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MINIATURE COMPONENTS
FROM STOCK...

FOR HEARING AIDS...VEST POCKEYT RADIOS...MIDGET DEVICES

UTC Sub-Ouncer units fulfill an essential requirement for miniaturized components hav-
Ing relatively high etficiency and wide frequency response. Through the use of special
nickel iron core materials and windin methods, these miniature units have per-
formance and dependability characterlstﬁ:s far superior to any other comparable items
They are ideal for hearing alds, miniature radios, and other types of miniature electronic equipment

The coils employ automatic layer windings of double Formex wire.. in a molded Nylon bobbin All
Insulation is of cellulose acetate. Four inch color coded flexible leads are employed, securely anchored
mechanically. No mounting facilities are provided, since this would preclude maximuym flexibility in
location. Units are vacuum Impregnated and double {water proof) sealed. The curves below indicate
the excellent frequency response available. Alternate curves are shown to indicate operating charac-
teristics in various typical applications

D.C.
_Type Application Level _ Pri. Imp. _in Pri. Sec. Imp. Pri. Res. Sec. Res. SUBOUNCER UNIT
*S0-1 Input + 4vuUu 200 (] 250,000 16 2650 Dimensions...9/16” x 5/8” x 7/8”
. N 50 B 62,500 - Weight . 03 Ib.
$0-2 Interstage/3:1 + 4VUy 10,000 0 90,000 225 1850

*$0-3 Plate to Line + 20VU 10,000 3 mil 200 1300 30
25,000 1.5 mil 500

S04 outpst — yaovu 130,000 10mil 50 1800 43
$0-5__ Reactor S0 HY at 1 mil. DC 3000 ohms D C Res f . )
$0-6 Output S 20VU 100,000 Smil 60 3250 X

*Impedance ratio is fixed, 1250:1 for SO-1, 1:50 for $O-37 Any impedance between the values shown
may be employed.

SUB-SUBOUNCER UNITS

FOR HEARING AIDS AND ULTRA-MINIATURE EQUIPMENT

heir ultra-miniature

material and speciat
-Ouncer units described
application.

o D.C. List
Type Application Level Pri. Imp. in Pri. Sec. Imp. Pri. Res. Sec. Res. Pr’isce

“$S0-1 Input 4vu 200 0 250,000 135 3700 5.
— — 50 62,500 Ll
$80-2 interstage/3 1 + 4vu 10,000 0 90,000 750 325 560

*$50-3 Plate to Line + 20V.U 10.000 “3mil. 200 2600 5
o 25,000 1.5 mil 500 ! o
$50-4  Output + 20V U 30,000 1.0 mil 50 2875 46 560
SUB.SUBOUNCER. UNIT Reactor S0 HY at 1 mil. D C 4400 ohms D.C. Res. N 510

'$50-5
(FoTel 4 ” » _$80-6 _ Ouptut 20VU 100,000 5 mil. 60 470 60
Dimensions...7/16” x 3/4” x 5/8” . = — e P - B—l — e 41700 5.60
Weight ... / w02 1D, 2 IMpedance ratio s fixed, 1250:1 for SSO-I, 1:50 for SSO-3. Any impedance between the values shown 7

may be employed.

150 VARICK STREET NEW YORK 13, N. Y
EXPORT DIVISION: 13 EAST 40th STREEY, NEW YORK 16, N. Y., CABLES: ""ARLAB"
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/ﬂeeting 0,2,2 octunities

Of major importance in the interchange of engineering

knowledge is the opportunity provided by national, sectional,
and joint meetings of the IRE and interested other groups.
These technical meetings, often with exhibits, bring engincers

of like interests together, ideas are exchanged, and problems

solved.

September 13-15 o West Coast Convention of the IRE

and the Pacific Electronic Exhibit—Long Beach, California

"To Pacific Coast organizations, who find it increas-
ingly difficult to release any but a few key people for
attendance at Eastern conventions, the West Coast Con-
vention offers an opportunity for their engineers to
hear papers by leading scientists and engineers in their
field. To Eastern organizations, it furnishes an oppor-

tunity to become better acquainted with electronic
science and industry on the West Coast. To all, it is an
indication of the growing electronic activity in the
West."

(From a definition of the 149 West Coast Convention,
by William R. Hewlett. It fits 1950.)

September 18-22 o Instrument Society of America Meeting

and Fifth National Instrument Exhibit

Founded and sponsored by the Instrument Society of
America, the National Instrument Show with its tech-
nical sessions and educational meetings is a roving
convention designed to take the story of better produc-
tion control through instrumentation annually into a
new industrial center.

This Fifth Meeting goes to the Memorial Audi-
torium at Buffalo, New York. The IRE Buffalo Section
takes a co-operative part, and the meeting and exhibits
have a special significance to the IRE Professional
groups both of “Quality Control” and "Instrumenta-
tion.” Information: Richard Rimbach, 921 Ridge Ave.,
Pittsburgh 12.

September 25-27 o National Electronics Conference

Well announced on this page, in June, the Confer-
ence will be held at the Edgewater Beach Hotel in
Chicago. It is jointly sponsored by the Chicago Sections
of IRE and the AIEE and three Universities. Ten major
technical sessions held during the three days cover all
phases of radio, television and industrial electronics.

This Sixth Conference will also highlight the 25th
Anniversary of the Chicago IRE Section, by featuring
“25 Years of Progress” as the theme for the largest
manufacturers’ exhibit yet undertaken, and distribution
of the Chicagoland section of the 1950 IRE Directory.
Information: Kipling Adams, Rm. 212, 920 S. Michi-
gan Ave., Chicago 5.

AIlEE-IRE Conference on Electronic Instrumentation
in Nucleonics and Medicine, October 23-25

Nucleonic Manufacturers Exhibit

This is the Third Joint Meeting sponsored by IRE
and AIEE annually. The sessions and exhibits will be
at the Park Sheraton Hotel, 56th Street and Seventh
Avenue, New York City. The first day, Monday, is
devoted to medical aspects of the subject, and the
second and third day to Nucleonics.

To meet growing interest, especially of the IRE Pro-
fessional Group on Nucleonics, a larger lecture hall has
been obtained in the Park-Sheraton Ballroom and in-
creased exhibit space is provided in adjoining halls on
the floor above. Information: Wm. C, Copp, Rm. 706,
303 West 42nd St., New York 20.

IRE Regional Meetings Promote Electronic Progress

l’nocllbllo’l OF THE I.R.E. August, 1950, Vol. 38, No. 8. Published monthly by The Ihstitute of Radio Engineers, Inc., at 1 East 79 Street, New York
21, N.Y. Price $2.25 per copy. Subscriptions: United States and Canada, $18.00 a year; foreign countries $19.00 a year. Entered as second class
matter, October 26, 1927, at the post office at Menasha, Wisconsin, under the act of ‘March 3, 1879. Acceptance for mnailing at a special rate of postage is
provided for in the act of February 28, 1925, emhodied in PParagraph 4, Section 412, P. L.. and R., authorized October 26, 1927,

Table of Contents will be found following page 32A




!

He seals out
trouble. ..

TO KEEP THE COST
OF YOUR TELEPHONE
SERVICE DOWN

BELL TELEPHOEE

"To make cable joints tight and strong, splicers formerly used lots
of solder. Then, Bell Telephone Laboratories developed a new
technique for making better joints with much less solder. This
saves one million pounds of solder a year — helps keep the price
of your telephonc scrvice low.

Two kinds of solder arc now used. One makes the splice
strong; the other scals it. First. the splicer builds up a joint with
a solder of lead and tin, which flows casilv under his wiping
cloth. Toscal the joint, he applies a light coating of low-melting-
point solder, composed of lead. tin and bismuth. On contact
with the still hot joint, it flows into and scals cven pore

Cable-scaling solder is only one of 30 low-meclting-point
alloys which Bell metallurgists have developed for special uses
— in fuse wires, for example, and in the solder connecting hair
like wires to piczoclectric crvstals for clectric wave filters

Continuing rescarch with a substance scemingly as common-
place as solder demonstrates again how Bell scientists help keep
vour telephone service the world's Dest.

LABORATORIES

* WORKING CONTINUALLY TO KEEP YOUR TELEPHONE

SERVICE BIG IN VALUE AND LOW IN cosT



FAST DIRECT READINGS

800 mc to
2100 mc

NO CHARTS OR INTERPOLATIONS

-hp- 614A UHF Signal Generator

Direct reading output, accuracy +1 db...Constant
internal impedance, SWR 3 db...Direct frequency
control...External modulation 0.5 microseconds
pulses to square waves...CW, FM, pulsed output.

This new —/p- signal generator will
save you hours of time and work in
making UHF measurements be-
tween 800 and 2100 mc. Its many
different modulation and pulsing
capabilities mean these man-hour
economies can be applied to a wide
variety of measurements— receiver
sensitivity and alignment, signal-to-
noise ratio, conversion gain, stand-
ing wave ratios, antenna gain and
transmission line characteristics, to
name but a few.

Carrier frequency in mc can be set
and read directly on the large central
tuning dial. R-f output from the kly-
stron oscillator s also directly set
and read in microvolts or db. No cal-
ibration charts or tedious interpola-
tion are necessary. And thanks to
the unique —-hp- automatic tracking
mechanism, no voltage adjustments

PROCEEDINGS OF THE LR.E.

are needed during operation.

R-f output ranges from 0.1 volt to
0.1 microvolt. Output may be con-
tinuous, pulsed, or frequency mod-
ulated at power supply frequency.
The instrument may be modulated
either externally or internally and
may be synchronized with positive
or negative pulses or sine waves.

Because of its wide range, high
stability and versatile usefulness, this
new —hp— signal generator is adapt-
able to almost any uhf measuring
need. The instrument is available for
early delivery. Contact your —hp-
field representative or write direct to
factory for complete details and tech-
nical specifications.

HEWLETT-PACKARD CO.
1874-D Poge Mill Rood, Polo Alto, Colifornia

Export Agents: Frozor & Honsen, Ltd.
301 Cloy Street + Son Froncisco, Colif., U.S.A,

August, 1950

SPECIFICATIONS

FREQUENCY RANGE:
800 to 2100 mc. Selection is made by means
of a single directly-calibrated control cover-
ing entire range. No charts are necessary.
FREQUENCY CALIBRATION ACCURACY:
*19%.
OUTPUT RANGE:
1 milliwatt or .223 voits to 0.1 microvolt (O
dbm to —127 dbm). Directly calibrated in
micravolts and db; continuously monitared.
ATTENUATOR ACCURACY:
Within *1 db withaut correction charts. A
correction chart is provided when greater
occuracy is desired.

50 ohms. SWR 3 db (VSWR 1.4).

EXTERNAL MODULATION:
By external pulses, positive or negotive,
peak amplitude 40 to 70v., 0.5-micrasec-
onds to square wave.
FM MODULATION:
Oscillator frequency sweeps at power line
frequency. Phasing and sweep ronge con-
trols provided. Moximum deviation approx-
imately =5 me.
INTERNAL MODULATION:
Pulse repetitian rate variable from 40 ta
4000 per second; pulse length variable from
1 to 10 microseconds. Pulse rise and decay
approximately 0.1 microseconds.
TRIGGER PULSES OUT:
1. Simultaneous with r-f pulse.
2. In advance of r-f pulse, variable 3 to 300
microseconds.
(Both approximately 1 micrasecond rise
time, height 10 ta 40 volts.)
EXTERNAL SYNC PULSE REQUIRED:
Amplitude from 10 to 50 volts af either pos-
itive or negative polarity and 1 to 20 micro-
seconds width. May also be synchronized
with sine woves.

Data subject to change without natice.
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Tower on
KSRO Hit

Two navy
the Aircraft Carrier
rowly escaped injury yesterday
in two separate mishaps at Santa
Rosa Naval Air Base.

Yesterday morning a8 VF-8 fight-
er piloted by Ensign J. P. Mec-
Carthy prushed a wing against
one of Radio Station KSRO’s 194-

itter towers. The

i eight
ne's wing—alu-

inches of t -
minum, fabric and landing lights

—fluttering to the ground.
The aircraft, however, did not
o out of control, The pilot zoom-
ed close to the ground, apparcnt}y

discovered the plane Wwas still
navigable, and turned towards his
Alameda Naval Air Station base.
Two companions flew a protective

escort at his side.

AT APPROXIMATELY 3 p. M.
a similar type {ighter groundloop=
ed and was badly damaged as it
set down for 2 janding at the

Santa Rosa strip.
The pilot, Lt. (i8) J. G. Rickel,
4 uninjured except for minor

atches.
The earlier mishap pent about

10 feet of ihe KSRO tower but
did not force the station oft the
i ) station attendants
e of the accident un-

til mid-afternoon when shifts were
nearby resic}ents car-

e of the Wing p:y

TRUSCON
TOWERS OF

STRENGTH

lNote particularly the
last paragraph of this
interesting news stor

giving the details Ofil);l’
apadental and impres-
sive test of Truscon
RadioTower strength.

Ability to stand u
gnderthe mostunusuzﬁ
iSpearat;]n'g con.ditions
s characteristic of
g uscon Towers of
t}:ze‘:lgt:l(.] 'Il'h roughout
‘orld theses
sturdy fingers o;r.?t:gl’
are setting new per-
’flf)rmance records
ruscon draws upor;
this background of
world-wide cxpe:)i-
ence to c¢ngincer and
crectexactly the typeof
tower nceded for cach
particular opecratin
(alpcj geographical cong-
ition.Your phonecall

or letter t
O an -
or to our hOmYe C((:;;vcngent Truscon district offi
you immediate, ca ‘Ceblﬂ Youngstown, will (l)f ice,
, Capable enginecring assi bring
istance.

TRUSCON #

SELF-SUPPORTING

o 00 TOWERS

TRUSCON COPPER MESH GROUND SCREEN

TRUS
CON STEEL COMPAN
I P oy bl e M e £ Y
ic Steel Corporati
tion

)
»
{
i
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ERE is notable G-E design progress over earlier Lighthouse

Types GL-2C38 and GL-2C39, which in turn originated in the
laboratories of General Electric Company as the fruition of many
years of tube pioneering work.

Newest, most efficient of planar types that make real the vast possi-
bilities of the microwave regions, the GL-2C39-A combines physical
compactness (23 by 134 inches) with excellent characteristics as a
power amplifier, oscillator, or frequency multiplier.

Important fields of use—where the GL-2C39-A’s suitability is so
marked that designers are making this fine tube their first choice—
include:

@ Aircraft traffic and location controls

@ Broadcast relay equipment

® Microwave test apparatus

® Military communications

@ Utility telemetering and communication systems

On these . . . and other . . . applications, General Electric tube en-
gineers will be glad to work closely with you, and with the men at
your drawing-boards who handle the details of circuit design. G-E
experience with u-h-f types that goes back nearly two decades, and

GL-2C39-A

ELECTRICAL
CHARACTERISTICS

Cathode coated unipotential
Heater voltage 63 v
Heater current 1.0 amp
Amplification factor, average 100
Direct interelectrode

capocitances, average:

Grid-plate 1.95 ppfd
Grid-cathode 6.50 ppfd
Plate-cathode 0.035 ppfd

Transconductance, average
(b =70ma, Ep =600 v}
22,000 pmhos

MAX RATINGS, R-F POWER
AMPLIFIER SERVICE

Class-C FM Telephony or Telegra-
phy, key-down conditions, per tube.

D-c plate voltage 1,000 v
D-¢ cathode current 125 ma

includes countless individual applications, is yours for the asking. E-c frid voltage —150 v
. . . . . . eak positive r-f grid

Phone, wire, or write for immediate response to your inquiry voltage 30v
about the price of the GL-2C39-A, or for performance facts beyond P°°k| negative r-f grid b
those given in the right-hand column. Address Electronics Depart- Plav':':ig:pa'ion 300"
ment, General Electric Comprany, Schenectady 5, New York, Grid dissipation 2w

PRE: el AT
100-J8

August, 1750 SA



The new Eimac 4X150G will . .

<
—~

DELIVER 20 KW AS A
PULSED AMPLIFIER OR
OSCILLATOR TO OVER
1200 Mc.

IVE A POWER-GAIN OF 10
. AT 1200 Mc.

PROVIDE 100 WATTS CW
POWER AT 750 Mc. WITH
A POWER GAIN OF 8.

xt X3 x1
50w @. 750w @. Thw @. 10kw
00 Mc. 400 Mc,

4 1200 Me. 1200 Mec,

The 4X150G has been specifically designed to make feasible rela
tively high power at UHF. It is excellent as an amplifier, oscillator
or frequency multiplier in either pulse or cw service. Good effi

ciency is obtained over a wide range of plate voltages to over
1500 Mc

Power-gains of 10 are easily obtainable at 1200 Mc when pulsed,
and peak pulsed outputs of 20 kw per tube are possible without
extending the tube beyond its maximum ratings.

At lower frequencies, for instance around 750 Mc , the 4X150G
operating as a cw amplifier will provide 100 watts output with but

12V2 watts of grid-drive . . . a power-gain of 8, with complete
stability
These illustrations show an ex-
ample of the simplicity made pos-
sible by the 4’511500;1 The cavity These examples are only indicative of the tube’s potentialities
is for a broad-band 1200 Mec. g
power amplificr for a pulse appli- More comprehensive data are contained in a new data sheet, avail-
cation. The block diagram indi- able upon request.

cates the tube line-up of the IPA,
tripler, and final PA stages. More
detailed data on the 1X150G EITEL-McCULLOUGH, INC
are available. Please make re- . .
quests on your company letter- s an B runo, C a ' ' f o r n

head. Export Agents: Frazar & Hansen,

301 Clay St., San Francisco, California /

Follow the Leoders to

% N The 4X1506 is another
R Eimac-developed contribution to
electronic progress.

6aA PROCELDINGS OF THE RE Auguset, 195



Hi-Q. | Etecniat

PROCEEDINGS OF THE I1.R.E.

August, 1950

Detroit, Chicago, Los Angeles

Though Hi-Q Ceramic Components are pro-
duced at a rate of several million a month, cach
and every single one is individually tested at each
stage of production and as a part of final inspection
before shipment. That is one of the reasons why
you can depend on all Hi-Q Components to pre-
cisely meet specifications, ratings and tolerances.
That is one of the reasons why they are used by
virtually all leading producers of television, com-
munications and electronic equipment.

You are invited to write now for a copy of

the brand new Hi1-Q Datalog.

JOBBERS — ADDRESS: 740 Belleville Ave., New Bedford, Mass.

tectnical Beactance. Cort.

FRANKLINVILLE, N. Y.

SALES OFFICES: New York, Philadelphia PLANTS: Franklinville, N. Y., Olean, N. Y.
Jessup, Pa., Myrtle Beach, S G
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\ Logistics
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For adequate supplies of resistors in an ever-widening
, market, depend on IRC logistics. Already the

largest manufacturer of resistors in the world, IRC has

increased its output tremendously to meet your
requirements. And in addition, IRC capacity is now
being supplemented by licensees in Canada and
Denmark—while English, Australian and Italian
licensees provide resistors for other world markets
formerly supplied from the United States. IRC
availability extends even to your urgent, small-order
requirements for standard resistors. Through our
Industrial Service Plan, your IRC Distributor can

i .h supply these promptly from full stocks
of the most popular types and sizes.

Stock-piling of advanced BT's

has been proved practicol by IRC's study of resistor-use
patterns. A recently completed three-year profile shows
that 80% of the BT resistors used in TV and racio
equipment include only 30 valyes. This holds true despite

»
BTA

1 watt

design changes and shifts in the industry's emphasis on

sefs. And these facts prove that you can now simplify

BTS purchasing, stocking and expediting practices by placing

Y2 wat long-term orders covering your basic, recurring needs for

x BT's. Engineered to meet JAN-R-11 specifications for fixed

& '/;B:Rn composition resistors, IRC BT's have established their

S superiority in all important characterisfics. Bulletin B-1

/ brings you full details of IRC BT's, and a copy of our
study is yours for the asking.



IS important
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The right Resistors. ..

for precision applications often require a combina-
tion of characteristics. IRC Deposited Carbon PRECISTORS com-
bine accuracy and economy in:—Circuits in which the characteristics of
carbon composition resistors are unsvitable and wire-wound resistors
too expensive — Metering and voltage divider circuits requiring high sta-
bility and close tolerance of the resistance valves — High-frequency
applications. The two sizes of [RC PRECISTORS are manufac-
tured to customers’ specifications, rather than to standard RMA
values (subject, of course, to minimum and maximum values
for each type). For complete
data on characteristics and
valves, mail coupon
for Bulletin B-4.

Dependable source of small-size controls...

IRC meets your requirements with the new '%s’’ Type Q. Mechanization
of production and testing assures increased supplies of these miniature
controls. And elimination of hand operations provides complete uni-
formity of construction and performance. New IRC Type Q Controls
are rugged and compact. Resistance element is the best IRC has
ever produced. Increased arc of rotation permits the same
resistance ratios used in larger IRC Controls. IRC Type Q's are
characterized by low noise level, negligible changes in resis-
tance even after long exposure to humidity, unusual
durability and efficiency, and addptability to

a wide variety of small-space applications.

Bulletin A-1 gives full information.

WHioawer, the, Cinoud. Says

Power Resistors ® Voltmeter Multipliers
¢ Insulated Compasition Resistors ® Low
Wattage Wire Wounds ® Controls
® Rheostats ® Voltage Dividers
Precisions ®* Deposited Carbon

Precistors ® High Frequency and High |
INTERNATIONAL Voltage Resistors ® Insulated Chokes ;
RESISTANCE COMPANY ey
401 N. Broad Street, Philadelphia 8, Pa. l s
iIn Canado: Internotional Resistance Co., Lid., Toronto, Licensee : :::;:::V
) iy

Chokes

Modern mass
production equipment. ...

plus exclusive manufacturing techniques, make
IRC Insulated Chokes relatively inexpensive
— aond offer considerable savings over
ordinary types. Available in two sizes, IRC
chokes are insulated in molded phenolic
housings for full protection against
high humidity, abrasion, damage dur-
ing assembly, and danger of shorting
to chassis. "Q" improves with rise in
frequency and is sufficiently high for
broad-band tuning in FM and TV re-

gions. Resistance is low enough to

permit use as filament chokes

for moderately high power

tubes. Coupon brings you

full information in

Bulletin H-1.

- — Ay VS - eEe G I MR N TN WM GNP MR GED RS SR e G

INTERNATIONAL RESISTANCE CO.

405 N, BROAD ST, PHILADELPHIA 8, PA,

Please send me complete information on the items checked below:
Advanced BT Resistors (B-1)
PRECISTORS (B-4)

IRC Study of Resistar Use

New Q Controls {A-1}
Insulated Chokes (H-1)

Name and Address of local
IRC Distributor

STATE.




DEVELOPED BY

FOR THE ARMED FORCES.
AVAILABLE COMMERClALLY.

volent of 15-587

Commerciol equi

s 88-400 MC.

