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CHANGES IN CONSTITUTIONS

| am not an advocate for frequent changes in laws
and constitutions, but laws and constitutions must go
hand in hand with the progress of the human mind. As
that becomes more developed, more enlightened, as
new discoveries are made, new truths discovered, and

RCA Laboratorics manners and opinions change, with the change of cir«
: (Submitted by I.R.E. Princeton Subsecction) cumstances institutions must advance also to keep pace
| Frequency-Modulated L-Band Magnetron with the times.—Thomas Jefferson
COMPLEX STRUCTURE OF MODERN HIGHER
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Check these advantages

of SUPEREX*
Discharge Capacitors

RATED FOR DEPENDABILITY

EXCELLENT ENERGY-STORAGE
TO WEIGHT RATIO

BUILT FOR THE APPLICATION
Short, heavy, internal leads
Low inherent inductance
Special construction to
minimize discharge stresses

RELIABLE HERMETIC SEALS

CORROSION-RESISTANT GRAY
LACQUER FINISH OVER HEAVY-

GAGE TERNEPLATE CONTAINERS

W Irade Mark,
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79 Street, New York 21, N.Y ice $1
as second class matter, October 26, 1

at the

Man-made lightning flashes for high-speed photography,
display signs, traffic and marine beacons, airport signals,
and a host of other electronic pulsed lighting applications,
all have their heart in the discharge of capacitor-stored
energy through a flashtube.

Pulsed lighting, capacitor-discharge welding, and all other
energy-storage applications where dependability is a
must are the fields in which Solar SUPEREX* Discharge
Capacitors stand supreme.

You'll find preferred listings, with dimensions, complete
rating information and a handy watt-second —microfarad —
voltage chart in Bulletin SPD-300. Write for it today.

Solar Manufacturing Corporation
285 Madison Avenue, New York 17, N. Y.

No. 4 |’uhl[uhct" monthly in two sections by The Institute of Radlo Englneers, Inc,, at ! East
Subscription United State agul Canada, $12.00 a year; foreign countries $13 06 a year, Entered
t office at Menasha X‘:’ nconsin, under the act of March 3, 1879. Acceptance for mailing at a

h 4, Section 412, P. L. and R., nuthorized October 26, 1927

Table of contents will be found following page 32A
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AMPHENOL ELECTRONIC TUBE SOCKETS

designed for INDUSTRIAL applicat

Amphenol Electronic Tube Sockets are specially designed for industrial
applications. Ruggedly built for utmost dependability and peak performance,
they were the first industrial tube sockets to comply with N.E.M.A. and
Underwriters’ specifications for industrial equipment.

Amphenol sockets are molded of melamine resin or bakelite for strength as
well as high arc-resistance and reduced carbon tracking. Utilization of the latest
developments in spring bronze has insured the highest degree of contact con-
ductivity and long spring life. Maximum spacing between contacts and chassis
is maintained. Heavy insulating barriers prevent flashover between contacts
under the adverse conditions found in industrial usage. Screw type terminals
provide for quick connect and disconnect, ideal for testing and replacement.
No soldering is required.

Amphenol sockets are available in types for practically all industrial
electronic tubes. Write today for complete information.

AMERICAN PHENOLIC CORPORATION

1830 SOUTH FIFTY -FOURTH AVENUE
CHICAGO 50, ILLINOIS

First to comply with N.E.M.A.
and Underwriters® specifications

for industrial equipment.

Rugged insulating barriers pre-
vent flashover and arcing in
humid and dusty industrial ap-

plications.

Reversible binding screw ter
minals simplify wiring and

maintenance.

Cloverleaf contacts . . . four full
length lines of contact with each

tube pin.

A lew of Amphenal's complete line of industriol tube sockets ore Mustroted

COAXIAL CABLES AND CONNECTORS e INDUSTRIAL CONNECTORS, FITTINGS AND CONDUIT ANTENNAS © RADIO COMPONENTS e« PLASTICS FOR ELECTRONICS

PROCEEDINGS OF THE I.RE.

April, 1947




Send for this helpful Data Book on tubes by

In concise, tabular form, this new book gives the
essential data on 160 codes of electron tubes designed
by Bell Laboratories and made by Western Electric.
Planned to help the circuit designer quickly find
the tube best suited to his needs, it contains technical
characteristics, ratings, dimensions and 89 basing
diagrams—all arranged for quick, easy reference.
Send the coupon for your copy today!

— QUALITY COUNTS —

PROCEEDINGS OF THE LR.E. Aprily 1947

Wesrern Eleclric

Graybar Elect

420 Lexington Ave., New York 17, N. Y.

Please send me the General Bulletin on Western
Electric electron tubes.

-----------------------------------------------------
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CAST ALNICO | ;nayne/ maleviels . . . . .

CAST ALNICO Il \S IN T E R E D : A I_ N

CAST ALNICO Il In general SINTERED ALNICO MAGNETS do not compete
with, but rather supplement, magnets produced by the cast
method to widen the scope of potential permanent magnet
applications.

CAST ALNICO IV

Alnico magnets weighing roughly one ounce or Iess should
be produced by the sintered method.

