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A—STANDARD

Long famous for the reliabil-
ity of Centralab’s non-rubbing
contact and long wall type
resistor. Available plain, or
with one, two, or three taps,
and with SPST, DPST, or
SPDT Underwriters Approved

Switches,

B—MIDGET

Small in size, put large con-
trol efficiency. Available sin-
gle, dual, or triple, plain, or
tapped, with SPST, SPDT,
DPST,

C—ELF

Small . . . but it too, features
the long, straight, resistor
strip, with SPST Switch . . .
with, or without dummy lug.
Switch rated . . . 2 Amps.
125 V.Underwriters approved.

For two decades CENTRALAB controls have been answering
the call for smoother performance. Today in countless mil-
lions of radio receivers these Smooth Controls are perform-
ing valiantly. And today . . . when the Call takes on a more
serioys aspect, Centralab Controls continue to answer in

increasing numbers. In mufti . . . cr in khaki . . . for smooth,
dependable service . . . insist on CENTRALABS.

CENTRALAB: Division of Globe-Union Inc., Milwaukee, Wis.

Centralab

RADIOHMS
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PHOENIX is an improved tracing cloth that defies
perspiration stains and water marks—that bolds pencil
smudges and erasure scars at a minimum, Now you can
have clean tracings, in pencil or ink, free from the
untidy “ghosts” that reproduce on blueprints!

For PHOENIX is ghost-proofed by a remarkable new
process that defies moisture, and gives you an unusually
durable working surface. You can use harder pencils
with this improved cloth and get sharper lines with
less tendency to smudge. Even 6H pencil lines show
R . - clearly, a'nd reproduce sharply! Erasing do'es not mar
Th 1S New TrdCl ng Cloth the dra?vmg s.urface; erased areas take pencil sﬁmoothly

—and ink without feathering. The new white color
and increased transparency provide excellent drawing

Pl‘evelﬂ's sca rs a nd Sta i ns contrast and produce strong !)lueprints. '
Let PHOENIX prove its merits on your own drawing

board. See your K&E dealer, or write for a gencrous

working sample and an illustrated brochure.

on your Drawings

EST. 1867

KEUFFEL & ESSER CO.

NEW YORK « HOBOKEN, N. J.

CHICAGO - ST. LOUIS - SAN FRANCISCO - LOS ANGELES - DETROIT - MONTREAL

PHOENIX DEFIES PHOENIX LESSENS PHOENIX REDUCES

MOISTURE GHOSTS SMUDGE GHOSTS ERASURE GHOSTS

REG. U.S. PAT. OFF. Perspiration and_ watersplashes The new improch surface of Ordinary tracing cloths be-
on ordn:naryutacmg clothcreate PHOENIX Tracing Cloth per- come scarred when erased. . .

“ghosts’” which reproduce on mits you to use harder pencils d duct eh
blueprints. PHOENIX Tracing (511 and 6H) and to gee  CF23¢¢ spots produce ghosts

Cloth withstands actual immer- sharper lines with less ten- on blucprints,

for pencil and ink sion in water for fully 10 min- dency to smudge. PHOENIX has a durable
——— utes at a time! Perspiration and Result: Cleaner tracings and drawing surface that reduccs

water marks will not stain it} blueprints, working scars to a minimum.




IN ALL RATINGS;

FOR ALL REQUIREMENTS

Type RS plate transformers
and reactors, oil-immersed
type, for large rectifiers.

&4

e
Ii
o Tlﬁ |
S
il 'Ft}r{'
i E R
i gé ';: gt:' i
P
dai st ft
3 s

AmerTran modu-
lation transform-
er, oil-immersed
type, for large
broadcast trans-
mitters.

AmerTran audio trans-
tormers and reactors are
available for all appli-
cations and meet exact
requirements,

Type W plate transformers
and reactors for all small
and medium high-voltage

rectifiers.

Type W filament transformer,
air- |nsu|afed type, for tests
up to 50 Kv. .

Continuous Research work by our
i engineers since the early days of radio

has made and maintained the AmerTran trade-
mark a symbol representing the ultimate in
transformers for communication and electronic
circuits. This also explains why our products
are preferred and used by so many of the larg-
est equipment manufacturers and best-equipped
broadcasting stations. Today our list of prod-
ucts covers the complete range of transformer
requirements for electronic tube circuits—from
the smallest audio unit used in an air-craft radio
receiver to the giant power and modulation
transformers for a 50,000 watt broadcast trans-
mitter. Furthermore, all types and sizes can be
produced economically either singly or in quant-

ity to meet your particular specifications.

® et us submit data on
transformers for your re-

quirements.

AMERICAN TRANSFORMER COMPANY

178 Emmet St.

Manufacturers NEWARK, N. J.
SINCE 1901

at Newark, N. J.
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WILLIAM BRAND & (OMPAN

Block Mica, Mica Plate and products—WVamished oil tubing, Saturated Sleeving, Vamished Cambric, Cloths and Composites

216 FOURTH AVE., NEW YORK, N. Y. 217 NO. DESPLAINES ST., CHICAGO, ILL.

ELECTRONICS — August 1941 )
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JUST HOW SMALL
IS A MIDGET RESISTOR?

The line of Globar Brand Resistors now includes a Midget
which is extremely small in size yet it is rated at 14 watt.

L e

ACTUAL SIZE: Y{" long by &' diameter
RESISTANCE RANGE: | ohm to 5 megohms
MAXIMUM RMS VOLTS: 200

® Globar Brand Resistors are of the ceramic type with exeellent voltage-
resistance and temperature-resistance characteristics. They are rugged: they are
not affected by hunid atmospheres; they retain their established resistance value
under normal loading: they have a low noise level and the effeet of radio fre-
quency on the resistance is negligible up 1o 30 megacycles. Standard resistance
tolerance: 59,—109,—209. All resistors color coded according to R.MUAL stand-
ards. A trial in your cireuits will verily these claims.

Globar Division

THE CARBORUNDUM COMPANY

L S.PAT. OFF.

NIAGARA FALLS, N. Y.

(Carbornndum awd Globar are registered trade-marks of and indicate manufacture by The Carborandum Company)

| T T
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ABD MV, RESTIFIER

) Wi RECTIRIER
£

e HIGH VOLTAGE ¢

RECTIFIERS

THE FIRST PRACTICAL HIGH VOLTAGE RECTIFIER AT LESS THAN 500
POUNDS FOR 100,000 VOLTS, 1000 WATT UNIT - SIMPLE REVERSAL
OF POLARITY - UNITS FROM 5000 VOLTS TO 200,000 VOLTS . . .

A basically new type of High Voltage
rectifier that is rugged, compact and
easily portable, built to withstand or-
dinary high voltage surges and sparks
without damage to the unit. Requiring

in metal, grounded cases, insuring safe
operation. This new design in rectifiers
creates a new and practical price level
for equipment in this field. We will
be glad to furnish data and quotations

no attention, the rectifiers are enclosed on your requirements upon request.
’ ’ Y

SLAYTER ELECTRONIC CORPORATION

NEWARK OHIO

ELECTRONICS — August 1941
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Whenever you see a lighting man taking a direct
measurement from a fluorescent or other special light
source . .. conveniently and quickly, and without con-
sulting correction tables . .
sure the instrument is a WESTON Illumination Meter.
For, all the WESTON models illustrated now are
equipped to provide direct measurement of the illumi-
nation from any light source ... regardless of the color
composition.

. you can be reasonably

The development of these versatile instruments
stems from WESTON’S time honored policy of pioneer-
ing in the development of new measurement tools . ..
then, continuing the research and development to con-
stantly provide the utmost in convenience and de-
pendability for the measurement need.

Complete information on WESTON instruments for
convenient light measurement, as well as for efficient,
automatic control of lighting, will gladly be sent on
request. Weston Electrical Instrument Corporation,
618 Frelinghuysen Avenue, Newark, New Jersey.

Laboratory Standards
AC Portables

. .. Precision DC and
. . . Instrument Transformers
. Sensitive Relays . .. DC, AC, and

Thermo Switchboard and Panel Instruments.

a«\»'

8
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DIRECT-READING
ILLUMINATION METERS

Model 703 Sightmeter
—equipped withthesta-
ble all-glass WESTON
perfected VISCOR filter

Model 603
WESTON
IHlumination Meter
{VISCOR filtered)

Model 614
WESTON
lHlumination Meter
(VISCOR filtered)

Specialized Test Equipment.. . Light
Measurement and Control Devices .. .
Exposure Meters. .. Aircraft Instruments. .
Electric Tachometers...Dial Thermometers.

