S it Bt o A JENSE SN SRNNTERE N o L o R e R B
i o : .

ENGINEERING

SECTION

B IRRere AT T
A = '%ﬂm'l‘a'ﬂim" 1; Y. v by - ' A IR .


www.americanradiohistory.com

HERE'S WHAT THEY SAY
ABOUT

From all parts of the country—from users in every branch of the recording
art—hundreds of reports have come in, commenting on the performance of
Audiotape. The typical comments quoted below speak for themselves.

If you haven’t tried Audiotape yet, why not see for yourself just what it
can do to improve the quality of your tape recordings? Your local Audio-
tape and Audiodisc dealer will be glad to fill your requirements. Or, write
to Audio Devices for a free 200-foot sample reel of either paper or plastic
base Audiotape. 1t will speak for itself.

@ M’? r,“r.' ArtCE

"We find that your
plastic Audiotape meets our re-
quirements far better than the
others we were using. We were
bothered with flutter before, but
now it seems that our discs we du-
plicate from tape are of much better

tonal quality."

d /M !r:r* edicdland

"I have tested the
samples on several recorders under
various conditions. Both paper and
plastic base proved to be as fine as
any I have yet used--good frequency
range and especially low noise
level {inherent)."

z "w: find Audiotape
to be the best so far obtainable.
There is less dust, dirt, and grit
accumulation from this tape com-
pared to others--as a result our ma-
chine runs at more constant speed."

d/ WL#%

"We are using No.
1251 to record sound tracks for our
educational films. We find the prad-
uct very satisfactory and particu-
larly appreciate the flat tape tnat
does not hump away from the head in
the middle."

” 4
7 s ot >
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“"Have found your
tape the best for my recorder. Very
low noise level and very uniform
characteristics are its outstand-
ing qualities. Price is also at-
tractive."

"We've compared
Audiotape with the tape we've been
using and were impressed with the
fidelity and low noise level. The
output for a constant level 1000
cycle input is remarkably good,
showing uniform coating."

[ Beradeadto Jehoot

"I am happy to re-
port that of several brands of tape
tried, Audiotape has the lowest
consistent noise level. Over-all
response is remarkably consistent
for all parts of each reel."

o Snducitiial Frnm

"I find that this
tape excels all other makes now on
the market in quietness, range, and
ease of handling. On the strength
of the test sample, have disposed of
all other makes and am now using
only Audiotape.”

"We have used vari-
ous tapes in our school work here
and really know that yours is second
to none. You can expect an order
from us shortly."

“We are very
pleased with your Audiotape samples.
Noise level very low and quality
excellent. We use it whenever a good
reproduction is desired. We find
your tape and your discs best in the
field."

' . .
d, 752 Ml}

"We are delighted
with the plastic base sample and in
the future plan to order it exclu-
sively. In speech work fidelity is
very important, and we feel that
the plastic Audiotape is the best
we have tried."

ﬂ "Results from tapes
tested--excellent. Low noise levels
--low distortion. Seems to be less
capstan slippage than other tapes.
Attractive prices. All future pur-
chases by us will include Audio-
tape."

;o .
ﬁ Cotlegt

" "Thanks for the Au-
diotape samples. We are using your
plastic base tape exclusively for
the original recording of our radio
programs. We find that there is
practically no loss dubbing from
tape to discs."

"Excellent tape --
ouch less flutter due to its abil-
ity to fit head contours better. All
of our new tapes will be Audio-
tapes."

AUDIO DEVICES, INC, .

TR
* Trade 444 MADISON AVE., NEW YORK 22, N, Y. ;‘- :
Export Dept.: ROCKE INTERNATIONAL, 13 East 40th St., New York 16, N. Y.

Mark
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“U;A” SERIES
CONNECTORS FOR
AUD]O CIRCUITS
|

UA-3-32 Receptacle UA-3-11 Plug

UA-3-31 Receptacle UA-3-12 Plug
‘T\M\ NN
74 ’»0 3 W
// / A \
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%
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UA-3-13 Receptacle UA-3-14 Recaptocle

First in the Field with the Latest
and the Best!

This achievement of Cannon Electric ap-
plies to this new series of audio connec-
tors for the radio industry as well as to
other developments such as steel firewall
connectors and guided missile plugs, etc.

The UA Series has all of the superior
features of the Type P and XL Series and
in addition the following: (1) Gold plated
contacts for long life; (2) double-protec-
tion rubber relief collar and bushing; (3)
stronger and better latchlock; (4) flat-top
polarization for finger-touch action; (5)
steel plug shell and steel insert barrel.

Three 15-amp. contacts; 1500 volts min.
flashover; %" cable entry.

Sold through Cannon Electric Fran-
chised Jobbers. Ask for UA-1 Bulletin.

Address Cannon Electric Development Company,
Division of Cannon Manufacturing Corporation,
3209 Humboldt Street, Los Angeles 31, California.
Canadian offices and plant: Toronto, Ontario.
World Export: Frazar & Hansen, San Francisco.
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COMPLETE LINE OF CORES
TO MEET YOUR NEEDS

¥ Furnished in four standard
permeabilities — 125, 60, 26
and 14,

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

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

HIGH Q TOROIDS for use in
Loading Coils, Filters, Broadband
Carrier Systems and Networks—
for frequencies up tc 200 KC

For high Q in a small volume, characterized by low eddy current
and hysteresis losses. ARNOLD Moly Permalloy Powder Toroidal
Cores are commercially available to meet high standards of physical
and elecetrical requirements. They provide constant permeability
over a wide range of flux density. The 125 Mu cores are recom-
mended for use up to 13 ke, 60 Mu at 10 to 50 ke, 26 Mu at 30 to 75 ke,
and 14 Mu at 50 to 200 ke. Many of these cores may be furnished
stabilized to provide constant permeability (£0.1%) over a specific
temperature range.

* Mnnu/unuml under llmunpl arrangements with W.--mn Electric (.ampuny Wwao 2810
—— '—"i
v

Tm: ARNOLD ENGmEEmNG COMPANY

SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CORPORATION
- 147 EAST _ONTA_R_IO STREET, CH}CAGO n, ILLINOIS

AUDIO ENGINEERING e MAY, 1950
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JENSEN MANUFACTURING COMPANY 0:/visiON OF THE MUTER COMPANY
6633 South Laramie Avenue, Chicago 38, lilinois e In Canada: Copper Wire Products, Ltd., 351 Carlaw, Toronto
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& . - : Golden Ears
¢ SOUNDEX & -
. HAS THE N EW which he states that the amplifier represents
/ note “with the exception of a few elements,
amazement that the circuit is very similar
circuit appears on page 155. My design
center-(appcd choke to maintain the driver
work and on applying to my original cir-
some sixteen years ago.

[ note with interest the article “For

: I the nearest approach to perfection achieved
j \ DRIV y which may lift eycbrows slightly,” that my
\ : eyebrows were lifted more than slightly.

1 L : Upon reading the article with care and
: to one published by the writer i1 the Janu-

utilized essentially the same basic feedback

output in Class A. [ should like to congratu-

cuit the cross neutralization as described by

GCeorge E. Beggs, |r.

LETTERS
”’”l,/-;ﬁ[[ﬂ TURNTABLE | Golden Ears Only,” by Joseph Marshall, in
in three years of experimentation. I further
studying the schematic, | discovered to my
ary 1946 issue of Electronics in which the
circuits, the identical transformers, and the
late Mr. Marshall on doing a fine bit of test
Paul W. Klipsch in the same magazine
Warrenton, Penna.

Even Errata Have Errata

Sir:
Without meaning to rub salt into your

% wounds, I believe you have an erratum in
READY TO MOUNT: Complete with shielded mount- your errata on page 8 of the April issue.
ina board No doubt you mean: “on page 24 of the
9 : March issue . . .” (not page 18). Your
CONSTANT SPEED: Using 33'/; RPM on a 15 minute confirmation would be appreciated, for 1
run, with a line voltage change of 10 volts, the change f[f;“l“?""_y Sltl‘ldly the bale ltssuest mtlld \'tff
. . <leming s article 1s one get my teeth mto.
in speed was only 2 RPM in 509 or 0.4 percent. On Will you please tell me the date of the
constant voltage, the speed variation was /4 RPM or G¥st isstie ofi A%?
0.05 percent. ‘ Charles F. Erwood,
INSTANT STARTING: With the switch advanced to i S
the t.notor threshold qf ucceptunce‘, the motor was ‘ (Well, salt is justly deserved. Page 24 is
rotating at full speed in less than V; turn when the the correct location. Again we offer regrets.
initch was advanced further. The first issue of [E was May 1947. Ed.)
PRECISION SETTINGS for speeds of 3313, 45 and 78 AbdianinSanh AT
or any speeds from 30-110 RPM may be accurately
set. The speed can be continuously controlled manually Sir:
between 30-110 RPM. ‘ In the March issue, you inquired: “as an

afterthought—is there no audio activity in
COMPLETE ISOLATION between turntable and motor other countries?”

eliminates mechanical vibration, rumble as well as You may be interested to hear that there

other ill effects of rim, gear train and other direct certainly s aliadio.activitly in South Africa
drive systems. amongst high-fidelity enthusiasts.

L The English Williamson circuit has long

. . been popular, both in its original form and

Proctor designed units of comparable sl 38‘00 with various modifications. It has become

quality are selling in the $500.00 range. JTrade price almost a point of honour to use power am-
35 PICEUB atm plifiers producing a total harmonic distor-
CONSOLETTE—for table, bench, tion not dexC(;-cding (}-1 per Ccent- ;he pre-
g s . war standard of push-pull Class triodes
or (ul:mei. D||’1’1en5|on;f:—— without negative feedback is, nowadays,
227/3" x 187/3" x 8V, viewed somewhat cavalierly!

Probably the proportion of British to
American high-fidelity equipment in use
here is about 50-50. Inn Pretoria. there is a
tendency to favour British output valves
such as the KT66. EL37, PX25 DO24,
DA30, DO30, etc. We feel that probably the

$18.00 net.

Write for bulletin

REPRESENTATIVES most serious obstacles to realistic domestic

reproduction are the unavoidable bogies of

Waltesr B};x ren &AAsso, Erlngguhsgcs (c:lo}\ M;ise\yl AssociasleS. ll\?c' room acoustics, “scale” distortion, and lack
2005 S. Michigan Ave. 925 South Grand Ave. 11 ermont St., N. R c 3 d ~
Chicago 16, llf. Los Angeles 15, Calif. Washington 3, D. C. of true binaurality in recording and repro

duction. May I suggest that Domestic Room
Acoustics be made the subject of an article

Burlingame Asso. R. W. Farris Co. Stanley K. Wallace

103 Lafayette St. 406 West 34th St. P. O. Box 744 4 AN

New York 13, N. Y. Kansas City 2, Mo. Lutz, Florida in your periodical?

Camiion Sales Co. Dave M. Lee Co. Gerald Wilson M. R. H. MacNamara,
81

Republic Nat. Life Bldg. 9 Thomas St. 403 Second St. 5
Dallas 8, Texas Seattle 9, Wash, Jackson, Mich. ] L!Za?flie.|§~roPS?:tcOtria>"eet’

.-..ii--.-i-!.----- South Africa
4 AUDIO ENGINEERING @ MAY, 1950
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MEASURE TOTAL DISTORTION
Between 20 ¢cps and 20 ke

1

CHECK THESE SEVEN
IMPORTANT FUNCTIONS:

1. Measures total audio
distortion.

2. Checks distortion of
modulated r-f carrier.

A
=3

8

AMPLEIER GAIN. db
o

[s:]
(=]
L

"Any frequency between
é 20and 20,000 ¢.p.s.

20 200

Whigucd

2000
FREQUENCY, c.ps.

2000C

This fast, versatile -bp- 330B Analyzer
measures distortion at any frequency
from 20 cps to 20 kc. Measurements
are made by eliminating the funda-
mental and comparing the ratio of the
original wave with the total of re-
maining harmonic components. This
comparison is made with a built-in
vacuum tube voltmeter.

The unique -hp- resistance-tuned
circuit used in this instrument is
adapted from the famous -hp- 200
series oscillators. It provides almost
infinite attenuation at one chosen fre-
quency. All other frequencies are
passed at the normal 20 db gain of
the amplifier. Figure 1 shows how at-
tenuation of approximately 80 db is
achieved at any pre-selected point be-
tween 20 cps and 20 kc. Rejection is
so sharp that second and higher har-
monics are attenuated less than 10%.

Full -Fledged Voltmeter
As a high-impedance, wide-range,
high-sensitivity vacuum tube voltme-
ter, this -hp- 330B gives precision
response flat ac any frequency from
10 cps to 100 kc. Nine full-scale

AUDIO ENGINEERING e

3. Determines voltage level,
power output.

4., Measures amplifier gain and
response.

5. Directly measures audio noise
and hum,

6. Determines unknown audio
frequencies.

—— 7. Serves as high-gain, wide-
band stabilized amplifier.

ranges are provided: .03, .1, .3, 1.0,
3.0, 10, 30, 100 and 300. Calibration
from 42 to —12 db is provided, and
ranges are related in 10 db steps.

The amplifier of the instrument can
be used in cascade with the vacuum
tube voltmeter to increase its sensitiv-
ity 100 times for noise and hum
measurements.

Accuracy throughout is approxi-
mately +3% and is unaffected by
changing of tubes or line voltage var-
iations. Output of the voltmeter has
terminals for connection to an oscil-
loscope, to permit visual presentation
of wave under measurement.

Attenuators
Electronic Tachometers
Microwave Power Melers
Tunable Bolometer Mounts
Stotted Lines
Standing Wave Indicators
Low Pass Filters

MAY, 1950

WWW. asknerieaniadiahistory.com

-hp- PRODUCTS |
VHF & UHF Signal Generators
Voltage Dividers, Multiplicrs and Shunts
Electronic Frequency Melers
FM & TV Broodcost Monitors
Regulated Power Supplies
Audio Frequency Oscillators

FM and AM-FM MODELS

For FM broadcast mcasurements, -bp-
ofters Model 330C Analyzer. This instru-
ment includes a vacuum tube voltmeter
with special characCteristics meeting
F.C.C. requirements.

For both AM and FM measurements,
-hp- Model 330D is provided. This model
includes an AM detector to rectify the
transmitted carrier and thespecial vacuum
tube voltmeter described above.

Write for camplete detarls.

HEWLETT-PACKARD CO.
1437l Page Mill Road * Palo Alto, California
Export: Frazar & Hansen, Ltd., 301 Clay St.,
San Francisco, Calif., U. S. A.

Offices: New York, N. Y., and Loc Angeles, Calif.

Audio Signal Generators
VYacuum Tube Voltmelers
Frequency Standards
Square Wave Generators
Wave Analyzers
Distortion Analyzers
Amplifiers
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EDITOR'S REPORT

THE FOURTH YEAR

ith this issue, Aubio ENGINEERING enters its

fourth year of publication. Pioneering a field

which had heen alimost completely neglected be-
fore, AL has become the most sought after magazine in
the technical field, and copies of the first issue are just
short of being traded on curb exchanges.

We hope that we have conducted this magazine pri-
marily for the interests of its readers. Fortunately, we
are not concerned with national or local politics, and can
thus devote our pages to important matters. Our cam-
paigns (see page V3) are normally directed to sometliing
our readers are all striving for—high quality sound re-
production.

We hope we have not strayed from our original in-
tention that ZE should be devoted solely to audio, in
spite of the V- pages, and we again reiterate that creed.
To our many enthusiastic readers we express our ap-
preciation of their support, and we hope that we may
continually improve month by month, with a higger and
better A our guiding ambition.

IDENTIFICATION

One of the most insistent comments that we have
heard from advertisers in recent months is something
we have been unable to fathom. Until recently, we are
told, those who write requesting information about the
products described in our advertising columns have
habitually identified themselves by writing on their com-
pany letterheads or by mentioning their company affilia-
tions. But more and more, it appears that correspondence
requesting information arrives on penny postcards, with-
out a single word as to the work in which the inquirer
is engaged or the company that employs him.

This may not be a bad sign. It may only indicate that
our readers who are not engaged in audio work profes-
sionally are becoming more interested in the products
that make A% possible from month to month. But, on the
other hand, it seems possible that readers are expecting
advertisers to be more prodigal in distributing their cir-
culars and catalogs.

Advertising literature, assuredly, is prepared with a
view to selling merchandise, and its cost is legitimately
one of the expenses that any manufacturer must incur
in order to familiarize potential users with his products.
But if for no other reason, inquirers should state their
occupation so as to help the manufacturer in furnishing
information which would be of real service.

No manufacturer will turn down a legitimate inquiry
as to his products, and in most instances he will do

6

everything possible to acquaint a possible customer with
the extent and nature of his services. But it must be re-
membered that catalogs are expensive to produce, and an
indiscriminate distribution of those catalogs would ulti-
mately be reflected as a price increase for the merchan
dise involved.

e, too, receive many inquiries for information—
many of them asking for data, circuits, advice. We try
to answer them all as fairly as possible, even those which
border on a consulting service. One thing we cannot do,
however, is to express a preference for one manufac-
turer’s product over another’s. We have, for example,
heen asked as to the “results” of the speaker demonstra-
tion at the Audio Fair—even after it was publicly an-
nounced that no ballot would be taken. Such questions
we cannot answer.

We do try to reply to all letters with information
which we consider reliable, but we cannot express prefer-
ences, even if we were to admit having any. Advice as
to the selection of different makes of equipment must
necessarily come from consultants.

HIGH (?) FIDELITY

One correspondent has brought up a question which
deserves a comment—even though his own answer to
the same question will be published next month. This
correspondent has a friend who has spent considerable
time and money in assembling a high-quality system,
only to find that he hears harsh and strident music from
his records. The friend questions the advisability of
buying high-fidelity equipment and then “deliberately
impairing its range by setting it back into the category
of mediocre equipment.”

It has often been stressed in these pages that the
possession of tweeters should not necessarily demand
that the highs must be heard beyond their natural bal-
ance, or that a bass boost control need not make the
drums shake the floor. These facilities permit the ser to
adjust the response to correct for deficiencies in record-
ing, microphone technique, or even in his own equip-
ment.

It is desirable, though, that flexibility in controls be
provided so as to make these corrections possible if
they are necessary. The presence of the controls does not
obligate the listener to adjust them for unrealistic repro-
duction just because he has the facilities for doing so.