Heavier magnets of more intricate shapes can be produced.
CAST ALNICO V For some applications Sintered magnets are more economical
because:

CAST Al"lc’o V| 1. Magnetic characteristics are practically the same as Cast Alnico.

2. Sintered Alnico is a fine-grain, homogeneous material which has
more uniform flux density, is easier to grind, and provides better
surface finish.

3. Sintered Alnico magnets can be produced to closer dimensional

CAST AI.NICO Xil tolerances

SINTERED ALNICO I CAST ALNICO I
0.000 to 0.125 — + .005 0.000 to 2.00 — x 1/64
0.126 10 0.625 — + .00 2.0 tod0 — £1/32

SINTERED ALNICO R = o Lo ree0 e

Grinding can in many applications be eliminated.

4. More intricate shapes, including holes, inserts, etc., are more
feasible.
s. Transverse modulus of rupture is several times greater.

All Alnico, and particularly Sintered
magnets, have very high values of Co. 3 Afass
ercive Force (which is the capability é oot asuas
of resisting demagnetization or loss of 8 5
magnetism due to stray fields and from §§
heat and vibration) g ¥
The curves show roughly the effect f . TONGSTEN
of these demagnetization factors on ¥
Alnico compared to other alloy steels, v ke
NUMBER OF IMPRCTS
¥
oo 3
E 3
! §
§Eso
A Al E
HE ARNOLD [ NGINEERIN
—_— AL r—————————
SUBSIDIARY OF ALLEGHENY (UDLUM STEEL CORPORATION % B e o =3

147 EAST ONTARIO STREET, CHICAGO 11, ILLINOIS

Speciolists in the manufacture of PERMANENT MAGNET MATERIALS

I.R April, 1947



Now you can get Sylvania quality
in transmitting tubes too!

SYLVANIA INTRODUCES

THE TYPE 3D24

BEAM POWER TETRODE WITH
ELECTRONIC GRAPHITE ANODE

First of Sylvania’s new line of transmitting tubes, the 3D24 is a
four-electrode amplifier and oscillator with 45 watt anode dissipa-
tion. An outstanding development is the electronicgraphite anode,
which allows high plate dissipation for small area and maintains
constant inter-element relationship and uniform anode character-
istics.

The 3D24 may he used at full input up to 125 Mc — maximum
permissible frequency will be announced later upon completion

of tests.
OTHER FEATURES INCLUDE:

l, Lock-In base. Short leads, no soldered joints.

2. Top cap providing for short path, greater cooling by radia.
tion and convection, resulting in a cooler seal.

3. Thoriated tungsten filament, giving high power output per
watt of filament power.

§.. Vertical bar grids. #1 grid supplied with two leads for
better high frequency performance. #2 grid provided with
heat-reflecting shield for greater dissipation, low grid-plate
capacity.

5. Low interelectrode capacity. No neutralizing needed with
proper circuit arrangement.

6. Hard glass envelope. Permits high power for small size.

The 3124, a product of the Electronics Division of
Syvlvania, has interesting potentialities in amateur,
police, mobile and marine radio.

1Y (lator— Clo
MECHANICAL SPECIFICATIONS £ Power Amplifier and Oscille
R.F.
Type of cooling P Air—radiation and convection > c.C.S
Mounting position ......Vertical, base down or up CharOC’e’is"c
Length overall ......43 inches mox. 1500 volts
Seated height ...3.769 inches p.C. plate Voltage 0 volts
Diameter ....... ....Wainches ! id Voltage =B
; C. Control G1i
Net weight ..............1.3 ounces D. L 375 volts
id Voltage
D. C. Screen G 90 ma
ELECTRICAL CHARACTERISTICS D. C.Plate Current 10 e
.C. m

Filament Voltage .. ... ...6.3 volis p.C CO“"°| Grid Current
Filament Current .......3.0amperes o Grid Current 22 ma
Amplificotion Factor ......... soaras S0 B C-aerest Voltage 400 volts che
Direg .l‘:':Irelecvrode Capacitances peak R. £. Grid Input Vo 4.0 walts approx.

rid-Plate ...0.2 ppt mox. ving Power .

Input Lo 6.5 ppf full Driving : 105 wotts
Output ..... . ...2.4 puf Plate Power OuteY

3D24 |« \ NDITIONS

o
pICAL OPERATING €

Direct inquiries to Radio Tube Division, Emporium, Pa.

SYLVANIA® ELECTRIC

MAKERS OF ELECTRONIC DEVICES; RADIO TUBES: CATHODE RAY TUBES; FLUORESCENT LAMPS. FIXTURES, WIRING DEVICES; ELECTRIC LIGHT BULBS

PROCEEDINGS OF THE LR.E. April, 1947

5 C 1e|egruth

2000 volts
300 volts
475 volts b |
90 ma
10 ma "
20 ma
400 volts approx.

4.0 walts approx.

140 woatts
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WE MAKE THEM

\vw/ . . |. the terminals
= feature two-point fastening !

This Mallorv RL Switch, designed for low-power industrial applications. is known throughout the
industry for its durability and dependable performance.