M ond TV Bonds.

e

volent of AN pPRM-Y.
pply optional.

Commerciol equi
Self-comoined batte

o-terminal voltmeter
rotatable loop

standard broadcost

d communications frequencies.

nts have es'oblished the
lled performance.

th test equipm

Since 1944 Sto

These instrumen

1.240, AN-1-42,
ecificotions we
of performance

6EA4(SHIPS), AN-

re written or re°

Stoddart equipment.
*Radio interference ©

STODDART AIRCRAFT RADIO CO

6644
SANTA MONICA BLVOD., HOLLYWOOQOD 38, CALIF

vLF!
14 KC
to

250 KC

Commerciol equivolent of AN/URM-6.
A new achievement n sensitivity! field intensity measure:

ments, 1 microvolt-per-meter using rod; 10 microvolts-per-
meter using shielded directive loop. As two-terminal volt
meter, | microvolt.

e

Commerciol equivolent of AN URM1T7.
Sensitivity as two-terminal vohme!er,(SO-ohm coaxial input)

10 microvolts. Field intensity measurements using calibrated
dipole frequency range includes Citizens Bund ond UHF
color TV Bond.

The rugged and reliable instruments ilustrated obove serve
equally well in field or laboratory. Individuolly colibrated
for consistent results using internal standard of reference
Meter scales morked in microvolts and DB obove one microvolt.
Function selector enables measurement of sinusoidol of complex
waveforms, 9iving overage, peak orf quasi peak values.
Accessories provide means for measuring either conducted
or radioted r.f. voltoges. Graphic recorder avoilable

nd Field Intensity.

Precision Attenuvation for UMF |

Lless than 1.2
Vsw
Turret A"eﬂuo!o,.R to 3000 mC

0, 10, 20, 3
Accuracy + ?5 I‘;gv 50 pB.

atents applied for.

PROCEEDINGS OF THE 1.R.E
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EL-MENCO
CAPACITORS

) ‘Jn‘.lﬂl |

Built to Stand Up Under Severe Stress and Strain

Fixed mica El-Menco condensers are tiny but They are tested for dielectric strength, insula-
tion resistance and capacity value.

When you want peak performance put them
i . . in your product. You can depend on El-Menco
their working voltage, El-Menco capacitors prove to stand up under critical operating conditions

their ruggedness before leaving the factory. and extremes of temperature and climate.

tough. They give sustained superior performance
under adverse conditions. Pretested at double

Always Specify El- Menco— The Capacitor That's Tiny But Tough.

THE ELECTRO MOTIVE MFG. CO., Inc.
WILLIMANTIC CONNECTICUT

Actual Size 9/32" x 1/2" x 3/16". ot
For Television, Radio and other Electronic Applionces.
2 mmf. —420 mmf. cap. ot 500v DCw. Ed .

2 mmf. —525 mmf. cap. at 30'0@2’) -l M

~ Temp. Co-efficient + 50 pqm,afg" lion ¢
- C for most capacity volues.

~ 6-dot color coded. 7 &4

Write on your

firm letterhead
for Catalog and Samples.
MOLDED MICA MICA TRIMMER

CAPACITORS

FOREIGN RAOID AND ELECTRONIC MANUFACTURERS COMMUNICATE DIRECT WITH OUR EXPORT OEPT. AT WILLIMANTIC, CONN. FOR INFORMATION.
ARCO ELECTRONICS, INC. 135 Liberty St, New York, N. Y —Sole Agent for Jobbers ond Distributors in U.S. ond Conoda

PROCEEDINGS OF THE I.R.E August, 1950 1A




THE INSIDE STORY:

WHY SPRAGUE MOLDED TUBULARS
OUTPERFORM ALL OTHERS!

Molded paper tubulars may look alike from the outside. But there's a
whale of a difference inside—the part that really counts in the per-

formance of your products.
The exc/usive difference in Sprague molded phenolic wbulars is
that: each 1s made by the sume dry-assembly process as large metal-encased

otl capacitors. They cannot be contaminated during manufacture!

i

Every Sprague molded tubular from 200 to 12,500 volts is molded
dry. After molding it is impregnated under high vacuum through an
opening in the eyelet terminal. A lead is then inserted and the terminal
solder scaled. Result? A capacitor that offers you superior heat and
moisture protection . . . top insulation resistance . . . high capacitance

n
i
"

I& i
| UlJ;HJJ"'“

™

stability and retrace under wide temperature variations.
Small wonder then why Sprague molded tubulars are preferred for
the toughest television and auto radio applications. Take advantage
of this superiority by calling in a Sprague representative today. Or,
write for Engincering Bulletins 2108 and 214.

/-IIIIII"III

Non-flammable,

\ dense bakelite
Hollow eyelet = phenoclic-molded
terminal for housing
impregnation after

molding

Solder sealasin

large metal-

encased oil
capacifors

TNHIRATAN

Uniform windings
of high purity

paper and alumi-

num foil

s.p_ nn_ UE SPRAGUE ELECTRIC comPAany

PIONEERS
ELECTRIC AND ELECTRONIC DEVELOPMENT
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Now Available for Write to Dept. IE-8

Immediate Delivery for additional
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ALWAYS SPECIFY DAVEN FOR PRECISION EQUIPMENT

~DAVEN -

191 CENTRAL AVENUE
NEWARK 4, NEW JERSEY
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Mallory Cuts
Factory Television

Alignments by 6 to 1

Television receiver manufacturers who are emploving the
Mallory Inductuner® are giving their customers far meore
enjoyment . . . split-hair tuning accuracy. greater selectivity
and stability, finger tip compensation for drift, complete
FM radio coverage.

Outstanding Advantages
of the new
Mallory Spiral Inductuner:

1. A single control for easy <election
and fine tuning of anv television or
FM channel.

- Easilyadaptedio UHF converter use.

3. Excellent ~tability eliminates fre-
quenev drift

|
|
|
|
|
|
|
|
l
|
|
|
|
] © 4. Supplied in three. or four-section
|
|
|
|
|
|
|
|
|
|
l
|
|
I

N

In addition. they find it possible to simplify their front end
design and reduce assembly operation. For example. there
are Just two aligning operations on each of the three or four
sections of the Inductuner. compared with six times as
many on other tvpes of tuners.

designs

5. Far more quiet operatiomn: permits
high <ignal-to-noise ratio in front
end designs,

6. Free from microphonics
7

. Greater ~electivity on high fre-
) ) quency channels
Added selling features! Reduced costs! And now, in the new

Spiral Inductuner these important advantages are vours at a
price no higher than other tuning devices.

8. Eliminates “hunching™ of high
band channels. Covers entire rance
in only <ix turns

9. \un’:lihm front end desien and

production

If you want electronic parts of complete dependability and
superior performance. from a supplier qualified 1o work hand
in hand with you in the solution of design problems, turn
to Mallory!

10. Reduces assembly ¢ost<

Reg. trade ark of I, R Mallory & Co.. Ine.
for tiduetance tuning devices covered b
Mallors -Woare patenta

Television Tuners, Special Switches, Controls and Resistors

SERVING INDUSTRY WITH

P.R.MALLORY & CO. Inc. Capacitors Contacts
. Controls Resistors
Rectifiers Vibrators
Special Power
Switches Supplies

_J Resistance Welding Materials

P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA
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CLEVELAND TUBES
in various types and specifications
being used in the Electrical Industry.

PROCEEDINGS OF THE I.R.E.
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CLEVELAND

COSMALITE* and CLEVELITE*
Laminated Phenolic Tubes
Outstanding as the Standard of Quality!

COSMALITE known for its many years of Top Performance.
CLEVELITE for its ability to meet unusual specifications.

Available in diameters, wall thicknesses, and lengths desired.

These CLEVELAND TUBES combine . . . High Dielectric Strength
... Low Moisture Absorption . . . Great Mechanical Strength ...

Excellent Machining Properties . . . Low Power Factor . .. and
Good Dimensional Stability.

For the best . . . “Call Cleveland.” Samples on request.

* Trade Mark

7%CLEVELAND CONTAINER G

6201 BARBERTON AVE. CLEVELAND 2, OHI

PLANTS AND SALES OFFICES ot Plymouth, Wisc, Chicago, Detrolt, Ogdensburg, N.Y., Jamesbueg.N.J.
ABRASIVE DIVISION a Clevelond, Ohio
CANADIAN PLANT: The Clevelond Container, Canada, Ltd., Prescott, Ontorio

REPRESENTATIVES
NEW YORK AREA R T. MURRAY, 614 CENTRAL AVE, EAST ORANGE, N. J.

NEW ENGLAND R S. PETTIGREW & CO., 968 FARMINGTON AVE.
WEST HARTFORD, CONN
CANADA WM. T. BARRON, EIGHTH LINE, RR #1, CAKVILLE, ONTARIO

15a
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v REVERE
COPPER AND
BRASS HELPS

keep TV
SalesHot

FOR

€ROSLEY

..makes
Cabinets
Cool and

Classy

The newest Crosley Television Cabinets are strik-
ing examples of how copper and brass can be used
to give products sales appeal as well as serve a
utilitarian purpose.

All models, two of which are shown above, are
cquipped with gleaming bezels which frame the
television screens. They are made for the Crosley
Corporation from Revere 90-10 Commercial Bronze.
The table model shown is equipped with two control
escutcheons drawn from this same metal by the Rex
Engincering Company, Cincinnati, Ohio. The table
model also has two strips of .0016" Revere Soft Cop-
per of 512" width on the under side of the top of the
cabinet. This acts as an insulator by conducting any
heat generated, away from the wooden cabinets. For,
although copper is the best heat conductor of the
commercial metals, when highly polished it dissi-
pates rather than absorbs heat.

Note on the console model, shown above, how the
three Revere Brass Tubes add a touch of luxury and
richness to the cabinct.

Perhaps Revere Copper or Brass or one of its other
metals or alloys can help in the development and
improvement of your product. Why not call the
ncarest Revere Sales Office and see?

REVERE

COPPER AND BRASS INCORPORATED
Founded by Paul Revere iy 1801
230 Park Avenue, New York 17, New York

Mills: Baltimore, Md.; Chicago, HL; Detroir, Mich.: Los Angeles and
Riverside, Calif.; New Bedford, Mass.; : Rome, N. Y,

Sales Offices in Principal Cities, Distributors Everywhere

16a
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-\ Formany 4s...
0 S0J08 parts may be

better than metal parts

oo TN 1255 ENJORISIVE

A large family of technical ceramics, physical characteristics required for your

under the trade name AlSiMag, is custom
made into parts to fit individual require-
ments. These are versatile ceramics. You
can choose the one that combines the

?

FABRICATION COST: AlSiMag parts
are produced to your specifications. The
material is machined in the unfired state,
then canverted to a very hard material
by firing. Thus where ports of great
hardness are required, they can gen-
erally be produced in AlSiMag at o
major saving in cast. Certain small and
relatively simple shapes con be praduced
in lorge quantity an outamatic produc-
tion machinery at costs below that of
any other material ar praductian methad.

ENGINEERING COOPERATION: Send
us your blue prints and on outline of
your requirements. Qur engineers will
submit recammendations far ecanamy in
design and material. Test samples made
to your specifications at reasanable cast
enoble you to check your design quickly
and inexpensively.

AMERICAN LAVA

Y e SRR O N
CHATTANOOGA 5,

AIROBRTERH,

TROPOLITAN AREA; 671 Braad St., Nework, N.

[Rc””afke to

lecyy

€Ctrolytic Action
r

. Mitchell 2:.815
A, 1649 North Brocd St., Stevensan 4-2823
D, 38-B Brattlea St,, Cambridoge, Mass., Kirkland 7-4498 ¢ ST,

use. Characteristics of the more frequent-
ly used AlSiMag ceramics are accurately
determined. They're shown on AlSiMag
Property Chart 501, sent free on request.

C ERAMIC

9 o
e LOS ANG S,
L §, 1123 Washingtan Ave.,

CORPORATION

LEADERSH
TENNESSEE

Central 61721

CHICAGO, 9 Savth Clintan St.,
LE 232 Savth Hill St.,

Garfield 4939
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A new Magnetic Core

Material with a rectangular

hysteresis loop . . .

25 20 -5 -0 -5
f——scale change 5x—

2 mil Allegheny Deltamax

4 5 10 s 20 25
Oersteds (H) c0'¢ chonge Sx —

in standard sizes of
toroidally-wound cores,
heat treated and cased,

ready for your use.

Where can YOU use a Magnetic Material
with these specialized, dependable characteristics?

The properties of Deltamax are invaluable for
many electronic applications, such as new and
improved types of mechanical rectifiers magnetic
amplifiers, saturable reactors, peaking trans.
formers, etc. This new magnetic material is avail-
able now as “packaged” units (cased cores ready
for winding and final assembly) distributed by the
Arnold organization. Every step in manufacture
has been fully developed; designers can rely on

Al

complete consistency in cach standard size of core.

Deltamax is the most recent extension of the
family of special, high-quality clectrical materials
produced by Allegheny Ludlum, steel-makers to
the electrical industry. It is an orientated 50%
nickel-iron alloy, characterized by a rectangular
hysteresis loop with sharply defined knees, com-
bining high saturation with low cocercivity,

® Cull on us for technical duta.

THE ARNoLD FNGINEERING (;OMPANY

C
2R ovP

SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CORPORATION

147 EAST ONTARIO STREET, CHICAGO 17, ILLINOIS
18a \ !
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“ CROSS-GUIDE
DIRECTIONAL COUPLERS

® Sperry has a complete line of Cross-
Guide Directional Couplers for all fre-
quencies ranging from 2600 to 40.000
mc. These couplers are superior to other
types of directional couplers in high
directivity and unusually uniform coup-
ling characteristics.

duction test work. They differ in appear-
ance only in their external dimensions.
Each consists of two rectangular wave-
guides, a primary and secondary guide,
joined perpendicularly to each other.
Coupling is provided by slots cut in the
common wall between the waveguides.

® In addition to the superior electrical
properties of the Cross-Guide Direc-
tional Couplers. they are also physically
constructed for convenient assembly in-
to a waveguide system. Our Industrial
Department will be glad to give you

additional information on thesc as well
as other MICROLINE instruments.

One end of the secondary waveguide is

® The coupli ics | . .
e coupling varies less than 3 db terminated in a matched load.

over the entire useful frequency band
of the waveguide transmission line.
whereas other types of couplers have

ELECTRICAL CHARACTERISTICS

S

LINE AND CONNECTOR TYPES

e ——

attenuation which varies rapidly with I Modsl |} Frequency Nominal Woveguide ! ‘é°’;,’:°:'°"

i K | : \ . EEN— —_—d o rms
frequency. Calibration accuracy on L ] Range (Kme) | Coupling (O ™4 Type |~ Size(in0.0.) | ANType |
these instruments is *+0.5 db through l 306 2640 | 30 RG 58U 3x1%2x.080 UG-214/U ﬁt
the quoted range. Operating tempera- i axy |} w050 | 2%
ture range is from—40° to +55° C and | 32 40-6.0 | 302 RG-49/U 2x1%.064 UG-149A/U

Lan . 322 4.0-6.0 0
humidity effects are negligible. |

- 209 5.3.8.1 24 ; )
. - i RG-50/U 1Y3% Y% x.064 UG.344/U
® Cross-Guide Directional Couplers. R o 30 il
: * 235 8.1.12.4 20 »

part qf Sperr.y.s MICROLINE®, are 432 31124 24§ RG-52/U 1x¥2%.050 [ UG-39/U

versatile, precision instruments well 234 BH1.-12:4 40

adapted for general laboratory and pro- 388 12.4-17.0 20 RG-91/U .702x.391x.040 vG.419/u |
4 o i RG-53/U VaxVax.040 UG-425/U
405 26.5-36.0 20 RG-96/U .360x.220x.040 |  UG-381/U

|
RRY GYROSCOPE COMPANY

DIVISION OF THE SPERRY CORPORATION, GREAT NECK, rzw YORK - NEW YORK . CLEVELAND - NEW ORLEANS s LOS ANGELES - SAN FRANCISCO - SEATTLE
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An Open Letter

about Allen-Bradley Resistors

TO THE RADIO & TELEVISION INDUSTRY

WARNING!— Allen-Bradley fixed and
adjustable resistors are sold . . . under the
Allen-Bradley name . . . exclusively to manu-
facturers. They are not merchandised by Allen-
Bradley through dcalers, jobbers, distributors,
or agents.

In spite of continued expansion of plant
facilities, Allen-Bradley resistor production
has not been able to catch up with the de-
mands of our customers . . . the original
cquipment manufacturers. We sincerely regret
that this shortage so often affects our cus-

tomers’ production schedules.

N 8.
8. (7 v- ’} %
&

No trade outlet for radio component parts
can, therefore, legitimatelv represent itself
as an Allen-Bradley authorized dealer, even
though it mavacquire an occasional i mventory
of surplus resistors through a roundabout
course. Such supplies of Allen-Bradley fixed
and adjustable resistors were never ohtained
direct from the Allen- Bradlev Compauy,
whose productive effort is dedicated to pro-
viding electronic equipment manufacturers

with resistors of the finest quality.

TEX

Allen-Bradley Co.

President

Bradlevunit Molded Fixed Resistors

Bradlevometer Adjustable Resistors

Vg watt 1 watt. .. 2 watt ratings. 2 wart . single, dual, and triple unics
é;B
FIXED & ADJUSTABI.E RADI6 RESISTORS
Sold exclusively to manufacturers of radio and electronic equipment
— ATV
20A PROCEEDINGS OF THE I.R.E Auguse, 1950
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Cusaway view of she
HELIPOT (Model A-
10 Tuwen—= 134" D:
ameter,

Provides many times greater resistance control in
same panel space as conventional potentiometers!

F YOU are designing or manufacturing any 1ype of precision
Ieltctrom: equipment be sure to investigate the greater con-
veaience. utilicy, range and compactacss that can be incorporaied into
your cquipment by using the revolutionary HELIPOT for rheostac
potenuiometer control applications...and by using the new DUODIAL
wrns-indicating knob described at right
Briefly, here is the HELIPOT principle
tional potentiometer consists of a sungle coil *of resistance winding. the
HELIPOT has a resistance element meny simes longer coiled helically
into a case which requires no more panel space than the conventinnal
unit. A simple, foolproof guide controls the shider contact sn that 1t
follows the helical path of the resistance winding from end 10 end a
a single kaob is rowted. Resulc...usth no increase in panel space
requirements, the HELIPOT gives you as much as 12 umes* the control
surface. You get far greater accuracy, finer settings, increased range —
with maximum compactness and opcrating simpliciey!

whereas a conven.

COMPLETE RANGE OF TYPES AND SIZES

The HELIPOT ic available in a complete range of types and
sizes (o meet 2 wide variety of control applications

MODEL A: S wotts, 10 turns, 46" shide wire length, 1%," case

dio., resistonces 10 1o 50,000 ohms, 3600° rototion

MODEL B: 10 wals, 1S turns, 140" slide wire length, 3V/,"

cosc dio., resistances 50 to 200,000 ohms, 5400° rotatron

MODEL C: 3 wotts, 3 turns, 13" slide wire length, 1%, cose

dio., resistances 5 10 13,000 ohms, 1080° rotation

MODEL D: 15 wortts, 25 turns, 234 slide wire length, 3,

cose dio., resistonces 100 to 300,000 ohms, 9000° rotation

MOODEL E: 20 wotts, 40 turns, 373" slide wirc length 3,
cose dio., resistonces 150 1o 500,000 ohms, 14,400° rototron.

Also, the HELIPOT is available in various special designs with
double shaft cxtensions, in multiple assemblies. integral dual uaits. etc

Let us study your potentiometer problems and SUgRest how
the HELIPOT can be used — possibly is already being used by others
io your industry - (0 increase the accuracy, convenience and sim-
plicity of modern electronic equipment. No obligation. of course.
Write today outlining your problem.

*Dasa for Model A, | 34" dia Helipot. Other models gise even greater
control range in 3% case diamaeters.

THE HellpotCORPORATION, SOUTH PASADENA o,

Tbhe inuer. or Primary dial of the DUODIAL shows exact angular posi-
1on of shaft during cach revolntion. The outer. or Secondary dial
thows number of complete revolutions made by the Primary dial

A multi-turn rotational-indicating knob dial for use
with the HELIPOT and other multiple turn devices.

THE DUODIAL is 3 unique advancement in knob dial design
It consists essenuially of a primary knob dial geared 0 a
concentric wrnsiindicating secondary dial —and the entire umit is so
compact 1t requires only a 2 diameter panel space!

The DUODIAL is 50 designed that = as the primary dial rotates
through cach complete revolution—the secondary dial moves one divi-
s10n on its scale. Thus. the secondary disl counts the number of com-
plete tevolutions made by the primary dial When used with the
HELIPOT, the DUODIAL tegis~rs both the angular position of the
shider contact on any given helix as well as the parucular helix on
which the shidet 1s positioned

Besides uts use on the HELIPOT, the DUODIAL is readily adapt
able ro other helically wound devices as well o © many convenunnal
gear-driven controls where extra dial leagth 15 desired without wasting
pancl space 1t is compact, simple and rugged It conwains only 1w

moving pafts, both made enurely of metal It cannot damaged
through jamming of the driven unir, or by forc ng beyo ny me
chanical stop. It 1s not subject 1o error from backlash of interagl gears

TWO SIZES — MANY RATIOS

The DUODIAL is now available in rwo types = the Model "R
Ciltustrated above) which is 2” in diameter. and the new Model W/
whig in diameter and is ideal for main control applicarions
Standard turns-racios include 10:1, 15:1, 25-1 and 40-1 (ratio be.
tween primary and secondary dials), Other ratios can provided on
special order. The 101 ratic DPUODIAL can be rcadily employed wit
devices operating fercer than 10 revolution and is recommended for the
3-turn HELIPOT. In all types. the primary dial and shaft opcrate with a
1:1 ratio. and all types mount directly on a ? round shafc

L ———————
Send for this
HELIPOT AND DUODIAL CATALOG!
Contoins complete doto construction de-
toils, etc., on the mony sizes ond types of
HELIPOTS ond on the mony unique fea-

tures of the DUODIAL. Send tor your free

copy todoy!
P
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Type 554
D — Type 557 Ceramicon A—m‘
1 Ceramicon Trimmer pe S o
Trimmer

= |

Temperature Compensating
Molded Insulated Ceramicons *
0.5 MMF—550 MMF

Temperature Compensating

r———

Tesee -

. e B

Type 531 and 532
Tubular Trimmers

e “GP”” Molded Insulated Ceramicons
5 MMF—5,000 MMF
|e “GP" Dipped Insulated Ceramicons J 2
5 MMF— 5,000 MMF. 0.5-5 MMF Dipped Insulated Ceramicons
rie “GP" Non-insulated Ceramicons 1.8 MMF 0.5 MMF— 1,800 MMF
5 MMF~— 5,000 MMF. s ) - g Temperature Compensating
' Non-Insulated Ceramicons

‘ Type 535 0.5 MMF—1,800 MMF
‘R -
b Y Type TS2A Ceramicon Trimmer = Tubular
/ 1.5-7 MMF  3-13 MMF  4-30 MMF Trimmer
3.12 MMF  5.20 MMF 7-45 MMF 75-3 MMF

v
Type 357 4

o i
— J Type 362

Feed-Thru Ceramicons
5 MMF—1,000 MMF
5 MMF—1,500 MMF

Erie Disc Ceramicons
Up to .01 MFD

&

Cinch-Erie Plexicon Tube Type 3688

Sockets with 1,000 MMF

built in by-pass condensers High Voltage Ceramicons

Up to 15,000 Volts
WORKING

1°ll-

12'%'

The dependability accuracy to close
tolerances required elevision and Broad-
cast applications are d@hbined in Erie Ceram-
icons with compact d#ign, tubular in form,
for easy installation onfthe assembly lines.
Erie manufactureg a complete line of Custom Molded

Ceramic and Button Mica Condensers for Plastic TV Bezels

Types L-4, L-7, S-5 Suppressors
for Spark Plugs and Distributors

N [y ] . . . .
~ transmitter and receiver applications: Carbon
-~ Suppressors, Custom Injection Molded Plastic
51 Knobs, Dials, Bezels, Name Plates and Coil
g Forms. Our engineering department will work
' E with you in developing specially designed
components for efficient space-saving sub-
Type Types 323 Type Type Type assemblies. Complete technical information

720A and 324 2322 2336 325 on request.
Insulated

. *Ceramicon, Hi-K. GP, and Plexicon are registered
Erie Stand-Dtf Ceramicons trade names of Erie Resistor Corporation.