\F on o "bR 5.) YEAR S sz 4@EBS IN ELE;Q‘TRI(‘AL MEAS URIA’G INS TRU ME]\ TG ~
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This Valuable
ENGINEERING DATA
AND PROPERTY CHART

J4 @amd o /?eguedﬂ

EVERY man who uses electrical insulat-
ing materials, chemical ceramics—in fact
any ceramic parts for technical applica-
tions, and every research laboratory will
find this Property Chart of value. It
will be sent free on request.

The chart contains exact data on the physical
properties of the most frequently used ceramic
compositions of the American Lava Corpora-
tion. It gives the predominant physical char-
acteristics such as: specific gravity, density,
volume, water absorption, chemical resistance,
color, softening temperature, resistance to heat
(safe limit for constant temperature), hard-
ness, linear co-efficient of thermal expansion,
tensile strength, compressive strength, modulus

of rupture, resistance to impact, thermal con-
ductivity, dielectric strength, volume resistivity
at various temperatures, Te values, dielectric
constant, power factor, loss factor and capacity
change per °C between 20-80° C. The chart
also contains graphs which give valuable infor-
mation on physical characteristics which are
difhcult to reduce to figures, such as linear
thermal expansion, dielectric strength and
volume resistivity at varying temperature.

This chart is strictly an engineering tool. All
data have been carefully compiled and checked
over a long period of time.

The chart portrays most forcibly an
outstanding advantage of ALSIMac. In
using ALSIMac the engineer is not
limited to one or two ceramic materials.
ALSIMac offers a wide variety of cera-
mic compositions of controlled and defi-
nitely determined physical characteristics
for your application. ALSIMAaG is eco-
nomically custom made into size, shape
and form indicated by your requirements.

Exactly file size, to fit
in cabinet or desk file.

Hangs on the wall of

All engineering data can
engineering department.

be seen thru desk glass.

Please address requests for Property Chart to:
AMERICAN LAVA CORPORATION, CHEROKEE BOULEVARD, CHATTANOOGA, TENNESSEE

Tk etk Mo 11,5 P, £,

AMERICAN LAVA CORPORATION * CHATTANOOGA * TENNESSEE

CHIGAGO « CLEVELAND « NEW_YORKE « 5T. LOUIS » LOS ANGELES « SAN FRANCISCO « BOSTON - PRILADELPEIA - WASHINGTON, D £

ELECTRONICS — August 1941 9
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DECIMAL EQUIVALENTS

015625 i 315628
03128 1B 53128
O4a6875 |

0628

078128

09375

109378

125

JA062S

18628

171878

1875

2031258

21878

2342375

OVERCOME THE LIMITATIONS
OF THE "IMPERIAL” SYSTEM

e The “IMPERIAL” is the customary system of measure- e The "YARD” . . . originally the circumference of a
ment used in the British Empire and in the U. S. A. man’s body, later the length of the first King Henry's
arm . . . still later became a multiple of the foot.
inni {f time, h tri to unif
From the beginning of time, man has striven to unily e The "INCH"” . .. the length of 3 barley corns . . . later

and simplify his measurements.

e The “CUBIT” . . . oldest known measure of length,
varied, but averaged 21.8” . .. Egypt had 3 different
cubits, 17” for the common man, 21" for the King, and
35" for the Sanctuary.

e The "FOOT" . . . originated in Greece . . . became the
standard unit of length in the early Olympic Games . . .
reputed to be the length of Hercules’ foot. Romans
based their system upon the Greek method, and forced
their Romanized code of measurement upon England.
When Brilain was again free, this Roman-Greek system
was modified . . . and thus started the “IMPERIAL"

system.

became 1/12th of a foot.

THE LIMITATIONS ARE THAT THESE UNITS ARE NOT
MULTIPLES OR UNITS OF DECIMALS.

Modern Engineering and Manufacturing demand flexible
and precise standards . . . hence the use of Decimal
Equivalents.

Time will not permit individual interpolations.

The CONTINENTAL-DIAMOND Decimal Equivalent Chart

is an indispensable aid to crash through the limitations

of the “IMPERIAL"” system . . . in colors . . . 23" x 35"
. easily read . . . gives Decimal Equivalents from

1/64th” to 64/64"

Write today for your free copy. Address 13 Chapazl

Street, Newark, Delaware.

C(u A Dm

(J FIBRE COMPANY

e ——— e ——————————————
“Manufacturers of Laminoted Plastics Since 1911 — NEWARK s« DELAWARE
e |
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ARMSTRONG’S LATEST CONTRIBUTIO

1o 2N

N

-

A NEW PHASE-SHIFT MODULATOR

Used Exclusively in the New @ DL Line of FM Broadcast Transmitters

SIMPLER — MORE EFFICIENT

MAJOR E. H. ARMSTRONG — the inventor of FM — has
recently developed a new phase-shift modulator circuit

which REL has now incorporated in all of the new DL line ® 6

of FM broadcast transmitters — now available for early de-
livery in five power ratings from 250 W. to 50 KW.
Remember — when you deal with REL — you deal with
FM’s Pioneer Manufacturer — with experience and knowl-
edge gained from having built and put in opetation — more
FM broadcast transmitters than all other nanufacturers
combined.

The general overall characteristics of
DL FM transmitters are:

* OPERATING FREQUENCY: Available
to operate on any predetermined frequency
from 40 to 50 mc. The exact frequency must
be specified when the order is placed.

* FREQUENCY STABILITY: These trans-
mitters are guaranteed to maintain their
frequency within less than 200 cycles of the
assigned frequency. The frequency is directly
controlled by a single crystal, without the
use of complicated mechanical or electronic
devices.

* FIDELITY: The overall response is with-
in plus or minus 1 db from 30 to 15,000
cycles.

* DISTORTION: The measured r.m.s. har-
monic distortion is less than 1% for all
signal frequencies between 50 and 15,000
cycles at + 75 ke, swing, (100% modula- ¥
tion) AND 1S LESS THAN .29, FOR FRE- |

QUENCIES FROM 400 to 15,000 CYCLES.

* NOISE LEVEL: The signal-to-noise ratio :
is better than 70 db, mecasured at the output ; ai .
of a monitor receiver. This is an unweighted :
measurement, with 150 kc. maxinum swing, i
and includes hum. %=

* INPUT: The audio input to the transmit-
ters is zero level, 500 ohms, 6 milliwatts.

* ECONOMY: New Type 558 Modulator
employs only 28 small tubes from program

oosh:

©@ee . |

The wew Type 558 modulator — built direcily
into the 250 and 1000 watt basic transmitter wunits,
which are used to drive amplifiers of all higher
bowers.

input to operating frequency—affording low-
est possible tube cost; for example, a com-
plete set of tubes for the new catalog 518
DL 1000 W. transmitter including modula-
tor is only $238.

Write for booklet describing this new DL line of FM transmitters.

RADIO ENGINEERING LABORATORIES, INC.

35-54 36th Street

Hlustrating a rew, exclusive REL feature:
Type 558 modulator panel hinged 1o swing out
of its cabinet — making all parts quickly and
casily accessible for adjustment and maintenance.

Pacific Coast sales offices:
5334 Hollywood Blvd., Hollywood, Calif.
420 Market Street, San Francisco, Calif.

Long Island City, New York

www americanradiohistory com




rI:elegraph engineers, extremely exact-
irg in their requirements, have been
qaick to discover in the L.T. & Te
Salenium Rectifier a ready adaptability

to the many demands of Telegraphy,
o.dest of all the electrical communica-
tion arts, for direct current from alter-
nating current sources.

Among the many outstanding features
of Selenium Rectifier in its application
t> Telegraphy are: good regulation for
keyed loads. . . compact, small size and
light weight which minimize space re-
quirements . .. extremely wide ambient
temperature range which makes it ideal
for field use under all conditions . . .
adaptability to closely regulated cur-
rents . . . stable output and long life . . .
assured high efficiency of operation and
low standby losses.

Because it is entirely metallic in con-

struction and has no moving parts, the
I.T. & T. Selenium Rectifier once in-
stalled requires no maintenance—a
feature of particular value to telegraph
field engineers.

1 T & T. Selenium Rectifiers are Completely Produced from American Material.
Consulting engineering services available for specific requirements.
Address Rectifier Division for descriptive bulletin.

AMONG OUR
CUSTOMERS

U.S. Army
U. 8. Navy
U. S.Marine Corps
U. 8. Coast Guard
All America Cables and Radio, Inc.
Assoclated Press
Civil Aeronautics Authority
Commercial Cable Company
Commercial Pacific Catle Company
Federal Telegraph Company
Finch Telecommunications, Inc.
Mackay Radio and Telegraph Company
Postal Telegraph Cable Company
R.C. A. Communications
Teletype Corporation
Tropical Radio Company
Western Union Telegraph Company
World Wide Communications

INTERNATIONAL TELEPHONE DEVELOPMENT CO., INC.