Notice how the terminals are fitted right into the stator—hrmly held without rivets or staples. No
chance of their wobbling loose! The terminals. in turn. are solidlv built of spring hrass material which

is heavily plated with silver. Notice. too. the high lift and flexing
ability of the terminals. That’s to provide a sell-cleaning action A sl ’ |
insuring better electrical contact. =~ M.:‘ v A -
Contributing still further to rugged design are the stators of this P
RL Switch. They're made of heavy phenolic to provide good . 'h P r@
insulation and to withstand rough usage. Rotor contact ‘slugs Lo ’°‘|
are of solid coin silver, common ground rings are of brass. ﬂ[i ~— —— :
heavily silver-plated: these features combine to assure long hfe. o 1o
The RL Switch offers from 1 to 6 circuits per section with 30 A 18 i@ e
degree indexing—{rom 1 to 3 circuits per section when 60 degree NSE 2 :Bﬁg
indexing is used. RL Specification Sheets will give you more of L y ' U
the story. Send for them without obligation. Call on our ':' —) L--.l L-M-Lc-l
engineers any time for extra help. ; e

LEVATION VIEW OF R L SWIICH

ASK FOR

6a

RL SPECIFICATION SHEETS

Printed on thin paper 1o permit
blueprinting, these sectional

tngs indicate standard and
optional dimensions—make it easy
Jor you to order production samples
built 1o meel your requirements
Standard RL switches are obtain

able fmm Your nearest Mallory
Distributor

PR.MALLORY & CO.Inc.
MALLORY swircues

(ELECTRONIC, INDUSTRIAL and APPLIANCE)

P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA

PROCEEDINGS OF THE I.R.E April, 1947



NOW! gor the first timo

FGS‘I di'

e first time i.
combines di

Here for th
erator that
simp\iﬂed
limited §-
:onge ond @ rugged ¢

m output wit

Direct Reading, Direct Control

Carricr frequency in mc may be dircctly
set and read on the large ceatral frequency
dial. R-f output from the reflex klystron
oscillator is also directly set and directly
read, in microvolts or db, on the simplified
output dial. No calibration charts or inter-
polations are necessary. And because the
unique coupling device causes oscillator
repeller voltage to automatically track
frequency changes, no voltage adjustments
are necessary during operation. Even the
bolometer circuit is automatically compen-
sated for temperature changes.

C-W, F-M, or Pulsed Ovtput

R-f output ranging from 0.1 volt to 0.1
microvolt is available. Output may be con-
tinuous or pulsed, or frequency modulated
at power supply frequency. Maximum de-
viation is approximately *$ megacycles.
Pulse modulation may be supplied from an
external source or provided internally.
Pulse rate is variable between 40 and 4000
<ps, and pulse width ranges from 1 to 10
microseconds. Internal pulsing may be ac-
curately synchronized with either positive
or negative external pulses, of external sine
]

PROCEEDINGS OF THE LR.E.

1800 to 4000 ™m¢

< an uhf signal gen-
rect readin

controls, and

ompu(' deiigrh
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g scales,

W, P“"ed' s

waves. R-f pulse may be delayed 3 to 300
micro-seconds with respect to the external
synchronizing pulsc. Output trigger pulses
are also available. They may be simul-
taneous with the r-f pulse or delayable
from 3 to 300 microseconds with respect to
the r-f pulse.

Wide Range, Great Stability

A twist-of-the-wrist precision tunes the -bp-
Model 616A to any frequency between
1800 and 4000 mc. Accuracy of calibration
is within * 19, and stability is of the order
of 0.005% per degrec centigrade in am-
bient temperature. Line voltage changes of
+10% causc frequency changes of less
than 0.02% . 1300

Audia Frequency Oscillators

Naise and Distartion Analyzers
Squore Wave Generators

Signal Generafors
Wave Analyzers
Frequency Standards

Wide Applicability

The -bp- Model 616A UHF Generator is
ideal wherever precision ultra-high fre-
quencics arc nceded for measuring pur-
poses. Some of its many uses include
determining of receiver sensitivity, signal
noise or standing-wave ratios, conversion
gain, alignment, antenna or transmission
line characteristics. The instrument is light
and compact, occupying minimum bench
space. It is unusually rugged of design for
long-tesm, trouble-frec operation. Repairs
and replacements, when necessary, are made
extremely easy by straight-forward circuit
layout and ready accessibility of all com-
ponents.

The -bp- Model 616A UHF Signal Gen-
erator is available for carly delivery. Write
or wire today for full technical deuails.

HEWLETT-PACKARD COMPANY
13800 Page Mill Rood, Pala Alto, California

Export Agents: FRAZAR AND HANSEN
301 Clay Street, Son Froncisco 11, Colifarnia. U.S. A.