In the final analysis, equipment should be selected
to provide the best possible reproduction from a perfect
program source. Since few sources are perfect, let the
controls be adjusted to make the reproduction optimum
for the practical conditions which do exist.

AUDIO ENGINEERING e MAY, 1950
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Outstanding Music and Record Critics
Acclaim Pickering Cartridge Reproducers
as Unequalled for LP Record Playing

In the February 18th Saturday Review of Literature,
E. T. CANBY says: . . . For pure top-quality sound, v
Pickering is unbeatable on LP’s” . . . and in the ,
January American Record Guide PETER HUGH REED RECORD
says: “’. . . using the Pickering we heard the best of nggi[‘lsgl’zc;k
the 45’s in a manner which made for the greatest

enioymen' of music.” This compensator, with 6 positians of equolizotion, pro-
vides the flexibility required to properly equalize for the

YES' Pickering PIC'(UP Curtridges are without different recording choracteristics used by various record
equul ... no other PIC'(UP can equul the perform- 3 monufacturers . . . it is a most important addition to record
ance of Pickering Cartridges on LP’s . . . they are
widely used by the leading record manufacturers,

ploying systems using magnetic pickups.

recording studios, broadcasters and by music fr—
enthusiasts who demand the effect of a live
3 LOUDSPEAKER — MODEL 180L
performance from their records.
! Designed to satisfy the musical ear. A low.
The nearest approach to a live performance cost high quality loudspeaker with smooth
o o o 4 wide-range response (within 5 db, 45 to
1S .CI reco.rdmg _pluyed. by o syste.m eqUIpp.ed 12000 cycles) ond law distortion . . . the
with P"k'e"”“g H'gh QUC’"'Y Audio _. i only loudspeaker with acoustically adjust-
Componems {92 Curtridge, Speaker, Arm, Y able bass response . . . occupies less floor
Preamplifier, Record Compensator, etc.  }B space oo eyl Ottty High gty [oves
4 speaker — less than ane square foot.
— — —— i
y : st 38 5
3 PICKUP ARM — MODEL 190
PREAMPLIFIER
MODEL 130H The only arm specifically designed for opti-

mum performance on both micro-

® Magnetic arm re;y.\
® Plug-in cartridge holder.

® Sensitive tracking force adjustment.

This preamplifier represents

1 the most advanced design
;s :' || ever achieved in phono-
"SR . graph preamplifiers.

groove and standord records.

<

® Statically balanced to eliminate ® Minimum vertical mass to track
It equalizes the bass response of tendency to skip when jarred. any record without impasing
records and tronscriptions and pro- ® One-hole mounting — self- extra verticol lood on grooves.
vides the necessary gain for high contained levelling serews. ® Rugged frictionless bearings.

i tic pick L its inter- Cartridges vsed with this arm require 50% less vertical tracking
gL t:nugne L “ps. .Is l.n ev' mpﬂ““' force than when used in conventional arms.
modulation and harmonic distortion is g CO N Y_ . [ [ X . |
exceptionolly low — better thon most sl\de' . For the finest audio quality specify Pickering Components
professignal equipment. ocea“ Pickering High Fidelity Components ore ovoilable through leading jobbers
and distributors everywhere . . . detoiled literature will be sent upon request.
AUDIO ENGINEERING e MAY, 1950 7
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| TRIAD TRANSFORMERS

will meel and main-

vequirements of your

e
==

equipment

>3

<y,
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Nic
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* Pevlacen,
* Amatey,

Euipngy,
eat

AVAILABLE FROM STOCK

Triad “HS” Series Transformers are
Cnginccrcd to meet precisely and main
tain indefinitely the most exacting
requirements of any industrial electronic
application. Maximum protection
against failure of your product is assured
through:

¢ Hermetic Sealing

¢ “Climatite” Treatment (the improved
and exclusive vacuum impregnation
process used on all Triad transformers

® Conservative Ratings

¢ Strong Mechanical Construction

* Exceptional Electrical Characteristics

*® Long, trouble-free life

Triad “I18” Series Transformers are
carried in stock for immediate delivery
by Triad distributors or at the factory
Write for Catalog TR-49A.

Also readily available in standard
designs for most used circuits are Triad

Geoformers (Geophysical Transform-
ers). Write for Catalog GP-49.

2254 Sepulveda Blvd.
Los Angeles 643, Calif.

tain the most exacling

AUDID

PADDITDS

RICHARD H. DORF

HE UNITED STATES patent laws re-
quire that every patent must contain
enough information so that those
skilled in the art” will be able to re-
produce the invention. The inventions
disclosed include almost every interesting
advance in audio engineering, many of
which, though not available to the ave-
rage engineer for commercial exploita-
tion, can be used hy anyone with a profit
in results, but not in cash. This column
will review each month interesting and
useful new audio patents.

| Voltage Amplifier

H. L. Daniels is the inventor of a
pentode voltage-amplifier circuit (Pat-
ent No. 2,489,272) in which a feedback

R2 B+

R4 QUTPUT

system effectively increases the value of
the pentode load impedance and makes
for very high stage gain. Figure 1 gives
the basic circuit.

The pentode output appears across K,
and R, in series. The triode is a cathode
follower with a gain of less than 1. Its
audio cathode voltage follows its audio

difference in a.c. potential across R,,
with the lower voltage at the same
end of R, at which the lower pentode
signal output voltage appears, thus ac-
centuating the effect of the pentode sig-
nal drop across R,. When the output of
the pentode increases, so does the differ-
ence between triode grid and cathode
voltage, which, added across R,, adds to
the pentode output. (The triode grid-
cathode difference is a:matter of per-
centage, not a constant voltage.) The in-
creased effective pentode output adds
still more to the triode grid-cathode
difference, and the net effect is cumula
tive.

Pentode screen voltage is maintained
at the right level automatically by de-
riving it from the triode cathode through
isolating resistor R; and bypass capaci-
tor C,. R, need only be large enough to
isolate the cathode feedback connection
irom the triode plate. C,, the feedback
impedance, can be an electrolytic capaci-
tor for good low-frequency response, as
leakage currents from the B-supply are
unimportant. The gain of the stage, the
inventor claims, can be made to approach
the amplification factor of the pentode,
which would put it in the order of the
high hundreds. Output could be taken
from the pentode plate, but taking it from
the triode cathode instead avoids any
effect the following stages might have on
feedback operation.

Single-Ended Power Amplifier

The amount of negative feedback pos-
[Continued on page 41]

grid voltage very
closely, as in all

it

cathode {ollowers,
the cathode volt-

LY
¥ Lzé”

age being always
somewhat less due
to the loss in gain.

The grid is tied
to the pentode
plate and the cath
ode, through C,,
to the other end of

V3

&)
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R,. This applies
the grid-cathode

PS = Parasitic Suppressor B+
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Wood preservation
holds down telephone costs

Poles are a substantial part of the plant
that serves your telephone; making them
last longer keeps down repairs and re-
newals that are part of telephone costs.
So Bell Laboratories have long been ac-
tive in the attack on wood-destroying
fungi, the worst enemies of telephone
poles.

Better, cleaner crensotes and other
preservatives have been developed in
co-operation with the wood preserving in-
dustry. Research is now being carried
out on greensalt—a new, clean, odorless

10

preservative. Even the products of atomic
energy research have been pressed into
service —radioactive isotopes are used to
measure penetration of fluids into wood.

Treated poles last fron: three to five
times as long as untreated poles. This
has saved enough timber during the last
quarter century 0 cqual a torest of
25,000,000 trees. \lore than that, wowdl
preservation has enabhled the use of
cheaper, quickly growing timher instcad
of the scarcer varieties.

This and other savings in pole-line

Exploring and Inventing, Devising and Perfecting, for Continued

Improvemerts and Economies in felephore Service.

AUDIO ENGINEERING o
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costs, such as stronger wires which need
fewer poles, are some of the reasons why
America’s high-quality telephone service
can be given at so reasonable a cost. It
is one of today’s best bargains.

BELL TELEPHONE

LABORATORIES
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Determining the Tracking
Capabilities of a Pickup

H. E. ROYS®

Measurement of intermodulation distortion is shown to be a reliable method for evaluating
pickups as to one important characteristic which is not readily measureable otherwise.

pickUP that is used for the pur-
A pose of reproducing disk records
relies upon the mechanical con-
tact between groove and stylus tip for
actuation of the stylus. For in order to
lobtain faithful reproduction. it is neces-
'sary that the stylus “track” or maintain
igood mechanical contact with, and ex-
jactly follow, the undulations of the re-
jcorded groove. Where we are dealing
iwith lateral recordings—and these form
ithe bulk of the records in use today—
we are primarily concerned with the
icontact between stylus and groove side
walls as illustrated at (A) in Fig. 1.
When the groove changes laterally from
a mean position, due to the modulation,
it is the side walls of the groove that
iexert a side thrust upon the stylus to
make it follow. If the vertical force is
low, the stylus will climDh the side wall,
,as illustrated at (B), and then the ef-
fectivencss of the pinch of the “V”
shaped record groove is lost, and poor
tracking and distortion result.
Tracking has been a problem from the
| beginning of disk recording, even when
" the vertical force was half a pound in-
stead of half an ounce. It is only by

'* Engincering Products Department, RCA
Victor Division, Camden, N. J.

STYLUS
e

RECORO

~ MODULATION
/‘ DISPLACEMENT

-

(A)

RECOR 8)

Fig. 1, (A) An ideal “fit” between

stylus and groove side walls, (B) When

the groove is displaced laterally from

the mean position due to modulation,

the tip will climb the side wall of the

groove if the mechanical impedance of
the pickup is high.

using adequate vertical force that the
stylus can be held in the groove and so
maintain good mechanical contact with
the side walls. The tracking problem
still exists today, even though vast
strides have been made in the reduction

of pickup mechanical impedance with a
resulting improvement in tracking. Fine
groove reproduction with a small stylus
tip requires low vertical force if a mini-
mum of record and stylus wear is
wanted.

Method of Measurement

Since the tracking capabilities of a
pickup depend upon its mechanical im-
pedance, a measurc of the mechanical
impedance is also a measure of its abil-
ity to follow the recorded groove.

Determining the mechanical imped-
ance is not a simple measurement, nor
is it completely adequate. For example,
practically all of the pickup and tone
arm combinations tend to climb the
groove side walls, rattle, and even skip
out of the groove at tone arm resonance,
and although skipping is not common at
the high-frequency resonance, changes
in responsc at resonance can be noted
unless sufficient vertical force is used,
as shown in Fig. 2. The mechanical im-
pedance is high at the two resonant
points, and usually the vertical force has
to be increased several times over its
normal value in order to keep the pickup
stylus firmly in the groove. Yet listen-
ing tests indicate that the quality of re-
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| Fig. 2, left. This is a frequency response characteristic taken by the variable speed method. The peak at the low-frequency
end is due to tone arm resonance, and the one at the high-frequency end is due to pickup resonance. The mechanical
impedance characteristic is similar to this in shape. If the vertical force is too low, the pickup will skip grooves. Fig. 3,
" right, Block diagram showing the function of the components of the equipment. The sine-wave figures illustrate the ap-
! pearance of the test signal, and how distortion shows up as amplitude modulation of the 4000-cps test tone.
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production is acceptable with the lighter
force. This may be due to the fact that
the mechanical impedance between the
resonance f{requencies is low, and it is
throughout this region that the peak
energies of speech and music are en-
countered so that, although the tracking
requirements may be severe, the vertical
torce requirement 1s not great.

The intermodulation method of distor-
tion analysis appears to be a good
method of studying the tracking capa-
bilities of a pickup, especially when
using frequencies of 400 and 4000 cps.
These frequencies lie between the two
resonant frequencies of the pickup sys-
tem and are located in the region where
high peak energies of speech and music
are normally encountered. The method
is sensitive, and yet the measurements
are simple and easy to make. In addi-
tion, measurement equipment is not
absolutely necessary, as a great deal of
useful information can be obtained by
simply listening to the reproduction of
the test record. In fact, the test record
is probably the most valuable item of
the test.

The Test Records

For tracking studies, 78 and 45 r.p.m.
records cut by Mr. R. C. Moyer of the
Indianapolis plant are used. These were
cut at different levels up to 10 db above
an assumed normal recording value.
Levels as low as a —6 db were also re-
corded so that an over-all range in 2-db
steps from —6 to + 10 db is available
when using the 78-r.p.m. record and
from -4 to + 10 db with the 45-r.p.m.
record.

The two frequencies were combined
in the normal mauner for the inter-
modulation signal, 400 cps for the low
frequency and 4000 cps for the high
with the 4000-cps tone 12 db below the
400-cps signal in level. The 0 db or
normal level for the 45-r.p.m. record
was made approximately 3 db lower than
the 78-r.p.m. value in accordance with
the general practice of cutting fine

12

groove records at a reduced level in
order to avoid cutting into adjacent
grooves and also to minimize tracing
distortion. The peak value of the 0 db
or normal levels as measured by the
optical pattern method while the press-
ings were being rotated (a necessity
where two frequencies are combined in
order to obtain an accurate evaluation
of the pattern width) was measured to
be 6 cm./sec. for the 45-r.p.m. record
and 8.7 cm./sec. for the 78. The maxi-
mum peak recorded levels attained is
about 27 and 18 cm./sec. for the 78 and
45 r.p.m. records respectively. It is dif-
ficult to determine just what peak levels
are encountered in phonograph records,
but it is believed that the levels on the
test records are adequate for pickup
tracking studies. The RCA 45-r.p.m.
record system design is based upon a
maximum recording level of approxi-
mately 14 cm./sec.

Both records were cut with a stylus
having a tip radius of less than 0.0005
inch, so a fine groove pickup having a
tip radius of 0.001 inch can be used with
either record. The 78-r.p.m., record
12-5-39, has a groove wide and deep
enough to accommodate pickups that
have a tip radius of 0.003 inch, such
as normally used with 78's. The 45-

~
v

): | 45-(.p.m4 Record
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Fig. 5. Characteristic obtained with the
pickup of Fig. 4 when using the 45-
r.p.m. test record,
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rpm. record, 12-5-37, has a narrow
groove suitable only for reproduction
with a pickup having a 0.001 inch tip
radius.?

Test Procedure

Intermodulation test frequencies of
400 and 4000 cps have been found to be
particularly useful for studies of distor-
tion in disk recording and reproducing
systems.> 3 Figure 3 shows a block dia-
gram of the equipment used and also
illustrates what the test signal, a com-
bination of. two frequencies, looks like
on an oscilloscope and also how the dis-
tortion appears as modulation of the
4000-cps carrier.

In determining the tracking capa-
bilities of a pickup, either of the inter-
modulation records is played while using
various vertical forces, and the distor-
tion is measured for each different re-
corded level. The results when plotted
give a set of curves such as illustrated
in Fig. 4. In general, the distortion is
low for the low values of recorded sig-
nal, but at some higher level an abrupt
change 1s encountered, and the distor-
tion increases rapidly as the recorded
level is raised. Increasing the vertical
force shifts the Dbreaking point to a
higher recorded level, and by using suf-
ficient vertical force, good tracking can
be obtained at the highest levels avail-
able on the record.

Where the distortion appears abruptly
and increases so rapidly with recorded
level, it appears permissible o define
good tracking in terms of vertical force
and the recorded level where the break
occurs.

Figure 5, however, gives the results
obtained with the 45-r.p.m. record and
shows the breaking point with resulting
rise in distortion to be less abrupt than
obtained with the 78. This makes it dif-
ficult to determine good tracking as de-
fined above, and it may be necessary to
establish some value of intermodulation,
such as 10 per cent, for example, as the
limiting value. Then for the pickup il-
lustrated in Fig. 5 with a vertical force
of 5 grams, good tracking can be ex-
pected for recorded levels up to about
17 cm. /sec.

Ten per cent intermodulation when
using test frequencies of 400 and 4000

[Continued on page 38]

Both of these records can be obtained from
the Custom Record Sales Section, RCA
Victor Division, 155 E. 24th St, New
York 10, New York.

“H. E. Roys, “Intermodulation Distortion
Analysis as Applied to Disk Recording
and  Reproducing Equipment,” Proc.
I.R.E., October, 1947.

“H. E. Roys, “Analysis by the Two-Fre-
quency Intermodulation Method of Trac-
ing Distortion Encountered in Phono-
graph Reproduction,” RCA Review, June,
1949.
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and reproducing sound are now in

use—the mechanical or phono-
graphic, the photographic or sound-on-
ilm, and the magnetic. Of these, the last
1as now come into general use and
romises to outstrip the other two in
hdelity.
| The first tidings of the advent of suc-
cessful magnetic recording were re-
rorded in the patent offices of Europe
and America in 1899 when Valdemar
Poulsen, a Danish inventor and engi-
heer, applied for original patents on
‘methods of and apparatus effecting the
storing up of speech or signals by mag-
netically influencing magnetizable bod-
es.” Poulsen’s unique machine attracted
the attention of the scientific world at
ihe Paris Exhibition in 1900. The
I'elegraphone, as his machine was called,
tould have many uses, but in his patent
application, Poulsen noted only three:
\s a substitute and improvement on
he phonograph; for recording and im-
parting communications over telephione
wires with no human assistance; for
elegraphic purposes, to record code
nessages at high speeds and play them
back at much lower speeds so that the
messages could easily be transcribed.
Within a few years several different
ypes of Telegraphones had been devel-
ped, one using a solid steel disc, an-
ther steel tape, still another, wire. But
no further development, except the ad-
lition of d.c. bias by Poulsen, was noted
or about two whole decades. One possi-
ble reason for this stalemate in the de-
I'elo;wment of magnetic recording may
ave rested in the lack of appropriate
eans for amplifying the reproduced
ound with any great fidelity. Not until
912 was DeForest’s audion being manu-
actured in quantity and, hefore Dr.
JeForest’s invention of the three ele-
ient tube, electronic amplification of
gound was not possible.
Further improvements in the art of
magnetic recording were developed in
924, this time by Dr. Kurt Stille in
Berlin. Influenced by Stille, the Ludwig
Blattner Picture Corp. Ltd., of London,
ogether with the Telegraphic Patent
$yndikat, of Berlin, jointly announced
4 new system of magnetic recording on
jteel tape in 1929. Talking motion pic-

|
! .
ITHREE BASIC METHODS of recording

| * Columbia Broadcasting System, New
“ork.