5 MMF—5,000 MMF
Electronies Diviscon

ERIE RESISTOR CORP., ERIE, PA.

© Ld \’ ﬂ gl
LONDON, ENGLAND ¢ TORONTO, CANADA

Custom Injection Molded
Plastic Knobs, Dials,
Bezels, Name Plates,

Coll Forms, otc.

Button Mica Condensers
15 MMF—6,000 MMF

sy
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High sensitivity, instant response

in position- or speed-control servo systems

The Kollsman Synchronous Differential is an electro.
mechanical device, combining two small hystcresis
type, variable frequency synchronous motors with a
smoothly functioning system of differential gearing.

This torque-producing, half-speed synchroscope,
designed in various models to operate from single-
or polyphase sources, is applicable in many position
and speed-control servo systems wherein a high
degree of precision is essential

The Synchronous Differential represents a com-
plete line of miniature special purpose AC motors
precision-engineered by Kollsman specialists for

over twenty years in aircraft instrumentarton and
control. The line includes induction motors and
generators, Teletorque units, permanent magnet
generators, drag cup motors, Circurrols and motor-
driven induction generators

Among these, the design engineer may well find
the exact solution to his instrumentation or control
problem. If not, the skill and experience of Kollsman
engineers are available to produce units that meet his
exact specifications. For complete information, write
Kollsman Instrument Division, Square DD (ompany,
80-08 45th Avenue, Elmhurst. New York

KOLLSMAN INSTRUMENT DIVISION

SQUARE ) COMPANY

ELMHURST, NEW YOoRK

GLENDALE, CALIFORNIA

PROCEEDINGS OF THE IR
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Type CVH, SOLA Constant Voltage Transformers are
designed for use with equipment that requires a source of
constant, undistorted voltage. They provide all of the voltage
stabilizing characteristics of the standard SOLA Constant
Voltage Transformer (+1% regulation), with less than 3%
harmonic distortion of the sinusoidal output voltage wave.

Type CVH SOLA Constant Voltage Trans-

Type CVH Transformers may be used for the most
exacting applications such as general laboratory
work, instrument calibration, precision VHF and
microwave testing or other operations involving
elements which are sensitive to power frequen-
cies harmonically related to the fundamental.

As in all SOLA Constant Voltage Transformers,
the regulation is automatic and instantaneous.
There are no moving parts, no manual adjust-
ments and every unit is self-protecting against
short circuit.

SOLA -

Manwfoctured under heense by: ENDURANCE ELECTRIC €O, Concord West, N

ADVANCE COMPONENT

formers are available from your electron-
ics distributor in the following capacities:
60 V.A., 120 V.A, 250 V.A, 500 V.A,,
1000 V.A., 2000 V.A,

WRITE FOR THESE BULLETINS

KCVH-136-complete electrical and mechan-
ical characteristics of type CVH Constant
Voltage Transformers.

KCV.102-complete engineering handbook
and catalog of standard Constant Voltage
Transformers available for remedial or built.
in applications.

ANSFORMERS

Transtormers tor: Constant Voltage + Cold Cathode Lighting * Airport Lighting - Series Lighting * Fluorescent Lighting
Oil Burner ignition « X-Ray - Power « Controls + Signal Systems + otc. + SOLA ELECTRIC COMPANY, 4633 W. 16th Street, Chicago 30,

UCOA KADIO S.A.. Buenos Afren. Argenting - M. C. B & VERITABLE Al TER, Coutbevoic (Seinc), France
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Luminous Tube Signs
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L TD.. Walthamatow, K., England
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BLAW-KNOX
builds
ANOTHER
RINGSIDE SEAT
to the Events

of the World

For its ultra-modern station in
the heart of down-town Louis-
ville, WHAS engineers specified
a Blaw-Knox Heavy Duty Type
H-40 Tower 526 ft. high to sup-
port safely its 10,000 lb., 12 bay
high gain TV antenna.

Telecasting top-flight national
and regional programs, WHAS
will open up a new market for
TV sets and provide ringside
seats for appreciative thousands
in the populous and progressive
Louisville area.

BLAW-KNOX DIVISION
OF BLAW-KNOX COMPANY
2037 Farmers Bank Bldg., Pittsburgh, Pa.

BLAW-KNOX -~ TOWERS

oo "
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A PLATE CIRCUIT POWER RELAY

NEW CLARE RELAY IS TWO RELAYS IN ONE ‘

v

o)

3

—¥

P <
-
L

Front view showing
convenient terminal

Side view of typical
CLARE Type "CP'
Power Relay.

arrangement.

%"

It takes one watt or more to operate an
ordinary power relay; hence, it has to be
operated from a sensitive relay or a high-
current tube. This new Type “CP” Pover
Relay, truly two relays in one, will operate
on less than 200 milliwatts—with, for
example, a 6,500-0hm coil. Will operate in
the plate circuit of any triode, including
miniatures. Simplifies equipment; saves
money and space; will outwear several
ordinary power relays.

SALIENT FEATURES

Sensitivity. Pickup current can be as low
as 3 milliamperes—with a 12,000-ohm coil.

Marginal operation. Dropout current can
be as high as 58% of pickup current.

Heavy load capacity. D. P. D. T. contacts
conservatively rated at 10 amperes, 230
volts, a-¢; proved by one million operations
at 30 amperes inrush, 10 amperes break.

No contact hounce.

CLARE RELAYS...

Interlock contacts. A single-pole interlock
can be provided, if required.

Fast operation. Operate time can be as
low as 30 milliseconds.

Heavy insulation. Minimum of one-half
inch creepage over exposed areas.

Convenient terminal facilities. Screw ter-
minals recessed in terminal block in or-
derly array. No separate terminal hoard
needed.

Versatile monnting. Front, back, or sur-
face mounting.

Long mechanical life. 25 million opera-
tions, without readjustment

Long operational life. One million opera-
tions at rated contact load, without read-
justment.

No pigtails to break. On test, the long
flexible contact springs have exceeded by
100 times the normal life expectancy of

pigtail connections, commonly used on
power relays.

Wide choice of coils. Like other Clare
relays, this relay is custom-built to fit the
application. Our engineers can choose
from hundreds of different coil specifica-
tions the one best suited for the job.

For complete information
send for Clare bulletin No. 113

CLARE sales engincers are at your service to
help with your individual relay problem. Lo-
cated in principal cities, their expert knowl.
edge of relay problems is readily available.
Look in your classified telephone directory or
address: C. P, Clare & Co., 4719 West Sunny-
side Ave., Chicago 30, 1ll. In Canada: Cana-
dian Line Materials Lid., Toronto 13. Cable
address: CLARELAY.

First in the Industrial Field
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TRADE MARK REG US. PAT OFE

FOR THE MOST EXACTING
INSULATING REQUIREMENTS

IT'S 410

PRECISION-MOLDED COMPONENTS
AT NEW LOW PRICES

No insulating material compares with MYCALEX 410 for today’s
exacting requirements — where advanced circuits and higher
frequencies demand a combination of these properties:

Extremely low loss factor (low as 015 at 1 MC)
high dielectric strength . . . high arc resistance, close
dimensional tolerances. . . high dimensional stability
under extreme humidity and temperature changes. ..
high heat resistance . . . ability to mold in metal inserts
with a tight, rigid bond . . . freedom from cold flow . ..
high mechanical strength.

Remember, you no longer have to “design around”’ the problem
of cost. New low MYCALEX 410 Prices compare favorably with
lesser insulators such as bakelite and phenolics. Specify
MYCALEX custom-molded parts for the most critical insulating

needs. Whatever your problems, our engineers will cooperate
in the solution.

™y v -
&

“Owners of 'MYCALEX' Patents”

PROCEEDINGS OF THE I.R.E

MYCALEX CORP. OF AMERICA

Executive Offices. 30 Rockefelier Plaza, New York 20,N. Y. Plant and General Offices: Clifton, N. J,
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" BROWN DEVIL
RESISTORS

Sturdy, wire.wound, vitre-

ous-enameled resistors  for
voltage dropping, bhias units,
bleeders, ete. In 3. 10, and 20
watts; values to 100,000 ohwms.

&,FIXED RESISTORS

Resistance wire
i~ wound over a

& ceramic core, perina-

nently locked in place, insu-
lated and protected by Ohmite
vitreous enamel. In 25, 50, 100,
160. and 200-watt stock sizes;

values from | to 250,000 ohms.

DIVIDOHM
RESISTORS

@ You can quickly adjust
these handy vitreous-enameled
resistors 1o the exact resistance
you want. er put on taps wher-
ever needed for multitap re-
sistors and voltage dividers. In
sizes from 10 to 200 watts, to
100,000 ohms.

.. _~ LITTLE DEVIL¥
7. COMPOSITION
: RESISTORS

¥ Tiny, molded, fixed resistors—
individually marked with re-
sistance and wattage rating—
Vs, 1. and 2-watt sizes. +10%
tol. Also +5% tel. 10 Ohms to
22 megohms.

DUMMY
ANTENNA
RESISTORS

" For loading transmit-
d ter~ or other r.f. sources.
New, rugged, vitreous-enameled
units are practically non-reac
tive within their recommended
frequency range. 100 And 250-
watt sizes, 52 to 600 ohms, +5%.

" MOLDED*
4% COMPOSITION
POTENTIOMETER

A high-quality, 2-watt unit with
a good margin of safety. Re
sistance element is selid mold-
ed—not a film. The noise lev-l
is low and decreases with use.

RHEOSTATS

Insure permanently
smooth. close control.
Widely used in indus.
try. All ceramic, vitre-

ous enameled: 25, 50, 15,
100, 150, 225, 300, 500, 750,
and 1000-watt sizes.

DIRECTION
INDICATOR
POTENTIOMETER

Compact, low cost.
Used in a simple po-
tentiometer circuit as a trans-
mitting clement to remotely in-
dicate the position of a rotary-
bheam antenna.

FHIGH-CURRENT
TAP SWITCHES

Compact, all-ceramic,
multipoint, rotary se-
lectors for a-c use. Self-cleaning,
silver-to-silver contacts. Rated
at 10, 15, 25, 50, and 100 am.
peres. Two or more can be
mounted in tandem.

‘l_- POWER LINE
anll CHOKES

Keep r.f. currents from go-
ing out over the power line and
causing interference with radio
receivers. Also used to stop in-
coming r.f. interference. Has a
ceramic core and moistureproof
coating. In 5, 10, and 20 amps,

PROCEEDINGS OF THE I.R.E
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4 RADIO

Single-laver wound on low
power-factor steatite or bake:
lite cores, with moistureproof
coating. Seven stock sizes for
all frequencies, 3 w0 3520 mec.
Two units rated 600 ma, others

rated 1000 ma.

NEW
OHM'S
7 LAW

CALCULATOR

Redesigned! Figures all

Ohm’s Law problems, includ-

ing parallel resistance, with one

setting of the slide. Also has

standard slide rule scale. Send
25¢ in coin.
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New Communications
Recorder

Known as the Audiolog, a new re-
cording unit especially designed for logging
and monitoring radio and phone com-
munications has been announced by
Audiolog Corp., 440 Peralta Ave. San
Leandro, Calif.

\n important feature of the unit is the
use of a thin, flexible, reusable sleeve or
tube of magnetic material upon which an
entire hour of speech or code communica
tions can be recorded. The use of the
sleeve eliminates the usual spooling and
reeling. The flexible sleeves can be “tele-
scoped” so that a 24-hour log can be filed
as a compact unit. The reusable sleeves
do not deteriorate with repeated play-
backs, and tests indicate they will retain
the recording indefinitely

The magnetic recording sleeve is
slipped over the internally-driven rotating
drum on the \udiolog instrument, and is
held in, position by a quick-release tension
bar which permics casy sleeve changing.
Separate recording and playback heads
move longitudinally across the drum. S0
arranged that any recorded portion may
be played back while recording is in prog-
ress. Recording and playback heads are
equipped  with inexpensive polepieces,
which can be quickly replaced like phono
graph ncedles when worn. An advance
magnet on the recording head automati-
cally “erases” previously recorded ma-
terial when re-using old sleeves.

The recorders are available in either
portable or rack-mounted stationary units
in single or dual type. The dual-recorder
unit has automatic changeover. .\ small
portable unit, using 30 minute recording
sleeves, is also available.
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These manufacturers have invited PRO
CEEDINGS readeis to write for literature
and further technical information. Please

mention your I.R.E. affiliation,

Bolometer Amplifier

Pickard & Burns, Inc., 240 Highland
Ave.,, Needham 94, Mass.,, Model 100
Bolometer amplifier is a high-quality port
able instrument designed for use in testing
antenna systems or other rf networks.

I'he amplifier features a tunable band
pass filter covering the frequency range of
400- 1o 5,000-cps, with bandwidths of 6
to 300 cps. 1t provides for automatic nor-
malization of input signuls and for a
curately expanding input voltages to facil
itate measuring standing-wave ratios in
well-matched systems. A 100-db input
voltage range is metered, while an un
decailed output voltage range of 80 db is
available for automatic recording equip
ments. The input circuits are designed for
either crystal or bolometer probes. Ampli
fication is linear 0 +1 per cent with a
minimum useful input of 0.1 microvolr.

Description—The Model 100 is a het
erodyne type of amplifier in which mput
signals to both the signal and monitor in
puts are heterodyned to a 50-kc inter-
mediate frequency. Signals at the 50-kc
intermediate frequency are then passed
through a crystal filter, amplified, and
metered. Voltage to the recorder output i«
obtained by reconverting the 50-kc signal
to the original input frequency.

Magnetic and electrostatic shielding
permits the amplifier to function under
usual laboratory and field conditions with
out interference from other equipments.

This equipment was originally devel
oped in co-operation with the Office of
Naval Research on specifications prepared
by the Antenna Instrumentation Sub-
Panel R.D.B. and the Test LEquipment
Subcommittee of A.R.E.C. It is now avail-
able o the industry and is described in
detail in Bulletin L-110, obtainable from
the manufacturer.

PROCEEDINGS OF THE I.R.E

l;rinted Circuit TV
Tuner

A new “Dynamic Tuner,” using a ro
lating turret with the tuning assembly for
cach TV channel placed in 12 different sec
tions around its periphery, is being pro
duced by The Hallicrafters Co., 4101 W.
Fifth Ave., Chicago 24, 11l. As the turret is
turned by the channel selector knob, the
proper tuning assembly is moved into posi
tion.

The tuning coils for each channel in
stead of being wound with wire, are
photographically printed on a single strip
of plastic, measuring only about § inch
wide and 45 inches long. -

The uniformity and accuracy of the
printed coil strips may be seen from the
way in which the strips are prepared. The
process is begun with a large thin sheet of
copper bonded to a sheet of phenolic plas
tic. Then the copper is coated with a hight
sensitive enamel and a photographic print
made, leaving many patterns of the desired
circuit on the copper. The sheet is then
placed in an acid bath and the parts not
covered by the enamel are ctched com
pletely away. What remains are the many
printed circuits, each having precisely the
same shape and thickness of copper. The
individual strips are then cut off the large
sheet, thus producing many sets of coil:
with identical electronic characteristics.

Rotary Slide Rule for Coil
Winding Computation

\ gear computer for universal coil
winding has been developed by Production
Equipment Co., 37 \V. Muain St Oyster
Bay 9, L. 1., N. Y. This rule gives com-
plete data regarding number of crossovers
q (number of crossovers in one winding
cvcle), and selection of idler gears to pro
vide the required gain for all wire, cam, and
coil sizes,

= . 2 .
R - 7 ’i
B d A 5
) » - :u o,
- N,L-~rpx ~.
".‘.,rfrt‘&
- b -

Coil engineers interested in production
and design of universal windings will find
this rotary slide rule of priceless value in
saving time and in improving coil struc-
ture.

Continued on page 484)
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DEVELOPED

and

PRODUCED

ELECTRONIC
SYSTEMS

For Example:

@ VHF Omnidirectional Radio Range System for aircraft na-
vigation. This system has been standardized by international
agreement as the best method of short range navigation for aircraft.

@ Time Standard. A precision time standard, providing standard fre-
quency and time service.

3 Range Transmitter. A 200 to 400 KC four course aural A-N Radio
Range Transmitter with an output of 100 watts. Adcock or loop an-
tenna; simultaneous voice modulation; telephone dial remote control.

.. .DEVELOPED * DESIGNED * PRODUCED by LAVOIE LABORATORIES
and typical of both LAVOIE engineering versatility and LAVOIE
manufacturing skill. As UHF specialists, we have the experience and
the facilities for precise production at low cost.

xwvowfﬁaéml‘tﬂmc%zc

RADIO ENGINEERS AND MANUFACTURERS
MORGANVILLE. N. J.
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LAVOIE FAC'UTIES REPORT
® Addres

lett erhead—
b

S us on your
and we shall
Ce glad to send you a
OPY, or consult with
you at your convenience,

Specialists in the Development and Manufacture of UHF Equipment
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¢+« for mohile communications

Here are Two unbeatable VHF power tube combi-
nations for mobile transmitter designs where high
efficiency and extreme compactness are paramount re-
quirements. All four of these RCA-developed tubes
have high power gain and may therefore be operated
at relatively low plate voltage to provide large power
output with small driving power.

The RCA-5763 miniature type beam power tube is
very suitable as an output stage of low-power mobile
transmitters and as a doubler or tripler in higher-
power units. It can be operated with full input up to
175 Mc. The RCA-2E26 is intended primarily for use
in the driver stages or the output stage of emergency
mobile or FM transmitters. It can be operated with full

inputup to 125 Mc. and will provide an output of about
13 watts at 160 Mc,

The RCA-5618 power pentode and the RCA-2E24
beam power tube are quick-heating types with low fila-

mentdrain, and are particularly suitable for mobile and
emergency-communications transmitters where the op-
erating power supply must be kept small. Both types
aredesigned for intermittent operation. The RCA-5618
is superior as a doubler or tripler; the RCA-2E24, as
the final amplifier in low-power FM transmitters.

Already proved in thousands of installations, these
RCA tubes can be depended upon for their quality,
ruggedness, and superior performance.

RCA Application Engineers are ready to work with
you in applying any of these or other RCA tube types
to your specific designs. For further information write
RCA, Commercial Engineering, Section H44R, Harri.
son, New Jersey.

THE FOUNTAINHEAD OF ,-"::Rﬁ
MODERN TUBE DEVELOPMENT IS RCA TR

RADIO CORPORATION of AMERICA

FLECTRON TUBES

HARRISON, N. J.
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Chairmen of Recent IRE Sections

Howard R. Hegbar

AKroN SkcTioN

Howard R. Hegbar, Chairman of the recently formed Akron Sec-
tion during 1949-1950, was born on February 22, 1915, at Valley
City, N. D. He was graduated froni North Dakota State College
in 1937 with the BS.E.E. and received the Ph.D. degree in 1941
from the University of Wisconsin, where he was engaged in research
on the transition from the glow to arc discharge in mercury
vapor rectifiers. He was granted a \Visconsin Alumni Research
Foundation Scholarship during 19371938, 4 Fellowship from 1938
;(;411939, and a Research Assistantship during 1939-1940 and 1940-

Dr. Hegbar joined the Radio Corporation of America in 1941
at their plant in Harrison, N. J. He moved to the laboratories at
Princeton in 1942 and remained un] 1946, working on uhf power
tubes and microwave magnetrons and on the development of the
internally neutralized duplex tetrode uhf transmitting power tube
which has found application in television transmitters. In 1946 he
joined the aerophysics department of the Goodyear Aircraft Cor-
poration in Akron, Ohio, and is now in charge of the electronics and
dynamics section.

He became a Student Member of the IRE in 1941, an Associate
Member in 1942, and a Senior Member in 1946. He was Chairman
of the Akron Subscction in 1948- 1949, and was influential in the or-
ganization of activities which led to the formation of the Akron Sec-
tion. His term expired June 1, and he is succeeded by James S. Hill.

T. G. Morrisscy
DENVER SECTION

T. G. Morrissey, Chairman of the Denver Section for 1949--1950
was born on January 23, 1915, at Denver, Colo. He was graduated in
1936 from the University of Colorado with the I3.S. degree in elec
trical engineering, and that year became associated with the Bell
Telephone Laboratories of New York, N. Y., and Deal, N. J..asa
member of the Radio Rescarch Department.

Mr. Morrissey worked on the development of overseas radio-tele-
phone short-wave radio transmitters, and also on the early develop
ments of loran and radar systems.

From 1942 until 1946 he was an engineer in the transmission de-
partmentof \. T.& T. Co., Long Lines Dept., Denver Division. He
worked on the transcontinental carrier telephone systems, both in
buried cable and on open wire, and on the coaxial cable. He also
served as technical advisor to radio station KFEL during this
period.

At the present time Mr, Morrissey is chief engineer of KFEL
and KFEL-FM, and has been associated with the station since 1946
in that capacity. In addition to the usual management of the tech
nical operations and staff, he has also directed propagation tests at
500 Mec of experimental television station WXEL (now KA2XBE)

Mr. Morrissey, who is also a member of the Colorado Socicty of
Engincers, became a Member of The Institute of Radio Engineers in
1947 and was elevated to the rank of Senjor Member in 1950. He was
succeeded on June 1 by W. E. Clyne.
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As is pointed out in the following guest editorial, it is a common custom of most engineers to
“hide their light under a bushel.” This undue modesty may result in less appreciation and support
than is justified by the quality and value of their work. Ethically there seems no objection to factual |
and dignified statements of engineering accomplishment.