Vacuum Tube Valtmeters
Frequency Meters

Attenvators Electronic Tachameters

7a




ANOTHER
EIMAC TETRODE

Dedigned for

Industrial &
Heating
Communications H
Airline ere’s a new Eimac tetrode—the power step-up you have
Police been asking to have added to the Eimac line
E':)Z:jg::::y Capable of 2-kw power output at 4000 plate volts, with less than
15 watts of grid drive, the 4-750A opens a new field of possibili-
Medical ties to designers of electronic equipment. A pair of these tet-
Diathermy rodes, driven by low cost, low-power tubes, will supply more than

4= t.
Experimental r-f kw outpu

A potential workhorse for communications and industrial use,
the 4-750A has the ability to deliver its maximum power over a

wide range of frequencies. Inherent ch teristics i
EIMAC 4.750A POWER TETRODE famili g€ o q fEi BacicisHics include the
Eloctrical Characteristics amiliar attributes of Eimac tetrodes—stability, economy, and
Fitament: Thoriated tungsten dependabi“ty_
éol'oqg ---------- 17.5 volt
urrent - .+ .+ - - - . . - . 0 amp .
Direct Interelectrode capacitances (av.) Complete t,eChnlcaI d.ata and performanCQ characteristics will
Grid-plate - - . - - - . - - 24 put soon be available. Write now for your copy.
(')"';"' Ll AN e Zg.gg uu:
utput - -« & - o e e o . e 78 pp
Maximum Ratings EITEL-McCULLOUGH, INC,, 1403 San Mateo Avenue
D-C Plate Yolt - - - 6000 m volt H H
DhG Blate Clinest = ais o mim tws San Bruno, California
Plate Dissipation - - - - 750 max. watts

Follow the Leaders to

Al
T e———

R o e e e e e e
TuBE®

EXPORT AGENTS: FRAZAR AND HANSEN. 301 CLAY STREET
SAN FRANCISCO 11. CALIFORNIA, U. S. A,

o PROCEEDINGS OF THE I.R.E, April, 1947
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Hams around the world

have been Ndtional’s col-
laborators in creating the

EST.

s NC-173—ready now after
five years of intensive research. Here
are some of the advantages this 13-
tube superheterodyne receiver offers:

@® The NC:173's newly designed ad-
justable' threshold double diode noise
limiter—working on both phone and CW
—hasan extremely high limiting efficiency
because of the short recovery time.

@® Voltage regulated circuits give the
NC-173 high stability and less drift for
changes in powerline voltage. The pitch
of code characters barely changes —
even over extended listening periods.

R

v

April, 1947

@ The S-meter circuit allows signal
strength recordings to be taken on either
phone or code.

® Works equally well on coaxial feed-
line, single-wire, directional or balanced
antenna.

® AC powered. Will also operate on
battery for portable or emergency use
—~110/120 or 220/240 volts, 50/60
cycle. Frequency range .54 to 31 and
48 to 56 MC. (Includes calibrated band
spread on 5, 10, 11, 20, 40 ond 80

meters).

® Ask your dealer to let you see and
hear the new moderate-priced NC-173.

THE NATIONAL NC 173

NATIONAL

COMPANY,

INCORPORATED

MALDEN, MASS.

DISTINCT r-: NA]Q!,‘,""'
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Does your oscillograph have single or
recurrent sweep frequencies as low as
0.2 cycles per second? /T CAN...

with the Du MONT Type 215
LOW-FREQUENCY LINEAR-
TIME-BASE GENERATOR

w’ Here's the means for vastly increas-
ing the usefulness of your already useful
oscillograph.

This accessory instrument provides a
450 v, d.c. or peak-to-peak undistorted
linear-time-base signal voltage of a fre-
quency variable from 0.2 to 125 cycles
per second! Special compensating cir-
cuit assures linearity.

The single sweep can be initiated
either manually or by observed signal.
The oscillograph-screen pattern can usu-
ally be spread out to three times’ full

© ALLEN B. DUMONT LABORATORIES, INC.

scale deflection. Return trace blanking
signal of either positive or negative
phase.

For single sweep, and for low-fre-
quency recurrent-sweep studies, the
DuMont Type 215 Low-Frequency Linear-
Time-Base Generator used in combina-
tion with the DuMont Type 208-B general
purpose oscillograph, or equivalent, pro-
vides excellent results. Note the typical
studies herewith. Definitely “must”
equipment.

ELECTROCARDIOGRAPHY

FLASH BULB CHARACTERISTICS

MACHINERY VIBRATION STUDY

ELECTROENCEPHALOGRAPHY

RELAY REBOUNCE STUDY

DIESEL ENGINE CYLINDER
PRESSURE

.

Descriptive literature
on request.

ALLEN B. DUMONT I.ABORATORIES, INC.,

10a

PASSAIC, NEW JERSEY « CABLE ADDRESS: ALBEEDU, PASSAIC, N. J.,

PROCEEDINGS OF THE I.R.E
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mpenuiacca 10 KNOSPHERIC MOISTURE /

. « « in short, constructed
to last under the worst of
operating conditions.

% Although essentially fitted for
the “tough” applications, Chicago
Transformer’s Sealed in Steel con-
struction is being specified with
increasing frequency by engineers
who design electronic equipment
for only average, or normal, con-
ditions, but who, because of the
vital services performed by their
products, require an extra margin
of dependability.

Their reasoning —

(a) Water vapor, oxygen, and carbon
dioxide exist in all atmospheres; chlorine
and sulphur compounds in the air of in-
dustrial localities.

(b) The action of these agents, intens-
ified by heat and direct current potentials,
corrodes copper coil windings, shortens
transformer life.