JOEL TOLL*®

tures, using steel tape for the accom-
panying sound, were exhibited and the
“Blattnerphone,” it was hoped, would
speedily supplant the phonograph discs
which were so difficult to synchronize
with the pictures. The Blattner Corp.
also noted that its machine could be
used to record telephone conversations,
a purpose for which Poulsen had, almost
expressly, designed his Telegraphone.

In 1930, Dr. Kurt Stille brought out
his “Dailygraph,” a dictating machine
which could record either on steel tape
or steel wire. The steel tape used on the
Dailygraph was a highly-developed steel
alloy about one quarter of an inch in
width and approximately three thous-
andths of an inch (.003) in thickness.

First Tape Broadcast—on BBC

That same year. 1930, the British
Broadcasting Corporation began using
the “Blattnerphone,” and its first broad-
cast using steel tape occurred when King
George V’s New Year's Day address
was re-broadcast from a Blattnerphone
recording. This same year, a patent was
issued to Dr. Pfleumer covering the use
of paper or plastic tape coated with iron
dust. This innovation was immediately
taken up by the Allgemeine Electricitats-
Gesellschaft (AEG) and I. G. Farben
with the idea of producing a recorder
ior general use less expensive to operate.

Radio broadcasting companies both in
Germany and in England were continu-
ing to experiment with magnetic record-
ing. By 1934, the BBC, in collahoration
with Dr. Heising of Stille Laboratories,
Ltd. had developed a recorder of good
broadcast quality, incorporating fre-
quency-correcting circuits.

The Marconi Company predicted a
great future for tape recording in broad-
casting and, by the pen of N. M. Rust,
notes that “a continuous-band machine
is being developed, which will have sev-
eral interesting and uscful applications
for broadcasting. By its use in conjunc-
tion with special circuit arrangements,
artificial echo effects can be produced
simply, and with relatively little appara-
tus, as compared with methods ordinarily
in use.” By the end of 1936 the AEG in
Germany had put a recorder on the
market using a coated film tape and the
Lorenz Company was marketing a ma-
chine using a special steel tape. Both
machines were being used by the Ger-
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The Art of Tape Recording—1

The first of a series of articles on the practical
aspects of magnetic tape recording and editing.

’

man Broadcasting Company, and sev-
eral were made for portable use in auto-
mobiles and sound trucks.

Supersonic Bias

Except for refinements in quality of
reproduction, in mechanical drives, and
in the use of d.c. bias, the basic prin-
ciples laid down by Poulsen in the 1900’s
still governed magnetic recording. The
AEG and I. G. Farben, who had merged
their magnetic recording activities in
the Magnetophon Co., had, it is true,
made use of film coated with iron dust
or oxides as the recording medium, but
Poulsen’s direct current method of mag-
netizing was still in universal use. Be-
cause of this, there was always a great
deal of noise in the reproduction of a
magnetic record. In 1921 W. L. Carlson
and G. W. Carpenter of the General
Electric Co had designed a “Radio
Telegraph System” in which recording
was accomplished by means of high-fre-
quency bias current, (the Carlson pat-
ent was granted in 1927) but it was not
used in commercial equipment until 1941
when Dr. Braunmuhl and Dr. Weber re-
discovered a.c. bias. They observed, while
testing a Magnetophon, that the use of
high-frequency magnetizing currents
improved the signal to noise ratio. The
magnetophon immediately began to use
this “supersonic” method of recording
and so did, and still do, all other mag-
netic recorders in general use.

After World War II, tape recording
utilized the technical knowledge gained
during the war. Copies of the German
Magnetophon were produced in Europe
and the United States. This country is
now far in the lead in both quality and
quantity of recorders manufactured. Re-
finements are being added and machines
are being designed for special purposes.

In tracing the progress of magnetic
recording since its invention at the be-
ginning of the twentieth century, we
have followed the development.of the art
from the first unique machine of Poulsen
up to present day recorders capable of
almost exact reproduction of sound. The
increasing use of tape recorders—by the
public, by industry as a whole, and by
broadcasters—points to its great value
in any situation where sound must be
faithfully recorded and easily edited.
With developments yet to come, there

[Continued on page 31}
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Considerations in the Design of
Feedback Amplifiers

Part I.

HERBERT |. KEROES”

A study of the practical application of feedback to both triode

and tetrode amplifiers, and of some of the pitfalls which must be avoided.

N ENDLESS SUBJECT of debate in the
A audio field—one which has taken

place with varying degrees of in-
tensity over more than a decade—is that
concerning the relative merits of ampli-
fiers which use triode output tubes as
contrasted with beam tetrodes. In recent
years the argument has waxed as hot as
ever, and even with lack of substantial
evidence to the contrary, there is a group
that supports {he use of triodes not only
in the output stage hut in every ampli-
fier stage.

This argument is likely to continue for
some lime to come, for every attempt to
resolve its differences has led to engi-
neering achievements which have pro-
duced great improvements in amplifiers
as a whole. The point of diminishing
returns has apparently not been reached
where it might be said that each type is
close to perfection. The trained ear is a
hypercritical observer, and as fidelity is
increasingly improved, for example, by
the reduction of harmonic distortion to
a negligible amount, other faults are un-
masked which glare in the absence of
distortion. After harmonic distortion—
and’it by-product, intermodulation—have
been removed, the fidelity of transient
reproduction is critically examined by
the ear. All music and speech is basically
transient by nature, and no method of
measurement has been devised that will
give an over-all figure of merit in terms
of aural fidelity.

With these facts firmly in mind, the
author has concluded that the triode-
beam tetrode argument lacks substance
when subjected to both theoretical and
aural comparisons. Well designed ampli-
fiers of both types have been heard which
lack “character” of their own and do
only the job intended—namely, magnify
the power of the input signal with noth-
ing added or removed in the process.
However, it is true that the beam tetrode
power stage has a bad reputation based
upon the number of poorly designed
amplifiers in service. In order to attain
the high performance that the tetrode is
capable of giving, inverse feedback must
be used, and a poor amplifier is usually

* Acro Products Company, 5328-30 Balti-
more Ave., Phila., Pa

14

defective because of faults in the feed-
back loop.

A fanlty feedback circuit causes not
only inferior tetrode performance, but
when applied to triodes, also produces the
same disturbing results. Aurally speak-
ing, these are experienced as transient
hash, ringing, and a general blurring of
tones. The disturbance is truly of a tran-
sient nature and does not show up on
steady tone laboratory tests.

Effccts of Feedback

The {acts relating to the application
of feedback and its effects on frequency
response, distortion, and so on, are gen-
erally appreciated. It is also generally
accepted that the benefits of inverse
feedback increase proportionally accord-
ing to the amount of feedback used.

To summarize, these effects are:

1. The output impedance of the amplifier is
reduced.

2. Non-linear distortion, intermodulation,
and noise, generated within the amplifier
itself, are reduced.

3. Variation of gain due to aging of tubes
and drift of circuit elements is reduced.

4. The apparent bandwidth of the amplifier
is extended.

The reduction of output impedance
is effected by the application of feed
back of the voltage or shunt type. This
is the form almost alhways used in con-
nection with power amplifier design.

The limitations imposed on perform-
ance by increasing feedback indefinitely
are not as well understood, and the idea
seems prevalent that feedback is a cure-
all for any amplifier deficiency. For ex-
ample, the erroncous proposal has often
been made that an output transformer
having a poor frequency-response char-
acteristic can be made to show a much
better one in a circuit in which feedback
is taken around the transformer. This is
true at low levels only and to the minor
extent that a relatively small amount of
feedback tnay be used before the ampli-
fier loses stability and sings. If the
amount of fcedback is reduced slightly
below the point of self oscillation, the cir-
cuit conditions are still not favorable for
good transient reproduction, and quality
suffers. There is, moreover, practically
no improvement in the power handling
capacity of the transformer. It is there-
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fore seen that the gain in frequency re-
sponse is accompanied by a loss in over-
all fidelity, and the benefits of applying
feedback indiscriminately are question-
able.

It is not to be inferred, however, that
properly applied feedback will result in
doubtful inprovement. Amplifiers of
high performance standards owe their
performance to a correctly designed
feedback loop. In general, the maximum
benefits of feedback will be realized in a
specific design only by first maximizing
the performance of the amplifier alone,
and by then applying feedback with ju-
dicious understanding. Near perfection
in the amplifier proper allows a greater
amount of feedback to be used before
the ultimate point of instability is
reached. The excellence of the design
depends greatly upon the feedback mar-
gin between the actual amount of feed-
back used and the maximum feedback
possible. The realization of the greatest
amount of margin will permit the high-
est degree of transient stability to be ob-
tained with a consequent faithfulness of
transient reproduction.

The Feadback Loop

Inverse feedback, by definition, con-
sists of the introduction to the input cir-
cuit of a voltage which is proportional
to the output of the amplifier, with this
voltage applied in opposite sense to that
of the input voltage. At any one level
of input voltage, this procedure reduces
the output of the amplifier and results
in a loss of gain. The numerical value of
the loss expressed in decibels provides
a measure of the amount of inverse feed
hack.

There are many ways in which inverse
feedback can be taken around an ampli-
fier. Some circuits make use of feedback
on the individual stages only, and these
circuits are said to employ local feed
back. More commonly, feedback is car-
ried in a single circuit from output to
input, and the path is termed a single-
loop type. Combinations of feedback may
he employed, for example, from the out-
put to each of two earlier cascaded
stages. Such circuits are said to use a
multiple-loop feedback system.

The choice of the type of feedback
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tystem is governed by many considera-
ions. Feedback is most beneficial on
stages that operate at a high level. This
includes the driver stage and the output
stage. While local feedback could be em-
Hloyed on each of these stages, it is usu-
ally better to take feedback over the two
Stages as a group for the reason that ap-
plication of feedback to the output stage
alone would require a prohibitively high
voltage to be delivered by the driver.
Moreover, if taken over just the output
gtage, the feedback circuit would have
to be of a balanced form, and it is most
difficult to secure good balance and sta-
gility in this type of circuit. For these
reasons, it is more usual to use a single-
Joop circuit in which the feedback voltage
js taken from the sccondary of the out-
put transformer to an earlier single-
;:ndcd stage. The use of a multiple-loop
feedback system is governed by stability
considerations rather than by the im-
provement effected in each additional
foop; t.e., it is sometimes necessary to
use secondary paths to obtain stable op-
eration at the required feedback level.
It is well to recognize that the feed-
hack loop encompasses the portion of the
amplifier circuit over which it is taken,
as well as the return circuit alone. There-
fore, any defect in the main circuit of the
amplifier will show up as a defect in the
feedback loop. To obtain the maximum
henefits of feedback, it is first necessary
{to maximize the performance of the am-
Ipliﬁcr with the feedback system removed.
This statement is open to question on the
igrounds that feedback supposedly takes
lcare of circuit imperfections and con-
lsequent performance deficiencies. While
this is true within the useful bandwidth
of the amplifier, it does not hold at the
upper and lower extremes of frequency.
At these limits, every defect will be
mmultiplied many times when applied
through the feedback system.
" The process of this multiplication is
‘readily understood when it is recalled
'that the amount of inverse feedback is
‘proportional to the product of the am-
‘plifier gain and the vector fraction of
joutput voltage reintroduced in the input
icircuit. The phase of the feedback vol-
itage will be an accumulation of the phase
shift in the amplifier circuit itseli, plus
any additional phase shift in the return
path. There is a certain amount of phase
~hift which it is necessary to accept due
to the fact that a practical amplifier has
la restricted bandwidth. The numerical
amount of phase shift is based on the
rate and manner in which the gain drops
outside the useful band. There may he
rother undesirable effects present that will
cause a phase shift and yet produce no
‘changes in the gain-frequency curve.
. These are caused by spurious feedback
paths which may arise from in<ufficient
tdecoupling and from parasitic capaci-
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tances between various sections of the
circuit.

Phase Shift Effects

The effects of phase shift in a icedback
amplifier may best be understood by ref-
erence to Fig. 1 (A), which shows the
normal gain-frequency curve of an am-
plifier. Points A, B, (, and D marked
along the curve are transposed to the
phase diagram of the feedback voltage
Fig. 1(B). Point X represents the phase
and magnitude of the input signal. Two
conditions are shown on Fig. 1 which
represent a possible high-frequency cut-
off condition. These result in the corre-
sponding curves of (B). It is seen that

Eo \\
\
\
X \
N L I 1
A B8 [ D
(A) FREQUEHEY CHARACTERISTIC
ivBEo
X vBE

{B) PHASE ANGLE OF FEEDBACK VOLTAGE

Fig. 1. Amplitude and phase of the

feedback voltage,

the solid line curve of (A) produces a
phase characteristic that shows a small
amount of displacement within the useful
frequency range and a uniformly dimin-
ishing feedback voltage outside the band
that falls to zero at 180 degrees.

The dashed characteristic of (A)
gives a phase characteristic again small
within the useful band, but with a greater
amount of plhase shift at points outside.
In fact, a sizeable amount of signal is
returned to the input circuit in phase
with the input signal. This constitutes a
positive feedback voltage, and while it
occurs at a remote frequency, nevertlie-
less if great enough to enclose the input
voltage, X would cause oscillation'. The
particular value of voltage as shown is
not strong enough to causc the circuit to
break into continuous oscillation, hut
since this condition is favorable to the
production of damped oscillations, it
canses ringing—a transient (li\turb/ncc
and a sign of transient instability.

1 Bode, “Network Analysis and Feedback
Amplifier Design.” Chap. VIII
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Another commonly experienced fault
occurs in som¢ designs which may be
traced to the relation hetween phase
shift and feedback. Oftentinies, an amipli-
fier which shows up as good on steady
tone laboratory tests will exhibit poor
transient fidelity when operating into a
speaker load. The nature of the load it-
self is reflected into the feedback loop
and represents a possible cause of addi-
tional phase shift. Morecover, the gain
of the amplifier changes because of the
presence of the load, and the magnitude
of the feedback voltage is altered in
accordance with the load. This is not an
undesirable condition that should be
eliminated, since it is the same condition
responsible for the reduction of apparent
source impedance due to feedback. How-
ever, the fact that speaker loads are var-
iable should be taken into account in de-
sign, and the problem of stability re-
ferred to a variable load as a basis.

It is a difficult task to make measure-
ments of stability under all conditions of
load. A simple criterion has been acdopted
which seems to work well in practice,
and which is based on the following
proposition. If the amplifier is stable with
the output terminals open circuited, short
circuited, or operated into rated re-
sistive load, then it is stable under all
load conditions. The measurements of
stability at open circuit and under rated
load can be made with an oscilloscope
across the output terminals to check for
the presence of supersonic oscillations. A
check on the short-circuit condition
can best be made using a high-frequency
ammeter across the output terminals. An
oscilloscope of very high input im-
pedance might also be used by connecting
it across the input of one of the stages
in the feedback loop.

I“inally, the overload characteristic of
the amplifier enters into the problem of
<tability. Musical transients occur with a
suddenness that causes a high dissipation
of power in a short time interval. A nor
mal flattening of the peak of a transient
represents distorted reproduction of the
transient, hut is not nearly as serious as
the presence of supersonic oscillition on
the peak. A simple check which is not
altogether conclusive consists of feeding
a sine wave input to the amplifier with
the gain full up, and examining the re-
sultant clipped output. The waveform
should appear to be square with no
ripple or hash on the leading and trailing
portions of the wave. A better check con-
sists of feeding “slugs” or bursts of sine-
wave signal to the input, with each slug
separated from the next by a time inter-
val that can he seen on the 'scope. In this
manner the overload recovery time of the
amplifier can also be examined.

(To be concluded)
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A White-Noise Generator for
Audio Frequencies

J. M. GOTTSCHALK®

The author describes a circuit arrangement for producing a “white-noise” sig-
nal over the audio band with a relatively constant amplitude throughout.

ment of a noise generator whose

output power is uniformly distrib-
uted over the audio-frequency region of
the spectrum. Noise theory indicates that
this uniform spectrum is to be expected
from the so-called “shot effect” in ther-
mionic diodes and photoelectric tubes.
By measurement of the audio-frequency
noise output of a specific noise source,
considerable disagreement was found be-
tween the actual output and that indi-
cated by theory. It was found that over
limited regions of the radio-frequency
spectrum the noise energy is uniformly
distributed and that by heterodyning a
selected portion of the r.f. spectrum,
audio-frequency noise can be generated
which has practically uniform frequency
components.

The development of a noise generator
with this characteristic was prompted
by its possible application as a sound
source in reverberation time measure-
ments. If single-frequency sound is used
in such measurements, the decay in the
sound after its source is cut off is often
very irregular. This lack of a smooth
decay has been attributed to standing-
wave phenomena and can be combatted
to some extent by warbling the sound
through a portion of an octave.

The idea has been proposed that a de-
vice generating noise with power uni-
formly distributed over, sav, a third of
an octave might constitute a more suita-
ble sound source for reverberation time
measurements. With this possible appli-
cation in mind, the investigation was
undertaken to study first the possible
means for generating noise with uniform
frequency components in the audio
range. With proper filters a portion of
the spectrum of such “white” noise (as
it is called by analogy to white light)

THIS ARTICLE deals with the develop-

* Washington University, St. Louis, Mo.

could be used for the desired sound
source.

Theoretical Noise Spectrum

In most applications noise is undesira-
ble. The effort to minimize noise has led
to considerable theoretical and experi-
mental studies of the phenomenon. This
work turns out to be equally useful when
the problem being considered is that of
generating noise of particular charac-
teristics.

Among the causes of noise which have
attracted considerable attention is the
shot effect. This term refers to the fluc-
tuation of the plate current in a vacuum
tube which results from the random ar-
rival of electrons at the plate. Discus-
sions of the theory underlying this phe-
nomenon may he found in many places
in the periodical literature and in some
of the standard textbooks on radio and
electronics.” Among the situations usu-
ally considered is that in which the emis-
sion is temperature limited, i.e.,, where
all emirted electrons are drawn to the
plate. The theoretical analysis of this
phenomenon shows that the fluctuating
component of the plate current in a
diode with temperature limited emulsion
has an r.m.s value of*

Irms =\/2k1oAf

where k=1602x10" coulomb, [o=
emission current, and Af=Dband width
over which the noise is observed. This
equation shows that the power involved
in the noise components lying within a
band of a specified width Af is propor-
tional to Af, but is independent of where
that band is located. This is the charac-
teristic desired in white noise. It would

_‘For example, S. Goldman, “Frequency
Analysis, Modulation, and Noise,” New
York: McGraw-Hill Book Co., Inc., 1948.

“op. cit. p. 356.