137 Varick Street, New York, N. Y.

www americanradiohistorv com
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Our assembly line had to be twice as
fast! Experts said: “Phillips Screws will
cut fastening time in half.” But how
could I afford Phillips?

THEY WERE

I TOOK OFF
MY COAT

Went down to our
assembly line . .
watched our screw-

MY BUSINESS
driving operations. Fumbled screws,

slipping drivers, scarred work, slow --- AND THEY WERE RIG“T
hand-driving — were wasting time ABOUT ASSEMBLY DELAYS!

and money!

TELLING ME HOW
TO RUN

oLD- my answer...PHILLIPS *
FASHIONED So I began to buy Phillips Screws . the
FASTENING?

screws with the tapered recess that clmgs
to the tapered driver and prevents driver
slippage. They cut our assembly time 50%
and went a long way toward solving our delivery-date

Yes, slotted screws
were costing me

moneythroughslow, bl W
.. roblem. We now —
wasteful screw-driving. And I had P v
thought slotted screws cost less because start fast with one hand drive fast in awkward positions

drive fast with power drivers  keep going fast without slipping

their price is less —and I was wrong! fast and tigh
seat screws fasf an 1ght.

PHILLIPS SCREWS MAY CUT YOUR ASSEMBLY TIME 50%

Look out for wasteful, slow-driving slotted screws — which, though they cost a few cents less than Phillips
Screws, are much more costly in the long run. For further information on how yoxr industry can speed
product deliveries with Phillips Screws, write to any of the firms listed below. p—

HILLIPS ’ssnums
RECESSED HEAD SCREWS SUPPIY

Souae Fondii7 Dol i iy (g Ao, Tt

WOOD SCREWS - MACHINE SCREWS - SHEET METAL SCREWS - STOVE BOLTS - SPECIAL THREAD-CUTTING SCREWS - SCREWS WITH LOCK WASHERS

U. S. Patents on Product and Methods Nos. 2,046,343 2,046,837, 2.046,839: 2,046,840; 2,082,085,
2,084,078; 2,084,079; 2,090,338, Other Domestic and Foreign Patents Ailowed and Pending.

American Screw Co., Providence, R. 1. The Lamson & Sessions Co., Cleveland, Ohio Pheoll Manufacturing Co., Chicago, il

Central Screw Co., Chicago, Iii. The National Screw & Mfg. Cn., Clovoland, Ohio Russell, Burdsall & Ward Bolt & Nut Co.,Port Chester, N. Y.

Chandler Products Corp., Cleveland, Ohlo New England Screw Co., Keene, N. H. Scovill Manufactunng Co., Waterbury, Conn.

Continental Screw Co., New Bedford, Mass. The Charles Parker Co., Meriden, Conn. Shakeproof Lock Washer Cn Chicago, Iit.

The Corbin Screw Corp., New Britain, Conn. Parker-Kalon Corp., New York, N, Y. The Southington Hardware Mf& Co., Southington, Conn.

International Screw Co., Detroit, Mich. Pawtucket Screw Co., Pawtucket, R. I. Whitney Screw Corp., Nashua, N. H.
ELECTRONICS — August 1941 13
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ANOTHER EXAMPLE
OF IRC LEADERSHIP

Hermetically sealed, entirely impervious to humid-
ity, and designed to new high standards of
stability and all-around performance, IRC resistor
types MFA and MFB represent still another out-
-standing example of the value of specialized
experience as applied to modern resistance engi-
neering problems. Produced in direct response to
an urgent defense request for precision voltmeter
multipliers that would perform dependably under
the worst humidity conditions encountered in
marine service, these new units are absolutely
watertight—to the point of being unaffected by the
famous salt immersion test. In addition, they are
exceptionally rugged, meet all dimensional re-
quirements of existing government specifications
and are fully approved.

It is engineering leadership of this sort that
explains the marked preference for IRC products
on all sides. Because IRC has consistently led with
the most important resistance developments, it
today stands as headquarters for units of proved
dependability plus unquestioned acceptability for
practically any radio or electrical requirement.
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Sealed
PRECISION
VOLTMETER

MULTIPLIERS

Ask for Resistance Data
Bulletin IV-B. Bulletin
on any other IRC Re-
sistor Type gladly sent

on request.

INTERNATIONAL
RESISTANCE CO.

403 N. Broad St. Philadelphia, Pa.
L]
Makers of Fixed and Variable Resistance Units in

more Types, Shapes and Sizes,and for Mcre Appli-
cations Than Any Other Manufacturer in the Werld.

August 1941 — ELECTRONICS



The largest and
smallest. Lapp
curved - side cones
—for a low power
pipe mast, and for p
the world’s largest \
vertical radiator—
1050 feet.

LAPP HAS MADE
142 DESIGNS

IN ANTENNA
STRUCTURE INSULATORS ’

.« ALL ARE BASED ON THE

LAPP (YWVEDSIE

COMPRESSION CONE

Each of the 142 Lapp units—for
self-supporting towers, guyed
masts and mast guys—is designed around the Lapp curved-side compression cone of
electrical porcelain. More than 20 years of service records prove that this Lapp design
meets every operating requirement. It affords double the strength of an ordinary
straight-side cone, assuring the maximum in security and permanence. Finally, each
insulator, before shipment, is tested by loading to 50% more than maxinum design
load. Most radio engineers know they’ve covered the insulator question adequately
when they say to their tower manufacturer, “Use Lapp Insulators.” La>p Insulator
Co., Inc., LeRoy, N. Y.

P =~

\ : e -
FOR SECURITY IN ANTENNA STRUCTURE INSULATORS

g S - —
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« Performance * Life - Cost -

CONTACTOR FACINGS
AND INSERTS

Each can be bettered
if Design INCLUDES
Contact Selection=

If you are contemplating the develop-
ment of new products that are con-
trolled or actuated electrically . . . be
sure that contact selection is given
thorough consideration at the same
time your engineers are developing
the designs.

By working with known electrical con-
stants it is often possible to improve
functional efficiency right from the
start. The service life and even the cost
of your product can often be improved
through this logical procedure.

Mallory engineers and metallurgists
will be glad to advise you on the factors
available in contact materials and de-
sign for the particular purposes you
require . . . and you may be sure that
their counsel will be unbiased, for only
Mallory makes electrical contacts for
every electrical purpose. Mallory’s ex-
perience is yours to command.

P. R. MALLORY & CO., Inc.

INDIANAPOLIS INDIANA
Cable Address—PELMALLO

Contact Catalog

NON- FERROUS AI.I.OYS—ELECTRICAI. CONTACTS
POWDERED METAL AI.I.OYS
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You Should Have the New Mallory

Your technical source files are incomplete if they
do not include this thoroughgoing reference
to Mallory’s standard electrical contact mate-
rials and designs. Write for your copy today.
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» CHEAT . . . The radio industry has
never been any rose when it came to
telling the absolute and complete truth
to prospective purchasers of receivers.
There is no purpose, perhaps, in calling
any one’s attention to faults or dis-
advantages in one’s product—but it is
equally as dangerous to brag about ad-
vantages that do not exist. Frequency
modulation is a case at point.

A radie receiver into which an exter-
nal f-m converter can be plugged will
not receive f-m programs any more
than a radio receiver with a phono-
jack will play records. Something else
is necessary. Any claims, implied or
explicit, to the contrary merely react
upon the poor dealer who sold the poor
customer the poor set.

Now, it is our idea that f.m. has the
following advantages over a.m. It is
wide band which means high tone fidel-
ity. It is free from man-made and nat-
ural static. It is free from inter-station

interference. The public has come to
believe f.m. represents these advan-
tages. Anything less than these ad-

vantages will come close to fraud in
the minds ef the public.

The transmitters and the allocations

in the ether will provide these advan-
tages—but it will be the receiver people
who will throw them away, if they are
lost. The wide-band feature requires
a good amplifier and a good speaker.
Anything less will debauch one ad-
vantage. Poor antenna installations
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CROSS

TALK

naturally will ruin another ad-
vantage. No limiter or poor limiter
will ruin still a third advantage—the
ability to get interference-free signals
from transmitters so spaced in the
ether that the 2-1 ratio between desired
and undesired signal strength may be
utilized.

All of these advantages taken together
mean f.m. to the public and the buyer
of a set which does not possess all of
them gets stuck.

Incidentally, signals from Zenith’s
Chicago f-m transmitter were heard
with considerable amazement and much
listening pleasure by one of ELEC-
TRONICS’ editors recently in New Jersey;
and contrary to our recommendations
an editor of Business Week took an f-m
receiver to his summer-place way down
in Pennsylvania. He is delighted—
gets Paxton like a house afire, and
Alpine like a ton of bricks. We, on
Long Island, enjoy the Yankee Net-
work news and weather bulletins from
Paxton without a hitch. Who said
f.m. was only good for short distances?