(¢) Moisture, even when not excessive
in the air, frequently condenses on the
inside of partially sealed or unsealed cases
and shields as the result of variations in
temnperature.

Their conclusion —

It is good engineering to specify the
transformers that have met with outstand-
ing success the most rigid military tests for
sealing against corrosion, have been proven
to stay sealed in extremes of heat and cold
.. . Chicago Transformers, Sealed in Steel.

PROCEEDINGS OF THE I.R.E. April, 1947
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;%}fg qan%ive‘:l'!néiiln‘;-cbsket Seal at teg;n_in;ih employs
" tough resilient gaskets to permanently geal all openings

) ..,_’vf_-' " and to cushion terminals and bushings against mechanical

’ shock or drastic changes in temperature. (No cracking

" because of sudden heat transfer from soldering iron to

terminals during chassis assembly operation.)

~ Seal Base Cover provide a strong, impenetrable housing
 which, with its compact, modern, and streamlined “good
!ooka.” helps sell the equipment in which it appears.

'Coil is impregnated by a process using heat and alternate
cycles of vacnum and pressure. By use of vacuum, all
moisture js withdrawn from the coil, while pressure and

" heat thoroughly impregnate it with wax or varnish. Supe‘-'u
rior to ordinary impregnation processes, this method
insures that the transformer is potted without moisture
trapped inside.

.Seamless. Drawn Steel Case and C.T.innovated Deep ;




NEWS and NEW PRODUCTS

April, 1947

A

Type T-300 Transmitter Tube

A new transmitting tube in the medium-
power field, featuring high peak emission
and long life, has been released by Taylor
Tubes Inc., 2312 \Wabansia Avenue, Chi-
cago 47, Ill. The T-300 may be used for
Class B or C operation.

The tube has an overall length of 12
with an envelope diameter of 34, Its base
is the Jumbo 4-pin type. Maximum operat-
ing conditions are: plate, 3,000 volts
DC,; plate current, 275 milliamps; grid
potential, minus 500 volts DC; grid cur-
rent, 60 milliamps; plate input, 750 watts;
and R.F. grid current, 12 amperes.

High Frequency Cable

A new, improved twisted dual-conductor
high-frequency cable specially designed for
FM and television receivers to free them
from locally induced interference even un-
der the most adverse conditions has been
developed by Federal Telephone and Ra-
dio Corp., 200 Mount Pleasant Ave., New-
ark 4, N. J. Known as KT-51, this cable is
for use wherever a balanced-transmission
line is needed. The manufacturer further
points out that this new cable has a high
degree of stability, low attenuation, and a
capacity unbalance maximum of only one
per cent.

124

These manufacturers have invited PRO-
CEEDINGS readers to write for literature
and further technical information, Please
mention your I.R.E. affiliation,

FM/AM Tuning Tube

A newly designed electron-ray indi-
cator tube, Type 6AL7-GT, which pro-
vides visual tuning for frequency or
amplitude modulation receivers, has been
announced by the Electronics Depart-
ment, General Electric Company, Syra-
cuse, N. Y. Developed to simplify the
problem of precise tuning on frequency-
modulation receivers, the new tube will
produce displaced luminous arecas on its
face. The “on tune” condition is indicated
when the two halves of a pattern which
appear on the screen at the end of the
tube are aligned. Deviation from the
proper tuning condition on either side of
resonance will raise or lower an edge of
the pattern.

TaRGEY

SIACE CHARGL
! GRiD

- "
' a" < PEFLECTO
.k COMPARTSOM OEFLECTTOR
poamoARY
LCTOR

Three deflection electrodes are ad
jacent to the cathode and the cathode
deflection-electrode-assembly is separated
from the target by the space-charge grid
These electrodes can effectively control the
position of the electron beam on the
target because the velocity of the electron
is low in the region between the cathode
and space-charge grid.

Quartz Discs

Quartz discs measuring approximately
40 mm. in diameter and 3 mm. thick were
recently produced by North American
Philips Co., 100 E. 42 St., New York 17,
N. Y., which have a frequency of one
megacycle and are capable of sustaining a
power load of about 2} kilowatts.

These oscillator plates were developed
for use in cavitation, coagulation, and
emulsifications processes. Both sides of the
plates have a chemically-applied silver
film by means of which electrical energy
is supplied through a multiple-contact rim
mounting while the unit is immersed in
the liquid to be agitated.

PROCEEDINGS OF THE LR.E

Type OAS Relay Tube

" A new five-element, internally trig-
gered, miniature cold-cathode relay-tube
Type OAS has been announced by the
Electronics Division, Sylvania Electric
Products Inc., 500 Fifth Ave., New York
18, N.Y. Measuring only 1 5/8° overall
and 11/16 in diameter, the tube reduces
delay-in-firing from 100 to 1 microsecond;
has stable triggering charcteristics through-
out its life; and is designed for positive-
pulse, low-current triggering on trigger
grid

OAS5

SYLVANIA
IN U. S. A,

The manufacturer points out that these
improved characteristics make it ideal for
electronic photoflash and similar applica-
tions where manual trip, built-in shutter
synchronizing, or photocell switching is
used. The tube may be mounted in any
position and is supplied with miniature-
button seven-pin base

Terminal Lugs

New insulated midget terminal lugs,
designed to cover such applications as tie-
pf)ints where the potential is exceedingly
high at radio frequencies, over a broad
humidity range, have been announced by
Cambridge Thermionic Corp., 145 Con-
cord Ave., Cambridge 38, Mass. These
lugs, furnished in both rivet and stud types
are available with either a single or double
midget lug, and have a breakdown of
approximately 6000 volts alternating-
current. The studs are of cadmium-plated
brass, and the insulators of phenolic
material are securely fitted 1o lug and stud
to avoid loosening under shock and
vihration.