The author of the following commentary has been a Director of the IRE for a number of years
and a member of many of its Committees. He holds the post of Director of Technical Relations of
Sylvania Electric Products Inc. His viewpoints expressed here merit thoughtful consideration by
the readers of the PROCEEDINGS.—The Editor.

The Engineer and Publicity

VIRGIL M. GRAHAM

The engineers and the publicity or public relations men too often seem to lack mutual under-
standing, possibly because there is a considerable difference in their methods of attack on prob-
lems. Too many engineers feel that publicity, particularly of them personally, is something im-
moral. They feel that their works should speak for themselves. In many cases they do, but they
would “speak louder” with appropriate publicizing, with the result that the particular engineer’s
reputation would be enhanced not only in his profession but even in his own company.

Desirable engineering publicity must, of course, be factual, dignified, and newsworthy. When
these conditions prevail, the engineer should welcome publicity as a useful adjunct to his own
ability in the advancement of his career. Many of our best known engineering figures, while un-
questionably outstanding in their ability, are much better known and more highly regarded be-
cause of the proper use of publicity tools than they would have been if their works had been left
to speak for themselves. This is in no way a discredit to the engineers or the publicists involved.
Both have done their jobs and the world is better off for both the work and the augmented knowl-
edge of it.

What applies to the individual engineer also concerns engineering departments and profes-
sional societies. The engineering department will find that its status within its company may be
enhanced because of external publicity. As has been remarked, “ Management reads over the
public’s shoulder.” It is not too strange that management may be much more impressed by a
good news story in the press than it would be by the usual internal engineering report about the
same accomplishment.

In professional society activity the engineers in any one field can do much to raise their
status in the whole engineering profession and in the esteem of the public by an appropriate pub-
lic relations program. Here again the tendency to feel self-sufficient in the work of the society
can be very harmful, because the news-gatherers are not going to come after the society for
stories unless it has already made a reputation for news-making. This can be done most expe-
ditiously by suitable use of publicity practices of a dignified, factual nature. However, this re-
quires a broad, long-term understanding of publicity and public relations methods on the part
of the management body of the society involved. Unfortunately, such understanding seems all
too rare.

It is interesting to note that the physicists have come to understand the value of public rela-
tions and as a result have been popularly awarded credit for much of the war effort, a good share of
ot which should have been given to the engineers who sweated the physicists’ basic ideas into
producible designs.
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Positive-Ton Emission, a Neglected Phenomenon

W. C. WHITET, reLLow, ke

Summary—About fifty years ago, much scientific work was done
on the passage of electricity in air between two electrodes, one of
which was red hot. A little later, as an outgrowth from these experi-
ments, electron emission in a high vacuum proved to be of such in-
terest and promise in the new but expanding science of electronics
that the phenomenon in air has been all but forgotten.

However, a new, interesting, and useful leak detector has been
developed from this neglected effect, and there is reason to believe
that positive-ion emission may well be of importance for other appli-
cations.

INTRODUCTION

I" HAS BEEN known for over 200 years that red-

hot metals possessed unusual electrical properties.

The carly experimenters stucied the accumutation
and loss of positive and negative electrical charges on
masses of hot metal. The basic fact discovered was
that a red-hot metal loses a charge much more rapidly
than the same metal when cold.

As the experimental methods used in developing the
science of electricity advanced, studies were made of
the conduction of electricity through the air between
two electrodes when one of these electrodes was red hot.
In such cases, it was found that a current would pass
through the air when the red-hot electrode was either
negative or positive, but it was verv evident that the
two were quite different phenomena. Bv the late nine
teenth century, knowledge of the subject had developed
to the point where the customary procedure was the use
of a fine wire or ribbon of platinum heated by an electric
current. All of these carly experimenters were plagued
by contlicting or contradictory results. Very often when
a test was repeated, the results were not only quantita
tivelv different but qualitatively so. It was common
experience for one scientist to find totallv different ef-
fects when he repeated the work of some predecessor in
the field. In struggling with this problem, it was found
helpful to enclose the electrodes, often in a glass bulb,
as this eliminated variations due to air currents, humid-
ity, dust, and other factors. Soon it was ciscovered that
by working at lower air pressures and even in a good
vacuum, more reproducible results were obtainable.

It was also found that the phenomenon when the hot
electrode was negative was much more reproducible,
nore constant and, in general, involved larger currents.
Fleming, in England, found that an evacuated two-
electrode structure with a hot cathode could be made
a usable detector of electromagnetic radiations. Soon
deForest introduced the grid, and ever since that time
the utilization of the thermionic emission of clectrons
has been developed by leaps and bounds. The interest

* Decimal classification: 621.375.605 X 537.1. Original manuscript
received by the Institute, May 23, 1950.
t General Electric Research Lahoratory, Schenectady, N. Y,

and glamour of this expanding science utilizing the ele
tron caused the neglect of the companion phenomenon
of the emission of positive ions from a hot anode.

The idiosyncrasies of positive-ion emission, even in a
confined gas, have never been completely mastered. 1f
one reads through the literature,' 2 it is very evident that
it was a most difficult field in which to get good experi-
mental results, largely because both the theorv and the
practice contain a bewildering array of variables. \s a
matter of fact, even with our improved knowledge and
apparatus of today, the results of experiments with
positive-ion emission are discouragingly uncertain and
contradictory. i

The changed state of the art is indicated by the fact
that Richardson’s book? contains three chapters (about
100 pages) devoted to thermionic emission of positive
ions and there were many other references to aspects of
this phenomenon throughout the book. However, when
Reimann published his Lhook,? positive-ion emission was
covered in a matter of a few paragraphs.

THE PHENOMENON OF POSITIVE-10N EMISSION

There is, of course, a basic difference between the
thermionic emission of electrons and those of positive
ions. The electron is a unit charge of electricity and is
not associated with a specific material. On the other
hand, a positive ion is a positively charged particle of
some definite mater;al. [t follows, therefore, that one
would expect a nonuniformity in the characteristics of
positive ions from different sources, plus the fact that
chemical reactions mav often complicate the phenome
non.

Although, as has been mentioned. a reading of the
literature on positive-ion emission is full of contradic-
tions and leads to a feeling of discouragement as regards
its understanding and use, there are certain well-estab
lished facts, as follows:

1. Material for the Hot Anode. If in the study of
positive ions, one wishes to conduct experiments in
cither a gas or a high vacuum, the metal platinum is
almost universallv emploved as the base metal. It has
heen used because of its high melting point, freedom
from oxidation in the air when operated at a bright red
heat, and general chemical inertness. It is also less ex
pensive and easier to handle than such metals as
rhodium and irridium, which are also probably quite

' 1. 1. Thomson, “Conduction of I lectricity Through Gases
Caunl)rndggl niversity Press, 2nd 124, Cambridge, Mass.; 1906.

? 0. W. Richardson, “The Emission of Ilectricity from Hot
Bodies,” Longmans, Green and (o New York, N. Y.; 1916

" A, L. Reimann, “Thermionic “mission.” hn Wiley : S
Inc., New York, N. Y.; 1934 & WSS ARSI Sl S
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suitable. Platinum is also favorable to the retaining of
special coatings that can be added by spraying or
dipping.

2. Phenomenon in a High Vacuum. If a high-vacuum
diode is constructed with a platinum wire as a hot
anode, it will be found that the positive-ion emis-
sion current initially may be about the same order of
magnitude as the electron current. However, this posi-
tive-ion emission current falls off rapidly so that in
a few minutes or few hours it has reached a very low
value, probably a value of only a few microamperes.
If operation is continued at as high a filament tem-
perature as practical (platinum melts at about 1773°C),
for hundreds of hours or longer, the positive-ion
emission current will drop to an extremely low value,
about 10~2 amperes (Fig. 1). This assumes, of course,
that the envelope of the diode is continually evacuated
to remove all gaseous products evolved from the fila-

+ ION EMISSION CURRENT

TIME

Decay with time of positive-ion emission current
from a thermionic anode.

Fig. 1

ment. The ability of such a platinum ribbon to emit
again a relatively large positive-ion current may be re-
stored in a number of ways, such as exposure to gases or
air, making it the negative electrode from another
positive-ion source or operating as an electrode in a glow
discharge. In all such cases, however, the recovery is
but temporary and soon the emission current will again
drop to about its former low value.

If the platinum filament is coated with certain chemi-
cal compounds, the values of positive-ion emission cur-
rent may be enormously increased and the emission life
increased also, but always the current will fall with time
and sooner or later, the added material will either be
evaporated away or what remains will no longer contrib-
ute an appreciable added emission current.

3. Effect of Gas Pressure. If a pure inert gas is ad-
mitted to the bulb, there is, in general, some increase
in the positive-ion emission current. Again there is the
same general phenomenon of a falling off of the current
with time to a low value.

4. Positive-lon Emission in the Open Air. In the casc
of a red-hot platinum filament open to the atmosphere,
the same general rapid decrease of emission current
will occur with time. Not only are the results more
variable than in a high vacuum, but the final more or
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less steady value of current that is reached after
hundreds of hours of operation is usually several orders
of magnitude higher than it would bein a high vacuum.
If the platinum wire or ribbon is wound on a piece of
ceramic material, this higher value of final positive-ion
emission is even more pronounced. In other words, a
normal atmosphere plus certain associated materials
constantly renew the ability of the platinum to emit
positive ions.

+ ION EMISSION CURRENT

ANODE TEMPERATURE

Fig. 2—Exponential increase of positive-ion emission
current with increase of anode temperature.

5. Sensitivity to Anode Temperature Variation. Both
the normal positive emission current in air (Fig. 2) and
the sensitivity to contaminants in the air rise very
rapidly with anode temperature. The general relation-
ship between emission and temperature is not too
different from that in the case of electron emission of a
thermionic cathode in a high vacuum. There are a num-
ber of things which affect the anode temperature suf-
ficiently to cause marked variations in emission current.
Among such factors are variations in air flow, tempera-
ture and humidity of the air, and thermal effects from
chemical action.

6. Surface Accumulation Effect. If the anode-to-
cathode circuit is opened for a few seconds or a few
minutes and then reclosed, there is a high initial
value of current which decreases more or less rapidly
until the former steady value is again reached. In gen-
eral, the longer the circuit is interrupted the higher
the peak value attained (Fig. 3). There is a maximum

~—VOLTAGE ON
ON

- - VOLTAGE OFF
——--- OFF

+ ION CURRENT

TIME IN SECONDS

Fig. 3—The positive-ion emission current from a hot anode is tem-
porarily increased after an interval during which the cathode
voltage has been removed. This results from an accuinulation of
jon-forming material on the hot anode surface.
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limit for this peak current after the circuit has heen open
a certain length of time. In some cases, the space charge
between positive ions in the interclectrode space also
limits the peak current. It is believed that this storing-
up effect is due to the accumulation of positive-ion-
forming material on the surface of the hot anode. In a
general way, this effect may be likened to the formation
of an electron-emitting surface on thoriated tungsten.

SENSITIVITY TO [1ALOGEN COMPOUND VAPORS

Although there is much in the literature on the in-
crease of positive-ion emission current obtained fron
coating the platinum surface with chemical salts and
also on the changes in emission due to well-known inert
gases, the extraordinary sensitivity of the inter-
clectrode current to small concentrations of halogen
compound vapors seems to have gone unnoticed® until
very recently. Just why this was the case is not too evi-
dent. Possibly it results from the practice of the carly
experimenters of operating the red-hot platinum anodes
in a high vacuum for some time in order to get more
reproducible results. We do know now that the phe-
nomenon is most marked in air.

Once the proper conditions for the realization of this
cffect of halogens are set up, it is so striking that it is no
wonder that a field of usefulness was soon uncovered.
These conditions are operation in air, the use of sensi-
tizing material to aid in keeping the platinum active,
and the use of sufficient areas and a close enough spac-
ing to give large enough currents for a practical device.

I'he development of the leak detector based on this
phenomenon is a good example of the importance of tim-
ing in a research and development project. In the great
majority of cases, the discovery or the working out of
some new physical or chemical effect is cither far ahead
of its time, or so late that other ways of doing the same
thing have been uncovered and utilized before. In this
device, the timing was quite fortunate. In the manu-
facture of houschold refrigerators, as well as office water
coolers and room air-conditioning units, the carly re-
frigerant used was ammonia vapor. The toxic effect of
this vapor was a most undesirable factor. The next
refrigerant to be used was sulphur dioxide and, al-
though an improvement, it still left much to be desired,
A number of vears ago, a new refrigerant, known by he
trademark Freon, was developed and is now largely
used. It proved to be satisfactory, both thermody-
namically and because of frecdom from toxic effects and
odor. However, the detection of leaks proved to be quite
difficult. This became particularly important because
the trend over the years in small refrigerating units has
been toward a scaled mechanism, The charge of the re-
frigerant introduced at the time of manufacture must,

¢ R. C. Evans, “The equilibrium of atoms and ions adsorbed )
metal surface,” Proc. Cambridge Phil. Soc., vol. 29, p. 161; 1(()3(;l N

¢ J. J. Thomson, “On the passage of electricity through hot gases,”
Phil, Mag., vol. 29, p. 358; April, 1890,
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for customer satisfaction, last for the life of the mecha-
nism, which is numbered in years. This accentuated the
leak problem, Thus the extraordinary sensitivity of the
positive-ion emission from platinum in air to halogen
compound vapors was a most welcome tool. Inci-
dentally, IFreon, a chloro fluoro methane, scems to give
unusually good response in this device and has but few
undesirable secondary cffects.

Although, as noted above, the usefulness of this phe-
nomenon was recognized at a very opportune time in the
refrigerator industry, it just missed being a really impor-
tant factor in lowering the cost of the setting up of the
Gaseous Diffusion Plant of the Atomic Energy Commis-
sion during the war. In the separation of the uranium
isotope 1J-235, tremendous systems of tubing, valves,
couplings, ¢tc., had to he made leak-free. The order of
magnitude of this phase of vicuum engineering can he
appreciated from the fact that in this problem alone,
which might seem minor, 1,100 men were engaged at the
peak of activities.® All sorts of methads and devices were
used 1n this large-scale hunt for leaks, the most impor-
tant being the use of a new, high-developed mass spec-
trometer. Undoubtedly, if the halogen compound leak
detector had been available at that time, much money
might have been saved. Ironicallv enough, the basic ob-
servation of the great sensitivity of this positive-ion
phenomenon was made in 1944, hut its value as a leak
detector was not envisioned until the end of the war
when there was time to follow up this and a number of
other observations that during the war vears had
looked interesting.

DuscrIPTION OF THE LEAk DETECTOR

The heart of this device is the electrode structure or
whatis commonly called the sensitive clement. Basicallv
this element is a diode with a heater anode. As all of
these elements operate n air, platinum is used for the
heater wire, as well as the anode and cathode. The heater
wire is wound on a small threaded ceramice cvlinder and
this is slipped inside of a4 small, hollow, closed-end, plat-
inum evlinder. The cathode is a surrounding cvlinder,
also of platinum, with a spacing of about 35 mils he-
tween the two electrodes. The whole electrode structure
is only about the diameter of a lead-pencil ferrule and
not much longer. The heater operates at 12 volts and re-
quires three to four amperes, The electrode structure is
mounted on a ceramic base, the design being such thatit
can be slipped into a tube of larger diameter and, due to
a mica washer, the air flow in the larger tube is forced
through the interelectrode space. ‘This element is pic-
tured in Fig. 4 and a cross-section view of one form of
construction is shown in Fig. §.

The voltage used between electrodes is made as high as
possible and yet avoids corona-type discharges that
might occur under certain conditions. In practice, this is

S R. B. j'acobs and H. F. Zuhr, “New developments in vacuum
engineering,” Jour. Appl. Phys., vol. 18, p. 43; January, 1947,
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about 300 volts de. At this voltage and with the anode
operating at rated temperature, the steady interclec-
trode current in a properly aged unit is in the order of
1 to 10 microamperes. The sensitivity of this clement is

Fig. 4— I'he sensitive element of the leak detector.

such that a few parts of Freon per 10,000 of air may in-
crease this current several fold. A really heavy dose of a
halogen vapor may increase it nearly 1,000 fold.
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Fig. 5— Cross section of a sensitive ¢lement.

The basic electrical circuit is extremely simple, consist-
ing of a dc power supply of about 300 volts, a filament

supply, which may be ac, of 12 volts, and some device

for indicating or responding to the changes of inter-

electrode current (Fig. 6). The most convenient device
of this sort is a 0-to-50 microammeter. Another desirable
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but not essential element in the circuit is a protective
series resistance for the microammeter. To utilize the
device as a leak detector, a current of the air to be
tested must be constantly passed between the elec-

g

“+0
° d.c
-0

L a—

[

|

Fig. 6 Elementary circuit of the leak detector.

trodes. Experience has shown that this in effect is a min-
iature vacuum cleaner, and that dust and other particles
are always picked up in factories. \ir filters are used, of
course, but there is always a likelihood of short circuit
between the elements and, therefore, a protective re-
sistance is desirable.

In actual practice, a microammeter is not too sturdy
an instrument for factory use, and it has been found
that the operator needs to give undivided observation
to the leak detector probe while moving it near suspected
spots for leaks. In such cases, looking frequently at an
instrument for a response is not practical. Therefore,
the leak detector is cquipped with either an aural re-
sponse or some sort of tlashing-light indicator in the
field of vision of the operator. .\ very simple, practical
arrangement of the forner is a glow-tube relaxation cir-
cuit oscillator including a loudspeaker or headphones
to give an audible response from the audio-frequency
oscillator output.’ Thus, when a leak is found, the device

Fig. 7—A leak detector circuit incorporating a relaxation oscillator
and speaker to provide an audible response.
T =impedance match transformer
L =glow lamp
S =loudspeaker
C =capacitor.

W, C. White and J. S. Hickey, “Electronics simulates sense of
smell,” Electronics, vol. 21, p. 100; March, 1948.
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either emits a raucous note or the frequency of this note
is markedly changed. The circuit for an arrangement of
this sort is shown in Fig. 7.

For applications where the presence of a leak is sought
at a specific spot and also a very high sensitivity is
needed, an instrument indication is desirable. In such
cases an amplifier stage is added to the circuit, so that a
milliammeter may be employed.

Fig. 8 —The head and ¢

I'he leak detector as used in industry ¥ cither incor
porates the sensitive element with its little air-suction
blower in a hand-held Fig. 8, or the
sensitive element may be in the control chassis and the
air to be tested is then sucked through a short tube
In either case, the end of the search tube sucking in air is
moved over locations suspected of having leaks. This

shown in I7ig. 9, which illustrates a
refrigerator unit being checked for leaks.

Fig. 9—Using a leak detector 10 check refrigerator units in
a factory production line

8 W. C. White and ]J. S. Hickey, “Vapor leak detection by ther
mionic effects,” Elec. Ind. & Instr., vol. 2, p. 7; March, 1948,
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The procedure is simple in the case of refrigerating
units because the Freon gas used is a halogen compound
under pressure and gives a particularly good response in
the detector. In the case of its application to tanks,
valves, and pipes, these are filled with air at a pressure
normal to their regular intended use and to this air is
added a small amount of Freon. In practice, about 35 to
10 per cent of Freon by volume is ample. In Fig. 10 a de-
tector is shown being used to check seam welds on the
casing of a huge turbo alternator. In this application, it
is necessary to have the casing of this alternator free
from leaks as it normally operates with a slight pressure
of hydrogen so as to reduce windage loss, increase heat
conduction from the rotor and minimize oxidation of
the insulation.

Fig. 10—Testing a seam weld for leaks on a large
turbo-alternator casing.

\ variety of techniques have been developed for the
expeditious testing of various devices for leaks.® What is
considered a leak has been found to vary tremendousihy
with the operation involved. To a physicist, it may be
almost expressed in some cases in molecules of gas per
unit of time. In the case of an aircraft manufacturer in
terested in the pressurizing of a plane cabin, it mayv be
expressed as the ability of a fair-sized pump to keep up
the pressure. The halogen vapor leak detector is a very
sensitive device and is not suitable for gross leaks. Just
as in the case of scales, one does not weigh tons of coal on
a balance used by an assaver. The leak detector de-
scribed is simply overpowered by large doses of a
halogen compound vapor. Fortunately, there are other
simple methods of finding the location of large leaks.

Probably the greatest problem confronting the use of
this leak detector in factories is to free the surrounding
atmosphere sufficiently from the gas to be detected.

*J. R. Neff, “How to test for leaks reliably, quickly and at low
cost,” Gen. Elec. Rev., vol. 52, p. 41; October, 1949,
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Good ventilation is necessary. It has been found by ex-
perience that normally air in a room contaminated with
a vapor does not become uniformly diffused and thus
establish a constant level, but rather the contamination
occurs in lavers that move about the room much as is
often observable with clouds of cigarette smoke.

THE THEORY OF OPERATION

\What actually happens when there are variations of
positive-ion emission from hot platinum in air, particu-
larly when subjected to contaminants, is not well estab-
lished. As a matter of fact, there is no generally accepted
explanation for a number of the characteristics that
have been observed.

Tests by a number of experimenters utilizing the mass
spectrometer principle have indicated that in a high
vacuum the carriers of the current are positive ions of
potassium, and in some cases sodium. A number of
scientists have found that platinum contains a minute
but almost inexhaustible amount of potassium mole-
cules.’® In a high vacuum they are slowly diffused to
the surface and in the case of a diode they are slowly re-
moved. In air this elimination does not seem to occur
to the same degree. Every laboratory worker is familiar
with the fact that a piece of platinum wire, when in-
serted in a Bunsen burner flame, gives a yellowish tinge
to the flame, characteristic of sodium. In a few mo-
ments, however, this disappears, but if the wire is laid
aside for a few hours or a few days, the same effect will
again be noticed, which indicates that in normal air,
which always contains more or less dust, there is a source
of sodium and possibly other of the alkali metals. It is
believed that one or more of these metals, notably po-
tassium, furnishes the positive-ion material for the in-
terelectrode current flow and halogen molecules strik-
ing the hot surface speed up this formation of positive
ions.

Just why the halogens are relatively so much more
effective in doing this in comparison with other mole-
cules has not been clearly established, but it is known
that the halogens are unique in that they have a strong
affinity for electrons. As a matter of fact, in a table of
electron affinities of materials in which this factor has
heen tested, the halogens are positive, whereas the other
elements are negative.! There is also reason to believe
that the extraordinary sensitivity of the device, that is,
its response to a few parts per 10,000 or less, is a some-
what different phenomenon than its response to very
concentrated volumes of halogen where the current may
increase in the order of 1,000 fold.

It has been found by experience that the highly sensi-

10 I.i.' A. 'Barton.' B. P. Harnwell, and C. H. Kunsman, “Analysis
of positive ions emitted from a new source,” Phys. Rev., vol. 27, p.
739; June, 1926.