934-a LOW PASS HEWLETT GENERAL HEWLETT RESISTANCE GENERAL
PHOTOMULTI- FILTER PACKARO RADIO packaro | |} VOLTAGE |—of RADIO
PLIER TUBE PASS BANO 450-4 T60-A SOUND 450-A DIVIDER 626-A V-T
NOISE SOURCE 0 TO 20 K¢ AMPLIFIER ANALYZER AMPLIFIER VOLTMETER

Fig. 1. System used to measure a.f. spectrum of direct noise output of 931-A
photomultiplier tube.
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appear then that, theoretically at least,
a diode with temperature-limited emis-
sion would be well suited for use as the
desired noise generator. Actually, as will
be brought out later, this is not borne
out by experiment with a particular
noise source.

Another important outcome of the
theoretical considerations is the fact that
for a given emission current /o, the noise
current is independent of the plate load

20 e - S

A | ]
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Fig. 2. Direct a.f. noise spectrum of
931-A photomultiplier tube.

resistance, that is, the diode represents
a constant-current noise source.” Conse-
quently, the greater the load resistance,
the greater will be the noise voltage de-
veloped across it. Practical limit is placed
on the value of plate load resistance in
this case because to maintain a particu-
lar emission current, the plate supply
voltage must be increased if the load
resistance is increased.

Although usually developed by con-
sidering temperature limited emission in
a thermionic diode, the shot-effect theory
is equally applicable where emission is
photoelectric. The only requirement is
that all emitted electrons are drawn to
the anode. In devising a noise generator
an advantage is found in using photo-
electric tubes which incorporate secon-
dary emission multipliers. These multi-
pliers are intended, of course, to amplify
changes in emission current resulting
from changes in illumination of the cath-
ode, but they amplify also the shot effect
fluctuation in the current arriving at the
first multiplying electrode. This allevi-

K. R. Spangenberg, “Vacuum Tubes,”
pp. 307, 308. New York: McGraw-Hill
Book Co., Inc., 1948.
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NEW PRODUCTS
\'/:523 000

4
il | @ Standoil Capacltor., Of interest to
21 19 television manufacturers is this new
T ] metal-clad capacitor recently placed in
(J§ \ | production by Electrical Reactance Cor-
]

*New ‘655’ Microphone Provides Ultra- -
Wide-Range, High Fidelity Response

HRST

L e el

METAL CASE S

" ° H poration, Franklinville, N. Y. Known as
RESPONSE: More Ru.gged, More Versatile Type MCS, the new unit is supplied with
40-15,000 c.rs. o Stops Wind and Breath Blasts a capacity rating of 1500 mmf, and is
+ 2508 equipped with a unique end seal to resist

¢ Individval i
IY labom'orv Calibrated the effects of temperature and humidity

POWER RATING: -53 changes. Full technical description may

Here, for the first time, you have a slim,

OMNIDIRECTIONAL

ACOUSTALLOY
DIAPHRAGM

POP-PROOF HEAD

CHANGEABLE
LOW IMPEDANCE

REMOVABLE SWIVEL

%" OR %°-27
THREAD MOUNTING

CANNON XL-3
CONNECTOR

ALL PARTS
PRECISION GROUND

trim microphone with all the advantages of
dynamic performance and utility! Only be-
causc of the ingenious Acoustalloy dia-
phragm and other E-V developments has it
become a reality! Meets the highest stand-
ards of TV, FM and AM.

You can use the TV 655 on a stand. in
the hand, or on a2 boom...or you can easily
conceal it in studio props. No additional
closely-ussociuted auxiliary equipment s
required! Provides effective individual or
group pick-up. Reproduces voice and music
with remarkable accuracy.

New E-V Blast Filter makes the 655
pop-proof. Acoustically-treated. strong
wire-mesh grille head stops wind and breath
biasts. Eliminates wind rumble in outdoor
pick-up. Fully field tested and proved!
Ideal. too, for recording and high quality
sound amplificatton.

See for yourself! Write today for Bulletin
No. 156 and full information on how you
can try this amazing new microphone.
Model 655. List Price. ... ... ... . $200

be obtained from the manufacturer.

® Awmeriean Structural Products Com-
pany, Box 1035, Toledo 1, Ohio, Is offering
an elaborately-illustrated twelve-page
book containing scale drawings which
depict the relative dimensions of rectan-
gular TV tubes and their round counter-
parts. The drawings are complete in de-
tail and may be used by designers and
manufacturers in working out problems
of chassis and cabinet design.

@ Variahle H-V Power Supply. De-
signers and reseairch engineers will find
many uses for the new Model 99 high-
voltage r.f. power supply recently pre-
sented to the trade by Inductograph Prod-
ucts. Variable potentials ranging from 1
kv to 40 kv may be obtained by means
of a single control knob. In addition, the
new unit supplies 6.3-volt heater potential
and low-voltage d.c. for various types of
external equipment which may be used
in conjunction with the power supply.

Shows TV 655 suspended
on a boem. Omnidirece
tional polar ponern and
firm swivel permits sasy,
diverse use.

Shows the popular Potsy Lee
with the TV 655, Note how
swivel permits aiming at sound
source without hiding foce.

Shows TV 455 in the hand with
swivel r ved. Note how con-
venient s to hondle for an-
nouncing or interviewing.

Provision is made for varying focus volt-
age when the unit is used in conjunction

with a projection television system. Sim-
' X plicity is the keynote in construction of

Model 99, output voltage being from an
®
y L4(2*
INC.

r.f. transformer and rectified by a half-
wave voltage-tripler rectifier system. No

401 CARROLL STREET « BUCHANAN, MICHIGAN
Export: 13 East 40t} Street « New York 16, N. Y., U. S. A. + Cables: Arlab

electrolytic capacitors are used. Technical
brochure may be obtained by writing In-
ductograph Products, 236 West 6&5th
street, New York 19, N. Y.

[Continued on page V14]
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VIDEO VIEWS

FTER SOME THREE YEARS OF
A growth, television entertainment

is now undeniably established,
and is beyond the slings and arrows
of outraged editors. Seeing and hear-
ing many of the vear’s crop of sets,
however, creates a spark of curiosity
as to how long the consumer will hold
still for sound quality which would
just harely be acceptable in a five-tube
table model.

We, personally, think we are for-
tunate in living with a modified early-
model TV set which has an audio sys-
tem above average, and which uses a
speaker system that does credit to the
best of recorded music. We have no
complaint about the sound quality as
it leaves the studio and transmitter—
with the possible exception of the herd
of cattle that seems to cavort just be-
hind the cameras—though 99 per cent
of the viewers probably can't hear
then.

Three years ago—or even two—
there was some excuse for poor audio
quality. The picture was the important
thing. Larger picture tubes needed
more cabinet front, so the speakers
were put on the side—or top—or bot-
tom—anywhere room could he found.
Would that be acceptable in any sound
receiver today? Would a single, smali
pentode or beam tetrode be acceptable
in a set costing over fifty dollars?
Would a four-inch speaker be accepta-
ble in anything but a battery portable?

TV sound quality—as transmitted

—compares favorably with the best
that I'M has to offer; this can be

[ proved by any program that is simul-

cast. Customers certainty would not
sit through a sound movie if the pic-
ture were shown on a screen only 3 ft.
by 4 ft. Why must they sit in their
own home-theatre with sound of
cquivalent dimensions?

It can be argued—and rightly—that
cost is a controlling factor. But there
should Dbe some means of obtaining
better sound quality without doubling
the price to the consumer. The big
sets do have good sound. The viewer
who gets the most good from TV be-
cause he can’t afford to go out every
night for entertainment is similarly
unable to afford the super-special
consoles.

Thus campaign No. | : Better sound
in the average ‘I'V receiver.

V3
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The Mechanics of TV Recording

at present as a means of program-

ming television network stations and
of storing television programs for audi-
tion or reference purposes. It is probable
that more than 60 million feet of 16-mm
film are used per year for television re-
cordings at the present rate of operation
by the television networks.

The general method of making tele-
vision recordings has been described pre-
viously by several writers Television
recording entails photography of the
television picture and recording of the
accompanying sound. This paper does
not cover the latter subject, but con-
cerns itself entirely with the operation
of the cameras used for recording the
television image from a special picture-
tube. A great many factors are involved
in achieving proper operation of such
cameras, and many of the effects of im-
proper operation are mystifying in the
extreme. The television recording cam-
era is required to operate for longer
periods of time, with less opportunity for
maintenance, under conditions requiring
greater precision of exposure with highly
accelerated film motion than any motion
picture camera in the past. This article
attempts to describe the action of the
TV recording camera in relation to the
TV system in sufficient detail to permit
a systematic approich to camera adjust-
ment and operation. Since only two types
of TV recording cameras are currently
in extensive use. the discussion will be
limited to these cameras in specitic detail.
Although both may be used with “elec-
tronic shutters” involving electronic
blanking of the recording kinescope,
they are currently in wide use only with
mechanical shutters. The discussion is

TELEVISION RECORDING is widely used

'R. M. Fraser, “Motion Picture Photog-
raphy of Television Images,” RCA Re-
view, vol. IX, pp. 202-217,; June 1948.

Thomas T. Goldsmith, Jr., and Harry
Mitholland, “Television Transcription by
Motion Picture Film,” J. Soc. Mot. Pic.
Eng., vol. 51, pp. 107-116; August 1948.

. Boon, W. Feldman, and ]J. Stoiber,
“Television Recording Camera,” J. Soc.
Mot. Pic. Eng., vol 51, pp. 117-127;
August 1948,

F. G. Albin, “Sensitometric Aspects of
Television Monitor-Tube Photography,”
J. Soc. Mot. Pic. Eng., vol. 51, pp. 595-
613; December 1948.

George Gordon, “Video Recording Tech-
nics,” Tele-Tech, vol. 8, no. 6, p. 31,
May 1949; no. 7, p. 29, June 1949.

F. N. Gillette, “The Picture Splice as a
Problem of Video Recording,” J. Soc.
Mot. Pic. Eng., vol. 53, pp. 245-256;
September 1949,
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accordingly limited to operation with
mechanical shutters.

No attempt will be made to discuss the
photographic processes involved in TV
Recording as they apply to rendition of
tone values. The tone rendition of TV
Recording in the present state of the art
admittedly leaves something to be de-
sired. There is little agreement as to the

D APERTURE )
@gb 00 [:r
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Fig. 1. Conditions existing during the
opening and closing of the camera
shutter.

proper methods of achieving hetter tone
rendition, and the subject is still too
fluid to warrant discussion here.

General

In the standard motion picture camera,
the shutter is closed at intervals to per-
mit the pulling down of new frames of
film. To apply such a camera to the
photography of television images im-
mediately raises the problem of finding
time for the film pulldown, since the suc-
cessive frames of the TV picture follow
each other with a spacing of about 1
millisecond. Fortunately, it is necessary
at the same time to convert from the 30
frames per second of television to the 24
frames per second of motion pictures.
The 6-frame difference between the two
processes can be utilized to provide pull-
down time in the TV recording camera.

One television field lasts for 1,/60 sec-
ond, a frame for 1/30 second, while a

motion picture frame lasts for 1/24 sec-
ond. By pliotographing one television
frame onto each film frame (1/24) -
(1/30) =1/120 second is left for film
pulldown. These figures ignore television
blanking times, hut the difference is un-
important in this part of the discussion.
The method of operation is as follows:

Assume the camera shutter is just
being opened as the kinescope beam be-
gins to trace the odd lines of the tele-
vision picture. The shutter stays open
during the scanning of one odd and one
even field, and closes just before the next
odd field is ahout to be scanned. During
the next 1/120 second, the film is being
pulled down in the camera. Meanwhile,
the heam has scanned down to the mid-
dle of the next television field (1/120
second is one-half field). The shutter
opens, and the film records the lower
half of that field (odd), the whole next
(even) field, and the top half of the next
(odd) field. The shutter stays open for
1/30 second, which is just two television
fields, and then closes again. Again the
film is pulled down, taking 1/120 second,
and the beam meanwhile scans the rest
of the odd field. As the shutter opens
again, the beam is just beginning to scan
the next field (even) and the process is
back where it started. During two cycles
of the camera, (2x1/24=1/12 second),
five television fields (5x1/60=1/12 sec-
ond) have been scanned, three odd and
two even. The process then repeats it-
self, however, this time three even and
two odd fields are being scanned, (every
two film frames, the first field scanned
changes from odd to even and back
again).

From the above it is seen that two
half fields are lost for every five scanned
that is, the information in them is not
recorded. It is a little hard to say what
happens to this one-fifth of the informa-
tion and how its loss affects the final pic-
tures. It is probable that the effect of the
loss is to increase the noise and lower
the resolution in proportion, but this has
never been established in any specific
way.

The Picture Splice

Although this is a very neat method
of getting 24 from 30 frames per second,
it raises the difficult question of making
a “splice” between two halves of a pic-
ture in the middle of the picture. Ideally,
it would seem to be best if the shutter
could wait until the television line next
above the middle of the picture had been
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SKIPWITH W. ATHEY

An analysis of the operation of a TV recording camera to obtain a minimum of
flicker between succeeding picture frames as a result of the shutter movement.

scanned and then could open instantane-
ously, so that the first line recorded was
the one just below the middle of the pic-
ture. At gge end of the exposure, the
shutter shduld then close instantaneously
after recording the line ahove the middle.
Thus each film frame would record 525
television lines (less blanking), and the
top and bottom halves of the picture
would match perfectly.

Unfortunately, no practical shutter
exists which will open and close fast
enough for the ideal situation described
ahove. Motion picture canieras have ro-
tating disc shutters. and these shutters
require a finite time to open and close.
The larger the shutter diameter, the
smaller the fraction of its time of rota-
tion is necessary to open or close, but
there is a practical limit to shutter size.
In the cameras used for TV recording,
the shutter requires about 7 deg. of its
rotational cycle to cover or uncover the
film frame. The shutter revolves at 1440
r.p.m. or once every 1/24 second. The
time for a movement of 7 deg. at that
speed is 7/360x 1/24=1 /1224 second or
about 0.8 milliseconds. The television
lines are scanned at a rate of 15.750 per
second so that during the time the shut-
ter is closing, 15,750x1/1224 or about
12 television lines are scanned. The same
number are scanned while the shutter is
opening. The result is a kind of over-
lapping fadeout and fadein of the lines
over an area which is 12/262%; or ap-
proximately 1/22 of the picture height.
At first glance it would appear that such
a process couldn’t make a good “splice.”
Fortunately, it does work, but the dis-
solve must be made with extreme pre-
cision, and all the mechanical and photo-
graphic factors must be just right to
make an invisible splice. The effective
time of making the splice is considerably
shorter than 12 television lines, as will
be seen from the discussion below.

As the process has been described,
there is just one splice in the middle of
the picture. Actually there are two
splices separated by a half a field, but
in the situation described one of them
occurs during vertical blanking. If the
phasing of the shutter with respect to
the television system is other than as as-
sumed, two splices would be visible.
However, the phasing of the camera can

VIDEO ENGINEERING e

be so adjusted that one of the splices is
hidden.

Figure | illustrates what happens dur-
ing shutter opening and closing. “Line
A” is any specific television line in the
picture area.

(a) illustrates the relative positions of
the camera elements referred to.

At (b) the shutter is just beginning to
admit light to the top of the film frame
(bottom of T\" picture).

At (c) the top of the film frame is
completely illuminated, and light is just
being admitted to line A, but most of the
film frame is still dark.

At (d) Line A is partially illuminated
but the lower part of the frame is still
dark.

At (e) Line A is fully illuminated, as
is all but the lower part of the frame.

At (f) the shutter is just beginning to
cut light off from Line A.

At (g) the shutter is cutting off part
of the light from Line A.

At (h) Line A is completely covered.

The time lapse between these various
stages of opening and closing and the
corresponding number of television lines
or shutter revolution degrees are depen-
dent on a number of factors of camera
construction :

Focal length of lens.

Lens to kinescope tube distance (hence
lens to filin distance).

Relative stop opening of lens.

Position of shutter relative to lens and
film.

Diameter of shutter (affects only relation-
ship hetween shutter degrees and time or
television lines).

The relationship of the ahove factors
is obviously complex. It can be seen that
the fuzzy nature of the shutter shadow
or “penumbra” is the determining factor
in shutter operation. Practical considera-
tions in making the “splice” perfect re-
quire a realization of the effect of all
the factors on the penumbra. The nature
of the penumbra, the actual shutter size,
the phiosphor decay time and the kind of
film used all combine to determine the
perfection of the picture splice.

Decay of Kinescope Phosphor

Consider a television line in the mid-
dle of the exposure period. As the beam
scans the line, the phosphor fluoresces
to a certain brillance, and then the

MAY, 1950

3
WWW. aknerieaniadiahistary.com

brightness decays to effective blackness.
The P11 phosphor decays in brightness
in a peculiar manner which is neither
linear nor exponential. Theoretically it
takes an infinitely long time for the phos-
phor to decay to extinction, no matter
how fast the initial decay is, since the
decay becomes exponential after a short
period of time. However, for a given film
and a given initial brightness, there is
a certain tme after the excitation of the
phosphor beyond which the phosphor
adds no further measurable exposure.
For example, suppose a given area of
the kinescope phosphor is excited and
photographed, and with the same initial
excitation, a test film is exposed first for
a very short time (say 0.1 millisecond),
and then for progressively longer times.
The shortest exposure would give a cer-
tain density on the film after develop-
ment. The longer exposures would give
progressively greater densities, up to a

Dr. Athey was born in Baltimore, Maryland
on March 14, 1917. He graduated from Yale
University in 1938 with the degree of B.S.
in Chemistry. For the next two years he did
research in stereophotography and in 1940
went to Stanford University as a graduate
student in Electrical Engineering. He was at
Stanford. dividing his time between teaching
and study until 1948, except for a period of
one and a half years in 1944 and 1945 when
he was in charge of the Motion Picture De-
partment of the Radio Research Laboratory
(sponsored by the Office of Scientific Re-
search and Development) at Harvard Univer-
sity. He received the degree of E.E. from
Stanford in 1943, and the Ph.D. in Electrical
Engineering, also from Stanford, in 1947.
From 1948 to 1950, he was a Project Engi-
neer in the General Engineering Department
of the Columbia Broadcasting System, pri-
marily working on problems of television re-
cording. In March 1950, he returned to Stan-
ford Unlversity where he is Assistant
Professor of Electrical Engineering and Speech
and Drama.
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The Mechanics of TV Recording

certain point at which increased expo-
sure time no longer increased the den-
sity. This time would be slightly different
for different initial brightness.