(Contivued on page 444)
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EVERY DE MORNAY-BUDD WAVE GUIDE
is Electrically Tested, Calibrated and Tagged

ol

Bulkhead Flonge DB-451

Uni-directional Norrow Bond Coupler DB-440

st

FEED HOR®
ROTATING JDINT

’ ——FLAT 90' ELBOW
.; ——— 50" TWIST
A~ MITERED. ELBOW
o e |
|
L»-»— i snulncm' \ = =]
Bi.directional Narrow Band Coupler DB-44) ool 20 % \ada “ 4 RF Rador Assembly DB-412

EDGE 90" ELBOW' 90 TWIST 2. UNIT

Typical plumbing arrangement ilus-
troting use of De Mornay - Budd com-
ponents avoiloble from standard stocks.

When you use any De Mornay-Budd wave guide
assembly, you know exactly how each compo-
nent will function electrically. You avoid possible
losses in operating efficiency through impedance
mismatches, or breakdown and arcing caused by
a high standing wave ratio. (See chart below.)

De Mornay-Budd wave guides are manufac-
tured from special precision tubing, and to the

The curve shows the manner
in which the reflected power
increases with an increase in
the voltage standing wave
ratio. The curve is calculated
from the following equation:

B ¥ 33kl

PERCINT POWTA RCFLECTED
M

Vmox 2 o
Vmin ) i i
% Power Roflected = 4
(Vmou ) + 4
VYmin ) 4
K1y
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PIRCIAT POWIR SYTLECTED
vi.
VOLTRCT STANDING Wivk ALID

most stringent mechanical specifications. Rigid
inspection gnd quality control insure optimum
performance.

NOTE: Write for complete catalog of
De Mornay-Budd Standard Components
and Standard Bench Test Equipment. Be
sure to have a copy in your reference files.
Write for it today.

EQUIPMENT

ror
97% OF AL !
RADAR SETS '

De Mornay-Budd, Inc., 475 Grond
Concourse, New York 51, N. Y.

¥ L " ” |
YOLTACE SYeNDING wavE RATIO




' ECONOMICAL SWITCHES

}mi’” SLIDE ROTARY -ACTION

... for almost any appliance or instrument

Chonces are Slockpolé has the switch you
need—at a price in keeping with your pro-
duction budget. Eighteen standard types in-
clude 1-, 2-, 3- and 4-pole and 3-position
switches, with or without detent, spring re-
turn, covers and other optional features.
Special types and adaptations can be pro-
duced economically for large quantity users.
/ They're fully dependable. They add greatly
.. to the sales qppf/ol and efficiency of any

electrical product.

e

STACKPOLE CARBON CO. . St. Marys, Pa.

y df\ \\.. S

Write for Catolog RC-6 in- 3¢
cluding Stackpola Switches, '
Fixed and Vorioble Resis-

fors and Iren Cores.

" FIRST QUALITY ELECTRONIC COMPONENTS

e PROCEEDINGS OF THE I.R.E. April, 1947



“WHEN EQUIPMENT IS STILL IN

1t may look good on paper . . . and
perform superbly under regulated
laboratory voltages, BUT . . . when
it encounters the unstable voltages
that are available to your customers,
what happens—

—to costly filaments and tubes?
to precision parts?

—to sensitive, balanced circuits?

—to over-all efficiency?

—to customer good-will?

SOLA

Yransformers for t Constont Voltage « Cold Cathode Lighting * Mercur
Qil Burner Ignition » Rodio - Power + Controls ¢ Signol Systems ¢ efc.

The operating voltage you specify
will never be consistently available
unless you make provision for it.
That can be done most economically
and satisfactorily by including an
automatic, self-protecting SOLA Con-
stant Voltage Transformer as a “built-
in”’ component of your equipment.

There are many standard models
in SOLA Constant Voltage Trans-
formers that have been specifically

Conitan Votlnge

TRANSFORMERS

ylamps ¢ Serieslighting « Fluorescent Lighting » X-RoyEquipme‘;ﬂ
SOLA ELECTRIC COMPANY, 2525 Clybourn Avenue, Chicago 14, Minols

THE BLUEPRINT STAGE...

designed for built in use. They are
being successfully used today by
many manufacturers of electrically
energized equipment who have guar-
anteed the availability of constant
rated voltage. May we make a recom-
mendation for your equipment?

