions. Let's face it: people 
practically never listen to the radio in silence 
and with direct attention these days! Some- 
thing else almost always shares the listener's 
direct attention, and all too frequently mo- 
nopolizes it except for that priceless sub- 
conscious mind which, as the ad men know 
only too well, hears everything and especial- 
ly the commercials! 

Just how CBS could re- arrange its 1945 
listener test to cover the listening housewife 
at her Monday laundry or the family sitting 
at dinner with the radio going is more than 
I can imagine -but the situation is certainly 
a normal one. And equally normal - is the 
listener to classical music who prefers it as 
a quiet background, to reading, napping, or 
especially, to conversation. I have just spent 
an afternoon (Sunday) during which two 
Mozart violin sonatas, five Mozart opera arias, 
the Brahms Clarinet Quintet, and a Haydn 
symphony were played complete, on LP rec- 
ords, to a constant accompaniment of con- 
versation and Sunday paper reading. The 
volume level was discreet. The highs and lows 
were entirely missing and not missed. (The 
speaker was a 3" model in a table radio.) 
Yet to say that the music went unheard 
would be a gross misstatement. It was heard 
and appreciated. There would have been ob- 
jections to its being turned off. I have heard 
innumerable Sunday afternoon Philharmonic 
broadcasts come through the same little 
radio, under the same conditions. 

In this sort of listening the desirable 
characteristics of reproduction are strikingly 
different from those we might outline for 
direct listening, in silence, with direct con- 
centration on the music. Both types exist 
widely among classical music lovers, often 
with one and the same person -such as my- 

self. With the one, we listeners want high 
volume, wide -range reproduction, a very large 
dynamic range, a maximum of good bass 
and highs, and this even at the risk of much 
hiss and scratch and rumble. With the other 
kind of listening, the listening- against -con- 
versation (and do not underestimate this 
kind of listening) we want no highs, little 
dynamic range; we can get along perfectly 
without bass. Smooth, even performance is 

at a premium, regardless of the composer. 
And all that because we as a nation have 
developed the ability to listen to radio or 
records and do other things simultaneously; 
generally we find this easier to do than to 
listen directly, twiddling our thumbs the 
while. 

All of which, if you will think it over, 
adds up to a lot when it comes to the engi- 
neer's simple decision -where shall I ride 
the gain when the spoken voice is being 
broadcast? 

RECENT RECORDINGS 

Tchaikowsky, Symphony No. 3 ( "Polish "). 
RCA Victor DM 1279 (5) 

Royal Philharmonic Orchestra, Beecham. 
Tchaikowsky, Francesca da Rimini 
(Fantasia for Orch.) 

Columbia MM 806 (3) 
N. Y. Philharmonic, Stokowsky. 

For engineers who want a big orchestra 

EXACTLY THE RIGHT 

SELECTOR SWITCH 
--, FOR YOUR APPLICATION 

OTHER 
SHALLCROSS 

PRODUCTS 
Akra -Ohm Precision 

Resistors 
Combined Kelvin - 

Wheatstone Bridges 
Fault Location 

Bridges 
Kilovoltmeters 
Kilovoltmeter 

Multipliers 
Shallcross Variaten 

Attenuators 
Multi- Resistor 

Standards 
Portable Power 

Supplies 
Low Resistance Test 
Sets (Bond Testers) 

etc. 

Tailoring a selector switch to a specific ap- 
plication economically is not a job for en- 
gineers who only produce a few types oc- 
casionally. Modern switch engineering calls 
for plenty of "know how." It calls for a back- 
ground of dozens of standard types from 
which adaptations can be made. Not the 
least important, it calls for highly special- 
ized dies, equipment and trained assemblers ... All of which Shallcross offers in full- 
est measure. 

WRITE FOR SPECIFICATION SHEET 

Let Shallcross quote on your Selector Switch require- 
ments. Standard types, most of them subject to broad 
adaptations, cover switches for bridges, decade boxes, 
transformer tapping, resistor and capacitor parallel- 
ing, inductance tapping, television, and many other 
exacting uses. Ask for Form C -1. 

SHALLCROSS 
MANUFACTURING COMPANY 
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Dept. A -59 Collingdale, Pa. 
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playing plenty of skillfully loud music, these 
two albums will be of interest. For those 
who -musically speaking -like Tchaikowsky 
but would just as soon not hear the same five 
or six works over and over again, these two 
will also be of interest. The "Polish" Sym- 
phony, though a relatively early work, is full 
blown and as expertly put together as any 
later symphony of his, including all the 
stock Tchaikowsky effects, big climaxes, om- 
inous low -level passages, big, romantic tunes. 
"Francesca" for some reasou not too often 
heard, is another "Romeo and Juliet ", quite 
similar to it, a tone poem based on a similar 
story of two lovers who die ( via murder in 

this case! 1 and consequently it is replete 
with both love and woe. I find "Francesca" 
a striking piece, well above a lot of Tchai- 
kowsky in its dramatic impact. The Stokow- 
sky performance is exceedingly good, plenty 
emotional, but never slushy and sloppy, as 
Stokowsky has been known to be. The basic 
horror- theme, a short Wagner -like phrase of 
music, will give you the creeps. The Beecham 
interpretation is just a little bit sedate, for 
my taste, in the "Polish" symphony. 