"' D. K._ Rice, “Flectronic Structure and Chemical Binding,”
McGraw-Hill Book Co., New York, N. Y., pp. 101 and 237; 1940.
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tive response goes down quite rapidly if the sensitive
element is exposed either to small concentrations for too
long a time or to high concentrations. In general, the
sensitivity recovers with normal operation in pure air.
However, in some cases of too heavy a dose of a halo-
gen compound, the platinum surface may suffer a chem-
ical change and leave a contaminating deposit on the
electrode structure which must be mechanically re-
moved.

As has been indicated, the theory of operation of the
device is not too well established, although the effects
are sufficiently understood to allow the design and use of
a practical leak detector.

FURTHER OPPORTUNITIES FOR RESEARCH AND
[)EVELOFMENT

The phenomenon of positive-ion emission in air has
been so long neglected and exhibits so many peculiarities
and interesting effects that it should be a most reward-
ing field for further study, research, and development.
Apparently two things have deterred further work in
the field.

A background in the work of electronics has led most
workers to carry on their experiments in a high vacu-
um, rather than in air. This has been a natural tendency
because in a high vacuum the phenomena are much
simpler, the effects more reproducible, and the controls
more effective. However, it is very probable that in so
doing researchers in the past have missed much that
is interesting and valuable.

A second factor is that a reading of the literature
gives a sense of discouragement to any would-be worker
on this phenomenon. Much of this is found in reports of
work done many years ago before improved techniques
were developed. However, even today an experimenter
in this field is frequently confronted with contradictory
findings.

There are a number of ways in which further study of
positive-ion emission appears to be promising. Some of
these are:

1. Further extension of the detection of gases,
vapors, and suspended air particles, such as smoke. In
the case of solid particles, it 1s possible, of course, to get
response from other elements than halogens. Some solid
chemical compounds give more or less positive-ion
emission when applied to a red-hot surface.

In a way, the device described simulates the sense of
smell and thus conceivably might play a part in de-
velopments from the science of cybernetics.'?

In this field, variations of light, sound, temperature,
and touch are often used to control a “machine” di-
rectly, rather than through the medium of the human
senses and the muscular responses that follow. A device
that responds to an odor, therefore, might well be an-

12 Norbert Wiener, “Cybernetics,” John Wiley and Sons, Inc., New
York, N. Y.; 1949,
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other tool for this science to use to advantage.
2. To lower the voltage required to pass cither al-
ternating current or direct current through air or a

vapor or gas.

3. To provide a sealed bulb device with an inert gas
or vapor filling or even a vacuum to give new and
useful electrical characteristics based upon the differ-

|
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ence of the positive-ion charge, mass, or mobility from
that of electrons.

It is probably fair to say that our knowledge of
positive-ion emission and its utilization today is about
where the application of electron emission in a vacuum
was at the time delForest introduced the grid, and thus
brought about the beginnings of a whole science.

MARKETING SYMPOSIUM

The engineer doe~ his work and finds the fruition of his efforts within his social and industrial -
environments. If he does not understand his surrounding~ and. within reasonable limits, adapt
his aims, plans, products, and services to the requirements of that environment, even his most
sincere and capable efforts may all oo often be nullified, to his disappointment or even stultifi-

cation,

It is accordingly desirable that there be presented in the PROCFEDINGS OF THE I.R.E. at least
a modicum of material descriptive of production and merchandising problems and processes. To
effectuate such publication, the Board of Directors of the Institute has approved the publication
of a limited amount of such material over the years. Examples of such publication have appeared
in the ’ROCEEDINGS pages, and have evoked a favorable response. judging from communications
received from our readers.

Carrying such publication further, there appear in the follow ing pages a group of papers pre-
sented at the Marketing Symposium of the March, 1949, IRE National Convention.

Enginecrs will understand that the extreme definiteness of terminology and expression char-
acteristic of engineering papers are neither to be expected nor possible in the realm of descriptions
of industrial matters. This limitation, however, does not preclude the following papers from having
a distinctly important educational and personal v alue to the engineer. These papers are accordingly

[ commended to the attenuon of all engineers who desire a well-rounded picture of a part of the
industrial system to which they contribute, and who also wish some guidance of practical nature
in ~o adjusting their thoughts and actions as bet to serve the industry of which they are an essen-

‘ tial part as well as the country where that industry flourishes.— The Editor.

The Modern Concept of NIarketing"‘

INCE THE WAR, therc has been an
S increasing tendency on the part of

industry to organize its general sales
activities on a nuch broader base. This new
concept is becoming known under the name
of Marketing. This broader approach to the
science of merchandising is receiving major
attention in many of the finest universities,
and excellent text books have been prepared
to cover this ramified general subject.

The broad term “marketing” obviously
includes all the functions which previously
came under the general heading of “sales.”
But, in its wider application, marketing
embraces also many functions and responsi-
bilities which rested heretofore in other
areas within a manufacturer’s organization.

* Decimal classification: R740. Orlginal manu-
script received by the Institute, December 27, 1949,
Marketing Symposium presented. 1949 National
IRE Convention, New York. N. Y., March 10, 1949,

t General Electric Company, Elecironics Park.
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In this symposium the<e variou~ func-
tions and how they operate in relation to
each other will be explored in order to pro-
vide a clear understanding of this new hroad
concept of “marketing.”

‘The new concept of marketing begins to
apply, not when a product is offered for
sale, but when the plans for that product are
first initiated. The design of the product, its
market, anticipated volume, the required
manufacturing facilities, the question of
whether or not the existing sales force is
adequate—all are factors of planning that
must be settled before the product can be
offered for sale. If reasonable assurance of
profit is expected, these factors must receive
carly and scientific consideration.

It is essential that this new concept of
marketing be regarded as a “science” for,
unlike the old methods of taking goods to
market based on guesswork, gambles, and
expedience, this marketing plan has for its
base the scientific search and use of facts,

Planning based on *facts,” ohjectives based
on “facts,” evecution of jobs guided by
“facts,” and examination of result measured
in terms of “facts” —these put the mark of
“science” on this new concept of marketing.

Amodern marketing plan embraces the
responsibility for and the co-ordination of
the following functions:

Market Research

P’roduct Planning

’roduction Scheduling & Inventory Con
trol

Sales Planning and Distribution

Product Service

Sales Promotion and Training

Advertising.

In order to understand and appreciate
more fully this concept of marketing, it is
essential to examine each of these functions
and how it relates to the over-all operational
responsjbility of a modern marketing or-
gameation,
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ARKET research has important

application to good product de-

velopment. Consumer's likes and
dislikes are a set of facts that are just as
objective and can be established just as
firmly, as the facts of material and labor
costs.

It is the business of market research to
obtain, analyze, and interpret information
on consumer facts. In addition, market re-
search should disclose the essential facts
necessary for determining the following:

Size and location of market

Product requirements of the market

I’roduct specifications

I’roduction scheduling and inventory
control of factory output to best serve
the market

Prices at which product can be best
sold to the market

Advertising and sales promotion plans
for steadily developing the market

General business conditions and trends
affecting the market.

Market research and its findings do not
necessarily represent final conclusions. Those
employed in marketing will never have a
slide rule with which they can calculate the
right answers. They must, of necessity,
treat with too many variables—too many
human reactions and opinions. In the final
analysis, experience and good business judg-
ment must sway the ultimate conclusion,
Therefore, they welcome market and
product research as a tool—a very neces-
sary tool that offers firm facts that eliminate
much of the guesswork, gambles, and the
playing of hunches that have resulted in so
many commercial failures in the past.
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Market Research®
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Market research revolves
around two major functions:

primarily

1. Statistical Research

This is the science of accumulating, com-
piling, and tabulating basic statistics on
which fundamental planning may be based.
In the radio industry there are several ex-
cellent sources of such material, which en-
able the intelligent determination of sales
objectives in relation to industry expecta-
tion in all the varied classes of reccivers
which are manufactured:

(@) RMA Statistics. Most members of
RMA report weekly their production and
shipments of radio and television receivers,
broken down into a dozen or more basic
classifications. A compilation of these re-
ports is sent in turn to each contributing
member which enables him to become
informed regarding the over-all movement
of each classification nationally, and his
own performance percentage-wise of the
total industry sales. Certain industry in-
ventory figures are also included, which
provide danger signals against over-produc-
tion and inventory controls. Also, over years
of reporting, certain seasonal trends are es-
tablished, which prove valuable in guiding
production schedules and timing for the
introduction of new merchandise.

(b) RCA License Statistics. RCA issues
monthly a summary of industry production
and sales, based on manufacturers' royalty
reports. This summary provides an effective
check on the RMA figures and a valuable in-
gredient in the compilation of general figures
to indicate industry trends by the various
categories of merchandise.

From various other sources, other vital
data are secured covering broad economic
factors, such as population, home owners,
income tax returns, auto registrations, pro-
jected national income, cost of living, rate of
employment, and the extent of the so-called
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discretionary dollar available for expenditure
on other than living necessities.

Combining these factors, the manufac-
turer can set up a fairly accurate statistical
picture which enables him to project in-
dustry volume by type of merchandise and
the part he expects to play in it. This activ-
ity is basic and has lbeen in use constantly
by most manufacturers to determine the
most accurate figures on which to base
their conclusions. This statistical informa-
tion is utilized to good advantage in sales
planning and distribution, as will be shown
later.

2. Trade and Product Research

Most manufacturers maintain, on a sys-
tematic basis, direct contact in the field with
leading dealers to secure their immediate re-
action and opinion of the sales possibilities,
not oniy of their own product, but those
offered by competition. This is vitally im-
portant, particularly in relation to television
receivers, where changes are made often and
quickly, due to the rapid development of this
new art. This continuous contact enables
the manufacturer to keep currently familiar
with each new product as it is iatroduced
by competition, its technical makeup, any
new feature which might indicate an ad-
vance in the art and, of equal importance, to
advise the manufacturer of the difficulties
which competition may be experiencing on
their new models. This familarity with com-
peting products and their field experience
will provide the manufacturer with informa-
tion that may indicate whether a change in a
particular design is necessary to meet in-
genuous competitive developments, or ad-
vise and warn him not to incorporate specifi-
cations, circuits, or other technical innova-
tions which have proved unsatisfactory and
troublesome in competing goods. It is evi-
dent, therefore, that the subject of field
product research is directly related to the
vital subject of product planning,

Product Planning and Design”

T HAS BEEN shown that the work that
goes into market research provides a
basis for product planning. These pro-
cedures are used to a great extent in plan-
ning, particularly the results of statistical
research, Field product rescarch, however, is
only one of the phases of successful product
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development. A somewhat more personal
and rule-of-thumb method of collecting and
correlating information must also be em-
ployed. It has been found that the ideas
incorporated into a new line of products are
apt tostem from many sources, such as:

1. Research engincering, whercin  the
product group includes ideas for technical
improvements,

2. The field sales organization, through
the medium of conventions, dealers m -et-
ings, and through special field trips mad:

with key sales personnel to dealers’ stores to
determine the acceptability of all of the
products in their stores,

3. Production engineering, whereby the
study of the problems encountered in the
factory may often lead to new methods of
assembly that can he incorporated in future
designs. These methods of ten lead to greater
standardization and simpler organization
of component parts.

4. Quality control, which aids in the
study of quality factors that cost out of
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proportion to their sales value, enabling the
manufacturer to stress those items which
will give the consumer the greatest return
for his dollar.

5. Chassis engineering, which enables re-
duction in component size, simplification of
circuits, simpler solutions to mechanical
problems, and constant guidance in forma-
tions of the product to give maximum per-
formance for least cost.

6. Product design and development,
whose basic responsibility is to conceive of
new consumer product ideas.

7. Top management, which supplies tim-
ing from an economic viewpoint, and
evaluation of the fundamental approaches
from a standpoint of price and sales appeal.

In order to catalyze the ideas from these
sources of material, it is necessary that a
specific group be assigned the primary
problem of co-ordinating information re-
ceived. It is their responsibility to crystallize
the information in such form that the re
sponsible executives are familiar with the
program and can offer criticism according
to policy-forming top management thinking.

Once a model is in production, statistical
records are kept which help in analyzing
trends and which give specific data for de-
termining the approaches that should be
taken. For example, records are kept on
the relative production rate, the selling
rate, and the stock available at any given
week for cach model, enabling the manufac-
turer to keep a close check on the sale of
his product. .\ sudden increase of stock on
hand, commencing at a time when the pro-
duction running rate is relatively constant,
would be a warning signal that for some
reason the model is backing up in dis-
tributors’ stocks. The manufacturer would
then get in touch with key distributors all
over the country to determine whether the
reason for this slow-down is competitive,
whether it lies within hi> own product, or
whether it is a general market condition
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which would indicate that any product at
that price would sell slowly at that time.

Records are also kept on all competitive
makes of models, including list prices, fea-
tures, and complete cost information, which
enable each company to analyze from a
purely statistical viewpoint how it stands
with respect to competitors. Using this in-
formation along with industry figures on
the percentage of sales, the manufacturer
can determine whether business is becoming
stronger or weaker in every individual phase
of the market.

The actual development of a new radio
model starts with the determination of the
general price range in which it is to sell. A
list price is determined, and from this a
breakdown cost is made showing what
should be spent in the broad general brack-
ets of chassis, cabinet, packing, and as-
sembly labor. A further analysis of each of
these items discloses just what can be put
into the set in materials and labor.

Immediately following these initial steps,
work on the design of chassis and the cabinet
is started. Careful attention is given to the
layout of electronic and mechanical parts
in order that factory costs may be kept at a
minimum, and eventual use by the consumer
is never forgotten.

Concurrently with the building of the
models, the cost estimating groups are work-
ing on the cabinet and chassis designs so
that when the models are shown 1o the sales
group, a suggested list price at a specitic dis-
count and gross profit structure has been
determined and can be discussed as it relates
itself to the rest of the line.

A running rate is determined for the vari-
ous lines of production which establishes
what the average over-all gross on each line
of products can be. This gross is pre-
established as necessary for good business
practice, and it is the responsibility of the
product group to come up with a line of
products that will make it profitable for that

Production Scheduling and Inve

T LOGICALLY follows that, after the

market is surveyed as accurately as

possible and the product planned to fill
market requirements, the factory must be
provided with production releases for a firm
quantity of units to be produced, and that
daily, weekly, and monthly production rates
be established in advance. Such firm com-
mitments on the factory should be made
under the direction of the top management
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of the marketing operation. Such schedules
must be based on a reasonably optimistic
sales objective and must be co-ordinated
with factory facilities. Schedules that ex-
tend sales beyond a reasonable expectancy or
contemplate production rates greater than
the factory can produce are dangerous. They
lead to excess inventory available at the
wrong time and result in losses.

The objective of maximum turnover of
inventory and maximum return on invested
capital is constantly in front of the manu-
facturer. Inventory is one of the largest
items of capital investment. \hile many
items of capital investment, due to their na-
ture, cannot be easily changed, inventory
can be controlled to give a greater return
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division of the corporation to operate.

During the course of this procedure,
schedules are set up, starting with manage-
ment’s assignment of the problem and end-
ing with the start of production.

When the product has reached approval
stage from the standpoint of the product
design group, a design data sheet is turned
over to the engineering organization giving
explicit data as to what the product shall be
from the consumer’s point of view. This data
sheet is the official indication to the operat-
ing division of the organization that a prod-
uct has been approved by the sales manage-
ment group, and sets in motion the wheels
of production.

The engineer will be interested in know-
ing the kind of personnel required in the or-
ganization of a product design and develop-
ment group. If the group is small, it will
probably include men who have been trained
cither in school or by experience in the spe-
cific application of industrial design”to the
creation of new products; however, when
the staff exceeds four or five people, it is
well to diversify this background to include
personnel trained in such creative arts a~
architecture, painting, sculpture, and interior
decorating, along with industrial designers
who combine experience in fine arts with a
knowledge of engineering. The allied talents
of such a group can be well co-ordinated and
applied to the creation of new merchandise.
The group should also include complete
model-making facilities for the basic raw ma-
terials, and a finishing laboratory which can
apply finishes to simulate all materials.

Finally, it is important to have a busir.e~~
staff to keep the work flowing from its
initial sketch stage to the review of the
finished model by sales executives at
scheduled intervals.

This brief discussion constitutes one
phase of the application of market and
field research in product planning and de-
sign,

ntory Control”

or profit to the company. There is no more
effective way to revolve capital and increase
profits than through rapid inventory turn-
over,

The main problem in inventory control
has to do with making a master schedule
from which a budgeted rate of production
output is determined. This schedule must be
based on a marketing forecast and a con-
tinuous application of judgment, based on
sound muarket analysis, to anticipate and
determine changing conditions. Control of
production and inventories, based on market
facts, should make it possible to shorten
production cycles to weeks, as compared to
months, as has been the experience during
the past three vears.
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The marketing organization should be
responsible for negotiating a mutually agree-
able production schedule with the factory.
Once accepted by manufacturing, that
schedule is as much a part of the customer’s
contract as the price, and must be met.
Marketing must plan its sales activities
in its markets, and plan and time the

Marketing Symposium

production it needs to satisly those mar-
kets.

If product planning is properly done and
if production schedules are accepted and
met, the company is assured of the all-im-
portant element of timing. With full knowl-
edge and control of the product develop-
ment and production rate, the sales man-
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agers can prepare comprehensive campaigns
and sales tools for aggressive merchandising
with confidence. Then, sales planning be-
comes the creative activily it has always been
considered.

This brings us to the next major step in
modern marketing—proper and effective
sales planning and distribution.

Sales Planning and Distribution®

LEE McCANNET, SENIOR MEMBER, IRE

NGINEERS are usually concerned
E with product planning. It is impor-

tant that engineers understand the
sales planning involved in disposing of the
products they have designed.

[t is timely that light be thrown on sell-
ing methods, distribution channels, and
selling costs in the television industry. Al-
ready, television presents a paradox, a twi-
light zone, with a sellers’ market continuing
or developing anew for certain brands and
picture sizes, while a buyers’ market has defi-
nitely arrived for certain other brands and
picture sizes. It is important to the prestige
and prosperity of this industry that we
recognize the pitfalls and avoid those weak
merchandising practices which gave the ra-
dio industry a “racket” aspect before the
war. The most cloistered research engineer
may find his job security thrcatened unless
television can be established on a stable
marketing plan, with definite functions and
responsibilitics to be performed by the
dealer and the distributor at costs which can
be known and anticipated.

In 1939 therc were television sets with a
bigger picture than the 10-inch cathode-
ray tube on which the postwar industry
decided to standardize. Yet, as remarkable
as television was in 1939, sets did not sell.
The reasons why are probably as mystifying
to engineers as the circuits would be to the
salesman on a rctail floor. Largely it was
due to the application of contemporary radio
sales techniques rather than recognizing
television’s special market problems. In
1940, when it became apparent that televi-
sion sets were not moving off of radio
dealers’ floors, a few pioncer manufacturers
went to considerable expense in metropoli-
tan New York to establish direct selling
operations or supplement the dealers’ selling
functions. New York was then the one
market that had television programs at all
comparable w those of any single-station
television city today. Under this direct
selling plan, the dealer produced a prospect
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list. Then a television selling specialist went
with the dealer’'s salesman to call upon
prospects and close sales. Only with this
extra effort were sets moved off a dealer’s
floor and, at that, largely into public places
with the thought in mind that, if people
would not go to the dealer’s store to get a
demonstration, they would at least be ex-
poused to television occasionally in public
places.

Sales planning endeavors to answer these
questions:

1. Where are the prospective cus-
tomers for this product?

2. How many potential customers are
there?

3. In what kind of store or outlet
will they look for this product?

4. How can those outlets best be con-
tacted and served?

5. Are middle-men (distributors, sales
agents, ctc.) necessary or desirable?

6. How many salesmen are needed in

the field?

7. How should their territories be
established?

8. How much supervision will they
need?

9. Where are the warchouses or
branch offices necded?

10. How can the company keep track
of, and control, the activities and
inventories and all units in this
marketing structure?

11. How should the product be in-
stalled and szrviced?

12. What, if anything, can be done
about price maintenance?

It might appear that these questions
can be answered “once and for all” by each
manufacturer, but in practice they need
frequent review and attention. Product
plans may be upset or altered by the sales
plan. The number, size, and style of models
in a line, for example, may be changed by a
decision to display them in furniture stores
rather than sporting goods stores, It is well
when product plans, sales plans, and sales
promotion plans can proceed concurrently,
in parallel, rather than in series.

The first question, where are the
prospects, is answered simply for a television

sales manager by the nature of television it-
self. The market is entirely domestic at
present, not a national market, but limited
to the cities and areas served by television
stations.

When it comes to determining the best
markets in which to spend one’s selling ef-
forts, the first question is not so simple.
The cities which have a choice of two or
more programs, or a television network
connection, are better markets than isolated
cities which have only one station, inde-
pendently programmed. Some manufac-
turers will concentrate their efforts on a
selected few television areas; while others
will endeavor to develop all possible televi-
sion markets.

Determining how many potential cus-
tomers there are in an area, and their buying
power, has been the aim of many a statistical
study with the results weighted by various
factors. Sometimes a formula or “Buying
Power Index” is the result, jealously
guarded by the manufacturer who spent a
lot of time and money to compute it. Figures
on the population, the number of home
owners, the number of electrified homes,
the number of radio homes, are available
for every county in the nation. Other factors
such as income tax returns, subscribers to
the magazines in which the manufacturer
advertises, telephones in use, or automobile
license registrations may be used to indicate
per capita buying power. Two more factors
are needed. One of them indicates the rela-
tive share of the total television market
which the particular manufacturer or brand
intends to capture. The other is an experi-
ence factor, recognizing the effect of past
sales and sales promotion as a cumulative
local selling help in swaying more prospects,
depending upon the extent to which each
market has already been cultivated.

Department stores, music stores, furni-
ture stores, hardware stores, dry goods
stores, jewelry stores, sporting goods
stores—any one of these may be the com-
plete or partial answer to the third question
on the type of dealers to be franchised.
Manufacturer-owned retail stores and dis-
play rooms have rarely been used in the tele-
vision business but are common in some
industries, such as shoe stores, Direct-to-
consumer selling by mail, or through mail or-
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der catalogue houses is broadly followed by
producers of television kits and some
manufacturers of small wlevision sets.

In the classical method of distribution,
the manufacturer sells to a wholesale dis-
tributor who, in turn, sells to a dealer who
sells and serves the customer. That is the
distribution process which involves the full
list of marketing functions. Any other meth-
od aims to streantine the process by short-
cutting one or more functions and conse-
quent costs.