1\ Weite for Bulletin -

#i s W) i [
T
55 B T TN i = D)
f.f’f?‘gﬂ'ﬁ'ﬂ;ﬁ To voltnga -
T n ]
PN
’.4\'“.’:» _

< ve

150 1 1n 1R y,g, '
+ Luminous Yube Signs

Manufactured in Canada under license by FERRANTI ELECTRIC LIMITED, Toronto

PROCEEDINGS OF THE IL.R.E.
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THORDARSON

 THORDARSON

/ THE OLDEST MANUFACTURER OF QUALITY
TRANSFORMER EQUIPMENT IN THE UNITED STATES

For well over fifty years Thordarson has been turning out the finest in amateur
and industrial transformer equipment. Founded in 1895 by Chester Thordarson,
designer of the first amateur transmitting transformer, this company has pio-
neered many new developments, including the superior coil and core materials
now used in its entire line. Describing quality transformers for every ham
requirement, the Thordarson catalog is still regarded as the “bible” of the
radio amateur.

In the industrial field, Thordarson was first to
design and build transformers for specific ap-
plications. To this day, when there is a question
of correct transformer design, Thordarson is
usually consulted first. Thordarson Amplifiers, a
logical outgrowth of this vast transformer manu-
facturing experience, are regarded by experts
as the finest in present-day sound equipment.

In the future, as in the past, Thordarson Trans-
formers and Amplifiers will continuve to be manu-
factured to the same high standards which have
distinguished their production from the begin-
ning. When you specify Thordarson you will
always be sure of obtaining a product which is
as perfect as a half century of electronic manu-
facturing experience can make it.

CHICAGO,

ILLINOIS

Thordarson Transformers and
Amplifiers are designed for
every electronic application

THORDARSON

MAGUIRE INDUSTRIES,

INDUSTRIAL

INC.

TRIBUTOR AND SALES DEPARTMENT

936 NORTH MICHIGAN AVENUE
CHICAGO 11, ILLINOIS

EXPORT SALES DIVISION » SCHEEL INTERNATIONAL INCORPORATED
4237-39 N.

ELL. CABI.E ADDRESS HARSCHEEL

LINCOLN AVENUE, CHICAGO 18,

16A
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LS10):E INSULATION

TRADE MARK

FOR ELECTRONIC HEATING DEVICES

LOW LOSS FACTOR... HIGH DIELECTRIC STRENGTH AND RESISTIVITY

Electronic heating devices require the best insula- and induction heating equipment. AlSiMag is also
tion. That is why you find AlSiMag ‘custom made widely employed in work holders, fixtures, gang
technical ceramic insulation at the critical points run devices, locators, spacers and jigs to hold
in practically all the leading makes of dielectric products during electronic heating.

AMERICAN LAVA CORPORATION

CHATTANOOGA 5, TENNESSEE
66th YEAR OF CERAMIC LEADERSHIPF

SALES OFFICES: ST LOUIS, Mo, 1123 Washington Ave., Tel: Gorlield 4959 * NEWARK, N. 1., 671 Brood St., Tel Mitchell 2.8159
CAMBRIDGE, Moass., 18-8 Brotrle St., Tel Kirklond 4498 ® CHICAGO, 9 S. Clinton St, Tel: Centrol 1721 * SAN FRANCISCO,
163 Second St., Tel: Douglas 2464 ¢ LOS ANGELES, 324 N. Son Pedro St., Tel: Mutval 9076 PHILADELPHIA, 1649 N. Brood Streat
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TUNG-S0L
614 MINIATURE
POWER RECTIRER

“Those TUNG-SOL people have come
out with another new one . . . their 6X4
power rectifier in miniature, It is elec-
trically equivalent to the big 6X5GT
but has all the many advantages of a
miniature. While this 6X4 was planned
for mobile service, it is so good that
you can use it for a lot of other
applications.

“You expect a rectifier to do its job
under a wide range of operating con-
ditions. The TUNG-SOL 6X4 certain-
ly does. In full-wave condenser input
service at full load, it operates at 72%,
efficiency. That can’t be matched

by other types of rectifiers that

do not offer the advantages

of the 6X4.

TUNG-SOL
Sales Offiees:
Also Manufacturers of Miniature Incandescent Lamps,

18a

LAMP

WORKS

It provides 335 volts output at 70
milliamperes with 325 volts AC applied
to each plate. Where regulation is a
factor, use of the choke input circuit
results in about 10% variation in out-
put voltage over a 10 to 1 range of out-
put current.

“How is it under extreme temperature
variations? The 6X4 is always ready
to 'start’ in the coldest weather. Its
use is seldom restricted by high
ambient temperatures.

s erlovi e loaled

ELECTRON TUBES

., /m/:mfko Discassions it Miniaone. Tolles-

Conduction cooling through the tube
socket will usually be enough even
in compact ‘boxed-in’ equipment. The
6X4 respects Ohms law in the desert
or in the ‘Arctic. Its ruggedness is
proof against both continual vibration
and wide variations in heater supply
voltages. With a tremendous reserve
in emission, it makes little difference
if its source of AC power is a vibrator
or the Grand Coulee dam.

“Too bad, Joe, you dubbed your shot.
I just wanted to tell you that you
should look into miniatures for that
new stuff you are getting out. TUNG-
SOL Engineers will be glad to tell you
which miniature to use and advise
you as to circuits. You know they
are not in the radio set business
so you can talk to them freely.
Why don’t you write ‘em?"