Technically the recordings are similar, 
one being of British E.M.I. origin, out of 
Victor, the other Columbia domestic, follow- 
ing the European -style recording that Colum- 

RECORD LIBRARY 
Music with interesting combinations 
of instruments, voices. 

Bach Arias, Aria. 
Bach Group (instruments, voices) ; Wm. 
Scheide. 

Vox 637 (4) 
*Beethoven, Septet, opus 20. 

B. B. C. Instrumental Septet. 
RCA Victor DM 571 (5) 

*Brahms, Clarinet Quintet, opus 115. 
Reginald Kell, Busch Quartet. 

RCA Victor DM 491 (4) 
Grieg, Cello Sonata in A Minor. 

Cameras 

Raya Garbousova, Artur Balsam. 
Concert Hall AD (3 pl.) 

Hindemith, Sonata for Viola D'Amore and 
Piano. 

Milton Thomas, Sara Compinsky. 
Alco AC 204 (2) 

Mozart, Adagio and Rondo for Glass Har- 
monica, K. 617. 

E. Power Biggs (celesta), with flute, 
oboe, viola, cello. 

RCA Victor 11-9570 (I) 
Mozart, Clarinet Quintet, K. 581. 

Reginald Kell, l'hilharmonia String 
Quartet. 

Columbia MM 702 (4) 
Prokofieff, Overture on Hebrew Themes, 
op. 34. 

Wnt. Nowinsky, vl., Vivian Rivkin, pf. 
and Strings. 

Disc 4020 (I pl.) 
Stravinsky, Pastorale for Violin and Wind 
Quartet. 

Joseph Szigeti, wind quartet. 
Columbia 72495 -D (I ) 

Pee Wee Russell Jazz Ensemble. 
Russell, Jackson, Dickenson, Casey, 
Palmer, Grauso. 

Disc 632 (3) 
Telemann, Trio Sonatas; Loeillet, Trio Sonata. 

Alfred Mann, recorder, Edith Weiss - 
Mann, harpsichord, Lois Wann, Oboe, 
Ernest White, organ. 

Technichord T -13 (4 l0 ") 
Bach, Sonatas for violin and harpsichord. 

Alexander Schneider, Ralph Kirkpat- 
rick. 

Columbia MM 719 (14) (2 vols.) 
*Barfok, "Contrasts ", for Violin, Clarinet, 
Piano. 

Joseph Szigeti, Benny Goodman, Bela 
Bartok. 

Columbia MX 178 (2) 
Brahms, Violin Sonata No. 3, opus 108. 

Isaac Stern, Alexander Zakin. 
Columbia MM 730 (3) 

Brahms, Clarinet Sonata, opus 120. 
Benny Goodman, Nadia Reisenberg. 

Columbia MM 629 (3) 
Brahms, Piano Quartet No. 3, Opus 60. 

Alex. Schneider, violin; Milton Katims, 
viola; Frank Miller, cello; Mieczyslaw 
Horszowski, piano. 

Mercury DM 9 (4) 
Debussy, Danse Sacre; Danse Profane 
Ravel, Introduction and Allegro. 

Marcel Grandjany, harp; RCA Victor 
String Orch. 

RCA Victor DM 1021 (3) 
Mozart, Piano Quartets No. I, No. 2, K. 
478, 493. 

Budapest Quartet, George Szell. 
Columbia ML 4080 ( I LP) 

Shostakovitch, Trio in E minor. 
Compinsky Trio (violin, cello, piano). 

Alco A -3 (3) T -103 (I 16 ") 
*Villa- Lobos, A Festival of Brazilian Music. 

Braz. Festival Orch., quartet, Schola 
Cantorum, etc. 

RCA Victor DM 773 (5) 
*Pre -scar recording. 

for all TV 

TV TRIPOD 
Pat. Pending 

This tripod was engineered 
and -.designed expressly to 
meet all video camera re- 
quirements. 

Previous concepts of gyro 
and friction type design have 
been discarded to achieve 
absolute balance, effortless 
operation, super- smooth tilt 
and pan action, dependabil- 
ity, ruggedness & efficiency. 

Below: 
3 wheel portable 
dolly with balanced 
TV Tripod mounted. 

"BALANCED" 

Complete 360° pan without 
ragged or jerky movement is 

accomplished wit) effortless con- 

trol. It is impossible to get any- 

thing but perfectly smooth 
pan and tilt action with the 
"BALANCED" TV Tripod. 

Quick -release pan handle adjust- 
ment locks into position desired 
by operator with no "play' be- 

tween pan handle and tripod 
head . Tripod head mechanism is 

rustproof, completely enclosed, 
never requires adjustments, 
cleaning or lubrication. Built -in 

spirit level. Telescoping exten- 
sion pan handle. 

Write for further particulars 

CAMERA ECJUIPIIIEtlT C. 
1600 BRORI]WR9 nEW 97RK (ITS 
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