»HELP . . . In the first issue of
ELECTRONICS, long ago, it was stated
that the paper hoped to become a camp-
fire for council and a meeting ground
for a mutual exchange of helpful in-
formation among its readers. It seems
to us that if ever our hope comes true,
the time is at hand. Lack of materials,
of man power, of time are going to

www americanradiohictorv com

work very severe hardships on many
an electronics manufacturer unless
engineers find ways to save these basic
building blocks.

ELECTRONICS will be most happy to be
the meeting ground in which one engi-
neer can tell all the others how he has
saved time, effort, materials, or money
or has made an existing piece of equip-
ment last longer, or has found a substi-
tute for material now needed more
urgently for national defense than for
home or auto radios,

»84 ... We are happy to announce
that Nikola Tesla has just celebrated
quietly and happily his 84th birthday.
According to the papers he is working
on a new development; refuses to talk.

» SQUEAL . . Announcement by
Muzak, city-wide distributor of restau-
rant musie by wire in New York City
that a license had been secured to erect
a 117 Mc 1000-watt transmitter at
5th Avenue and 42nd Street for pur-
poses of broadcasting advertising-free
music to renters of receivers is a most
interesting invitation to watch an ex-
periment. The signals will have a
squeal on them so that the non-Muzak
receivers cannot receive the musiec.
This will probably excite a still-hunt
for a method of circumventing the
squeal—but anyhow the experiment is
worth watching, Needless to say the
transmitter will be frequency modulated.
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KCMO's

By L. C. SIGMON

KO MO Broadcasting /o
Kansas City, Mo

KCMO’s 5-kw transmitter plant showing directional antenna array

HE widespread interest shown

in  5-kw installations using
directional antennas for increased
power operation has prompted the
following description of KCMO’s
transmitting plant and unique di-
rectional antenna array.

The first problem encountered was
the selection of a suitable transmit-
ter site which had to be located due
east of downtown Kansas City, Mo.,
in order to give proper protection
to four other stations operating on
the same frequency. The trans-
mitter site had to be located within
narrow limits. It was necessary
that at least seven acres be avail-
able, preferably on open, level ground
to minimize the cost of grading and
removing any old buildings. The
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site selected had to be suftliciently
distant from Kansas City’s metro-
politan area so that the 250 mv/m
contour would not contain more than
I percent of the total metropolitan
population and yet a signal greater
than 25 mv/m was required in the
downtown business district. A field
intensity survey of a site near Kan-
sas City’s industrial district indicated
satisfactory ground conductivity,
and in addition it was near power
and telephone facilities and clear of
airlanes.
Installation

In the design of the complete in-

stallation the main purpose was to

design as efficient an installation as
possible within a reasonable cost.

www americanradiohistory com

All plans for the construction of the
transmitting plant, antenna, and
ground system were designed and
drawn by the KCMO Engineering
Department, which also supervised
the construction. The type of con-
struction used, made it unnecessary
to have a basement. Waterproof
troughs in the flooring were used to
carry the power wires, transmission
lines, etc. These troughs were lined
with No. 18 gauge copper which waxs
also used for the main ground sys-
tem in the transmitting building.
The troughs were built in the rein-
forced concrete floor and covered
over with removable steel plates.
The floor of the entire transmitting
building is covered with inlaid
linoleum, so arranged that the steel
plates can be removed without tak-
ing up the linoleum. The trans-
mitting building is heated by gas
steam radiators next to the side
walls thereby simplifying the heat-
ing problem. The 5000-watt water-
cooling system is arranged so that
a certain amount of heat can be re-
flected into the transmitting plant
when needed. This helps reduce the
heating cost. Large windows com-
pletely enclose the main transmit-
ting room giving excellent daytime
lighting.  Although the transmit-
ting building measures only 30 feet
by 20 feet, it is sufficiently large
for convenient operation. Most of
the furniture such as chairs, desks,
etc., is of metal construction. Special
precautions were taken to ground
all metal objects in the transmitter
building. A 3-inch, No. 22 gauge
copper strip enclosed in the brick
walls was used for grounding the
metal objects, and all connections
were welded.

The transmitter operating desk is
directly in front of the transmitter
with its speech and monitoring
equipment. The monitoring loud
speaker is mounted on the ceiling
three feet in front of the operating
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5-KW TRANSMITTER

Problems encountered in installing a modern broadcasting station. A three-element,

directive antenna for operation on 5-kw which can be switched to a one-element. non-

directional antenna working at 1-kw is discussed

desk. Mounted on the operating
desk is the master control panel con-
taining four remote r-f antenna me-
ters, overmodulation lamps, gain
controls, vu meter and other addi-
tional switches. Two relay cabinets
containing speech equipment, fre-
quency monitor, modulation monitor,
distortion meter, audio oscillator,
etc., are mounted one on either side
of the transmitter.

Directional Antenna Design

A great deal of consideration was
given to the design of the antennas
and their ground system for maxi-
mum radiation efficiency. Approxi-
mately twenty-four miles of No. 14
gauge copper wire was plowed into
the ground at a depth of six to eight
inches. The wire is spaced every
two degrees and extends out 170 feet
or one-quarter wavelength. The
ground wires running between tow-
ers are spaced approximately one
foot apart, and each wire is welded
to a three-inch copper strip running
down the center from tower to tower.
This strip extends to the transmit-
ting plant and is connected to its
main ground system. The outer ends
of all ground wires are connected to-
gether, and soldered to five-foot cop-
per ground rods driven into the
ground at regular intervals. Under
each tower, is a 34-foot galvanized
screen netting, placed on top of
crushed rock, and connected to the
main ground system. Galvanized
netting is used instead of copper
netting because it has nearly the
same efficiency at the lower frequen-
cies and affords a considerable sav-
ing in cost.

The line of towers for the direc-
tional array is 72 degrees clockwise
from true north. The location of
the line of towers was quite critical,
and it was necessary to take a solar
reading during the day on the sun.
As a double check, a reading was
taken on the North Star. It was
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rather interesting to find that these
two readings checked within a half-
inch in 300 feet.

The center antenna of the direc-
tional array is a copper cable sus-
pended vertically halfway between
the two towers. Insulators are in-
serted at frequent intervals in the
messenger cable which is fastened
permanently to the top of the west
tower, and connected to counter-
weights at the east tower. Each
element of the antenna system is
spaced one-quarter of a wavelength
apart, All three elements of the
directional array are used after local
sunset. During the daytime hours
when operation is non-directional,
power is fed to the center antenna
only. It was first thought that it
would be necessary to detune the
two end antennas supporting the
messenger cable to secure a non-
directional pattern, but it was found
that it was only necessary to ground
the two end antennas. This simpli-
fied the circuit for switching from
directional to non-directional opera-

Front view of transmitter showing the
control panel

wwWwW americanradiohistorvy com

tion. Under the center antenna two
antenna tuning units are mounted.
One houses the antenna coupling
unit for non-directional operation.
The other houses the directional an-
tenna terminating and relay equip-
ment. Only one terminating unit is
necessary at each end antenna. All
antenna units contain the necessary
relays in making the change from
directional to non-directional opera-
tion or vice versa.

Transmission Lines

Two transmission lines feed the
antenna system. One is a #-inch con-
centric line buried approximately 33
feet in the ground, which is below
the frost level in this section of the
country. It goes directly into the
brick building located ten feet south
of the center antenna. This build-
ing contains all power division and
phasing units for the directional
array. The transmission lines feed-
ing the two end antennas and center
antenna for directional operation are

19




The ground system, consisting of 24 miles of No.
14 copper wire buried 8 inches in the ground

also #-in  concentric lines. These
may be used either for feeding the
center antenna power for directional
or non-directional operation in case
of emergency. The change-over is
made by means of r-f relays. The
transmission lines are filled with
dry nitrogen gas at a pressure of 35
pounds per square inch to increase
the breakdown safety factor as well
as to prevent condensation forming
within the lines. The §-in transmis-
sion line running from the transmit-
ting house to the center phasing
house which is nearly 300 feet long
has been buried over a year and so
far it has not been necessary to add
additional gas. It has been necessary
to add some gas to the shorter lines.