The actual amount of exposure of a
given TV line in the splice region is de-
pendent on a complicated combination
of the phosphor decay process and the
gradual cutoff and buildup of light as
the fuzzy shutter shadow (penumbra)
passes the line.

The Penumbra

The penumbra or “fuzzy” edge of the
shutter shadow is caused by the lens
aperture appearing as an extended source
of light when viewed from the film.
From a point on the film, the shutter is
sectt to cover progressively more of the
lens aperture as it passes, and there is a
corresponding progressive cut-off of
light, with no sharp transition from light
to dark.

In the TV Recording cameras cur-
rently available, the penumbra of the
shutter shadow is about 1/5 of the pic-
ture height and therefore about two or
three TV lines are scanned while it
passes a given point. (1/5 picture height
=.06-in., which at the edge of the 3-in.
radius shutter, is about .06/3x57°=
1.14°). In time, this represents 1.14/
360 x 1/24 x 15,750 =2+ lines.

Making the Picture Spiice

Assume the lines of the television pic-
ture are numbered as shown in Fig. 2.
Note that reference to “odd” and “even”
fields are only for convenience in de-
scription, and that “odd” and “even”
line numbers are not used in the diagram
to distinguish between alternate fields.
The lines of the two fields are distin-
guished by making one set shorter in the
diagram. Line 1 is in the middle of the
splice area.

Assume the picture on the tube is
static during the period described. Start-
ing 40 total lines before the splice, let
us say the heam is scanning lines 503,
506, 507, 508, etc. of a given television
frame. The shutter completely cuts off
the light from thesec lines as thev are
scanned.

Now as the shutter begins to open, the
first part of the penumbra starts down
across the film frame. The image on the
film frame is being scanned npward be-
cause of the inversion in the lens. As
the shadow moves past the upper part of
the film frame, no exposure takes place
as there is no image being scanned in
this part of the picture. Finally, the shut-
ter shadow gets to a point where it just
admits a little light from a line that is
being scanned, say line number 524. The
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phosphor is fully excited by the scanning
beam and then decays in brightness. At
the same time the shutter shadow pro-
gressively admits a little larger portion
of the light output of the line as it
crosses the line. However, as this is oc-
curring in the darkest part of the shutter
shadow, little total light reaches the film.
The beam then scans line 525, and quite
a bhit more light reaches the film from
this line, since it is displaced toward the

257 258 259 260 261 262 263 264 265 266 26

2 3 a 5 6

520° 521 522 523 524 525
Fig. 2. Scanning lines of the TV picture
during the “splice” caused by the
shutter movement.

bright edge of the approaching shadow,
and it is scanned later so that the shadow
has progressed a little. Even more light
is admitted from line 1. The penumbra
of the shutter shadow takes the time of
scanning two or three TV lines to pass
a point, and therefore has almost com-
pletely uncovered line 524 by the time
line 1 is scanned. Line 1 is displaced so
that the shadow has completely un-
covered it by the time it is being scanned.
Line 2 is recorded on the film with no
shutter shadow in the way, and the net
exposure it receives is dependent only on
the initial brightness of the line and the
decay time. All subsequent lines ave fully
exposed, including the lines of the next
field which are recorded between those
already scanned.

As the end of the exposed TV frame
approaches, the penumbra of the closing
edge of the shutter shadow begins to
approach the top of the film frame. As
the penumbra reaches the top of the
frame, lines 520 and 521 are being
scanned. As line 524 is scanned, the
shutter shadow is just reaching it. The
shadow ouly cuts off a little of the light,
and the line has time to decay through
almost the whole useful range before
the shutter completely cuts off light to
it. This line therefore makes almost its
full normal exposure on the film. Line
525 is already in the shadow hen
scanned and has its effective light out-
put considerably reduced. Line 1 puts
out even less light. Line 2 is completely
blacked out by the shutter. If everything
is working right, the combination of the
small first and large second exposure on
line 524 will produce a net exposure
which is equal to a full exposure of the
line. The same will occur with subse-
quent lines up to line 1, with the relative
amount of first and second exposure
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being reversed as the lines progress. Un-
der these conditions the splice is perfect.

Two physical factors which affect the
perfectness of the splice are:

The lines numbered 259, 260, 261, 262,
etc. of the alternate field are recorded
without any shutter interference and
therefore add a perfectly uniform ex-
posure which tends to smooth out any
uneven exposure at the splice.

The effect of two successive exposures
on a film is not the sanie as a single ex-
posure containing the same total photo-
graphic energy as the two. This is
termed the “intermittency effect,” and
undoubtedly plays a part in the mechan-
ism of the splice, but no information is
available on the subject.

If the lens aperture were square and
the edge of the shutter blade were on the
lens axis at the moment considered, the
lens would act as a light source which
would produce a shutter penumbra ex-
tending symmetrically on each side of
the edge of the shutter, with a straight-
line gradation of brightness from one
edge of the penumbra to the other. The
brightness would be just 50 per cent of
maximum directly opposite the edge of
the shutter. Since the lens is round, the
gradation of brightness is not straight-
line, and since the edge of the shutter
blade is not usually exactly on the lens
axis at the time of making the splice, the
penumbra is not symmetrical, and the
adding of the two exposures is rather
complicated. This, together with the in-
termittency effect, plus the differences in
effective decay time for different filins,
probably explains why slightly different
shutter sizes are necessary for different
films to produce an invisible splice.

So far it has been assumed that the
shutter closes at exactly the right time
to admit from the last few lines the cor-
rect amount of additional exposure to
build their images on the film up to the
correct total exposure. This requires that
the length of the opened and closed parts
of the shutter cvcle be exactly correct.
Put another way, this means that the
angular size of the shutter blade must be
just right.

At first glance it would seem that the
shutter blade should be of such length as
to take just 1/2 a television field or
1/120 second to pass a given point. This

. 1/120 alP
would make it 1754 %360, or 72° in
width. Considering the complex matter
of unsymmetrical and non-uniformly
graded penumbra plus phosphor decay
time, a second glance makes this seem a
little too easy. In practice, the correct
shutter size turns out to be very close
to 72° (72°6’ or 72°20’ in two common
cases), and the final size is determined
experimentally. As is shown below, the
shutter size has to be very accurate.

It will be noted the statement was
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made above that the shutter required
twelve television lines to cover the pic-
ture area, but the process of forming
the splice was described as taking only
about two to three television lines. This
difference is explained by the absence of
any picture information at the time of
making the splice anywhere in the film
frame except in the vicinity of the splice.
The time of three lines is required for
the shutter penumbra to pass a given
point, while the time of twelve lines is
required for the edge of the shutter to
go from one side (or edge) of the pic-
ture area to the other. Since the splice
may in general be anywhere in the pic-
ture area, this last factor is important in
determining shutter and pulldown phas-
ing and timing tolerances to assure
covering up the film motion.

The size of the penumbra is deter-
mined by the physical factors of the
camera optical system mentioned above.
As a result, if the lens stop is changed,
the penumbra size changes in proportion
to stop diameter. Or, if the lens to kine-
scope tube distance is increased (lens to
film distance decreased) and shutter to
film distance is the same, the penumbra
increases in size. Similar relations hold
for other optical system changes. Since
the width of the penumbra adds to the
actual shutter size in producing an effec-
tive shutter size, it is usually found that
a change in one of the optical factors
mentioned may make the splice imper-
fect, and the cure for this is found in
trimming the shutter size.

It is of interest to note just how per-
fect the splice has to be to be invisible.
Since the splice only appears in every
other film plane, it flickers at the slow
rate of twelve times a second, and hence
is easy to see. From a rough calculation
of brightness-differences detectable un-
der such flicker conditions, considering
the contrast of the positive film, it ap-
pears that if there is a change in the
density in the negative of more than .01
at the splice, the splice will be visible.
Assuming the presence of the uniformly
exposed interlace lines smooths out the
bump to the extent of dividing the effect
by two, an error of density of .02 is al-
lowable in the lines of the splice. As-
suming the splice occurs at a density
which lies on the straight-line portion of
the negative film curve, with a gamma
of 0.70, the exposure error must be less
than 1.5 per cent,

Since the shutter completely opens or
closes during only about 1.2 deg, of ro-
tation for a given TV line, one can
roughly say the error in shutter size and
position must be less than 1.5 per cent
of 1.2 deg. or 1.08 minutes of arc. With
a shutter 3 in. in radius, this means an
error in position of the shutter edge of
less than .001 in.

Timing

So far we have been concerned only
with the point-to-point mechanical and
optical relationships necessary for a per-
fect splice. \We now must consider the
fact that this whole process is going on
at a high rate of speed and that ex-
tremely close tolerances must be held at
this rate of speed. The various timing
requirements will be discussed in order
of increasing complexity :

Synchronism

It has been assumed so far that the
camera and television system are in per-
fect instantaneous synchronism, that is,
that the shutter is in exactly the same
position every time a given line of the
TV picture is being scanned. Roughly
speaking, this will be true if the camera
is driven synchronously off the same a.c.
power system as that to which the TV
system is locked. If different a.c. sys-
tems are used by the camera and the TV
systeny, as is apt to be the case when re-
cording a network or distant remote pro-
gram, one a.c. system may drift slowly
with respect to the other. The effect of
this is twofold: The splice will drift in
position in the TV picture, and, if the
drift is at a high enough rate, i.c., a.c.
frequencies are sufficiently different,
there will be a gap or pileup at the splice.
For example, if the TV a.c. supply is
one part in 325 lower in frequency than
the camera a.c. supply, and the shutter
has opened at its normal time, the shut-
ter will start to close one TV line early
and the splice will be poor, being lower
in density than it should he on the nega-
tive, producing a “white” splice on the
negative and a “black” one on the posi-
tive. With this much error, the splice
would be seen to “drift through” the
picture from bottom to top in about four
seconds (262%5/60 ~ 4).

If the frequency difference is in the
other direction, the splice will have a
“pileup” instead of a ‘“gap” and the
splice will drift down in the picture.

Time Constant

The above discussion of synchronism
dealt with average relative frequencics
and did not consider small instantancous
disturbances of synchronism. Such in-
stantancous disturbances actually cause
much more design and operating trouble
than slow frequency differences or drifts.

The TV system is never actually syn-
chronous with the a.c. system it is locked
into. A common method of locking the
sync generator with the a.c line is as
follows:

A high-frequency oscillator runs at a
frequency of 31,500 cps, which is the
frequency of the TV equalizing pulses.
The output of this oscillator synchron-
izes a system of pulse-counter frequency
dividers which eventually produce 60-
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cps pulses, as well as other frequencies
used in the TV system (15,750 cps and
30 cps). These 60-cps pulses are com-
pared with the 60-cps sine waves of the
a.c. power system. The comparison in-
volves applying the pulses and the sine
waves to a diode bridge. If the pulse is
timed so that exactly one half of it oc-
curs hefore the sine wave crosses its axis
and the other half occurs after the axis
crossing, the output of the bridge is zero.
Essentially, the bridge determines if the
pulse is symmetrical in time with respect
to the axis crossing. If the pulse is not
symmetrical, the bridge produces an out-
put of a polarity corresponding to the
direction of assymmetry. The output of
the bridge is applied through a filter to
a reactance tube a.f.c. circuit which con-
trols the frequency of the 31,500-cps os-
cillator. Tf the pulse is early, the oscil-
lator is slowed down, if it is late, the
oscillator is speeded up. Tn normal opera-
tion, this correction is going on all the
time, so that the frequency of the oscil-
lator, and hence the 15,750-cps line fre-
quency, is changing around its average
value all the time. The changes are small
(about one part in 10,000).

Some sync generators are equipped
with an “A.F.C. Time Constant” switch
with several steps. This switch changes
the amount of filtering between the com-
parison bridge and the reactance tube.
In effect, it changes the time-constant
or speed with which the frequency is
readjusted when an error occurs. This
time constant has an important bearing
on the perfection of the splice in a TV
recording.

If the time constant is “too fast” the
effect is to cause jittering of the line
frequency at a high speed. This causes
one TV frame to differ in duration from
the next one. The camera is grinding
out expostires at a very uniform rate, but
the TV frames are jumping around in
time duration, This has the effect of
making the splice “white” on one frame
and “black” on another at an irregular
rate. If the time constant is slow enough
(“slowest” switch position is usually
slow enough), the frequency changes are
slower, and the change in frame dura-
tion is spread over ten or twenty frames,
making the splice changes invisible. In
addition, the effect of the slow time
constant is to make the total frequency
change, and hence the frame duration
change, smaller than for a short time
constant, thus reducing the splice error.

Shutter Timing

In order for the shutter to repeat each
cycle with sufficient precision to make
consistently perfect splices, something
rather special is nceded in the way of
mechanical drives. In addition, the fast
pull-down time required in a TV record-
ing camera puts a large intermittent
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load on the camera drive system and
further complicates attaining uniform
shutter motion.

Fortunately, a solution to this prob-
lem is simply to drive the shutter from
its own synchronous motor. Proper
initial phase between shutter and pull-
down is assured by connecting the two
through a loose coupling which floats
free when the camera is up to speed.
Especially good gears and a stable motor
arc unecessary for the shutter drive.
Continual checkup is nccessary to assure
that all gears and shafts are securely
fastened and that the floating coupling
is running free, as mechanical irregulari-
ties introduced at these points produce
the same kind of flickering splice as does
short time constant in the sync gener-
ator.

Film Positioning

In any kind of motion picture photog-
raphy, it is essential that the successive
frames of film be positioned in a me-
chanically precise way and that the
shutter be fully closed long enough to
allow pulldown and registration to take
place. In TV recording these require-
ments must of course be met, with the
additional complication of the very
limited time allowed for pulldown and
registration.

If 7 deg. is considered the amount of
time necessary for the shutter to cover
the film completely, and if the shutter
has a 72 deg. blade, 72 - 14, or 58 deg. is
available for pulling down and register-
ing the film. 58 deg. of the camera cycle
is 1/150 seconds or 6.7 milliseconds.

The film must be given a terrific yank,
and then stopped dead during this 6.7

milliseconds. Since the currently avail-
able cameras use basically different
niethods to achieve this result, they will
he discussed separately :

Eastman TV Recording Camera, Model 2

The Eastman camera uses a sprocket
intermittent to pull down and register
the film. The star and cam geneva move-
ment is relatively slow acting, requiring
135 deg. of its drive shaft to accomplish
the pulldown cycle. The drive shaft is
accelerated 3 to 1 temporarily during
the pulldown, so that the actual number
of camera degrees required for the op-
eration is 57 deg. This leaves 1 deg. of
leeway within the 58 deg. shutter closed
time, some of which is to ease the re-
quired precision of shutter to pulldown
phasing, and some of which is undoubt-
edly to permit shock waves set up in the
film to die out.

The use of a sprocket intermittent re-
quires that the angular displacement of
the sprocket teeth which position suc-
cessive frames of film be very precise.
The star and cam which turn the
sprocket must be equally precise. In ad-
dition. it is extremely important that the
film not coast past the position to which
it is pulled by the sprocket. Actually,
only the front of one tooth of the
sprocket is in contact with one film
sprocket hole at the end of the pulldown,
and this contact is the only means of
registration. The nylon gate and pres-
sure pad used in the Eastman camera
undoubtedly help in the sudden stopping
process, but they both must be scrupu-
lously clean and the pressure on the
pressure pad exactly right for proper
operation. In addition, the accuracy of

One of a group of six television recording equipments in service at the Columbia

Broadcasting System’s New York studios. The housing at the left contains the

high-intensity picture tube that is photographed by the special 16mm motion-

picture camera shown with its door open at the right. The lower portion of the

assembly contains video amplifiers, control circuits, power supplies and other
auxiliary equipment,
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the sprocket teeth is completely lost if
dirt or emulsion pileup occurs on them.

In the Eastman camera it is possible
to cover up the pulldown cycle com-
pletely with time to spare. It is, how-
ever, necessary that the phase of shutter
and intermittent be correct in order that
the beginning or ending of the pulldown
cycle be completely covered.

RCA TMK75B TV Recording Camera

The RCA camera (manufactured by
the J. M. Wall Co.) uses a more con-
ventional claw and register pin inter-
mittent movement to pulidown and reg-
ister the film. The actual mechanism
requires about 120 or 130 deg. to op-
erate. hut it is given an accelerated drive
through a spline and block mechanism.
The actual pulldown time is about 48
deg., with another 10 to 16 deg. used
for registration. leaving no tolerance or
a negative tolerance within the shutter
closing period. The action of the inter-
mittent mechanism is as follows:

The register pin is a jam fit in a film
perforation, and is assumed to be fully
engaged at the start of the cycle. The
register pin is withdrawn while the claw
is being carried up inside the mechanism.
Just before the register pin leaves the
perforation, the claw enters the next
perforation Dbelow it. The claw is .002
in. smaller in vertical dimension than
the perforation, and considerably nar-
rower. The claw enters with .001 in.
clearance top and bottom, thus not dis-
turbing the film. The register pin leaves
the perforation and the claw starts down,
moving .001 in. before moving the film.
The claw carries the film down to within
.001 in. of its final position, and as it
stops, the register pin enters tiie next
film perforation. The register pin has a
slightly tapered nose, and, as it enters,
it pushes the film down an additional
001 in. and holds it there firmly. This
moves the film away from the claw,
which can now leave the film without
disturbance. The cycle is now ready to
be repeated.

Because of the lack of tolerance be-
tween pulldown cycle and shutter cycle.
it is not practical to cover the pulldown
and registration completely in the RCA
camera. Since the register pin actually
moves the film on entering, but should
not on leaving, the leaving end of the
cycle is chosen to be uncovered. This
means that the shutter completely covers
the end of the pulldown cycle, but does
not close entirely hefore the heginning
of the cycle. Critical shutter phasing is
necessary to assure the correct order of
events and avoid film motion during
exposure.

Overall Flicker
An effect which is still only partly

understood is a peculiar kind of overall
[Continued on page V15)
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Audio Systems for TV Service

W. L. LYNDON

Beginning a discussion of the studio, control, and transmitter facilities to handle
the audio and video signals composing a complete television program.

Fig. 1. TTC-3A console—a basic unit
for handling both audio and video
signals.