To answer the Hifth question regarding
the use of wholesalers or “jobbers,” or of
commission sales agents, the manufacturer
must determine whether he can afford the
sales force, traveling expenses, regional ware-
houses for quick deliveries, credit depart-
ment and finance plan, and trade-paper ad-
vertising that may be nccessary if he is
going to compete with established local
wholesalers for the retailer’'s attention,
Many manufacturers use local wholesalers
in every market; many more use whole-
salers in most territories but sell direct to
dealers in a few selected markets; while 4 few
manufacturers sell direct to dealers na-
tionally but usually concentrate their ef-
forts on the large metropolitan centers.
It must be acknowledged that some manu-
facturers have answered question 5 one way
for some markets (establishing their own
wholesale office, sales force, and warehouse
in New York or Chicago, for example) and
the other way for other parts of the country.

The “middle man” in the classic pattern
of distribution buys from the manufacturer
and sells to dealers. In television (after de-
ducting the dealer discount of 25, 28, 30
or 33 per cent, depending somewhat on
price range), he has a gross profit margin
on the remainder of 10 to 18 per cent. That
is considerably less than 10 to 18 per cent of
the list price; it is 10 to 18 per cent of what
is left after the dealer’s discount has been de-
ducted from the list price. Thus, if the deal-
er's discount is 30 per cent (leaving 70 per
cent of the list price as the dealer's cost of
the merchandise) and the distributor dis-
count is 10 per cent, the distributor’'s gross
margin is 10 per cent of 70 per cent, or 7 per
cent of the list price.

Within this gross margin, the distributor
aims to make a net profit, and also to:

1. Pay his rent and overhead in pro-
portion as television is related to
the rest of his wholesale business.

2. Pay the freight from the manu-
facturer's plant.

3. Buy and store merchandise in ad-
vance of the peak season demands,
to be ready to make immediate de-
livery when the demands material-
ize. This may require bank loans,
at interest.

4. Employ wholesale traveling sales-
men.

5. Co-operate with the manufacturer
and dealer in local advertising.

6. Maintain spare parts and establish
service depots for his dealers.

7. Promote sales through displays and
demonstrations at radio shows,
home shows, county fairs, etc.

8. Conduct sales-training meetings
for dealers’ salesmen.
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9. I'rain service men and installers.

10. Advise dealers regarding location of
the television department, arrange-
ment of floor display, window dis-
play, and demonstriation rooms.

11. Arrange bank or linance company
loans to dealers for floor samples
and time-payment customer paper;
or extend credit to his dealers, col-
lect these accounts, and charge off
any bad debts.

12, Support local television stations by
sponsoring programs during day-
light hours to facilitate home instal-
lations and store demonstrations.

13. Deliver the instrument from his
warchouse to the dealer's store, or
to the customer’'s home, crated or
uncrated, as desired.

14. Police his territory, using compari-
son shoppers to report price-cutting

by his dealers and competitor
dealers.

15. Absorb losses on any slow-moving
merchandise.

That is quite a list of distributor func-
tions. Each of them can be costly. \While
some brands allow only 10 per cent of the
dealer’s cost to the distributor for perform-
ing these functions, other brands sold
through distributors may allow as much as
18 per cent on some models, the difference
being the degree to which the manufacturer
counts upon his distributor to advertise and
promote the sales.

One cffort to streamline the classical dis-
tribution plan is through the use of a manu-
facturer’s sales agent instead of a distributor.,
Under this plan, the manufacturer usually
has to stockpile and warehouse television
sets ahead of the season at his own expensc,
bill the dealers, and make collections from

them after they buy from the commission

agent. The agent’s commission is therefore
smaller than a distributor discount.

Some other manufacturers, to streamline
the distribution plan, elect to sell a privite
brand or “stencil” merchandise direct to a
mercantile chain of stores. Here a group or
chain of stores pool their buying require-
ments in an effort to function as wholesalers
as well as retailers. Unless they are concen-
trated in one market, they have shipping and
warchousing problems similar to those jn-
volved when a manufacturer sells direct to
dealers. There are fewer people 10 co-
operate in advertising and in sales promo-
tion efforts. The manufacturer who sells
stencil brand merchandise loses his identity
and builds a reputation and a market struc-
ture which he cannot control. Its permanent
value to him is questionable.

Many books have heen written about se-
lecting salesmen, assigning territories, and
supervising them in the field. There isn't
space to do more than mention the problems
raised by questions six through nine above.
In general, the manufacturer’s salesmen
usually need more supervision than they re-
ceive. Many times, attendance at an annual
convention—perhaps not even held at the
fa'ctory—to sce the new models is the only
direct personal contact they have with sales
and sales promotion managers all year.
Some companies have heen finding that their
salesmen are more effective when given close
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supervision, even to the extent of appoint-
ing one traveling supervisor for every five o
six salesmen,

As to inventories and controlling the ac-
tivities of their dealers and distributors
asked in question ten, most manufacturers
have their salesmien’s call reports list the
inventories of distributors and dealers, then
have these figures tabulated by business
machines and statistical departments to
help them keep their fingers on the pulse of
the arteries through which our goods flow to
consumers, Here, direct-to-dealer selling has
some advantage in the off season. Your own
salesmen, employed exclusively to sell tele-
vision sets, can put more effort on your
product at periods of the year when a job-
ber's salesman would be spending his efforts
on refrigerators, washing machines, or other
appliances. For this reason, in some sales
promotion plans, contests and special ad-
vertising campaigns are deliberately timed
to keep up the continuity of interest and ac-
tivity throughout the year.

As to the cleventh question, regarding in-
stallation and maintenance, it is debatable
whether television would have made such a
good start without by-passing the dealer
until recently for proper installation and
servicing, or forcing the dealer to pety
enough attention to good installation, and to
teaching each operator of a television set
what to expect and what not to expect
when using it. Under one plan the dealer and
dealer’s salesmen were relieved of this re-
sponsibility by the manufacturer himself, or
by an installing and service organization
engaged by the manufacturer for the pur-
pose. This plan assured customer satisfac-
tion by seeing to it that time and money
were spent on a food installation. It pointed
out dramatically to dealers that they had
previously been inclined to neglect their
responsibilities in making a good installa-
tion. It took away from the dealer, however,
part of the close relationship he should
maintain with his customer. And it left the
dealer’s salesmen free to oversell the prod-
uct, promising results which might not be
fully realized due to installation problems.

Another plan is for the dealer himself to
handle installation and service, or to en-
gage an installing company on contract
and to sell his customer a service contract.

As to question twelve on price control,
state and federal Fair Trade laws are rela-
tively new. A few manufacturers invoke
them to fix prices on a national or regional
basis. Others permit their distributors to ex-
ercise local option with regard to fair trad-
ing, and some invoke the act if only to pre-
vent the advertising of cut prices. The dif-
ficulty of maintaining a stable price struc-
ture for television sets is increased by:

1. The need for an installation and
service contract charge.

2. The possibility of a trade-in allow-
ance for a radio or even an older or
smaller television set.

3. Finance charges for a time-payment
sale as against sales for cash.

4. Possible needs for companion mer-
chandise, such as an indoor anten-
na, a table for television table
models, a record player attachment,
or a booster amplitier.

]
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Sometimes a dealer “throws in” some free
companion merchandise or offers a price re-
duction in the belief, perhaps fallacious,
that he will not be called upon by that cus-
tomer to perform some of the retail functions
and responsibilities for which he should be
accountable.

A good distributor polices his territory
with regard to trade-in, service, installa-
tion, and price-cutting practices as a pro-
tection to his consumer public and to the
diligent, scrupulous dealers. He must know
what goes on in all television stores in his
territory. Fair trade and price maintenance
laws may help, but kave yet to prove as ef-
fective as a good determined distributor.

In considering what some of these retail
functions are and how each function adds to
the dealer’s cost of doing business, it is care-
less thinking to assume that all cost to the
dealer occurs after he has made a sale. The
following costs begin before a customer ever
enters his store:

1. Pay rent, taxes, telephone and
power bills, insurance, and clerical
overhead.

. Pay for the merchandise.

. *Receive it, and store it in his
warehouse.

4. *Uncrate it, install the picture tube,
try it out. Set up push buttons (if
any) for local stations. Make a rec-
ord of the chassis and picture tube
serial numbers.

5. Buy the manufacturer’s literature,
sign, and sales aids.

6. Display a full line of samples on his
sales floor. This may tie up a sizable
investment all year or all season,
and involve finance costs for a floor-
plan loan. He may sacrifice his
profit on samples which become
shopworn or obsolete while on dis-
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play.
7. Set off the floor samples with proper
backgrounds, flood lights, rugs,

draperies, chairs, platforms, etc.

8. Display one or more samples in a
store window, with attractive set-
tings installed by a window trim-
mer,

9. Identify himself in the classified
telephone directory as a dealer for
that brand.

10. Advertise in local newspapers, on
billboards, or on radio stations and
television programs to direct
prospects to his store.

11. Employ and train sales personnel.

12. Send buyers and sales supervisors
to meetings and conventions for
sales-training information.

13. Install suitable antennas for the
store and, if necessary, filter the
power line in order to make demon-
strations in the store.

14. *Purchase or lease trucks for de-
livery, on a f{ull-time or stand-by
basis.

15. *Engage installers, and acquire a
stock of antenna accessories.

16. *Make service arrangements, with
a suitable stock of spare parts.

_® These functions may be performed by the dis-
tributor, at a charge to the dcaler or customer.
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After the customer orders a set, the
dealer encounters further sales costs, as fol-
lows:

1. Polish the cabinet.

2. Deliver the set. (This may require
two men.)

3. Install it. Test and adjust it in the
home—when all stations are op-
erating. With some stations operat-
ing evenings only, or intermittently,
this can require costly call-backs.

4. Get a credit rating on the customer
(unless the set is sold for cash or toa
trusted charge account customer).
This can cost anywhere from a five-
cent telephone call to several dol-
lars.

5. Sell time-payment paper to a bank
or finance company, engage a col-
lection agency, or make periodic
requests for time-payment collec-
tions by letter and telephone.

6. Send a salesman on a follow-up
call to see that all adult members of
the family know how to operate
the television set, including the ra-
dio and record-changer, if any.

7. Provide service facilities and pay”
the cost of removing parts and in-
stalling replacing parts (furnished
by the manufacturer, less trans-
portation costs), if any parts prove
defective within the guarantee
period.

8. Be prepared to send the installers
back to relocate or orient the an-
tenna whenever a new television
station starts operating. (On higher
frequency channels, this can be a
seasonal requirement after leaves
drop off trees, etc., on existing sta-
tions as well.)

9. Collect and transmit any state or
local sales tax, gross business tax,
etc.

That adds up to 25 selling functions per-
formed by the dealer, 16 of them before the
customer walks in and 9 more to take care
of the customer's order. This outline merely
touches the high spots; it is impossible to
recount here all of the sales promotion activi-
ties, for example, which a dealer may under-
take in any week.

Television sets and television marketing
methods have been changing so fast thatitis
too early to spend time and money to survey
the cost of doing business in big and little
television stores and draw off any averages.
‘There is a rough yardstick for comparison,
however, from the radio business before the
war. Back in 1936 and 1937, our company
made a study of nearly 100 representative
dealers’ costs of doing business in the radio
industry, and it ran about 34 per cent. The
average industry list price of radio sets,
taken from Electrical Merchandising, was
then $55.80. This same source shows that the
average list price of television scts was $484
in 1947 and $416 in 1948. Allowing for these
larger unit sales and better store manage-
ment, it may still be said that a dealer is
doing well to pay the cost of these 25 selling
expenses out of his gross profit and still have
a reasonable net profit for himself. If he
ends with an unreasonable profit he is prob-
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ably neglecting some of his functions, and
that may cause the customers to turn to
some other dealer in the future.

In launching television sets on a large
scale, the manufacturers had to face two
alternatives. Either the price would be so
high that it would put many potential con-
sumers out of the market, or else the manu-
facturer, distributor, and dealer would have
to operate on less gross margin than had be-
come customary on radio sets. It is because
the latter alternative was chosen that 10-
inch table model television sets have sold at
prices well under $400, and some smaller
television sets at prices beginning at $100.

In the face of these 25 costly retail selling
functions and a gross margin which may be
25, 28, 30, or 33 per cent, how can it happen
that some dealers will cut prices by drastic
amounts or give large discounts?

There are three ways in which this can
come about. Each contributes to an unstable
market and a lack of respect for the product.

The first way is the franchising of too
many dealers, including people who do not
have a store or who have no permanent in-
terest in the television business. Operating
at practically no overhead, doing no adver-
tising, proselyting by sending prospects to
established retail stores for the display, dem-
onstration, and user information, and with-
out the “follow up” interest for service and
customer satisfaction that a dealer must
have who is looking to the future, these sales
opportunists can short-cut maay of the
selling expenses and be but parasites. Dis-
tributors and manufacturers are short-
sighted in selling merchandise to these
people.

The second way in which this can come
about is for established dealers to try to
“capture business” from each other. This
can quickly mushroom into a price war.
Usually this starts with wishful thinking, the
retailer hoping against hope that this cus-
tomer won’t require any call-backs: he will
do his own installing and instructing of
other users in his household; this set won't
require any service; this customer will pay
cash immediately, or meet all his payments
without prompting. He may not appreciate
that each and every instrument sold must
bear its part of his overhead expenses, his
salesmen'’s salaries, his taxes, his cost for lit-
erature and advertising and window and floor
displays. The people who suffer when this
thinking proves wishful are the dealer him-
self, his wife and children. In no time at all,
faced with continuing and inexorable sell-
ing costs, his profits are gone, his salary is
gone, his inventory is gone, and his store is
gone—with the loss to the industry of one
more sales outlet. It means less respect for
any price structure, less demand for en-
gineering services, less strength in the whole
industry to compete for the consumer’s
dollar against the automobile industry, the
building trades, the coal miners, the dairy
trade, and all those industries which some-
how seem to be more successful in promoting
an attitude of “live and let live.”

When price wars are in full swing, the
situation may get beyond the control of any
and all distributors. The dealer who wishes
to avoid price wars must choose one of two
alternatives: either to represent a manu-
facturer who does not invite price disturb-
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ances at frequent intervals, or to promote
his own stencil brand, made by some manu-
facturer unknown to the customer, and rely
solely on the prestige of the store. It is
harder to seli a stencil brand than one
which is advertised and displayed more
widely, especially in merchandise as intri-
cate and complicated as a television set.

The third way in which this can come
about is when a dealer, distributor, or manu-
facturer becomes financially involved, with
his funds tied up in inventory when pressing
obligations must be paid. It costs a lot of
money to buy a stock of television sets.
That money could and should be turned over
quickly through sales, repeated purchases,
and repeat sales. Whenever this process
breaks down or slows down, someone may
be forced to sell at a loss.

When you, as an engineer or an em-
ployee, buy a set for your own use and agree
to cart it home, install the cathode-ray tube
yourself, maintain it, erect the antenna, in-
struct the other users in your household, and
pay for it out of payroll deductions, you are
by-passing some of these 25 selling costs. To
that extent, you are entitled to some price
concession or discount. Moreover, there is an
intangible but appreciable value in having
you get experience with your Company’s
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products; we never know when this may
lead to suggestions for improvement, for new
uses, and to more sales to your friends apd
neighbors. Employee purchase plans_qu.ltc
generally, therefore, permit the acquisition
of one or more instruments a year at a price
only a little higher than the dealer pays.

The average lay customer, however,
needs and is entitled to all 25 items of selling
expense performed by a good retailer. Even
if he pays less money and doesn’t get any
“follow up” attention, it is an unsatisfactory
purchase and he didn't get his money’s
worth.

At one time list prices on radio sets
amounted to four or five times the factory
cost. That was long before the war. Since
then margins have been reduced on radio
sets as well as television, advertising costs
are distributed over a greater volume of
business, and distribution has become more
efficient. This has brought list prices on tele-
vision sets down well helow three times the
bare cost of materials and direct labor in the
product which engineers have labored to
produce so economically. In addition to
dealer and distributor discounts, the list
price must pay its share of the manufac-
turer's overhead, taxes, and royalties. It
must provide the customer a reliable proxd-
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uct, of uniformly good quality, safe to use in
his home.

Those of us in the selling end of televi-
sion, together with many engineers, share a
great faith in television and are determined
to see that the public gets good programs,
proper installation, a set of good quality,
and maintenance attention so that they will
be pleasantly surprised with this new medi-
um of entertainment and education, and
anxious to come hack to us again and again,
We see an ultimate market for two or more
television sets in every home. \We want the
favorable market reaction which will result
in the customers’ thinking of television as
worth more than it costs in the dollars he
has to take out of his pocket or out of the
bank. Sometimes it is as difficult to get the
customer to part with his money as it is to
get him to go to the dentist and part with a
tooth. This is especially true of that small
part of the selling price which assures the
customer of the continued interest and at-
tention of a good retailer. But buying a tele-
vision set and expecting it to receive all the
local stations, present and future, without
this attention is about as sensible as buying
an automobile direct from the factory, with-
out any lubrication, adjustments, road test
or warranty by the local dealer.

Servicing the Product®

ERVICE to the cus.omer has been
S stressed as an important function of

the distributor and dealer. Service is
also a prime responsibility of the manufac-
turer, because in the original design and on
the production line rests the answer to
whether this field service will be excessive
and costly, or fall within the normal ex-
pectancy fora highly technical product, such
as radio and television.

This fundamental responsibility is an-
other important function of marketing.
Product service should not be thought
about only when the customer raises com-
plaints. Some foresight must be used in es-
tablishing service programs. Product service
is a problem that is born with a product,
along with the problems of manufacturing
cost, selling price, distribution, and others.

Product service starts logically on the
drawing board of the design engineer. This is
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the place it must start in any planned serv-
ice program. This is a basic principle. To-
gether with sales factors, manufacturing
factors, and engineering factors. the design
engineer must have available for hjs guid-
ance a stated policy of service for the new
product. This stated policy he will then de-
sign into the product.

It should have a bearing on the de-
signer’s choice of materials, his decision on
strength and safety factors of individual
parts. It should help to guide his thinking
on mechanical operation. Product service
should help dictate product design. “What
are the plans for service? \Vho is going to do
the servicing? \Vhat are the limitations of
the average service man in the ficld? \Where
will service be rendered—under what condi-
tions?” Al these are questions of importance
to the design engineer. The answers to these
questions are influencing factors that he will
design into a new product.

The manufacturing organization, too, is
vitally interested in the stated service pol-
icy, because the manufacturing organization
must build into the product that standard of

quality that is required to meet a stated
service policy.

Service cannot be considered a necessary
evil. It is a positive function that has at-
traction and interest and inspiration, be-
cause it must be designed, built, and sold,
just as the product itself is designed, built,
and sold.

The operation of product service must be
subject to constant scrutiny. The goal of
prompt, efficient service, priced right for the
Customer, must always be kept in mind.
Service in the field must be prompt, it must
be efficient, it must be economical to the cus-
tomer. It is the responsibility of marketing
to build service into a profit operation.

* * *

The functions of marketing have been
traced to the final phase—that of present-
ing the product to the public. This function
falls into two broad categories:

(a) Sales training and sales promotion.

(b) National advertising.

Consequently, each of these subjects
will be treated separately.

1
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Sales Training and Sales Promotion for Television”

ALES training and sales promotion are

the two phases of marketing closest

to the product at point of sale. The
responsibility of sales training and sales pro-
motion is that of converting prospects into
customers. .An intelligently designed, en-
gineered, and manufactured product is
without a taker unless the retail sales or-
ganization is sales trained to the task of sell-
ing the advantages of that product to a
prospective buyer. The education of the
dealer salesmen, then, becomes a responsi-
bility of the manufacturer, which is classified
as “sales training.”

The two phases of sales training are: first,
the advance information which is given to
wholesale and retail selling organizations at
the time the product is first introduced to the
distributor, the dealer, and the buying
public.

The other phase of sales training is the
more detailed information which is given to
the wholesale and retail selling organizations
after the product has been in the field any-
where from three to six months. In this sec-
ond phase, there is opportunity to evaluate
from actual field experience the short-
comings of the first material furnished, and
also to add the experiences of the growing
hst of product owners and users which gives
4 second foundation on which to build a
goord demonstration and sales story for the
retail salesmen.

Going back to the material for the first
phase of sales training, this is accumulated
by members of the sales and advertising de-
partments from the inception of the product
through to its final approved production
models.

Specifically, let us see how this procedure
worked out in relation to our present televi-
sion line. All through the process of product
planning on these models and the sales
planning that is done concurrently, it be-
came obvious to both sales and engineering
that this new merchandise would have two
principal features, which we believed would
be outstanding —the Giant Circle Screen
and the Bull's-Lye Automatic Tuner,

[t was felt that these features represented
a real engineering contribution to the art
and a definitee “plus service” to the customer.
But the fac t that the company was enthusi-
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astic meant practically nothing unless the
merits of these features and enthusiasm
could be transmitted on to distributors, their
selling organization, and to the dealers, who
ultimately sell this product to the public.
“This also holds true on many other built-in
features that were put into the merchandise
—those hidden inside the cabinet. These
also had to be fully explained, expounded,
and made part of the general sales presenta-
tion

To secure the detailed material for sales
training in the initial period, a closely co-
ordinated product planning program be-
tween the heads of sales, advertising, and
engineering, including electrical engineers
and cabinet designers is required.

In the course of product development
there are several meetings covering the vari-
ous features that are to be incorporated.
\When the final approved sample is made
available to the advertising department for
advertising, sales training, and sales promo-
tional purposes, the engineering department
also prepares a complete tabulation of all
the details as related to the product and its
design. These include all mechanical and
electrical specifications with their interpre-
tation of the competitive sales advantages of
given features.

In other words, when the advertising de-
partment receives the first advertising sam-
ple it is able to gain all of the information
with regard to the product and its sales fea-
tures which can be translated into advertis-
ing, training, and selling for all promotional
purposes.

In the initial phase of sales training, com-
plete specification books and presentation
books are then prepared which are given to
the dealers with this advance product in-
formation. In the case of major featurcs of a
radio or television line, a motion picture film
is produced which is used at the company
national convention, and then by distrib-
utors to sales train their field selling organ-
ization and their retail dealer sales organi-
zation.

Naturally, some of the first picces of
promotion material which are developer]
and produced for consumer interest become,
in effect, sales training material at the retail
salesmen's level.

In considering the second phase of sales
training a complete scholastic program is
prepared which can be used by the dis-
tributors and wholesalers in training their
sales organization, and again used by their
sales organization in training retail salesmen.
Included are such items as sound slide films

explaining the hidden features of a prod-
uct; those that are incorporated in a tele-
vision chassis, for example, which neither
the dealer nor the consumer has an oppor-
tunity to see or know about by simply
looking at the set. In addition, material is
provided which makes it possit le for dealers
to demonstrate the features which the en-
gineers have put into the actual operation
and performance of the television sets.

Putting this material into film and co-
ordinating it with a sound film ensures that
the same story is told to the thousand or
more personnel in the wholesale selling or-
ganizations, and, to the 20,000 dealers and
their retail salesmen across the country.