Although the §-inch transmission
line is capable of handling 5000
watts, it was thought advisable as a
safety measure to add a second line
which. is?a 13-inch concentric line
consfihcfced above ground. This line
is mounted on grooved posts and is
anchored permanently between the
transmitting plant and center an-
tenna allowing expansion and con-
traction to occur from this point. A
special anchor section was installed
to prevent the inner-conductor from
creeping with respect to the outer
sleeve. The design of the line is
such that it may expand or contract
1% inches on either side of its
anchor. Over the top of the trans-
mission line a guard is mounted
which serves three purposes. First,
it offers protection from the direct
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Field pattern of the directional antenna sys-
tem indicaiing directions to protected stations

heat rays of the sun; second, the
line is protected from rain which
in the case of a thunder shower on a
hot day would cause the line to con-
tract rapidly; and third, the guard
serves to protect the line against
objects that might accidentally come
in contact with it. The transmission
line is easily accessible, it being
necessary only to remove the screws
that hold the boards in place. This
transmission line is also filled with
dry nitrogen gas, but has not held
the gas as well as the buried line
apparently because the line was as-
sembled in zero weather, and it was
almost impossible to get a good
sweated joint. The large concentric
transmission line is being used to
feed power from the 5000-watt or
the 1000-watt amplifier in case of
emergency by means of a relay to the
non-directional antenna.

The safety factor of all trans-

mission lines is such that presence
of gas is not required for insulation.
However, it does increase the safety
factor. Every precaution has been
taken in the design of the antenna
system to protect it from lightning
and static electricity. All r-f meters
that are not read continuously are
shorted out by means of a low resist-
ance shunting switch. These switches
have undoubtedly saved a number of
meters during electrical storms,

A Western Electric 2A phase
monitor was found to be most help-
ful in making the initial directional
antenna adjustments. With this in-
strument it is possible by means of
sampling loops mounted on each
tower to read the current ratio and
phase of any antenna combination.
Where all phasing and power divided
networks are centrally located, it is
a simple matter to make directional
antenna adjustments.

TABLE I—Operation of Directional Antenna

Transmitter amplifier load..............
Line current at transmitter.............

1. Feeder line current to antenna (West)
. Feeder line current to antenna (Center).......................

. Feeder line current to antenna (East)

. Antenna phase
. Antenna phase
. Antenna phase

WA = LN = WD =W

. Antenna base current (West)........
. Antenna base current (Center).......
. Antenna base current (East).........
. Phase monitor loop current.........
. Phase monitor loop current.........
. Phase monitor loop current.........

ma
amp
amp
amp
amp
amp
amp
amp
amp
ma

ma
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Diagram of the complete directional anienna system, including antenna phasing circuits

The Transmitter

KCMO’s transmitter is a Collins
21DA which is designed for either
1000- or 5000-watt operation. Anp
interesting feature of this trans-
mitter is the automatic return to
1000 watts in case of overloads in
the 5000-watt amplifier. When the
transmitter is operating in the 1000-
watt position, the 5000-watt amplifier
and 15,000-volt rectifier are com-
pletely idle making them accessible

for maintenance. The 5000-watt am-
plifier is driven by the 813 r-f am-
plifier tube which also drives the two
833 r-f tubes for 1000-watt opera-
tion. The two 833 r-f tubes are
high level modulated by two 833
tubes in Class B operation. The 892
water-cooled tubes in the 5000-watt
amplifier are grid modulated by the
845 tubes that act as audio drivers
to the 833 modulators when operat-
ing on 1000 watts. All power sup-
plied to the transmitter is taken from

a General Electric voltage regulator
which maintains very close line volt-

age regulation. The transmitter
also incorporates feedback circuits
for both the 1000- and 5000-watt

transmitter circuits, thereby reduc-
ing the distortion. The frequency
response of both transmitters is
within plus or minus 1} db from 380
to 10,000 cps. This installation is in
its second yeur of operation and has
proven very satisfactory in every
respect.

Circuit diagram of the transmitter showing swiiching arrangement for changing from 5-kw to l-kw operation
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200V - 60~ - 3p

00 n avdro
/npu¥

www americanradiohictorvy com

“20,000  REC

20,000 volts

3-C-375A

i '
[Q’ 3-C-375A



T ——

Frequency Response

C urve T racer i frequency of an audio generator is varied

logarithmically from the lowest to the highest
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Block diagram of curve tracer used in
obtaining the frequency response curves
of audio equipment

NE of the most satisfactory

methods of checking audio
amplifiers and acoustical apparatus
is that of measuring their gain
throughout the frequency range for
which they are designed. The instru-
ment described in this article was
designed primarily to facilitate this
work in production, but has also
been found very useful in laboratory
work. A number of methods have
been devised to examine and record
the response characteristics of elec-
trical and acoustical equipment. The

frequency and at the same time a logarithmic

sweep voltage is applied to a cathode ray oscilloscope. The

output of the generator is fed to the device under test and

its frequency response curve appears on the screen of the

oscilloscope

By s. F. EARHSLE, Jr. aﬂﬂ A. B. MUNUEL Nonotone Corp.

simplest method is the point by point
plotting of the output versus fre-
quency. This, although accurate, is
laborious. Another recording sys-
tem uses a drum mechanically
coupled to an audio oscillator with
a recording stylus to record the out-
put on coordinate paper carried on
the drum. Systems have also been
devised to slowly trace a frequency
response on a special high-persist-
ence cathode-ray tube screen.

In contrast to these methods, the
instrument described here gives a
continuous curve of the response
characteristic on a standard cathode
ray oscilloscope screen. By this
means the output of devices having
varying output over their frequency
ranges can be continuously observed
with greater rapidity than by other
means.
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The main parts of this device are
a saw-tooth oscillator and a beat fre-
quency oscillator. The saw-tooth
oscillator, used at a frequency of
approximately thirty cps, supplies
a linear sweep voltage to a frequency
control tube and simultaneously
moves the cathode ray beam across
the horizontal axis. The beat fre-
quency oscillator is arranged to have
its variable oscillator (which is
normally varied at the control of
the operator) left unchanged and
adaptable to its usual purpose. The
fixed oscillator is frequency modu-
lated at the frequency of the saw-
tooth oscillator by the action of the
control tubes. Thus, a variable audio
frequency wave is generated.

The setting of the variable oscil-
lator establishes the lowest frequency
from which the audio output can
sweep, and the sweep range is de-
termined by the setting of the con-
trol tube and auxiliary circuits.
Thus, the oscilloscope screen is not
limited to a picture starting at zero
frequency, but any portion of the
audio range can be instantly segre-
gated for examination.

This change of frequency of the
fixed oscillator is accomplished in a
manner analogous to that used in
automatic frequency controlled su-
perheterodyne receivers. The value
of the received signal alters the grid
potential of a control tube, which in
turn is coupled to the oscillating cir-
cuit in such a manner as to change
its frequency slightly and thereby
tune the set more accurately to the

Circuit diagram of the curve tracer. The

6L7 control tube frequency modulates the

fixed oscillator to provide a varying fre-
quency

August 1941 — ELECTRONICS



Typical frequency response patterns of hearing aid amplifiers.
left indicates greater response at the low frequencies and the other indicates
greater response at higher frequencies

signal being received. In both sys-
tems the control tube plate circuit
is connected in parallel with the
oscillator coil. The effective induct-
ance of this coil is changed by alter-
ing the dynamic tube characteristic
through the action of the control
grid. The amount of control is estab-
lished by the value of the bias poten-
tial applied to this grid.

The control tube in this system
generates out of phase currents in
its plate circuit by the action of a
phase changing network connected
between the plate and a grid. The
amount of inductive control is
varied by applying the discharges of
the saw-tooth oscillator through suit-
able range control circuits. If these
functions are all arranged for con-
trol by one grid, undesirable inter-
action occurs between the circuits
having the different functions. A
pentagrid tube (6L7) was therefore
used. In this tube a screen separates
the two control grids and thus
eliminates interaction between them.
The range of frequency change is
controlled by varying the mutual
conductance of the control tube. This
is accomplished by varying the bias
of the first grid, which has a remote
cutoff characteristic. The instan-
taneous frequency is determined by
the out of phase signal fed back
from the oscillator tank circuit
through the phase-shift network to
the third grid. If the tube is biased
to cutoff, it causes no change in the
tank circuit inductance. Reducing
the bias of the control tube’s first
grid increases its mutual conduct-
ance, thereby shunting the induct-
ance of the coil with an apparent
inductance and raising the frequency
of the fixed oscillator.
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The pattern on the

It is usually desirable to have a
logarithmic spread of the frequency
spectrum on the cathode ray screen.
This can be obtained by varying the
bias of the control tube in linear
saw-tooth fashion and using a tube
whose mutual conductance changes
substantially logarithmically with
grid bias. The output frequency of
the audio oscillator approximates a
straight line function of the mutual
conductance. The frequency will
then vary logarithmically with time.
By using the same saw-tooth wave
as the oscilloscope sweep we obtain
logarithmic spread of frequency on
the oscilloscope screen.

The output of the signal gen-
erator will rise from a low frequency
to a higher frequency if the first
grid is biased to cutoff and the phase
of the sweep voltage applied to the
first grid of the control tube is so
chosen that it rises from a negative
to a positive value. By changing the
tube parameters and circuit con-
stants, the system can be varied
from a logarithmic to a nearly linear
frequency spread on the oscilloscope.
In order to secure a good frequency
range, a beat oscillator was chosen
whose tank circuit frequency could
be widely varied with only a small
change in inductance. TUniform
audio frequency response charac-
teristics are also desirable.