HE ABILITY TO TRANSLATE and trans-

mit sound waves by means of elec-

trical energy has been possible for
several decades, but only within the last
few years has equipment been available
that would transmit and reproduce sound
with life-like fidelity. This great achieve-
ment was not due to any onc master
stroke or any one particular piece of
equipment, but rather to the over-all re-
sults obtained from improvements in
microphones, vacuum tubes, amplifier
components, circuit and transformer de-
sign, loudspeaker development, and,
above all, a better understanding and
interpretation of the science of acoustics.

Each branch has gone through its own
cycle of evolution. Broadcasting made its
debut with the carbon tvpe of micro-
phone, which was superseded by an era
of condenser microphoues. which in turn
were superseded by the dynamic and ril)-
bon or velocity types. Each type as it
appeared possessed certain advantages
over its predecessor, in such features as
increased sensitivity, more uniform re-
sponse, ruggedness, reliability, and im-
provement in signal-to-noise ratio.

All early audio systems were operated
from storage battery supplies. The only
type of tubes available would not permit
their filaments to e operated directly
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from a.c. because of the resultant high
hum level. The introduction of the
cathode type of tube eliminated large
storage batteries and charging equip-
ment which effected a material reduction
in the over-all cost of an audio system.
The use of a.c. necessitated the develop-
ment of a new type of audio transformer
shielding and the demand for lower dis-
tortion, and a wider frequency range
called for better transformer core ma-
terials and improved methods of coupl-
ing transformer windings.

The early broadeast studios were gen-
erally existing rooms that were con-
verted at the minimum of expeunse for
this service. The improvements in mi-
cropliones, reproducers, and amplifiers
having lower inherent noise levels
clearly pointed out the shortcomings of
such makeshift arrangements, and it
was at this point that serious thought
was given to the designing of spaces that
would be acoustically correct for hroad-
cast purposes. Knowing the results that
were desired, the problem was ap-
proached in a scientific manner and pre-
ferred studio dimensions were arvived
at, based on studio occupancy. Many
acoustic materials for studio interior
treatment were developed, and in addi-
tion to designing studios for acoustic
correctness, methods of construction
were adopted that permitied a high de-
gree of isolation between studios and
between studios and the building frame-
work. At this high point of broadcast
audio development, the science of trans-
mitting light waves, commonly known
as television, entered the field as a
medium of entertainment.

TV Increases Complexity

The translation and transmission of
light waves is considerably more com-
plicated than that of sound waves. A
quick examination of a comparable audio
and picture channel clearly demonstrates
the extensive complexities of the latter.
This complexity results in a picture
channel costing many times that of a
comparable audio channel.

In the early period of AM broadcast-
ing, stations were placed on the air with
a minimum outlay of capital. Many of
our present day popular and high-
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powered stations had just such a humble
beginning. Television, with its more
complicated circuits, must of necessity
start out with a much greater capital
investment and contend with a higher
operating cost. But the path has been
partly paved by the pioneering work
carried on by standard broadcasting. The
ability to receive entertainment by radio
has been firmly established as a part of
our way of life; the ability to be able to
add sight to that medium is a natural
sequence of normal events.

In broadcasting, the transcription
cquipment rates second to studio pro-
gramming ; in telecasting, motion picture
reproduction ranks next to studio pro-
gramming, thus placing transcriptions
in a minor role. In broadcasting there
are many stations where a high per-

W. L. Lyndon was born 1899 at Lyndon,
Alberta. Canada. In 1925 he graduated from
Montana State College with a B.Sc. degree in
Electrical Engineering, He entered the Radio
Test Course at Ceneral Electric Co., Schenec-
tady, N. Y., and was soon transferred to the
engineering division, where he did develop-
ment work on broadcast antennas and later
on speech input equipment,

In 1930 he joined the Radio Corporation
of America at Camden, N. J. From 1930 to
1938 he was project engineer for speech in-
put equipment and low powered transmitters
for broadcast and police service.

He served as sales engineer for speech
input and television equipment from 1939 to
1941, when he became product design en-
gineer on high-powered conventional fre-
quency and short-wave broadcast trans-
mitters. He supervised the construction and
installation of the high powered transmitter
tube testing facilities for the RCA tube plant
at Lancaster, Penna. From 1948 to date, he
has been doing audio systems engineering for
television service.

Mr. Lyndon is a senior member of the |.R.E.
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Audio Systems for TV Service

centage of the programs are transcribed,
and there will also be the type of tele-
vision station that is desirous of starting
with a minimum of equipment using film
and slides as the only source of pro-
grams. This plan is particularly attrac-
tive to isolated areas that will have no
immediate access to coaxial cable or
possible relay service. In such locations,
each TV broadcasting system installed
is, in its own right, a pioneer, because
there will be no receivers until the sta-
tion becomes an actuality. The station
must of necessity continue to function
until such a time that its viewing audi-
ence has been built up to the point that
advertising rates can be charged which
will permit operation on an efticient com-
mercial basis.

The Audio-Video Control System for
Small TV Stations

The basic system described here deals
only with equipment that will handle film
or remote programs, and does not cover
the audio equipment necessary for pro-
ducing studio shows. With this basic
type of TV station in mind, the TTC-
3A1 Audio-Video Control Console as
shown in Fig. 1 was developed. Stepping
beyond the realm of being merely an
audio control unit, the TTC-3A1 control
console provides a compact and efficient
control that places a television system
on the air with the minimum of equip-
ment and operating personnel. Additional
built-in features provide a certain degree
of expansion. If a TV station makes its
debut showing only motion picture film
and opaque and transparent slides, the
additional audio and video facilities pro-
vided in the console permit the system to
be expanded for use with either a relay
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circuit or coaxial cable service, or hoth,
whenever they become available.

The control circuits and a few of the
associated components are housed in a
self-contained console having a turret
with a hinged sloping-front panel. The
hasic console is one of a standard RCA
design that will permit it to be mounted
adjacent to such units as the TK-20A
film camera control unit, and a TM-5B
master monitor. Such a combination of
units is shown in Fig. 2, and a finished
appearance is achieved by adding end
sections.

The essential controls are located on
the hinged front panel of the turret. The
auxiliary units, such as relays, audio
monitor-level equalizer potentiometers,
isolation transformer. pre-emphasis net-
work and chopper circuit, are located
within the turret. The hase of the unit
houses a dry rectitier for relay and pilot-
light power supply, as well as the audio,
video, and power-control circuit ter-
minations. A close-up view of the con-
trol panel is shown in Fig. 3. In order
to simplify the operation of this panel,
the various controls have been func-
tionally grouped.

The upper left corner contains the
controls for a transparent slide pro-
jector. These controls counsist of an oN-
OFF power switch with associated iudi-
cating pilot light, a variable unit which
permits control of the projector lamp
supply, and a push button switch desig-
nated as orerATE. This switch may be
used as a means of controlling remotely
operated slide changing devices.

The top center of the panel contains a
standard VU meter. The multiplier for
this meter is a semi-adjustable type and

Fig. 2. The basic
console, with the
addition of a
camera  control
unit and a mas-
ter monitor.
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can be set for any level from +4 to + 31
VU by reconnecting the control unit.

Projector Controls

Normally, TV stations whose pro-
gramming is devoted almost entirely to
the showing of motion picture films will
require the services of two picture pro-
jectors, preferably of the 16-mm type
because of the wide variety of film that
is available. In the upper right corner of
the control panel are located the controls
and indicator lights for two 16-mm mo-
tion picture projectors. After the projec-
tors themselves have been placed in an
operating condition, their controls are
thrown to the remote position. This ar-
rangement makes it possible to start-stop
and change over from one projector to
the other from the console. The audio
outputs of the two projectors terminate
in a relay, which in turn is controtled by
the projector change-over switch. The
output of this relay is connected to the
film position of a four-position audio
selector switch designated as FILM, NET,
REMOTE, SPARE. The picture outputs of
the two projectors feed into one flm
camera and its control unit. The video
output of the film camera control unit,
which would be mounted adjacent to the
console, would feed by means of coaxial
cable to the film position of the picture
program switch designated as FILM, NET
RELAY, SPARE |, and spPare 2. This switch
is mechanically interlocked so that it is
possible to obtain only one source of pic-
ture on the outgoing video program hus.
Each projector is provided with a
dowser unit mounted in front of the
projector lens, and, whenever either ma-
chine is placed in operation, the sound
and picture are transferred simultane-
ously.

Below the projector control switch is
a pushbutton designated as CHOPPER.
This button controls a vibrator which is
operated from an a.c. power supply. The
armature of this vibrator is connected to
the picture monitor output position of
the video transmitter, and is adjusted so
that it intermittently shorts the monitor
line. This monitoring circuit is switched
to the input of the master monitor. it
provides a means of locating and adjust-
ing the zero per cent of modulation.

Directly below the crHoprPER switch is
a mechanically interlocked pushbutton
switch used for the termination of four
incoming audio sources referred to
above. The output of this switch feeds
into an audio attenuator designated as
PROGRAM which regulates the level feed-
ing the program bhus. Adjacent to this
switch is located a lever key which, when
operated, feeds an announce circuit into
an associated attenuator. The output of
this announce and program circuit is
combined to feed the program bus. The
announce key also controls a speaker
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relay which opens the speaker circuit to
prevent acoustic feedback.

Directly below the VU meter are three
controls which provide the essential ad-
justments of a Type TA-5C Stabhilizing
Amplifier. This amplifier is a highly de-
sirable picce of equipment and adds
much to the reproduction of pictures of
high quality. especially if the pictures
are received over relay or coaxial cir-
cuits. The three controls regulate the
picture gain, picture clipper circuit, and
the sync level. If the input of the sta-
bilizing amplifier is terminated on a co-
axial jack panel, its usefulness is ex-
panded because it may be patched to any
of a number of program circuits.

A video gain control for the picture
transmitter is provided and is located
directly below the three stabilizing am-
plifier units. This control is associated
with a inotor-driven video volume con-
trol located within the transmitter. By
switching the monitor output position of
the picture transmitter to the input of
the master monitor, it is possible to ob-
serve and adjust the picture being trans-
mitted for the correct depth of modula-
tion. No control unit would be complete
without having monitoring facilities for
the essential audio and video circuits.

Audio Facilities

The audio monitoring consists of a
seven-position selector switch and a
onitor volume control. It is possible to

Fig. 3. Panel view
of basic console
unit, |

-

monitor the transmitter output, line am-
plifier, or limiter amplifier output, film.
network, remote, spare line, and an-
nounce position. On the input of each
one of these monitor positions is a semi-
adjustable volume control, thus permit-
ting the levels feeding the monitor switch
to be equalized.

The video monitoring consists of &
six-position mechanically interlocked
switch, the output of which is fed by
means of coaxial cable to the input of
the master monitor, located adjacent to
the TTC-3A1 control console. In addi-
tion to two spare positions on this switch.
there are positions for monitoring such
circuits as network, relay, modulator out-
put, and transmitter output. The inputs
for both the picture program and moni-
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which is physically a part of the unit; dotted lines indicate external circuits
and units.
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tor switches are terminated in coaxial
cable plugs mounted within the base of
the control unit. Three of the positions
are provided with semi-adjustable ter-
minations, thus making it possible to
switch between these positions without
any apparent change in video monitor
level.

A block diagram of the TTC-3A1 is
shown in Fig. 4. The circuits and com-
ponents that are physically part of the
desk are shown in solid lines. All exter-
nal circuits and associated units are in-
dicated by dotted lines. The upper half
of the block diagram is devoted to the
picture part of the system. while the
lower half covers the audio system and
the 16-mm projector controls.

The video equipment consists of one
transparent slide projector and two 16-
mm motion picture projectors feeding
into a film camera unit and its monitor.
Two type WI-33B power supplies are
associated with this camera and control
chain. The sync generator, which would
normally be of the rack mounted type,
supplies the drive and sync voltages for
TK-20A film camera unit. The output
of the camera control unit feeds to the
input of the video program switch,
which in turn is connected directly to
the input of the picture transmitter. The
picture transmitter may he an RCA 500-
watt type S00A or 300-B. or a SKW unit
type TT-5A. The r.f. output of the trans-
mitter is terminated in a vestigal side-
band filter before it is fed into an antenna
system. Two monitoring positions are
indicated: (1) the output of the trans-
mitter modulator, and (2) the rectified
carrier output from an r.f. diode unit.
The chopper action is applied to this
latter circuit.

The master monitor is connected to
the output of the video monitor switch.
The input for all video program and
monitoring circuits are provided with a
75-ohm termination. The type WIF-49A
and \WF-50A are frequency monitor
units for the picture transmitter. Di-
rectly below are the remote control units
for the stahilizing amplifier.

[Continuecd on page V14)
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-TV Sound Effects Console—2

Robert B. Monroe, Project Engineer
C8S General Engineering Department

Born in Brooklyn, New York on October 17,
1908, Mr. Monroe attended Pratt Institute
from 1937 to 1942 while being employed by
Columbia Broadcasting System, Inc., where
he went in 1934 and where he has since been
continuously employed except for the war
years.

From 1942 to 1945 he was associated with
the Radio Research Laboratory, Harvard Uni-
versity {sponsored by the Office of Scientific
Research and Development). He served suc-
cessively as head of the Planning Department,
head of the Standards Laboratory, and assist~
ant to the Executive Engineer,

Mr. Monroe is a senior member of the In-
stitute of Radio Engineers.

scope of sound effects recordings to a

considerable degree. Let us assume
that a recording of the sound of a cruis-
ing airliner is available. If the rotational
speed of the turntable is increased, this
same recording produces a sound re-
sembling that of a speeding fighter or
racing plane. Reproducing this same
recording at a slower-thaun-normal rota-
tional speed produces a sound like that
of a large dirigible. Similarly, a record-
ing of an idling antomobile engine may
serve to create the effect of an auto-
mobile operating at many different
speeds. This same record may be used
to produce the effect of an automobile
accelerating or decelerating by chang-
ing the turntable speed while the record
is playing. Thus, the variable-speed
turntable is valuable to the sound ef-
fects man in creating new sounds from
standard sound effects recordings. The
units employed in this console, illus-
trated in Fig. 1, are continuously varia-
ble over the range from 10 to 130 rpm.

v ARIABLE-SPEED turntables extend the

Sound-Effects Filter

The sound-effects filter in the main
program channel is a standard CBS de-
vice incorporated in all studio audio
facilities. It acquired its name because,
in this particular form, it was originally
proposed’ and used for radio sound-

V12

effects. The filter consists of a low-pass
section and a high-pass section con-
nected in cascade. The cut-off frequency
of each section is independently ad-
justable, a choice of any of eight fre-
quencies (100, 250, 500, 1000, 2000,
3000, 4000, and 5000 cps) being avail
able. In addition, the individual sections
may be removed entirely from the cir-
cuit, permitting the umt to he used as
a high-pass, a low-pass, or a band-pass
filter. To insure against switching noises
during operation of the range switches,
the capacitors in the various sections
arc shunrted with suitable resistors to
provide a continuous discharge path.
Furthermore, the switching arrange-
ment is such that in passing from one set
of contacts to the next continuity of the
signal through the filter is maintained.
The filter unit can be switched in or
out of the circuit whenever desired by
means of a twist-tvpe key located im-
mediately above the range selector con-
trols.

Headphone Cue

In CBS television operation, the
sound-effects operator wears split head-
phones. One of the two receiver units is
connected at all times to a bus from the
program director’s microphone, and
through this circuit the director gives
instructions and directions to all tech-
nical and production personnel. The
second receiver unit can be connected by
means of a front panel key switch to any
of the following circuits: (1) the record
cueing circuit, (2) the audio output of

‘H. A. Chinn and R. A. Bradley “CBS
Hollywood Studies,” Prec. I.R.E., July,
1939.

Fig. 1. Internal construction of Gray

variable-speed transcription turntable.

Change of speed is accomplished by

varying the diameter at which coupling

takes place between driver and driven

discs, and covers the range from 10
and 130 r.p.m.
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the sound etfects console, or (3) the
over-all audio program output of the
studio. Panel-mounted volume controls
permit the level of each headphcne unit
to be independently controlled.

Physical Construction

Careful attention was given to all
physical design details of the CBS 4-A
sound effects console to produce a com-
pact and readily movable unit. The en-
tire housing is fabricated of aluminum
to keep the weight as low as possible.
Four large ball-bearing casters make
the unit easy to move. A sturdy bar-type
handle is provided at each end of the
unit and is recessed to avoid any out
board obstruction and to keep the over-
all dimensions as small as possible. The
controls on the front of the unit also are
recessed to avoid damaged knobs and
switches when the unit is moved through
a door or other narrow passageway.

To protect the equipment when it is
not in use, a roll-top cover not unlike
those employed on roll-top desks has
been employed. This cover differs from
its predecessors, liowever, in that it is
constructed of lightweight aluminum
tubing. When closed, it may be locked in
place, keeping the equipment protected
from dust and from use by unauthorized
persons.

A rack for holding program script as
well as records is provided, and is con-
structed of clear plastic to increase the
visibility of the operator in the forward
direction. The general construction can
be seen in Fig. 1. The rack extends
across the entire length of the console
at eye level. A felt-lined aluminum chan-
nel fastened across the lower edge of
the plastic panel serves not only as a
ledge to hold the records and script in
place, but also serves to strengthen the
entire assembly. The plastic rack hinges
down under the roll-top cover when the
console is closed.

To facilitate identification, the knobs
on the four transcription mixer posi-
tions are colored green, blue, red, and
white respectively, and the four tran-
scription arm lheads are colored cor-
respondingly. This eliminates any con-
fusion on the part of the operator re-
garding the mixer position associated
with each of the transcription arms.

All amplifier units, as well as the
power supply, are of the plug-in type
and, in the case of the CBS Grand Cen-
tral television studios, are identical to
the units employed in the control room
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R. B. MONROE and P. E. FISH

Part 2. Production of television programs with optimum
sound effects and a minimum of confusion demands
flexible audio facilities designed for the purpose.

audio consoles® and master control room.
To further simplify maintenance, only
two tube tvpes are employed in the en-
tire console, the rectifier in the power
supply unit being of the dry-dise type.

The ten amplifier units are mounted
in two rows of five amplifiers each, and
the entire mounting assembly is shock
mounted. Access to the amplifiers and
power supply is through the large door
in the front of the console, All connec-
tions to external circuits are made to
the receptacles grouped on the lower left
side of the console.