Supplementary material in the form of
television chassis cut-aways are made a part
of the advance sales training kit. In actual
meetings with selling organizations, a break-
down of the entire television chassis and its
six major components, which are each indi-
vidual chassis combined into one master
chassis, are physically shown and discussed.
Such important material as the sound sys-
tem is described in detail in the case of tele-
vision. Then, to be sure that all of the sales-
men at the manufacturing, the wholesale,
and retail selling level have the complete
advance product information program or
sales training material, the entire story is
put into a pocket manual profusely illus-
trated with the pictures that are used in the
slide films, the description and advantages of
those features, as well as recommended
demonstration techniques to use on the
prospects.

\With reference to promotion, it was feltat
Zenith that the most important single phase
of promoting products is through intelligent
and continual sales training. The things
that are normally classificd or described by
an advertising man as “promotional mate-
rial,” such as window signs, window dis-
plays, lithograph pieces, line folders, en-
velope stuffers, give-away gadgets—all of
these are considered promotion and are defi-
nitely a part of the promotion picture, but
promotion activities will continue to be ex-
panded on the basis of sales training. It is
felt that the printed word for the consumer
at the point of sale will become increasingly
secondary 10 the more important factor of
having the selling organization all the way
down the line familiar with what the en-
gincers, the sales management, and the ex-
ecutive management put into the product,
8o that it can be sold to a public that knows
what makes it work, how it works, and what
it does for the buyer in his own home.
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National Advertising*

understanding on the subject of na-

tional advertsing, even though ad
vertising itself is one of the world’s oldest
arts. The history of advertising in all its
forms harks back through the ages, and into
the haze that hides the beginning of human-
ity.

So far as is known, the cave man did no
trading. He produced nothing. lle had
nothing to sell and nothing 10 advertise.
When mother needed a new dress, father
took his club in hand and went out and
killed a bear. But as men discovered that
they could get food and clothing by trading
their own specialities for these necessitics,
the art of advertising began to develop. As
skill in making things grew, each craftsman's
output increased. \When a man found rivals
in his line, it became necessary to do some
selling to persuade them, and he evolved a
selling talk.

In modern life, advertising is basically an
educational force. It informs the people of
the existence and nature of commadities by
explaining the advantages to be derived
from their use and creates for them a wider
demand. It inspires new thoughts, new de-
sires, and new actions. By changing the atti-
tude of the mind, it changes the material
condition of the people.

It is the primary concern of this paper to
discuss modern advertising as a force in cre-
ating the wants and desires which sustain
the markets that industry must have in or-
der to exist. Let us begin by taking a look at
the national market. The Census Bureau
tells us that the population of the United
States today is crowding the 150 million
mark. But to be of any use, that figure must
be broken down by sexes, age groups, occu-
pations, income groups, racial groups, living
habits, buying habits, and scores of other
ways, to get a sharp, clearly focused picture
of the relationships between our particular
product and the potential number of buyers.

Furthermore, we have got to find out
where these buyers are, when they buy, how
they buy, what they buy, and from whom
they buy, As a general rule, these data can
be readily produced by marketing and me-
dia experts, but frequently comprehensive
supplemental market research is necessary
to provide facts essential to the shaping of
sound sales policies and marketing objec-
tives.

Advertising agencies maintain highly
skilled research staffs which constantly
probe all strata of consumers to determine
quantitative and qualitative indices of

taste, preference, and opinion. These pro-
vide a base for fairly reliable advance cs-
timates of public response to a given mer-
chandising activity. Today, practically all

F]I‘HIERIE is indeed room for a lot more
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large manufacturers engage in extensive
market rescarch 1o build their production
and sales forecasting on a solid foundation.
The methods followed are far from infallible
but they reduce susceptibility to error and
pay off handsomely as investinent insur
ance.

I'herefore, Step No. 1 in the develop-
ment of a sound advertising and merchandis-
ing program is market research.

\t every stage of life the individual is
exposed to publications, radio programs
and other advertising media, cdited to ap-
peal to the interest fostered by his particular
situation, occupation, and environment. As
a youngster whose main guest is thrill and
adventure, he rcads comic hooks and listens
to the Jack Armstrong and Captain Mid-
night programs.

As the individual progresses his interests
broaden. This broadening takes place along
certain well-defined patterns which charac-
terize our native customs and culture.
Wherever these patterns are sufficiently pro-
nounced to become common denominators,
there will be found specialized publications
catering to the interests of these common
groups. For instance: radio engineers keep
informed about the developments of the
radio industry by reading their particular
trade publications. Therefore, these publi-
cations represent channels which may be
used etfectually for advertising the various
classes and types of equipment which they
buy or use in following their vocation.

On the other hand, there are many in-
terests which radio engineers hold in com-
mon with all other people. They eat, drink
sleep, rear families, vote, build homes, drive
cars, and want to be entertained. They
worry about their health, their jobs, their
taxes—just like the person next door. I'hese
universal interests provide the hasis for the
editorial appeal used in general magazines
such as the great weeklies, Life, Saturday
Evening Post, Collier's, and in the top-flight
radio programs like the variety shows of
Jack Benny and Fred Allen. The dramatic
presentations of the Lux Radio Theatre and
Hollywood Screen Guild, and the sensational
newscasters like \Walter Winchell. All of
these vehicles are designed to capitalize mass
interest —both men and women—young and
old—and, therefore, they represent good ad-
vertising media for products sold to a mass
market.

All of this adds up to the fact that mass-
consumed products require mass media,
whereas specialized products require spe-
cialized media.

Having established by market research
the type of pecople we want to reach to sell a
specific kind of product, we are then ready
to consider the second phase in the develop-
ment of an advertising program, which is
selection of advertising media.

The main problem in media selection is to
buy the right kind of coverage at the lowest
effective cost. This requires keen analysis of
rates, circulation, readership, and mer-

chandising mfluence, to the point where it is
possible to weigh the value of cach available
medim in relation to the task. The agency
media man night properly be described as
a rate-and-cost engincer. He applics every
conceivable yardstick in comparing one buy
against another. At times his findings may
scem inconsistent, but in the long run he is
usually proved right

There are four broad classifications of
media which cover all kinds of advertising:

1. Media which reach all kinds of people
in all kinds of places. Network radio using a
broad appeal variety show, such as the Jack
Benny program, is a good example. licre
there is nation-wide coverage reachmg men
women and children, without regard to in
come, occupation, age, marital status, or
other selective factors.

2. Media reaching particular kinds
people in all kinds of places. A good example
of this class would be the Nationa! Geo-
graphic Magauzine which distributes its mil
lion circulation nationally to readers who
are somewhat above average in income
education, home ownership, and other sc-
lective factors.

3. Media which reach all kinds of people
w1 particular places. This would be the daily
newspaper read by nearly everyone within
the confines of its market with little qualita
tive selectivity, but with definite geographic
selectivity.

4. Media reaching particular kinds o
people in particular businesses, vocations,
cultural, or racial groups. 1'his would include
practically all trade, technical, and scien
tific publications, as well as those of the most
highly selective appeal in terms of race, lan-
guage, religion, etc.

Once the marketing and media people
have established the broad picture of the
audience it is desired to reach, the next step
is to isolate and evaluate all the media
available for this purpose.

Let us suppose the particular problem
at hand involves developing an advertising
program on television receivers. Market sur-
veys show that television sets are purchased
in substantial volume, even at today’s prices,
by all except the very lowest income groups.
They are bought by the tavern keeper, the
doctor, the lawyer, the merchant. the clerk
and the mechanic. In other words, the tele-
vision market is a mass market which must
be reached by mass advertising media

We also know that television receivers
can be sold only in those areas which enjoy
television broadcasting service. This means
that media must he employed which reach
all kinds of people in the particular places
that have television stations. :\t present
there are some thirty areas in this group. In
these areas less than half the total United
States families are located. And since mag.a-
zine circulation follows population distribu-
tion very closely, it is found that magazines
place less than half their circulation in these
same markets. Under the circumstances, it
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vould be inadvisable to allocate a large part
»f the appropriation for magazine advertis-
ng because more than half the circulation
would go into markets where television re-
seivers were not available for purchase.

But it must not be forgotten that new
stations are being built all the time, and
perhaps in 1950 television service will be
available to a majority of United States
families. 1n other words, television is rap-
idly moving toward the status of a national
market. Therefore, some usage of magazines
might be justified on the basis that even the
outside circulation would eventually pay
off in sales. In any event, magazines would
be secondary in importance to newspapers
supplemented by local radio, outdoor post-
ing, and possibly other mass local media.

The choice of particular newspapers
would depend on comparisons of rates, circu-
lation, and merchandising influence to estab-
lish the best buys for money to be spent.
Size and frequency of insertions would be
influenced by an analysis of competitive
practices, as well as consultations with dis-
tributors and dealers to determine the best
timing for the advertisements.

\Vith the budgets, schedules, and general
program set, we can now proceed with the
development of specific advertisements.

The ads are first made in layout form
with accompanying typewritten text. Lay-
outs and copy must be cleared sufficiently
in advance to allow time for manufacturing
the electrotypes or mats which are provided
to the newspapers. Bearing in mind that the
advertisements must be submitted, not only
to the client’s advertising department, but
through engineering, legal, and patent de-
partments also, it is understandable that a
considerable amount of lead time is neces-
sary in preparing advertisements for publi-
cation. Even after the design and copy for
the advertisement are approved, art work
must be prepared, copy must be set in type,
and engravings must be made. About six
weeks of lead time is required on newspaper
advertising. If it is necessary to have ad-
vance proofs in the dealers’ hands before
publication date, even six weeks would not
be enough.

On magazine advertising, approximately
four months of lead time is needed for a
color advertisement. This seems like a lot
until this time is broken into components.
Remember, magazines cannot be printed in
a matter of hours, as are newspapcrs. Some
weekly magazines go to press two to three
weeks before publication date. Plates for
4-color advertisements must be turned over
to the magazine eight weeks ahead of pub-
lication. It takes four wecks to manufacture
these plates, and another three wecks
to procure art and type. That totals up to
fifteen weeks, leaving little more than ten
days for handling clearances and corrections.

On black-and-white magazine advertis-
ing, the dcadlines are shorter and less time is
required for art and production, but even so,
from ten to twelve weeks of lead time is

necessary. Even on trade advertisements,
the client’s copy must be finally okayed
about six weeks in advance of publication to
insurc appearance.

In the radio and television receiver busi-
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ness, these advance dates present particu-
larly serious problems. Product lines are ina
constant state of change with new models
being introduced and old models being
closed out. No one would want to rise or fall
by his ability to predict day in and day out
what marketing conditions would have to
be met four months hence. Yet, that is ex-
actly what advertising and marketing people
must do, and they must do it successfully
if their advertising campaigns are to be suc-
cessful.

The planning of the advertising manager
is entirely dependent upon the performance
of the engineering and manufacturing de-
partments. He must commit himself in ad-
vance to be sure that his announcement of a
new product coincides with its introduction.
If he tries to play safe, some rival may beat
him to the punch. If he jumps the gun and
the factory fails to deliver, dealers complain
about money being wasted by advertising
a product they do not have.

So far in this discussion we have consid-
ered what may be called the mechanical or
mathematical areas of advertising. We have
looked at the market in terms of statistics.

We have outlined how media are evaluated. _

\\'e have traced some advertisement produc-
tion procedures to show the effect they
have on time schedules. But of even greater
importance is the concept of the advertising
itself. In other words, what message is put
in the space or time that has been pur-
chased. The skill with which this message is
formulated and dramatized for presentation
will determine how well the advertisement is
read—how successfully the reader is im-
pressed. If Advertiser A can devise his mes-
sages so they attract twice as many readers
per page as Advertiser B, he is accomplish-
ing double the result for the same money.

There is no magic formula whereby the
efficiency of an advertisement can be calcu-
lated in advance. In this respect, the place-
ment of an advertisement is like learning to
swim—one has to get wet to find whether
his concept will really work. The best ad-
vertising is usually a blend of experience and
experimentation. Experience teaches the ad-
vertising man never to forget that markets
are people and that people behave like
human beings. They respond with startling
regularity to certain basic appeals—econ-
omy, comfort, convenience, security, pride,
affection, recognition—to name but a few
of the most potent, \When such appeals are
tellingly related to product advantages, and
supported by facts proving superiority over
competitive products, the advertising will
usually do a good job.

If the basic appeals have been carefully
chosen and the facts painstakingly assem-
bled, the message can remain fundamentally
the same as long as the product and the
economic conditions under which it is sold
remain the same. By a process of experi-
mentation, more cffectual ways can be
found to dramatize the message, make it
more understandable, or give it a feeling of
timeliness and freshness that will enhance
its appcal. Change for the sake of change,
however, frequently results in the substi-
tution of weak appeals for those with estab-
lished selling power.
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The advertising man hasavailable to him
certain yardsticks for measuring the relative
efficiency of advertisements after they have
appeared. First, of course, is the cash regis-
ter, beyond which nothing else should be
needed ! Unfortunately, notall businesses are
in position to measure directly advertising
results against sales performance. Accord-
ingly, synthetic yardsticks have been de-
vised. Among these are the Starch Adver-
tisement Rating Service and the Hooper
Radio Reports. The Starch Service checks
the observation and readership of consumer
magazine advertising. [t reports the percent-
age of magazine readers who see a specific
ad and read various parts of the copy. The
Hooper Report gives the percentage of radio
listeners who tune in a particular program,
and also those who are able to identify the
sponsor. Both of these services are valuable
in pointing out the approximate size of the
audience actually reached as compared to
the circulation that has been bought.
Neither hasany positive relationship to sales
performance. So both must be interpreted
with this fact constantly in mind.

Another popular way to measure the re-
sponse of an advertising campaign is
through coupon return. Different test adver-
tisements containing an identical coupon
offer can be used not only to check the power
of different appeals, but the relative value
of different media.

At one time or another, most big adver-
tisers use all of these methods for checking
the performance of their advertisements. In
addition, periodic consumer studies are made
to chart the course of preference for the ad-
vertiser’s brand.

This does not mean thatall advertising is
prepared and executed in a sound, sys-
tematic, organized way. Nothing could be
further from the truth. Most advertising is
actually produced too hurriedly, and under
such great pressure that there is simply
not time to take advantage of all the safe-
guards available. Nor should we look for-
ward with any joy to a day that might per-
mit of such Utopian operation. For it could
come only in a planned world—a world
in which the statistic would be the master,
not the servant of man—a world without
the very competition that serves as the
greatest spur to the progress of our fast-
moving industrial machine.

What has been said above about publi-
cation advertising applies, in a general way,
to sales literature and sales promotion, all
of which requires sound planning, careful
execution, and comprchensive performance-
checking to achieve its maximum produc-
tivencss. These results can only be realized
by thorough organization within each com-
pany, supported by equally thorough or-
ganization on the part of its advertising
agency and its suppliers. The margin by
which an advertiser can get ahead of his job
determines the amount of time he can devote
to product design research, marketing re-
search, and creative planning for the future.
The same thought applies to the advertising
agency. They can doa better job for the com-
pany if the company will permit them to get
far enough ahead on their production work
to avoid chronic “deadline jitters.”
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Summary—Experiments with a device similar to the Bell Tran-
sistor, but with a high input impedance, are reported. In the present
stage of development it appears useful as an impedance transducer
with an appreciable current and power gain at lower frequencies.

I. INTRODUCTION

"I YHE TRANSDUCER to be reported on consists
T[ of a point- or line-type metal-to-semiconductor
contact, in the neighborhood of which a high elec-

tric field can be applied between an additional electrode
and the crystal surface. This can be made to control to
a certain extent a current flowing through the rectifying
contact. The underlying mechanism is closely related to
the modulation of conductance observed by Shockley.!
The device was termed a “feldistor” in the laboratory.?
Fig. 1 shows a suitable electrode system, held to-

POINT CONTACT FIELDISTOR,

CUT VIEW THROUGH 73— <
CYLINDRICALLY SYMMETRIC T
DEVICE 42
Z /
/ Ra
Glass YA [/
Ul‘ UG
-F t" PP = 1§ 5 7
D~ | ~S~ | CONTROLLING
| ! FIELD
1 100 11 APPROX~-
SEMI- CONDUCTOR
— D727,

Fig. 1—Schematic diagram of point-contact-type fieldistor.

gether by a glass spacer and pressed by a spring ar-
rangement (not shown) against a ground semiconductor
surface. A voltage U, causes a current I, through the
contact center wire C into the semiconductor. A voltage
U, between bases and surrounding control electrodes F,
separated from the surface by a distance D, generates an
electric field as indicated and so induces surface charges
on the semiconductor. ‘To obtain necessary  feld
strengths of the order of 104 volts per centimeter with a
small controlling voltage L, D has to be very small—in

* Decimal classification: R362.1 X R363. Original manuscript re-
ceived by the Institute, May 5, 1950,

t Components and Systems Laboratory, Air Matériel Command,
Dayton, Ohio.

VW, Shockley and G. 1. Pearson, “Modulation of conductors of
thin films of semi-conductors by surface charges,” Phys. Rev., vol. 74,
p. 232; July, 1948,

2 0. M. Stuetzer, “Experiments for controlling the current fAow
through a metal semi-conductor contact,” presented, IRE Confercnce
on Electronic Devices, Princeton, N. J., June 2, 1949,
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A Crystal Amplifier with High Input Impedance”

OTMAR M. STUETZERT, ASSOCIATE, IRE

the order of 10% em. The electrode wire diameters
used varied hetween 5 and 30 microns. The technique of
manufacturing such electrode systems is described in a
separate paper.?

A line-contact-type combination is sketched in Fig. 2.

WOLLASTON WIRE

/CONTROL.
ELECTRODE
OLLOIDAL SILVER

/gROPLET

"JACKET

~—

SEMICONDUCTOR

11770710077
FRONT VIEW CUT

/

SIDE VIEW

Fig. 2 —Line-contact fieldistor arrangement.
A (wollastone) platinum wire of 24 microns diameter is
pressed against the crystal by a nietal rod, with a 10- to
30-micron strip of insulating material inserted. A drop-
let of colloidal silver may insure metal conductivity
along the upper surface of the insulator, which is to be
connected to the controlling potential U,

Iig. 3 shows experimental models of the device
mounted on conventional tube bases,

(a)

Fig. 3 l-.xpcrnnenl‘al fieldistor models, mounted on standard loctal
luble })ases. (@) Spacer-type ficldistor (b) Line-contact type, wax
Sralec .

The transducer obtained in such or similar wavs re-
sembles a vacuum triode: a field controls current flow.
For convenience in circujt applications we may call
I, the “anode current,” U, the “grid bias,” and a-smibe
as a Pcr{ornmnce figure the transconductance 91, al,.

With \';lri('l.tiorl of semiconductor material, surface
treatment, aging processes, and electrode dimensions, a
number of effects are obtained. We will limit ourselves
to discussion of a series of experiments where the
reproducibility was satisfactory, because the material

0. M. Stuetzer, “Micros

R A pacer dlectrode technique,” Proc.
LR.E., pp. 871-876, this issue. e S BOG

1

i
August
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used, so-called “high back voltage” germanium, was
fairly uniform.

II. EXPERIMENTS WITH GERMANIUM

A. Manufacturing Process

50-point-contact and 50-line-contact type transducers
were built with germanium pellets taken from 1N34 or
1N 38 Sylvania rectifiers. Their surfaces were cleaned
with acetone and alcohol. After assembly, the units
were connected to an U,-I, plotter and a wobbulated
“grid” voltage U, was applied. The contact was moved
until the characteristic plot showed a marked influence
of the control voltage (see Fig. 4).

Fig. 4—I,- Us characteristic of a line-type fieldistor. (10,000 cps saw-
tooth current through contact, 25 volts, 60 cps and adequate dc
bias on control electrode.)

About 20 per cent of the samples could be made so as
to work immediately. Their mutual conductance was in-
creased by half an order of magnitude when (water-
free) transformer oil was brought between the control
electrodes and the crystal. Ten per cent more of the
units could be made to show the effect after oil applica-
tion. The input resistance of the samples described was
generally higher than 100 megohms, which is due to
leakage.

Almost all of the remaining 70 per cent of the crystals
could be made to work by insertion of a suitable organic
liquid of high resistivity, for example, amylacetate. At
first this gave a marked conductivity due to high field
strengths, but after some hours of “surface treatment”
by passing current through the control electrode system,
most of the liquid had disappeared, except probably a
surface layer. If the dc input impedance of the units
was higher than 10 megohms, these “wet” fieldistors
were considered acceptable.

The transducers obtained this way were sealed with
wax or Dekhotinsky cement and aged for 10 hours by

passing a comparatively large current through the con-
tact.
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B. Direct-Current Measurements

About one third of the amplifiers obtained in the
manner described above showed an increase in collector
current I,, both with high positive and negative control
voltages U,. A representative example of an I,-U, char-
acteristic is plotted in Fig. 5. It is believed that a

Alate]
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Fig. 5—Change in plate current A I, versus bias U,.

large part of the other two thirds would show the same
effect if the field strengths could be made high enough.
For fear of breakdown, this was not attempted.
Especially with the “wet” fieldistor type, the negative
bias slope is in almost all cases markedly preferred. Fig.
6 shows an I,-U, characteristic plot of a sample con-
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Fig. 6—Typical fieldistor characteristic. (Load line represents
100 K ohms, not 10, as shown.)

sidered good; its input impedance was above 100
megohms on dry days. Curves for positive bias are not
shown.

The influence of the position of the contact and the
surface treatment are so dominant that the precise in-
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fluence of electrode dimensions (for instance, S and D
in Fig. 1) could not be determined; in general, the trans-
conductance is higher, the smaller D is; “dry” fieldistors
require S below 50 microns. Direct-current transcon-
ductances between 2 and 20 micromhos can be repro-
duced and will stay rather stable over long periods with
about 90 per cent of the devices; five early samples have
maintained their ratings within 20 per cent for over a
year. Mutual conductances up to 200 micromhos were
obtained occasionally.

C. Alternating-Current Response

Fig. 7 shows some representative frequency charac-
teristics. The liquid-treated type is especially suited for
operation at lower frequencies. Occasionally the con-
verse effect was observed. Hf the usual negative bias am-
plification region (see I'ig. 4) has a positive counterpart,
this, in general, shows the better frequency response.
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Fig. 7—Frequency characteristics of representative samples
of fieldistors.

As is to be expected from the dc characteristic of Fig.
S, a positive pulse on the grid will appear as a positive
or a negative pulse on the load R,, depending on the
polarity of the bias applied. In conformity with the
measured frequency characteristics, the pulse rise times
vary from below 1 microsecond to 50 microseconds.

D. Amplification

For direct-current the idealized fieldistor should have
an infinite current amplification; due to unavoidable
leakage, amplification of only 10,000 to 100,000 times
can be reached. Its voltage amplification, as can be seen
from the measured transconductances in combination
with an input impedance from 10,000 to 50,000 ohms,
1s at best around unity. Therefore the described models
have to be considered impedance transducers, rather
than amplifiers. For alternating current, an input ca-
pacitance of around 3 uuf for the spacer type and 1upuf
for the line type, and a grid-plate capacitance of 3 uuf
should be taken into account.