The range of audio frequency
sweep is controlled by varying the
alternating voltage on the first grid.
This voltage has a saw-tooth wave
form going positive and negative
about a biasing value equal to half
of the peak value subtracted from
the cut off voltage. This biasing
potential must be varied in order to
keep the minimum frequency of the
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fixed oscillator constant and occur-
ring simultaneously with the peak
of the saw-tooth wave. A multiple
potentiometer system was developed,
by which the bias of the first grid is
varied in suitable proportion to the
magnitude of saw-tooth potential
applied. The range of sweep may
be varied from very low values to
fifteen thousand cps.

The frequency of the saw-tooth
oscillator in the instrument de-
scribed is approximately thirty cps.
This frequency gives a good clean
picture on the standard type medium
persistence screen cathode ray tube.
With this frequency, the low usable
limit of the instrument is approxi-
mately a hundred cps. In order to
examine frequencies of lower value,
a slower sweep frequency can be
provided for use with a long persist-
ence cathode ray screen.

The calibration of the instrument,
dynamically, can be accomplished
easily by the use of a Wien Bridge
connected between the output of the
signal generator and the vertical
plates of the cathode ray tube. The
bridge can be calibrated at fixed fre-
quencies, and when it is- placed in
the output circuit will show a sharp
narrow V notch point at the fre-
quency points to be determined. With
the range control set to sweep from
zero to 10,000 cps, the mid-point of
the cathode ray screen was found
to be 1,000 cps, indicating a very
close approximation to a logarithmic
frequency scale.

The modulator is provided with
two output connections. One set of
connections is made directly to the
horizontal amplifier terminals of the
oscilloscope. The other set of con-
nections, provided with taps at vari-
ous impedances, supplies the vary-
ing audio signal. This is connected
to the amplifier under test, the out-
put of which is connected to the ver-
tical amplifier of the cathode ray
oscilloscope.

This instrument has been found
useful for testing all types of electri-
cal and acoustical instruments, both
in the laboratory and on the pro-
duction test floor. The testing of
microphones, receivers, filters, am-
plifiers, etc. is rapid and accurate.
The instrument can be used for com-
parison of the product with a stand-
ard by a single switching system.
One instrument has sufficient power
to operate several test positions, each
using a separate oscilloscope.
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PHOTOGRAPHIC ANALYSIS
OF TELEVISIONIMAGES

EASUREMENT techniques in

television engineering have
thus far been largely restricted to
the electrical performance of the
system. Comparatively little atten-
tion has been paid to measuring the
visual qualities of the reproduced
image, except as they are revealed
in a standard test chart. The test
chart, however, does not reveal the
performance of the system when
engaged in its primary function of
reproducing a program. To study
the changing scenes of a program
some means of recording a single
frame must be available. This
article describes a photographic
technique for studying the quality
of television program images.

The Equipment Used

A miniature camera (Contax I)
was chosen because lenses of the
necessary high speed are available
economically (comparatively) for
such cameras and because many ex-
posures may be made and processed
conveniently under identical condi-
tions. The basic lens used is a Zeiss
Sonnar 5-cm, f/1.5, fitted with
auxiliary lenses (Proxar 1 and
Proxar 2) for reducing the lens-to-
object distance to a minimum of 8
inches.

A rigid copying stand was con-
structed to fit directly over the pic-
ture tube of the television receiver.'
A ground-glass focusing screen and
auxiliary magnifier were used to
bring the image into sharp focus on
the film. For standardizing the
density range when measuring con-
trast, a miniature step tablet (cali-
brated transparent gray scale) was
employed within the camera, in di-
rect contact with the film. A stand-

(1). The receiver is that described by the
author in ELBECTRONICS, September, 1939,
page 16: “A Television Receiver for the
Home.” The receiver employs a nine-inch
9AP4 picture tube, has an effective video
range of 3.5 Mec. and is capable of develop-
ing about 40 volts peak-to-peak on the pic
ture tube grid.
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Fig. 1-—The copying stand in place over
the picture tube. The mirror has been re-
moved and the connections to the vertical
scanning coil reversed to simulate the re-
versing effect of the mirror

ard exposure meter (Weston 715)
was used for direct measurement of
the fluorescent light.

The electrical equipment consisted
of a 0-100 wa microammeter for
measuring the second anode current
(beam current) of the picture tube
and, with a calibrated resistance, for
measuring the second anode voltage.
A direct-coupled cathode-ray oscillo-
scope was used to measure the peak-
to-peak values of the signal voltage
applied to the picture tube grid.

For processing the film, tank de-
velopment was used. In general the
instructions of the film manufac-
turer® were closely followed as to
temperature and time of develop-
ment, agitation, etc. An Eastman
Capstaff-Purdy densitometer was
used in measuring the densities of
the negatives.

All of the images photographed
were broadcast by the National
Broadcasting Company from Station
W2XBS, New York, at 441 lines, 30
frames per second, on the 50-56 Mc
channel during the period April 11
to May 11, 1941. More than 500
exposures were made during this
period. Photographs of the equip-
ment are shown in Figs. 1 and 2.

Basic Exposure Data

Table I shows the results of a
number of exposures made under
standardized conditions with dif-
ferent film emulsions. The data were
taken as follows: The fluorescent
screen was uniformly illuminated by
reducing the contrast control until
no image was visible, and adjusting
the brightness control so that beam
currents of 1, 3, 9, 27, 81, and 243
na were obtained in succession. Beam
currents were taken in logarithmic
progression, since the density is
roughly proportional to the logarithm
of the beam current.

Fig. 2—The Contax in the focusing posi-
tion with back removed
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(2.) "Kodak Films—A Data Book on Nega-
tive Materials” Eastman Kodak Company,
Rochester, N, Y., 1939.
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Improvements in television, within the newly established standards, depend largely on

studies of the visual quality of the images. This paper describes a technique of using
structure, image contrast, brightness, and noise effects

photography to study line

By DONALD G. FINK

Managing Editor (On Leave), Electronics
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Fig. 3—Determination of the gamma of the film by plotting
density against the logarithm of the beam current.
beam current per unit area is proportional to the exposure, this
plot is similar te the usual D-log E characteristic for photographic

materials

In general the 1 pa setting gave
a barely visible scanning pattern
when viewed in total darkness,
whereas the 243 pa setting was con-
siderably brighter than the brightest
highlights of the image as cus-
tomarily used in viewing programs.
The average brightness employed in
viewing programs corresponds to
the range between the 9 pa and the
27 pa settings.

The exposed film was developed
in a tank under the conditions
specified in Table I. The values of
density on each negative were meas-
ured with the densitometer, taking
care to measure the same por-
tion of each frame, since the scan-
ning pattern was not uniformly
bright over the screen surface.

Table I is in no sense a general
table of exposure-density informa-
tion, since the values given are
based on a particular sample of the
P4 phosphor. Wide variations in
the luminous conversion efficiency of
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Since the pearance.

this phosphor, as well as its spectral
output, arises in processing the tube
during manufacture, and these quan-
tities also vary with the age of the
tube. Moreover the table does not
apply to other phosphors which
generally have quite different lum-
inous efficiencies and spectral out-
puts. Finally, the table is not based
on a sufficient number of different
observatioris to have general sig-
nificance. Nevertheless it will serve
as a guide in selecting initial test
exposures in similar investigations.
The values of exposure given in the
table for Super X, Panatomic X, and
Plus X are those found satisfactory
in this investigation for general
photography of television program
images. The highlight density with
such exposures ranged from 1.2 to
1.4 corresponding to a beam cur-
rent (at 6600 volts) of 75 to 100 pa.
The shadow density was close to the
base density of the film, correspond-
ing to beam currents below 5 pa.

wWwWwW americanradiohistory com

Fig. 4—Effect of brightness and contrast controls on image ap-

Brightness control varied from left to right with beam

currents of 50, 25, and 12.5 microamperes, respectively. From

top to bottom the video signal voltages (affecting contrast) are
28.3, 17.4 and 13.0 volts

The table may be used as a guide
when the beam current, second
anode voltage, scanning pattern
area, shutter speed or- aperture
have values other than those given
in the table. The following rela-

tionships indicate the necessary
conversions,

1. The photographic exposure
(in say, meter-candle-seconds) is

directly proportional to:

The shutter time.
The beam current, for a given
second anode voltage.
The second anode voltage, for a
given beam current.
2. The photographic exposure is
inversely proportional to:

The square of the numerical lens
aperture (f-number).
The area of the scanning pattern.
3. The negative density, over the
straight portion of the H. and D.
curve is a linear function of the
logarithm of the exposure.
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In summary:

17 s

Negative Density = Kilog, .= a
n Ap

+ K
where

t. = shutter time
%,y = beam current
ex; = gecond anode voltage

n = numercial aperture of the lens
(f—number)

Ap = area of the scanning pattern, and
K,, K, are constants,

The maximum negative density,
for a given exposure, may be in-
creased by employing a more active
developer, increasing the develop-
ment time, and increasing the tem-
perature of the developer, but grain-
iness, fog, and danger of spotting
are all thereby increased. Negative
intensification may also be used to
increase the density after processing.