Operation in Television Studios

In radio broadcasting studios, the
usual method of mixing sound effects
from recordings into the over-all studio
program is to reproduce the sounds on
a studio loudspeaker, where they are

*R. B. Monroe and C. A. Palmquist, “Mod-
ern Design Features of CBS Studio Audio
I.R.E., June, 1948,

Facilities,” Proc.

picked up on one or more of the studio
microphones. It is, of course, necessary
to give careful consideration to the rela-
tive positioning of loudspeaker and
microphones in order that a satisfactory
microphone pickup will be obtained.
Sounds fromi direct sources, such as
doors opening and closing, footsteps,
etc., are picked up on a regular studie
microphone placed at the sound effects
operating location.

The above method of operation, al-
though entirely satisfactory in radio
broadcasting, has not proven entirely
adequate in television operations because
niicrophone booms replace the fixed
micropliones ordinarily used in radio
broadcasting. Due to the constantly
changing relationship between the mov-
ing microphone hooms and the fixed
sound-effects loudspeakers, the pick-up
hecomes unpredictable. As a result, a new
method of operation is employed in CBS
television studios. It has been noted al-
ready that the sound effects console de-

Fig. 1. A close-up of the operating controls of the CBS 4-A sound effects console. Immediately
below the clear plastic script and record rack is the turntable platform upon which is mounted
the three variable-speed turntables and four transcription arms. Lever arms controlling the turn
table spced are to the right and forward of each turntable.

The six-position mixer and associated master gain control are arranged across the center
portion of the control panel. Above the four color-coded mixer controls associated with the four
transcription arms may be seen the low- and high-frequency cqualizer controls. To the right
of the mixer is the volume indicator with its associated on-off switch and, at the extreme right,
the “sound-effects” filter. To the left of the mixer is the five-position loudspeaker push-button
selector with its associated volume control and, at the extreme left, the selector key switch and
volume controls associated with the headphone cue circuits.

The over-all dimensions of this console are 64 inches long, 282 inches deep, and 50 inches
high. The weight, ready for operation. is approximately 575 pounds.
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Price E. Fish, Project Engineer
CBS General Engineering Department

Mr. Fish was born in Fort Worth, Texas, on
September 18, 1911, He recelved the B.A.
degree in mathematics from William Penn
College in 1935. From 1938 to 1942 he was
employed by the United Broadcasting Co. in
Cleveland, Ohio, and in 1942 joined the sci-
entific staff of the U. S. Navy Underwater
Sound Laboratory (sponsored by the Office
of Scientific Research and Development) at
New London, Conn., where he was engaged
in the development of submarine underwater
sound devices. In 1945 he joined Columbla
Broadcasting System, Inc.

Mr. Fish is a senior member of the Insti-
tute of Radio Engineers.

livers two different outputs—one a line
level output of + 10 VU and the other a
londspeaker output level. The sound ef-
fects operator mixes together all sound-
effects material—whether from record-
ings, sound effects microphones, or other
sources —and transmits the complete
sound effects material at line level to the
studio control room, where it is mixed
with audio from all other sources. Per-
formers on the set are permitted to hear
the sound effects from a loudspeaker unit
driven by the sound effects console high-
level output. This method of operation
has proven quite successful in CBS tele-
vision studio operation.

The panel-mounted VU meter on the
sound-effects console perniits the opera-
tor to maintain the line output level of
the console at a standard transmission
level of +10 VU. The volume indicator
also makes it possible for the operator
to reproduce an effect at exactly the
same level used during rehearsal or on
a previous program. A twist-type kev
switch immediately beneath the volume
indicator removes it from the circuit, if
desired.

It is the usual practice in television
studios to arrange several different sets
in a single studio. These sets may be
associated with a single large produc-
tion or may be associated with several
smaller, single set, productions. In any
event, as the programming progresses,
the studio cameras and microphones are
moved from one set to the next. It is,

[Continned on page V15]
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MORE NEW PRODUCTS

® TV Stabllizing A mpllfier. Correction
of faults which may be introduced in
video signals during their transmission
from the television camera to the trans-
mitter is an accomplished fact with RCA's
new Type TA-5C amplifier. Among the
many common disturbances which the
new amplifier will offset are random sig-
nals originating in long cable sheaths,
hum or surges originating in power sup-
plies, switehing surges. and low-frequency

distortion caused by coupling circuits
with inadequate time constants. In addi-
tion, the new amplifier may be employed
to remove sync from a remote signal so
that it may be switched, faded, or dis-
solved with local signals in either tele-
vision or microwave relay systems. The
amplifier is provided with built-in fila-
ment supply. but plate voltage must be
obtained from an external regulated
power source. It is built on a standard
bathtub chassis for rack mounting. Com-
plete technical description may be ob-
tained from RCA Victor Division of Radio
Corporation of America, Camden, N. J.
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TV RECORDING

[from page V8]

flicker in which the halves of the picture
above and below the splice seem to
flicker alternately light and dark. The
best present explanation relates this ef-
fect to the variability of decay time of
the P-11 phosphor with brightness as
follows:

Silver-activated ZnS phosphors (the
P-11 falls in this general class) have a
two-part decay curve. The portion of the
brightness decay near extinction is
identical in shape for any initial phos-
phor brightness. However, there is a
very fast initial decay (decreases in
intensity as great as 100 to 1 in 0.1
miflisecond) which appears above a
given initial brightness and which varies
in depth with brightness. Because of this
sudden decay, the exposure of the film
to such a phosphor may be considered
to be in two parts, an initial short (0.1
millisecond) very bright exposure, fol-
lowed by a much less intense exposure
during the tail of the decay curve, lasting
perhaps several milliseconds.

This particular combination of ex-
posures is just right for the production
of the Clayden effect®>. This effect con-
sists in the reduction of the effectiveness
of the initial high-intensity exposure by
the second low-intensity one. If two
identical high-intensity exposures are
made, one followed by a relatively long
low-intensity exposure, and the other
not, the first may produce less density
on the developed film than the second,
although the film has actually received
more light energy in the first case. The
exact relative amounts of exposure and
the processing of the film can cause the
etfect to appear or not. To produce the
Clayden effect, the order of exposures
mnust be: “short-intense—long-dim”, not
the reverse.

The way in which the Clayden effect
can produce the overall flicker mentioned
above comes from the shutter action at
the splice. Lines just below the splice
have the tail of the decay curve extended
out to effective extinction as it is about
1/30 second after they are scanned be-
fore the shutter cuts off the light from
the flm. Lines directly above the splice
are scanned before the shutter opens,
and the tail of the decay from that scan-
ning produces a small exposure on the
film as soon as the shutter opens. On
top of this exposure the film later re-
ceives an initial intense exposure, plus
an abbreviated “tail” exposure, which

*C. E. Kenneth Mees, The Theory of the
Photographic Process, The Macmillan Co.,
New York, 1945, p. 254 ff.
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is cut off by the shutter before it has a
chance to decay fully. Therefore, the
Clayden effect causes the exposure in
the region below the splice to have its
effect on the film reduced, while the
secondary exposure is not permitted to
last long enough to inhibit the effect of
the initial exposure on the film in the
region just above the splice. This pro-
duces an apparent step in density at the
splice, with the lower portion of the
picture darker, and since the splice it-
self is alternately in the center of the
picture and hidden at top or bottom, the
step seems to flicker in and out.

This over-all flicker makes it very diffi-
cult to correct shutter-size and timing
errors in the TV recording camera, since
it masks them. Changing picture bright-
ness affects the flicker, since it changes
the difference between the initial flash
and the tail exposure. Often the flicker
is seen only in very bright or over-ex-
posed scenes, being invisible at other
times. The negative film processing can
also be adjusted so as to remove this
flicker essentially completely.

Conclusion

The proper operation of the TV re-
cording camera has been shown to in-
volve the precise interaction of many
factors. However, it is possible to pro-
duce TV recordings on a routine basis
which are entirely satisfactory from the
point of view of camera operation. Al-
though at present such results require
care and vigilance in searching out
irregularities, it is to be expected that
the large amount of operating experience
being acquired in daily operation of TV
recording equipment will result in even
greater improvements of techniques and
equipment. It is perhaps not too optimis-
tic to anticipate that the operation of TV
recording equipment will soon be as sim-
ple and routine as the operation of pres-
ent-day disc and tape recording equip-
ment for sound.

AUDIO SYSTEMS

[from page V'11]

The audio diagram indicates the sound
output of the two 16-mm projectors as
being connected directly to the program
switch. Circuit losses and required am-
plifier gain are indicated. In the case
of the type TT-5A low-band transmitter,
it requires an input level of —30 dbm,
whereas for the TT-5A high-band trans-
mitter, the input level required is —20
dbm. The inputs for the announce, net-
work, remote, and spare positions are
indicated as being terminated on jacks,
and no reference is made to any preced-
ing audio amplifying units. This has
been left in this manner because the type
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and quantity of units required depend
upon the type of service to be provided.
The input level required for each of
these three positions is +4 dbm, which
has been established by the normal audio
output supplied by the projectors.

For the announce circuit, a portable
amplifier such as the BN-2A can be used
to advantage, since it has additional in-
puts which could be used for transcrip-
tion service. Amplification for the net-
work and remote lines can be conveni-
ently provided by the use of a type BA-
13A program amplifier. The addition of
a 33-A jack panel, a line equalizer, and
an MI-11265 VU meter panel will pro-
vide a flexible arrangement for equaliz-
ing, amplifying and determining the cor-
rect audio level to be fed into the audio
program switching circuit. An MI1-26313
film equalizer has not been indicated. It
would notmally be conected into the
common lead feeding the program
switch. This equalizer has an adjusta-
ble high- and low-frequency response

and can be of considerable assistance in |

correcting the variable recording char-
acteristics which may be encountered in
16-mm film.

The facilities incorporated in the
TTC-3A1 audio video control console
are sufficient to permit a television sta-
tion to be placed in service with the
minimum of equipment and operating
personnel, and it contains additional
facilities which will permit a certain de-
gree of facility expansion. However,
should the station expand to the point
of adding a television studio, where di-
rect pickup will be made, the audio sys-
tem must, of course, he reconsidered on
the basis of the type of programs that
are expected to be reproduced.

SOUND EFFECTS

[from page V'13]

of course, desirable that the sound ef-
fects loudspeaker be directly at the set
in use, but as moving the loudspeaker is
impractical because of the limited time
available, it has been found convenient

to place a loudspeaker unit at each of |

the sets. When this is done, it is merely
necessary to switch the avdio output of
the sound effects console to the desired
loudspeaker. A push-button type sclector
switch permits the audio power to be
transmitted to any one of five sound
effects loudspeakers; this switch has
an ofFF position which terminates the
output of the loudspeaker amplifier when
none of the studio loudspeaker units is
being operated.

These sound effects consoles have
been in operation in the CBS Grand
Central television studios for a period

of approximately a year. During this
time, they have been employed in con-
junction with all types of television pro-
grams and have proven themselves en-
tirely capable of meeting all of the ex-
acting demands made on sound-cffects
facilities by large-scale television pro-
ductions.

The basic design of the CBS 4-A
sound effects console is not new, but
has evolved over a period of more than
fifteen years to meet the ever-increasing
problems with which the sound-effects
operator is faced. Pioneer work in this
field was undertaken by Walter Pierson,

past Manager of CBS-New York Sound
Effects Division. More recently, this
work has been carried on by Davidson
Vorhes, present Manager of the di-
vision, to whom an outstanding ac-
knowledgment is due for his many con-
tributions and suggestions.
Acknowledgments are also made to
Howard A. Chinn, CBS Chief Audio-
Video Engineer, under wiiose direction
this project was undertaken, and to the
Gray Research and Development Com-
pany of Hartford, Conn., for their many
contributions to the design and manu-
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Complete 360° pan without
ragged or jerky movement is
accomplished with effortless
control. It is impossible to get
anything but perfectly smooth
pan and tilt action with the
“BALANCED” TV Tripod.

Quick-release pan handle ad-
justment locks into position
desired by operator with no
‘‘play” between pan handle
and tripod head. Tripod head
mechanism is rustproof, com-
pletely enclosed, never requires
adjustments cleaning or lubri-

cation. Built-in spirit level. g
Telescoping extension pan
handle.

Write for further particulars

0.

for all TV Cameras
NCED" TV TRIPOD

facture of these consoles.

clion.

Pat. Pending

This tripod was engi-
neered and designed ex-
pressly to meet all video
camera requirements,

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

Below:

3 wheel portable
dolly with balanced
TV Tripod mounted.
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Here is the Maurer 16 mm. at CththﬂSfﬁnﬂﬂgO

Mr. Irving Hartley, top-tlight cinematographer and producer—like dozens of
others in the field—knows, uses and recommends the Maurer 16 mm. camera
wherever and whenever excellent color photography is required, for the
following reasons

Its VERSATILITY first of all, makes it ideal for all sorts of color work, its accu-
racy, precision high power focusing system and its large clear glass direct-
through-the-lens viewing system insure excellent results at all times.

Its DEPENDABILITY, the result of years of rigid testing and improvement have

made it ideal for below freezing or torrid conditions—the dependable camera
for all field work.

Its UNIQUE FEATURES. such as the 235° digsolving shutter, allows you to shoot
with one-third less light, and with antomatic fades and smooth lap dissolves
made right in the camera.

These are some of the many reasons why more and more of the best pro-
fessional cameramen today pick the Maurer—the 16 mm. camera designed
specifically for prefessional use!

For details on these and other exclusive Maurer features, write Dept. E

The 16 mm. Film Phonograph unit
provides the finest quality in
high fidelity re-recording and
playback. Its unique optical
system reduces photo-cell hiss
resulting in excellent quality
reproduction.

@a CAZLE ADDRESS:

- 1AMAURER

V16
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ates to a great extent the need for sub-
sequent amplification of the noise.

A photomultiplier tube which seemed
suitable as a noise source is the type
931-A. The calculated radio frequency
spectrumi for this tube has been pub-
lished,* and the calculations show its
noise output to have uniform frequency
components from 10 to 1000 megacycles.
But no information was found other than
the basic theory of shot-effect noise to
indicate what noise output could be ex-
pected in the audio-frequency region.
Actual measurements show that the noise

931-A
PHOTOMULTI-
PLIER TUBE
NOISE SOURCE

RADIO

RECEIVER
100000 |(51nal Corps
Type BC-342))

GENERAL RADIO
605-B  SIGNAL
GENERATOR

{Calibroted Out
put Voltoge }

MICROAMMETER
INDICATING 2D
OE TECTOR
CURRENT

Fig. 3. Block diagram showing method
used for r.f. noise measurements,

energy is not umiformly distributed over
the audio-frequency region of the
spectruni.

Experimental Determination of the Noise
Spectrum of a 931-A Photomultiplier Tube

a. At audio frequencies.

For these measurements the 931-A
photomultiplier tube was supplied with
a total accelerating potential of 800 volts,
and illumination of its cathode was pro-
vided by a 6-volt pilot lamp. \Measure-
ments in the audio portion of the spec-
frum places severe requirements as to
ripple in the accelerating voltage. Rather
than undertake an elahborate power sup-
ply design for these preliminary experi-
ments, this potential was obtained from
batteries.

It was anticipated that some hum
would be introduced if the exciter lamp
were lighted from a 60-cycle a.c. source.
Actually, no trouble was encountered in
this regard, and no difference was noted
whether the power for the lJamp was a.c.
or d.c.

Another issue to be decided in estab-
lishing the operating conditions for the
photomultiplier tube is the value of load
resistance to be used. The advantages
of a high-resistance load were discussed
in the preceding section. However, the
value of load resistance is limited by
other considerations. In a secondary-
emission multiplier, the amplification de-
pends to a great extent on the potential
difference between the last multiplier
electrode and the collector anode. Usu-
ally the potentials on the various multi-

‘R. D. Sard, “Calculated Frequency Spec-
trum of Shot Noise from a Photo-Multiplier
Tgube," J. App. Phys., vol. 17, pp. 768-777,
1946.

plier electrodes are supplied from a
voltage divider across an appropriate
voltage source. The anode potential,
however, is applied through the load re-
sistor. If the load resistance is high, the
anode potential will vary considerably
with small variations in cathode emis-
sion, making the gain unstable. A good
compromise between the desire for large
output and the desire for stable gain is
obtained with a load resistance of 1500
ohms.

The method by which these measure-
ments were made is shown in Fig. 1. The
General Radio 626-A v-t voltmeter is a
square-law mcter and, therefore, indi-
cates the root-mecan-square of all fre-
quency components of the noise voltage
which lie within the pass band of the
GR 760-A Sound Analyzer.

It is customary to represent the distri-
bution of noise energy over the spectrum
in terms of the root-mean-square voltage
of the components within the fixed band
width Af. In the case of the 760-A Sound
Analyzer, the band width is a fixed per-
centage of the center frequency of the
pass band and is therefore proportional
to the center frequency. The equation
given earlier shows that the r.m.s. noise
current (and therefore the r.m.s. noise
voltage across the load resistor) is pro-

portional to \/Af. To express the re-
sults in terms of what noise would have
heen passed had the band width Af been
constant, the readings were in each case
divided by the square root of the center
frequency of the pass band. The re-
sults, which are shown in Fig. 2, then
indicate the relative voltage of the vari-
ous frequency components in the noise
output of the 931-A photomultiplier tube.
Since the absolute magnitude of the noise
output was immaterial in this investiga-
tion, it was sufficient to simply find the
relative noise output as a function of
frequency.

In Fig. 2 the thcoretical uniform dis-
tribution of noise energy is indicated by
a broken line. It is plain to see that the
measurements show a considerably dif-
ferent distribution than that of the de-
sired white noise. Because of this non-
uniform distribution found by actual
measurement, a somewhat different
method for obtaining audio-frequency
noise was undertaken. This method con-
sists of selecting a small portion of the
radio-frequency noise spectrum and by
heterodyning, generating noise which

PORTION OF SPECTRUM USED |
FOR HETERODYNING

150}

]
<

EQUIVALENT C-W SIGNAL —pV
3
-3

o

2 3 e - S 6 T 8
FREQUENCY IN MEGACYCLES PER SECOND

Fig. 4. R.f. noise spectrum of 931-A

photomultiplier tube.

@

has essentially uniform frequency com-
ponents in the audio-frequency region.

b. At radio frequencies.