E. Modulation Experiments

If the plate voltage U, is superimposed with almost as
large an ac component, the transconductance with re-

spect to this component is in many cases several times
larger than the dc value.

F. Noise

As is to be expected, the noise properties of the device
are about the same as those of the transistor, which
uses the same collector.

With good samples about a 0.1-volt signal is neces-
sary to produce an output voltage equal to noise at 1,000
cps. With increasing plate current a value can be found
above which noise increases faster than the mutual con-
ductance.

11I. THEORETICAL CONSIDERATIONS

The reported experiment and a great many others
show that the nawure of the underlving effect is rather
complex. Qualitatively the results may be partially ex-
plained with the present idealized concept of a rectifyving
barrier.4:

For our germanium example, a positive space-charge
layer is present on the surface of the semiconductor,
bulging out to a depth of about 10~* cm underneath the
negatively charged collector contact (see Fig. 8). Con-
duction in the lower and middle part of it is effected by
free electrons. On the surface, hole conduction may be
present, due either to mass-action-law equilibrium re-
quirements or to surface impurity acceptors,

+ FREE HOLES

~ FREE ELECTRONS
---FIELD
~——— LOWER BOUNDRY

OF SPACE CHARGE LAER 5 &
& _BOUNRDRY WITHOUT [ [
CONTROL nzu? 8 8
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CONTROL S S
ELECTRODE
]

—
7770
7, CRYSTAL”
/sl

~< 4

ELECTRON
CURRENT

Fig. 8—Assume.(l electronic contiguration for positive and for negative
control bias, (Arrows indicate negative fheld direction.)

Let usapply a sutticiently high positive voltage to our
control electrode. \s Shockley! pointed out, the in-
duced negative surface charge will decrease the depth
of our space-charge laver, thus decreasing the im-
})L;d);mcc along the indicated current path (see Fig. 8
elt).

“\V. Schottky, “Zur H alblutertheori > i
. Chottky, “Zur H, orie der  Sperrschi¢
.ngslézenglenchnchter, Zett. fur Phys., \'«)T. llf{ pp?f(g;d;h;t’.\ll:]\t?

¢ J. Bardeen and W. Brattiin, « [} i inci i
) ] Aand W Brattain, e physical princi ‘olv
N transistor action,” Phys. Kev. \ ol 55 ,‘fp)l_’OX [l).’_’;'l.{{t;)srillmlgl;:d
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An applied negative potential may increase the barrier
depth so far that hole conduction along the surface be-
comes dominant, and thus the impedance decreases
again. (See Fig. 8, right.)

Depending on the original depth of the barrier layer,
the presumed change from internal to surface conduc-
tion may take place at very different applied control
fields, as is observed.

Liquid (and solid) dielectrics in the space between
control electrodes and crystal increase the induced sur-
face charge in proportion to the dielectric constant; with
a number of materials, as oil, the mutual conductance
increases roughly at the same rate. Other liquids have a
more pronounced effect, even in a very thin layer on the
surface. This might be compared to the lowering of the
work function as is known for a thorium-ion layer on
the surface of tungsten; if, for example, a standard high
back-voltage rectifier is sprayed with a thin mist of al-
most nonconducting butyl acetate, its impedance de-
creases almost immediately by an appreciable order of
magnitude. If the polarized liquid ions effecting such a
change are made to alter their orientation under the
influence of an outside electric field, controlling effects
might be obtained. The “lyoelectric” potential concept
is more fully discussed in the literature.®?

6 \V. Freundlich, “Kapillarchemie,” vol. 1, p. 395; 1930.

7 N. K. Adam, “The Physics and Chemistry of Surfaces,” Oxford
University Press, New York, N. Y.; 1941
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This idealized picture neglects temperature effects,
mechanical forces due to high field strengths which
might modulate the contact pressure, migration of im-
purities near the surface due to electrolytic processes,
and many of the finer details connected with our weak
concept of “surface” and “contact.”

The experiments reported permit some retrospective
remarks on high back-voltage rectifying contacts: the
clectrostatic field associated with the contact electrode
proper (as indicated in Fig. 8) may be thought of as a
controlling field, tending to decrease the impedance of
the device at high back voltages.

[V. CoNCLUSION

‘T'he manner in which crystal amplifiers with hizh
input impedance can be built has been described. High
current amplifications and voltage amplifications
around unity were achieved. An audio oscillator, an au-
dio amplifier, and a dc relay amplifier were built.
With the figures of mutual conductance that are pres-
ently obtainable, however, the device should rather be
classified as an impedance transducer. [t can also be used
to change the polarity of a pulse by means of a variable
bias.

ACKNOWLEDGMENT

Thanks are due to W. P. Schulz. Without his me-
chanical skill, the work could not have been performed.

Microspacer Electrode Technique®
OTMAR M. STUETZERY, ASSOCIATE, IRE

Summary—A novel technique for obtaining stable and extremely
small spacings is reported. Though of possible general usefulness, it
is elaborated on from the standpoint of electronics only. Its essential
feature is the use of insulating spacers of glass, quartz, or plastic,
drawn down from convenient size to microscopic dimensions and
combined with metal or semiconductor electrodes.

To illustrate some applications, the use of the technique in ex-
perimental work is described.

[. DRAWING OF SPACERS
CYLINI)R]CAL PIECES of material of a certain

plasticity can be “drawn down”: their cross sec-
tion can be permanently reduced with a cor-
responding gain in length by applying longitudinal (and
sometimes radial) forces. This process is being widely
used for cross sections of complete axial symmetry, i.¢.,
for rods and tubes of circular cross sections.
. * Decimal classification: R331 X R281.1. Original manuscript re-
ceived by the Institute, May 3, 1950,

t Components and Systems Laboratory, Air Matéricl Command,
Dayton, Ohio.

The technique to be described makes use of the experi-
mental fact that for many materials a degree of plas-
ticity exists whereby very complex cross sections can be
drawn, the geometry remaining surprisingly unchanged.
“The law of similitude will be very closely fulfilled within
a certain range of plasticity. The closer the geometry
of the cross section approaches circular symmetry, the
wider will be the range of viscosity that may be em-
ployed. In addition, there must be a certain balance of
filled and empty parts of the geometry.

These rather general statements will be illustrated
and explained with a few examples.

Ilard and soft glass are very well suited for the draw-
ing-down process. So, for example, “spacers” as repre-
sented in Fig. 1 were obtained in the following way:
The cross-section geometries in question were first com-
posed of standard glass tubing of about 3-mm outside
diameter and 50-mm length, with the single tubes held
in place by being pressed or sealed to a larger surround-
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ing tube or to each other, according to geometry. The
center part of the configuration was heated with a torch
for about 20-mm length, taken out of the flame, and
then drawn down fast by axial pull to about a 4-foot
length. A reduction in diameter d, to do (compare Fig.
5) of about 1 to 20 was used.

Fig. 1—Glass microspacers with matchhcad

The spacers of Fig. 1 were cut (not ground) out of the
drawn-down configurations. Fig. 2 shows a top view of
spacers in the plane of cutting, by which the accuracy
of the drawing process may be judged roughly,

Fig. 2—Top view of Fig. 1.

Measurements show that the law of similitude is not
exactly fulfilled between the original composition and
the drawn-down spacer, but that only the configuration
of holes and filled spaces stays similar. This means
that round holes stay round over a wide range of vis-
cosity, i.e., temperature.

The ratio = (wall thickness of tube elements) to (d:-
ameter of the tube elements), however, changes some-
what, in all cases in favor of the wall thickness. Depend-
ing on temperature and on the original ratio, changes in
r from § to 25 per cent were observed. But, if the tem-
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perature of drawing is kept constant, this ratio will stay
constant within 5 per cent for consecutive samples of
the same geometry with diameter reduction ratios be-
tween 15 and 25. Therefore the reproducibility of spacer
geometries is satisfactory. (The main difficulty is to
select the original tubing within a few per cent tol-
erance.)

The noncritical drawing temperature for all kinds of
glass is closer to the “softening point” than the “working
point” mentioned in Corning specifications. A skilled
glassblower will “feel” the right plasticity after some
practice, so oven heating is not necessary unless great
precision is desired. It is felt that surface forces due to
surface cooling during the drawing process are some-
what responsible for the ease and simplicity of operation

With quartz (or “vycor”), with its higher viscosity
and heat conductivity, temperature tolerances ar¢c much
narrower. It is imperative that the element tubes be
fused together before drawing. A sufficiently large torch
has to be used to heat a piece at least twice the
diameter of the original composition. Care must be
taken to insure thorough, uniform heating. The opti-
mum drawing temperature seems to be approximately
midway between the softening and working points. In-
accuracies of the composition, which stay proportional
in glass, tend to increase in quartz. In spite of that, tol-
erances of reproduction of 5 per cent can be reached
with hand operation. Fig. 3 shows some cross sections
used for experiments, together with some glass spacers.

Fig. 3—(Right) glass spacers and (left) quartz spacers on cork base.
ower right matchhead for convenience.

Plastic (polystyvrene, Dlexiglass) also lends itself to the
technique of drawing down, if adequately softened by
heat or chemicals. The original compositions can be cast,
molded, drilled, or punched. With proper care, square
or rectangular cross sections of mside holes or outside
boundaries can be used. Fig. 4 shows an example.
The tolerances obtainable with polystyrene seem to be
much the same as with glass, but this observation was
based on experience only with specimens where the holes
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constituted a comparatjvely small part of the otherwise
colid cross section. So-called “high-temperature polysty-

rene” is not suited to the technique.

Fig. 4+—7-hole polystyrene sonde, drawn down from 3}-inch piece.

The tolerances discussed so far have concerned only
the radial cross section of the spacer. In the axial direc-
tion (see Fig. 5), where thereis a smooth transition from
the original geometry to the smallest diameter, we can,
within certain tolerances, define the following sections:
a “straight” part C, bound on both sides by “conical”
sections B, from which funnel-shaped transitions lead

ORIGINAL A
GEOMETRY

AP RS R
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PIECE

Fig. 5—Axial view of drawn-down geometry
(scale distorted).

to the original dimension 4. With the glass-spacer sam-
ples mentioned above made by hand, C could be ob-
tained 2 feet long with a 2} per cent tolerance in dy, B
being around 1 foot with a pitch of below 1/200.Theratio
do to d, used was about 15. Experiments indicate that
with machine operations these figures can be surpassed.
With plastic (polystyrene, plexiglass) more favorable
figures were obtained, C/B being 10 with about the
same tolerance.

I1. SPACER-ELECTRODE COMBINATIONS

For use in electronics, metal or semiconductor elec-
trodes have to be attached to the spacers. The tech-
niques to be recommended vary vastly with the pur-
pose.

Of course wires can be passed through the spacer
holes; as it is easy to obtain almost perfectly round
holes, wires up to 95 per cent of the hole diameter can be
inserted. The funnel-shaped transition part (sce Fig. 5)
helps appreciably in inserting wires into the conical part
B and through it into the straight part C of a whole
drawn combination. Part C can then be cut into small
spacers and the necessary additional wire can be passed
through the holes and cut separately into suitable
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lengths. Fig. 6 shows a quartz-tungsten cage-grid ar-
rangement obtained this way; from one drawn piece
and with one insertion operation about 20 such “grids”

=

Fig. 6—Tungsten-quartz cage-grid combination,! j
real diameter, 1.2 mm,
can be made by consecutively cutting and following the
wire. (See the upper partof Fig. 6, which is a cut-out of
such an operation.)

Depending upon application,the wires can be fastened
to the insulator by twisting, by cement, in the case of
plastic by wetting them with a solvent for the plastic,
and in the case of glass by sealing. The latter can be
made vacuum-tight with suitably chosen materials;
the wires have to be degassed beforehand.

In the grid arrangement of Fig. 6, the W wires are
sealed to one side of the spacer by making the quartz
settle down by means of a small spot torch.

With quartz and glass, suitable metal or semicon-
ductor material can be drawn down together with the
spacer. The melting point of the electrode material has
to be at least 30° C below the drawing temperature of
the glass; careful degassing is necessary. A good match
of the coefficients of expansion (for instance, quartz
and invar) is helpful, but not necessary. Those holes of
the original geometry, which later on shall contain the

Fig. 7—Pyrex spacers with antimony (4) codrawn elec trodes.
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electrode, have to be filled with the respective metal or
semiconductor which should first be melted to a pellet
in the center of the drawing piece. It is advantageous
to connect both sides of the combination to a vacuum
pump (by means of movable rubber hoses); then the
drawing can be done as usual. For example, in Fig. 7,
the leftover spaces in a 4-hole and a 7-hole pyrex glass
spacer are filled with drawn-down antimony “shield”
electrodes.

If the melting point of a metal is appreciably above
the drawing temperature (for instance, in a platinum
and pyrex-glass combination), the spacer can simply be
drawn over sufficiently small wires passed through the
original configuration. The surface forces of the spacer
material will take care of keeping the small wires very
close to the place where, without wires, a longitudinal
hole would have originated. Examples are described be-
low.

I1l. EXTREMELY SMALL SPACINGS

To obtain extremely small radial spacings (i.e., spac-
ings perpendicular to electrodes), the following method
illustrated by a representative example proved conven-
lent.

By two consecutive drawing processes, as described, a
spacer of about 1-mm outside diameter is manufac-
tured, containing a center hole and one or more concen
tric systems of surrounding holes. (See Fig. 8.) Tungsten
or platinum wires, which are most easilv obtainable, of
5- to 25-microns outside diameter are filed through
these holes, which are very wide for such wires. Then the

Fig. 8 Basic workpiece for “feldistor” microspacer with
match head for comparison.

combination is drawn down again shightly (dy:de=~}
and at the same time is twisted approximately one
turn. Fig. 9 indicates the operation; 2 wires only are
shown and a rotation through 270° is represented. The
wires come together very closely and can be made to
touch if the glass is soft enough. Contact, if desired at
all, can be indicated by a number of ohmmeters,

‘The spacer is then cut, as indicated, at a place where
the distance between wires is smaller than desired, and
is ground back until the desired lateral distance is
reached. Fig. 10 shows a side view and Figs. 11 and 12
show top views of a cut and ground spacer with one
center wire and 6 and 18 surrounding ones, respectively,

LLLLLL

Y
o > T T >
Y / / / / '//,/ 7//%
I 4 / /
//
2 W '/,///,/z

7777777777777 7777777777, |
,//////// 7 eu\s%/ V4
- = —

>3
-

= APPROX. 5 MM -—

2 - WIRE SPACER

Fig. 9—Manufacturing of extremely small radial distances

Lateral distances s between 2 and 100 microns can be
obtained with an accuracy of 5 to 30 per cent, d¢
pending on s, Spacings of the order of the wavelength
of visible light (0.5 micron) were reached and measure |
clectrically, but could not, of course, be photographed

Fig. 10—7-electrode microspacer.

Extremely small aiia) spacings are most casilv obh
tained bv allowing the ends of the electrodes either to
protrude above or remain helow the ground surface. Let
us consider a spacer, manufactured as described above,
;u}d gr:ound along a surface perpendicular to the various
wires 1t contains (Fig. 13)




Fig. 11—7-electrode configuration, top view (254 wires).

Fig. 12-19-clectrode configuration, top view (124 wires).
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Fig. 13—Shaping of sealed-in wires by grinding and etching.

GLASS

Since it is harder than glass, a tungsten wire will not
be ground down as much as glass, and so will protrude
from the surface. If the grinding powder is very rough
(2p), the wire will end in a rounded cap with a height
of about 2 to 5 microns. (See Fig. 13(a).) If polishing
yowder (=0.1) is used, an almost flat wire surface will
ysrotrude about 3 micron from the glass. (I'ig. 13 (b).)
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Materials softer than glass will show the converse effect.
(See Fig. 13(c).) The tolerances of reproduction for
these extremely small distances are about 30 per cent.

If various (positive and negative) distances D are
required for electrodes on the same spacer and made of
the same material, this can no longer be achieved by
grinding. In this case, the ends of those wires which are
to be made shorter must be connected to a battery and
ctched down by electrolysis. (For tungsten a current
density of about 1,000 amp per cm? is recommended; a
convenient electrolyte is 2 per cent Na(OH)2 in water.)
It is even possible to change the shape of the electrode
this way; short etching with high voltage in low-con-
centration electrolytes will produce points on the orig-
inal wires, as indicated in Fig. 13(d).

In certain cases it is suitable to etch down the glass
surface instead of the wires, by immersion in a 30-per
cent hydrofluoric-acid solution. A rough glass surface
has to be expected from which the wire tips protrude.

IV. EXAMPLES FOR APPLICATION

The following examples for microspacer technique are
just a few which were needed for the author's experi-
ments. Combinations and variations will occur to
anvone versed in the art.

Iig. 14 shows an experimental subminiature power
triode of strict coaxial design with anode envelope. With
2 watts heater power and 2 watts plate dissipation, the
transconductance is 1,000 micromhos and the amplifica-
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Fig. 14—Subminiature triode.

tion factor is 16. The tube uses quartz spacers similar to
those represented in IFig. 6. The ratings were maintained
over a life test of 1,000 hours. INig. 15 shows two experi-
mental models, (1) and (¢), and a cut-open model (d)
of the tube.

Spacers of suitable scaling glass are handy for suby-
miniature-tube glass bases; an example is visible in
Fig. 15(b), a directly heated diode.

Glass-metal spacers, like those in Figs. 10, 11, and 12,
are used to advantage in crystal investigations. Iixperi-
mental multifold rectifiers and transistorlike devices
were built with it. One advantage is that contact arcas
can be achieved practically independent of pressure if
a wire tip, like the one represented in Fig. 12(b) (diam-
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Fig. 15—Subminiature tubes, with match for comparison.

cter about 10u), is pressed against a ground crystal sur-
face; it cannot be deformed to any extent by high con-
tact pressure.

Extremely small radial and axial spacings are needed
to build a crystal transducer like the one sketched in
Fig. 16(a). A center wire of about 10 microns diameter
is surrounded by six more electrode wires, approximat-
ing 2 circular electrode, and etched back by about 1
micron. A voltage applied between the outside elec-
trodes and a germanium or silicon crystal pressed
against the ground glass spacer will produce a relatively
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Fig. 16—Crystal transducer, cut view.

high electric field between outside electrodes and
crystal. This, in a way not yet completely understood,
will influence a current flowing through the high back
voltage rectifier contact consisting of the center wire
and the crystal. Details will be published separately.!

Fig. 17—Subminiature “feldistor.”

V0. M. Stuetzer, “A crystal amplifier with high input imped-
ance,” Proc. I.R.E., pp. 868-871, this issue.
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Fig. 16(b) shows a cut view of the device. Fig. 17 is a
photograph of an actual model.

The technique of drawing down also may, with proper
care, be applied to plane arrangements; it is, however,
generally much easier to start with round cross sections,
These can then be flattened out. Fig. 18 shows a ring
spacer (lower left) drawn down conventionally. Wires
can be fed through its holes by means of the matching
transition part (upper left). The arrangement is cut
along its axis, and with the cut side up placed into an

Fig. 18—Manufacturing of flat wire screen.

oven about 50°C warmer than the softening temperature
of the material. The heat is applied on the bottom of the
piece by placing it on a plane of highly heat-conductive
material. The picce straightens itself automaticallv
(center); finally more heat is applied, so that the
glass will collapse and seal to the wires (right). By
grinding and etching operations, several kinds of useful
flat screens can be obtained. Their use for special scan-
ning and storage tubes and for color television (consecu-
tive elementary tubes for different colors) can only be
mentioned here.

Promising other applications for thermoelements,
semiconductor bolometers, and other devices, where
drawn-down semiconductor clectrodes are advan-
tageous, shall also be restricted to niere nientioning.

V. CONCLUSIONS

The microspacer technique described above consti
tutes a simple and, with careful operation, an accurate
means of governing small clectrode spacings.

It has so far been used for laboratory investigations
and for laboratory production in small quantities.
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Meteoric Echo Study of Upper Atmosphere Winds®

L. A. MANNINGH, AsSOCIATE, IRE, O. G. VILLARD, JR.t, ASSOCIATE, IRE, AND A. M. PETERSONT

Summary—A method is developed for measuring the velocity of
winds in the 90- to 110-kilometer height region of the upper at-
nosphere. From the Doppler frequency shift imparted to a con-
-inuous-wave reflection from a meteoric ionization column, a meas-
are of the wind drift of the trail is found. Statistical analysis enables
average wind velocities to be measured to within perhaps 20 per
tent, and direction to 20°, in a period of one or two hours. Observa-
tions made during the early morning hours in the summer of 1949
show typical average wind velocities to be 125 kilometers per hour,
with motions from south-southwest and north the most common.
On some occasions, evidence of a nonuniform wind structure is
found.

N RECENT YEARS a steadily increasing interest
I[ in the properties of the upper atmosphere has high-

lighted the need for knowledge of the wind systems
in the ionosphere. Such information has long been de-
sired by students of terrestrial magnetism and iono-
spheric physics, and it is now becoming of importance to
military planners as well.

Measurements of winds at altitudes well above the
range of the sounding balloon have been difficult and
restricted to chance occurrence. Observation of the con-
tortion and drift of the luminous trains left by excep-
tionally bright meteors has enabled a few estimates of

air movements to be made at widely separated times -

and geographical locations. The fortuitous nature of the
event and the difficulty of accurate triangulation re-
strict the usefulness as well as the accuracy of these
measurements.)? Again, wind information has been ob-
tained by noting the drift of the exceptionally rare
noctilucent clouds. These clouds occur only at an alti-
tude of 82 kilometers, and are seen only at high lati-
tudes.* More recently, two methods of studying wind
motions by radio observations have bheen discussed in
the literature. Ferrell* has described measurements of
the drift of clouds of sporadic-E ionization as a possible
means for the study of wind motions at altitudes of
about 120 kilometers. Such measurements are made
possible by the co-operative efforts of many hundreds of
amateur radio operators who report sporadic- E-propa-
gated contacts. It remains to be demonstrated that the
drift which is observed is a wind drift rather than a mo-

* Decimal classification: R113.415 X R248. Original manuscript
received by the Institute, January 16, 1950. This work was supported
jointly by the Navy Department Office of Naval Research and the
J. S. Army Signal Corps under ONR Contract N6-ONR-251
Consolidated Task No. 7.

t Electronics Research Laboratory, Stanford University, Stan-
ford, Calif

1 C. I'. Olivier, “Long enduring meteor trains,” Proc. Amer. Phil.
Soc., vol. 85, pp. 93-135; January, 1942.

1 C. P, Olivier, “Long enduring metecor trains,” second paper,
Proc. Amer. Phil. Soc., vol. 91, pp. 315-327; October, 1947.

) C._Stormcr, “Height and velocity of luminous night clouds ob-
r;«f)r\;/;cd in Norway, 