Determination of Program-Image
Brightness Ratios

The measurement of the contrast
and gradation of program images,
as distinguished from test charts,
has been almost wholly neglected up
to the present. The only means
known to the author of measuring
these quantities under program con-
ditions is photography applied un-
der standardized conditions. A
major purpose of this study was to

A
|
e,

Fig. 5—Properly interlaced line structure.

Note the appearance of the converging

lines in the resolution wedge. Taken at 8
inches from end of picture tube

such program-image contrast ranges.
Two methods were investigated.
The first method, the one least
subject to experimental error, in-
volves the compilation of the infor-
mation shown in Table 1. The
method consists in making five or

':-‘Ej.:.'. o P

develop a technique of measuring six exposures to the uniformly-

TABLE 1
NEGATIVE DENSITIES RESULTING FROM EXPOSURE TO FLUORESCENT LIGHT
(White-light Phosphor “P4”)

!
sec. every 3 min. ‘

Film, exposure, and processing G:::' Densities
| ‘ Beam Current, ua™*
IBase‘ : .
| 1 3 9 i 27 81 243
- - R . A R P
Super XX' Exp, 1,25th sec. at f 1.5.: 0.8 0.4 ]0.45 0.60 | 0.80 | 1.10 | 1.35 1 60
Dev. 18 min. in D-76 at 71°F.  Agitated| '
10 sec. every 3 min. | | |
Plus X/ Exp. 1/10th sec. at f 1.5. Dev.| 0.85 1 0.40 | 0.50 | 0.65 | 0.95 | 1.20 | 1.45
14 min. in D-76 at 70°F. Agitated 10! |
[

Panatomic X/ Exp. 1,10th sec. at f 1.5. |0.50 | 0.70 | 0.95 | 1.20 ‘ ..

Dev. 11 min. in D-76 at 71°F. Agita- . | | |

tion 10 sec. every 3 min. | | [
F. G. Plenachrome,/ Exp. 1 10th sec. at 0.85 | 0.35 | 0.35 | 0.40 | 0.65 0.90 | 1.15 ’

f/l..S. Dev. 15 min. in D-76 at 70°F.| | l

Agitation 10 sec. every 3 min. | | ’ | l
Microfile/ Exp. 1,2 sec. at f/1.5. Dev. 1.3 0.35 ] 0.35 l 0.35 40 | 0.60 | 1.10

5 min. in D-76 at 71°F. Agitation 5
sec. every 1.25 min.

N *kDensi)ty of the processed film in portions not exposed to light (density due to fog, anti-halation
ack, etc.).

** P)‘t a second anode voltage of 6600 volts, and a scanning pattern area of 42.5 sq inches (W =275
sq cm).
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Fig. 6—Pairing of interlace, artificially in-

duced by improper setting of vertical sync

control. Note how lossg of every other line
impairs definition

illuminated scanning pattern, each
at a different value of beam current.
The corresponding negative densi-
ties are measured with a densito-
meter, and a plot made between the
logarithm of the beam current and
the density. Since the logarithm of
the photographic exposure is pro-
portional to the logarithm of the
beam current (assuming constant
second anode voltage), this plot is
a sensitometric plot (H. and D.
curve) of the film characteristics.
The slope of the straight-line por-
tion of the curve is the gamma of
the film. Figure 3 shows the de-
termination of the gamma of the
films shown in Table I. The films
texcept Microfile) were developed
to an indicated gamma of 0.8, ac-
cording to the manufacturer’s in-
structions. The actual values of
gamma, measured by the above
method, range from 0.78 to 0.85.
Once the gamma has been de-
termined for a given roll of film, it is
possible to measure the contrast (or
brightness ratio) present in any
frame taken on the same roll of
frame, since the emulsion and pro-
cessing conditions are sensibly con-
stant for that particular roll. The
advantage of miniature photography
in this method is apparent, since a
36-exposure roll permits taking
about 30 program images, leaving
the remaining 6 for calibration in
accordance with the above procedure.
The contrast of a screen image
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may be expressed by the ratio of
the brightness of the brightest por-
tion of the image to the brightness
of the darkest portion of the image,
as it existed on the screen at the in-
stant the photograph was made.
The brightness ratio of a program
image is determined by measuring
the density of the most dense por-
tion of the photographic negative,
D, as well as that of the least dense
portion, D.. The difference between
these density values is then divided
by the gamma value, ¥, determined
from the calibration. The antilog of
the result gives the brightness ratio,

Brightness ratio=Antilog,, [(Dm —Dg) /v

This method of measuring program-
image brightness ratios takes into
account all the factors influencing
visual contrast, whether they arise
from apparatus limitations, signal-
to-noise limitations, or optical effects
such as halation.

The second method of measuring
program-image contrasts is simpler
because it can be carried out with-
out measuring the beam current,
that is, without the use of electrical
measuring equipment. A calibrated

Fig. 7—Image, photographed at 1/100 second, showing the
alternate lines of a single interlaced field. Note diamond
shaped pattern superimposed on vertical resolution wedges

step-tablet (transparent gray scale)
is used to determine the gamma of
the film by taking one exposure of
the screen, uniformly illuminated at
maximum brilliance, through the
gray scale. A simple means of so do-
ing is to place the gray scale in
optical contact with the film. The
Eastman photographic step tablet
No. 1, is suited to the purpose. It
has ten steps with increments of
approximately 0.15 density unit per
step, covering a total density range
of 1.5 or a brightness ratio of 31.6
times. This step tablet is of such
size that it may be conveniently
covered, in contact, by a single
frame of miniature 35-mm film.

The method is as follows: The
step tablet is inserted in the camera
over the frame opening, held in place
by a small piece of adhesive tape,
and the film threaded into the cam-
era in the usual way, over the tab-
let. The camera is then set up
before the picture tube, which is
operated with the contrast control
off (no image, uniform illumination)
and the brightness control at or near
its maximum position. The film is
then exposed in the usual way. The

Fig. 8—Effect produced with short exposure time when slit
of focal plane shutter moves opposite to progression of
lines built up in formation of image
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camera is then opened in a darkroom
(or the film rewound so the camera
may be opened in a lighted room)
and the step tablet removed. The
remaining frames of the roll are
then exposed to program images.

After processing, the exposure
taken through the step tablet
shows gradations of density which
are measured with the densitometer.
These values of density are plotted
against the density of the step-
tablet sections. The slope of the
straight portion of this curve is the
gamma of the film. The scene bright-
ness ratios represented by other
frames on the same roll of film are de-
termined, once the gamma value has
been measured, by taking the anti-
log of the density range divided by
the gamma.

The success of this second method
of gamma calibration depends on
the fluorescent screen being uni-
formly illuminated, at least over a
region sufficiently large in area so
that the density measurements can
be made on the successive steps in
the image. The surface of the tube
may be explored with an exposure
meter to give an approximate indi-

Fig. 9—Effect produced when slit of focal plane shutter
moves across lines of the image for exposure times of ap-
proximately 1/100 second or less

Fig. 10—Reduction of detail and contrast in image of boxer
and referee, resulting from severe noise.
about one-third of the image

Area shown is




cation of the uniformity of illumi-
nation. If there is any doubt, the
calibration should be carried out by
the first method outlined, using suec-
cessive exposures at known values
of beam current.

An example of the measurement
of program-image brightness ratios
by the second method is shown in
Table II. The gamma of this film
(subject to error due to non-uni-
formity of illumination of the pic-
ture tube across its surface) was
found to be 0.6. The corresponding
density ranges, brightness ratios,
and average brightnesses are tabu-
lated for several values of average
beam current and for several values
of peak-to-peak signal voltage ap-
plied to the control grid of the pic-
ture tube. All of these exposures
were taken with the standard test
chart so that comparable densities
could be found. .

Inspection of Table IT shows that
the brightness ratio increases as the
peak-to-peak video signal increases,
as is to be expected. It shows also
that as the average brightness
(average beam current) is changed,
a point of maximum contrast is
found in each case at 25 pa, whereas
lower contrast is found at low
brightness (12.5 pa) and at high
brightness (50 pa). The increase in
the brightness ratio is most pro-
nounced in the lower values of peak-
to-peak grid signal voltage. This
technique is a ready means of
studying the proper operation of the
picture tube to obtain maximum
contrast. Figure 4 shows the test
chart images on which Table II is
based.