In consi‘'ering the feasibility of ob-
taining audio-frequency noise by hetcro-
dyning of portions of the r.f. spectrum,
it was necessary to know the distribution
of noise energy at these frequencies.
Measurements for this purpose were
made using a system represented dia-
grammatically in Fig. 3. The effective
voltage of all frequency components of
the notse lving within the response band
of the receiver gives rise to a particular
second detector current in the receiver.
Having noted the value of this current,
the noise source was replaced by a sig-
nal generator whose output frequency
was that to which the receiver was
tuned. The output voltage of the signal
generator was then adjusted to give the
same second detector current as did the
noise source. This signal generator volt-
age was then an indication of the noise
within the band width to which the re-
ceiver responded. Taking such readings
with the receiver tuned to various fre-
quencies, the noise spectrum shown in
Fig. 4 was obtained.

As was the case in the audio-frequency
data, it was desired that the curve show-
ing spectral distribution of the noise en-
ergy be based on a constant band width.
The matter of variations of the band
width of the receiver as a function of
frequency to which the recciver was
tuned was therefore investigated. Actual
measurement showed that the response
band width of the receiver used (a
superheterodyne) did not vary suffici-
ently over the frequency range of the
receiver to affect the results significantly.

The findings presented in Fig. 4 show
that the actual distribution of energy

Fig. 5. B:OCk dtla- 931-a BAND PASS Low Pass
ram ofr system PHOTO- FILTER FILTER P‘
g d t Yd wuctieLien [0] pass sano: [O] AMPUFIER =] MIXER .55 pan:
usfe 1o I'Lro huce TuBE 1.81-1.85 MG 0-20 G
a.f. noise by het-
erodyning a se-
lected portion of romemry
the r.f. noise OSCILLATOR
spectrum. 183 MG
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among the various frequency compo-
nents in the r.f. region also is not the
uniform distribution indicated by theory.
However, relatively small portions of
the r.f. spectrum, such as the shaded area
in Fig. 4, can be found over which the
output is very nearly uniform. By hetero-
dyning the signal resulting from fre-
quency components included in such a
small range, it is possible to produce
practically uniform white audio-fre-
quency noise.

Generation of A.F. Noisc by Heterodyning

A Dblock diagram of the system used
to obtain an audio-frequency heterodyne
of a selected portion of the r.f. noise
spectrum of the 931-A photomultiplier
tube is shown in Fig. 5. The band-pass
filter passes only the frequency compo-
nents of the noise output of the photo-
tube which lie between 1.81 and 1.85
megacycles. It was seen from the meas-
urements discussed above that the spec-
trum over this relatively small range of
frequency is essentially uniform. After
amplification, this noise signal is im-
pressed on one input grid of a 6L.7 mixer.
A signal of 1.83 mc is fed to the other
input grid of the mixer. The beating of
the sinusoidal signal with the noise com-
ponents between 1.83 and 1.85 mc gives
rise to noise components in the mixer
output in the frequency range from zero
to 20 ke. Similar a.f. noise components
result from beating of 1.83 mc signal
with the r.f. noise between 1.81 and 1.83
mec. In addition to these signals, whose
frequencies are the difference between
the frequencies at the input, the output
contains signals whose frequencies are
the sum of the input frequencies and also
the input signals themselves amplified by
the mixer. To eliminate all but the de-

2. —— ‘ —

MEASURED NOISE SPECTRUM:

I P 1iieid
12 / i

- -

THEORETICAL WHITE
NOISE SPECTRUM

‘5

{ b=
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I
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olO 100 4000 10000
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Fig. 6. A.f. noise spectrum obtained by
heterodyning r.f. noise.

sired a.f. components, a low-pass filter
is provided at the output of the mixer.

Measurements were made of the noise
spectrum at the output of the low-pass
filter. The technique employed was the
same as that described above for the
measurement of the direct a.f. noise out-
put of the photomultiplier tube. The re-
sults obtained (corrected for the varia-
ble band width of the sound analyzer)
are shown in Fig. 6. It can be seen in
this figure that the spectrum of the
heterodyne is very nearly the desired
uniform distribution. In fact, the varia-
tion in noise output is only about 15 per
cent over the range from 50 to 5000 cps.
In comparison, the a.f. components in the
direct output of the phototube were
shown in Fig. 2 to have varied by a ratio
of about two to one over the sanie range
of frequencies.

The actual circuit with which the gen-
eration of this af. noise was accom-
plished is presented in Fig. 7. The vari-
ous electrodes of the photomultiplier
tube are supplied with their proper op-
erating potentials by means of a voltage
divider across a 700-volt supply. The
noise output of the phototube is very
conveniently controlled by varying the

illumination of its cathode by means of
a rheostat in the circuit of the exciter
lamp. The band-pass filtering is obtained
through the use of a parallel resonant
circuit as a load for the photomultiplier
tube. Tt was pointed out in the discussion
of noise theory that a noise source such
as the phototube has the characteristics
of a constant-current generator and that
the noise voltage developed across a load
is therefore proportional to the load im-
pedance. In the vicinity of its resonant
frequency, the impedance of the parallel
resonant circuit is quite high, resulting
in substantial noise voltages of these fre-
quencies. On the other hand, away from
this resonant frequency no appreciable
noise voltages are developed. The hand
width of this band-pass filtering arrange-
ment is conveniently adjusted by vary-
ing the resistance which shunts the
parallel resonant circuit. An important
advantage of this type of load is its low
d.c. resistance, which results in very
stable potential on the phototube anode
and hence very stable gain of the multi-
plier.

The amplifier stages which follow the
filter are of conventional design. The
noise voltage at the output of the third
stage of amplification reads about six
volts peak-to-peak as seen on a cathode
ray oscilloscope.

The 1.83-mc signal is generated by a
Pierce-type crystal oscillator. The mag-
nitude of the oscillator output voltage
can be controlled by varying the cathode
bias on the oscillator tube.

The mixer circuit is of conventional
design using a 6L7 tube. This type of
tube was chosen for its low capacitive
coupling between the grids on which the
ri. noise and the 1.83-mc signal were

[Continued on page 37]
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AUDIANA

C. G. McPROUD

Construction Practice—2

cussed a number of the major com-

ponents used in audio equipment.
We shall now examine some of the
smaller items which are equally essential
to the design of audio apparatus, and
which are often overlooked. In addition
some elements of chassis layout will be
discussed.

Variable potentiometers are commonly
used in audio work for gain and tone
compensation controls. They are avail-
able in three general groups, carbon,
molded carbon, and wire-wound. The
most popular before the war was the
carbon element potentiometer in which
a rotating contact arm carried a sliding
contact over a circular card on which
a layer of carbon had heen deposited.
Since the end of the war, the molded
carbon element used in the same me-
chanical case, but having a ring of plas-
tic into which the carbon has been
molded, has become extremely popular.
These two types find application in the
grid circuit of vacuum tube equipment
where little or no current passes through
the unit. For low level use the molded
element gives more satisfactory service
because it introduces less noise. Wire-
wound potentiometers are used in plate,
cathode, and screen circuits where they
are required to dissipate up to four or
five watts of power. Under these condi-
tions, the carbon elements would either
burn out or generate excessive amounts
of noise. The rating of the molded ele-
ment is two watts, and that of the usual,
small carbon element is one watt. Where
a potentiometer is required to fit into a
small space, a special series may be ob-
tained from most manufacturers as stock
items, but they have reduced power and
life ratings. Large quantities of the
molded element and wire-wound poten-
tiometers have been available since the
end of the war, on the surplus market.

T HE FIRST ARTICLE of this series dis-

Variable Capacitors

The use of variable capacitors in
audio work is hecoming more frequent,
and they bear some discussion. They are
used in variable-frequency oscillators
and tunable flters. Capacitors for this
service must be precision built on rigid

metal or ceranic frames and should have
the plates soldered into carefully ma-
chined slots, or assembled on the shaft
with precision spacers and locked in
place. Among the better capacitors for
this service are the National PW series
and the Cardwell PL 24,050. Also these
capacitors must have a drive system with
a minimum of backlash, and the dial or
scale should be carefully hand engraved
or machine divided.

With the advent of magnetic record-
ing equipment the audio man is often
faced with the selection of small trimmer
capacitors. These should be of the mica
spaced. ceramic mounted type because
they have lower losses and less tendency
to change value under varying condi-
tions of temperature and humidity. Care
must be used when soldering to mica
trimmers to prevent solder or flux from
flowing between the plates and causing
erratic operation. It is not good practice
to reuse trimmers; in fact it is econom-
ically unsound.

Inductors

Inductors are not commonly thought
of as being an audio component. How-
ever from the earliest days of audio
they have been used in impedance-
coupled amplifiers and as components in
loading, equalizing. and filter circuits.
Both the core style and inductance de-
termine the case size and shape, but
where expense is not a primary consid-
eration, toroid coils are available in a
wide range of values and in®small cases.
The toroid coil has several advantages
over the conventional laminated, rec-
tangular-core inductor in that it provides
greater coupling between turns and be-
tween separate windings, and since there
are no corners or gaps in the core, the
flux distribution outside of the core is
extremely small. Another desirable fea-
ture is the low sensitivity of the toroid
to stray hum and noise fields which
recommend its use in low-level equal-
izers and filters. These last two consid-
erations make it possible to put two
toroid coils in close proximity on a
chassis without the danger of interaction
or, when used on different signal cir-
cuits, of crosstalk.
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Care should be exercised in the mount-
ing of air or iron core inductors, so
that they will not be within the strong
fields that surround power supply chokes,
transformers, and tubes. When used in
low-level circuits such as an input play-
back equalizer, it is best to mount them
as far from the power supply as possible,
and where practicable the equalizer
should be mounted on a separate chassis,
In some cases it may be necessary to
determine the best mounting position for
inductors, to obtain minimum pickup,
after the rest of the unit is built. The
approximate position may then be ex-
plored with the coil conneeted to an
oscilloscope.

Switching Devices

Switches. outside of the a.c. power
switch, are used to él1ange circuit con-
ditions in a positive-acting manner. This
covers changes in input source and out-
put transducer. and changes in equaliza-
ton, operating impedance, and gain when
it is desired to go from one fixed known
value or condition to another. The most
common switches for these applications
are the wafer-type rotary switches with
lamjnated plastic decks and silvered con-
tacts., High-power switching requires
mica-filled or plastic decks and for ap-
plications where leakage is important,
ceramic decks may be used. In cases
where only two or three switch positions
are needed, lever-type switches can be
used. They are particularly useful where
the operating conditions must be known
without reference to small dial indica-
tions, since their position may be seen
at a glance. These switches are also
made with an anti-capacitance feature
where low switch capacitance is neces-
sary, but these are more expensive.
When more than three positions are
to be used and rapid visual indication of
the operating point is necessary, push-
button types, with interlocking buttons
that release any depressed hutton when
another is pressed, are similar in elec-
trical characteristics to the laminated
decked rotary switches. For broadcast
and long life service, pushbutton
switches using jack leaf springs are pre-
ferred. All of these switches are self

[Continued on page 35]
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implified
Reverberation-Time
Calculation

LEWIS S. GOODFRIEND*

A graphical presentation of the Eyring formula for determination of the

most important indices of the

acoustical properties of buildings.
W. C. Sabine in Collected Papers on
Acoustics defined reverberation time as
the time required for the intensity of a
sound to fall to one one millionth of its
original intensity, after the source is
shut off. This definition is still used
today, although the method of computing
the value of the absorption coefficients
and reverberation time have changed
during the past few years and are still
under careful scrutiny. The use of
reverberation time as an indication of
the usefulness of a.building as an audi-
torium, theatre, or studio is now being
studied. However, the continued use of
this index, either by itself or as a factor
in other indices such as the Maxfield-

* Audio Facilities Corp., 608 Fijth Auve.,
N.Y.20,N.Y.

REVERBERATION TIME is one of the

reverberation time of enclosures.

Albersheim liveness constant?, makes the
development of a simplified method for
its calculation a desirable aim.

The formula for reverberation time
developed by Sabine by empirical meth-
ods was later derived in an analysis by
W. S. Franklin in the Physical Review,
June 1903, It is: T =kV/A where
k =.049 for normal conditions of sound
distribution, temperature, and pressure;
V" is the volume of the room under study
in cubic feet; and A4 is the total ab-
sorption of all the exposed surfaces,
A=+ qS2 + @S2+ Ausi + . . .+ Qusa, If
S is the total area of all the absorbing
surfaces in the room, then the average
absorption, &, is 4/S. In cases where the
average absorption is high (for example
unity, which is closely approached in
modern anechoic chambers), the com-

U] P. Maxfield and W. J. Albersheim,
“Acoustic Constant of Enclosed Spaces

Correlatable with Their Apparent Live-
ness.” J. Acous. Soc. Am. Jan. 1947, p. 71.

4.0

REVERBERATION TIME- T

©
~

%

Fig. 1. Reverberation time chart for values of V/S from 0 to 5.
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puted reverberation time is: 7 =kV/S
which is an absurdity, since when no
sound is reflected, the reverberation
time is zero.

Eyring Formula

C. F. Eyring in the J. Acous.
Soc. Am. in 1930 gave a new analysis
which appears to be closer to the
actual case. He arrives at the formula:
o 194 :

=SxIn(l-a)
have the same definitions as above.
There have been other approaches to the
computation of reverberation time, but
this expression is the one in most com-
mon use today.

One of the difficulties in the use of the
Eyring formula is the necessity of re-
ferring to a table of natural logarithms.
In addition, it is difficult to visualize
what change in @ would be required to
change the reverberation time of a room
after its existing characteristics have
been determined. These considerations
suggest the use of a chart or graph. By
rewriting the Eyring equation in the

in which the symbols

form T= we can get

i
[Cin(1-a)]°S
for any fixed value of @ the expression

V. . .
T=Cx 5 in which the numerical value

of the brackets has been replaced by C.
This is the equation of a straight line
starting at the origin and having a
slope of C. It is then possible to plot a
family of straight lines for T vs. /S
for different values of a. This has been
done and appears at Fig. 2. The range
of values for both T and V/S exceeds
the most extreme cases. The small out-
lined section in the lower left corner
covers the range most encountered in
studios and living facilities, and has been
expanded for greater accuracy in Fig. 1.

To use the charts, the values of V', S,
and a@ are found in the conventional
manner, and the ratio ///S determined.
The charts immediately give the rever-
beration time. The charts are also useful
when it is desired to find the amount. of
acoustical material required to correct
the acocustical properties of a room to
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achieve a characteristic within the
optimum range.

Since it may be argued that the use of
charts reduces the accuracy of the re-
sult, two types of check were made. The
methods recommended in the current
literature were examined and found to
give results varying over a range of six
per cent. Then a group of thirteen rooms
having volumes from 700 to 420,000 it®.
were analyzed and the reverberation
time computed by the formula and, in-
dependently, found from the charts. The
spread of the deviation of the chart
values from the computed values was
-1.05 to +3.8 per cent with an rms. de-
viation of 1.2 per cent. This variation is
within the limits of deviation of the
various methods presently in use. It
should also be noted that laboratory
measurements on the same panel give
absorption coecflicients that may vary

by as much as seven per cent, and the
assignment to a surface of a given value
with an accuracy greater than this seems
impracticable. An illustrative example is
given below. Several of the absorption
coeffiecents are from the author’s own
notes.

In cases where it is desirable to
achieve an exact reverberation time at a
given frequency, actual measurements
should be made during the construction
and correction of the enclosure and com-
pared to the computed values.” It is not
within the scope of this article to dis-
cuss methods of making the measure-
ments, but it is hoped that the charts
will simplify the work of those who con-
sistently work with the Eyring formula.

2W. W. Carruthers and D. P. Love,
“Building to the Acoustical Optimum New
Mutual-Don Lee Broadcasting Studios,” J.
Acous. Soc. Am. July 1949, p. 428.

EXAMPLE
Residence Living Room, 14x26x15.
5460 ft°
Absorp.-
f Arca tion
Material £t Cocffi-
cient
s a
Linole 268.5 .03
Hard m%r:)d
(Interior trim
and furniture) 180.5 .03
Soft wood 75.0 .04
Leather furniture 141.0 .03
Cloth drapes 112.0 .25
Class 84.0 027
Open doors 56.0 .25
Plaster 1467.0 05
5=2384.0
~ 1384
23384 = 0.058
V 5460, _
3338 = 23
T= .049 x 5460.

.049 x 5460

= 1.88 sec.

"2384. xIn(1 — 0.058)

T 72384.x (- 0.059T)

Volume

Absorp-
tion

o
e

N
WAND bW
HOWONO DL

=

w
G2
E

%

Fig. 2. Reverberation time chart for values of V/S from 0 to 20. Corner section enclosed in dotted lines is shown en-

larged in Fig. 2.
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NEW PRODUCTS

® Power Amplifler. Designed primarily
for use in commercial and industrial
sound systems, the recently-announced
RCA power amplifier Type MI-12188

supplies 70 watts to any of several load
impedances when bridged across a line of
3.3 volts rms. Frequency response is 30 to
and distortion is

15,000 cps low. The

amplifier comprises two stages, makes use
of feedback control, and contains a regu-
lated power supply. Provision is made
for adding a relay to control plate volt-
ages, and the amplifier also is equipped
for supplying filtered d.c. and 6.3 volts a.c.
to external equipment. Further technical
details may be obtained from RCA Victor
Division of Radio Corporation of America,
Camden, N. J.

@® 'I'npe Splleer. Operating in a manner
similar to an 8-mm film spiicer, the new
Jiffy Splice is a saver of both time and
tape. Splices are hardly visible and are not

detectable audibly during playback. De-
scriptive literature may be obtuined from
the manufacturer, Rason Manufacturing
Company, 61 Myrtle Avenue, Brooklyn,
N. Y.

@® TV-Tuner-Phono Cabinet. A boon to
custom builders is the new “Californian”
model cabinet recently placed in produc-
tion by Electronic Decorators of New
York. Retlecting highest quality construc-
tion throughout, the ‘Californian” is
unique in the fact that it is designed
essentially as a container for customn-
built radio-TV-phono components, and
thus overcomes the usual shortcomings
which exist when a plece of conventional
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furniture is adapted to this purpose. The
speaker compartment, for example, is
acoustically treated and is suitable for any
standard 12" or 15" driver unit. Remain-
ing compartments are designed to accom-
modate a tuner-amplifier combination,
record changer, and a 630-type television
chassis with 16" rectangular tube.
Adjustable shelves permit individual de-
sign of storage space. The "Californian”
is available in practically any modern
finish on standard order, or will be sup-
plied in finish to match customer's sample
at slight extra charge. Full description
will be supplied by Electronic Decorators,
121 Seaman Avenue, New York 34, N. Y.

® Decade Induetor. Announced as com-
panion Instruments to the c