In a typical program image the
brightness ratio between the an-
nouncer’s brow and his hair, the
highest value encountered in this
study, was found to be about 15
times. It should be pointed out
that the ratio of the correspond-
ing beam currents in this case was
considerably greater than 15 to 1,
since part of the ‘“electrical” con-
trast is lost due to halation in the
picture tube screen.

Studies of the Fine Structure
of the Image
Photographic technique is neces-
sary whenever the fine structure of
a program image is to be studied,
since the scenes shift too rapidly to
permit direct visual study. Even
when a test chart is used, photo-
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graphic study serves a purpose in
revealing the structure of individual
frames and fields.

In applying the miniature camera
to this problem, it is necessary to
employ auxiliary lenses to obtain an
enlarged negative image, free from
the effects of photographic graini-
ness. A single auxiliary lens of 2
diopters power (Proxar 2) at an ob-
ject distance of 12.5 inches was
found to produce an image of the
9-inch screen which nearly filled
a single frame of the film. The grain
of Super XX film processed nor-
mally corresponds to about 1000-
line definition. Thus when a tele-
vision image fills the film frame, the
film definition is sufficient to reveal
the line structure clearly.

T
: |
; | |
Scanned Area
| 275sqcm |
Eb2=6600 vo/)‘sI

Fig. 11— Calibration of brightness against
beam current of the 9AP4 tube used in
this study

For accurate examination of the
structure, however, the film frame
should cover less than the full area
of the television image. Two aux-
iliary lenses (Proxar 1, 1 diopter
power and Proxar 2, 2 diopters
power) were used, one on top of
the other, to reduce the lens-object
distance to 8 inches, when the
camera was normally focused for 3
feet. Under these conditions the
film frame covers about one-third of
the television image and the grain
does not obscure the content of the
image.

Figures 5 and 6 show typical test-
chart images photographed in the
manner just described. The vertical
scanning amplitude was exaggerated
to show the line structure more
clearly. Figure 5 shows a normal,
properly interlaced pattern. Figure
6 shows an image with paired inter-
lace, which displays the characteris-
tic spurious pattern over the verti-
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cal-definition wedge. Other aspects
of line structure may be studied
conveniently in this manner.

The study of the structure of in-
dividual fields is possible if an ex-
posure of 1/60 second or less is
used. Figure 7 shows such an ex-
posure made in 1/100 second at
/1.5 on Super XX film. The image,
since it is composed of alternate
lines, is very similar to the paired-
interlace image, and it displays a
similar spurious pattern on the ver-
tical-definition wedge. The lines at
the top of the image are the begin-
ning of the next field.

The synchronism of this particu-
lar exposure with respect to the field
scanning was a matter of chance.
Synchronism can be assured if a
square-wave generator is available.
The output of this generator, oper-
ating at 30 cps and synchronized
by the vertical sync signals, is ap-
plied to the grid circuit of the pic-
ture tube. The positive halves of
the square waves permit the picture
tube to assume normal brilliance
during alternate fields, whereas the
negative halves of the waves blank
out the intervening fields. If a suc-
cession of exposures is made at
random, however, with a shutter
speed of about 1/100 second, one
frame covering a single field almost
always results.

In photographing images at these
short exposure times, care must be
taken in the orientation of the focal
plane shutter with respect to the
lines of the image. The lines are
formed in succession from top to
bottom of the picture when viewed
upright. Accordingly the slit of the
focal plane shutter should be par-
allel to the lines and should proceed
from top to bottom of the image, as
it falls on the film. In the Contax
camera, this condition is met when
the long axis of the camera is par-
allel with the long axis of the tele-
vision image, and when the top edge
of the camera is opposite the bottom
edge of the image (i.e., the camera
is held upside-down before the im-
age). If these precautions are not
observed, the effects shown in Figs.
8 and 9 may be obtained. In Fig. §,
the motion of the shutter slit is
opposite to the progression of the
lines and an exposure is obtained
only in the narrow regions where
the two motions coincide. If the
motion of the shutter slit is across
the image, the effect shown in Fig.
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9 is obtained. This image, inci-
dentally, offers an excellent means
of calibrating the velocity-time curve
of the shutter motion, since the in-
terval between lines is known to be
1/13,230 second in this case
(1/15,750 second for 525-line, 30-
frame images).

In one experimental exposure of
1/500 second, made to determine the
limiting usefulness of photographic
lenses and films, a recognizable im-
age was obtained during the blank-
ing interval, that is, solely from
the light of the phosphorescent after-
glow. The density is too low to
permit any quantitative measure-
ments, however.

Another aspect of the fine struc-
ture of television images, the effect
of noise, was also briefly studied.
Figure 10 shows a frame (1/25 sec

photographic method is virtually the
only approach to the study of noise
effects in television images since the
random nature of noise makes vis-
ual observation inconclusive.

Determining Average Brightness

The average density of a photo-
graphic image corresponds to the
average logarithm of the bright-
nesses of the original scene. Hence
if the average density can be
determined from the negative, the
relative average brightnesses of dif-
ferent exposures on the same roll of
film can be compared. However,
quantitative averaging of density
values is almost impossible by di-
rect visual observation. The averag-
ing process may be carried out in a
photoelectric photometer, by a sub-
stitution method, using a neutral

this investigation, average screen
brightness against average beam
current. This curve reveals that the
average brightness corresponding
to the average beam current (30
pa) usually employed in viewing, is
about 1 candle per square foot.

Tests with the Weston meter
made in this work reveal that the
speed ratings of the films when ex-
posed to fluorescent white light are
somewhat lower than the corre-
sponding ratings for daylight, but
higher than those for incandescent
light. Typical approximate values
are 80 (Weston) for Super XX and
24 (Weston) for Panatomic X.
These speed ratings are derived
from the exposures shown in Table
I, on the assumption of an average
brightness of 1.6 candles per square
foot.

TABLE II

BRIGHTNESS RATIOS VS VIDEO SIGNAL AMPLITUDE

AND AVERAGE BEAM CURRENT

Fig.
atlantic telephone, in NBC studios.
documentary purposes

at f/1.5, Super XX) of a boxing
match in which a large amount of
noise was present, presumably in
the camera preamplifier. The bright-
ness ratio due to the noise compon-
ents is difficult to measure, because
the areas of the individual pulses
are so small, but an approximate
value may be found. The frequency
content of the noise bursts also may
be determined roughly. (The funda-
mental frequency of a particular
noise impulse, in Me¢, may be as-
sumed to be the inverse of twice its
duration in microseconds. The dura-
tion is about 1 microsecond for
every 2 percent of the picture width
occupied by the noise peak.) The
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12—British refugee child listening to parents via trans-

Peak Average Average
Frame to-peak Density** Brightness Beam Brightness
Number Video Volts* Range Ratio*** Current (c/1t)
19 28.3 0.60 10.0 50 1.70
20 28.3 0.61 10.5 25 0.85
21 28.3 0.52 7.4 12.5 0.43
22 17.4 0.46 5.9 50 1.70
23 17.4 0.57 8.9 25 0.85
24 17.4 0.46 6.0 12.5 0.43
25 13.0 0.43 5.3 50 1.70
26 13.0 0.53 7.6 25 0.85
27 13.0 0.48 6.3 12.5 0.43

* From black

** Difference between maximum and minimum densities.

Typical image recorded for

***Antilog,, (Density Range of Negative/0.60).

Gamma — 0.60.

to maximum white, exclusive of sync signal amplillude.

gray film of the same area. But by
far the simplest method of measur-
ing the average brightness of a
television image is by measuring
the average beam current. This
method has been used in Table II
in comparing the average bright-
nesses of images made with differ-
ent grid-signal voltages and corre-
spondingly different contrast ratios.

To express the average brightness
in photometric units, some form of
calibrated photometer is necessary.
A rough calibration may be made
with a sensitive portable exposure
meter (such as the Weston Model
715). Figure 11 shows such a cali-
bration made with the tube used in
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A valuable use of the photographic
system here described is in record-
ing images from programs having
some particular significance. An ex-
ample is shown in Fig. 12.

The author wishes to express ap-
preciation to Prof. J. B. Russell of
the Marcellus Hartley Research
Laboratories of Columbia University
under whose direction was con-
ducted a study of television quality,
of which this paper is a part. The
reader is referred to “Brightness
Distortion in Television” Proceed-
ings of the I.R.E., June 1941, for
a discussion of some of the theoreti-
cal aspects of the visual quality of
television image reproduction.
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SYNCHRONIZED VOLTAGES

By HAROLD GOLDBERG

University of Wiscansin

T is usual in biomedical research,
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