INC,,

NEWARK 1,
Atlanta - Chicago - Dallas - Denver » Detroit » Los Angeles » New York
All-Glass Sealed Beam Headlight Lamps and Curren: Intermittors

PROCEEDINGS OF THE I.R.E.
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SPRAGUE

VITAMIN Q DIELECTRIC

(TRADEMARK REG, U. S. PAT. OFF.)

HAS PERMITTED
SUBSTANTIAL RE-
DUCTIONS IN BOTH
THE SIZE avo WEIGHT

or MANY OILFILLED
CAPACITOR TYPES'

_ ’ p , c t o' Gruly Increased Life

tor Fluorescent Lamp Capacitors

The application of Vitamin Q dielectric to Sprague
Fluorescent Lamp Ballast Capacitors has established new,
higher standards of performance under all conditions of
use. Standard 35 mfd. 330 volt capacitors in 2” round
containers were tested competitively for 750 hours at
575v. A-C at 85°C. in still air. Not onc of the Sprague
Capacitors failed. All competing units by three other
manufacturers failed within four hours. Worite for
Sprague Technical Data Bulletin No. 3200.

SPRAGUE ELECTRIC COMPANY, North Adams, Mass.

:"‘

¢

PIONEERS OF ELECTRIC AND ELECTRONIC PROGRESS

PROCEEDINGS OF THE I.R.E. April, 1947




REVERE SHEET AND STRIP
FOR DRAWN PARTS

FOR all products to be made by drawing,
stamping and similar sheet metal operations,
Revere sheet and strip of copper or brass offer
maximum ease of fabrication. Not only are these
metals naturally ductile, but they benefit further
from the metallurgical skill which Revere has
gained in 145 years of experience.

In composition, mechanical properties, grain
size, dimensions and finish, you will find Revere
metals highly uniform. They enable you to set
up économical production methods and adhere
to them. They can help you produce better
products at faster production rates, with less
scrap and fewer rejects.

Revere copper, brass and bronze lend them-
selves readily to the widest variety of finishing
operations—polishing, lacquering, electro-plat-
ing. With these superior materials it is easy to

20A

make radio shields and similar products beau-
tiful as well as serviceable.

That is why wise buyers place their orders
with Revere for such mill products as—Copper
and Copper Alloys: Sheet and Plate, Roll and
Strip, Rod and Bar, Tube and Pipe, Extruded
Shapes, Forgings—Aluminum Alloys: Tubing,
Extruded Shapes, Forgings— Magnesium Alloys:
Sheet and Plate, Rod and Bar, Tubing, Extrud;:d
Shapes, Forgings—Steel: Electric Welded Steel
Tube. We solicit your orders for these materials.

REVERE

COPPER AND BRASS INCORPORATED

Founded by Paul Revcre in 1801
230 Park Avenue, New York 17, New York

Mills: Baltimore, Md.; Chicago, 111.; Detro;, ch.
Neu' Bedford, Mass§ Rome, 1\"'. r}q‘/!, 2204

Sales Offices in Principal Cities, Distributors Everyuhere

PROCEEDINGS OF THE I.R.B. April, 1947




COMMUNICATION
1 INDUSTRIAL
~ RECTIFICATION

- EXPERIMENTAL
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 SPECIAL PURPOSE

ONE SOURCE FOR ALL TYPES

For a quarter century AMPEREX has been identi-
fied with creative research, laboratory approach,
precision manufacture and helpful service in its
chosen field—power tubes. As tube specialists
deeply concerned with all modern develop-
ments, Amperex engineers are in a position to
give detached counsel and information.
WRITE, AMPEREX APPLICATION ENGINEERING DEPARTMERT.
AMPEREX ELECTRONIC CORPORATION

25 WASHINGTON STREET, BROOKLYN 1, NEW YORK
IN CANADA AND NEWFOUNDIAND: ROGERS 'MAJESTIC LIMITED
11-19 BRENTCLIFFE RD., LEASIDE, TORONTO 12, ONTARIO, CANADA

21a




Now available from Tobe...

Electrolytic
INOTOR-STARTING (APACITORS

~q

uitable for ﬂ;'e-i;vl?stqitihg'j_dréats of a-c motors
within thei(;na'étiﬁ‘al-vdﬁge rating and at all tem-
petaturés brom —76F to - 185F.

piaty

These units are supplied without in-
sulating tube or other hardware. Re-
quests for hardware should be accom-
panied by drawings of parts required.

’ 10-32 THD

(I]:]

TOBE DEUTSCHMANN Curporction CANTON, MASSACHUSETTS

224 PROCEEDINGS OF THE L.R.E
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'NEW VHF NAVIGATION

SYSTEM PROVED"

* First Demonstrations at Indianapolis

Successful in Fog and Snow Storm

On January 4-5, and again from January 20-23,
a new VHF airborne receiving and indicating
system, giving ADF type presentation, was suc-
cessfully demonstrated in conjunction with the
CAA'’s Omnidirectional Range at Indianapolis.
The radio and instrumentation equipment was
designed and built to specifications of Aeronau-
tical Radio Inc. by the Collins Radio Company.

In full cooperation with commercial aviation
in its untiring efforts to establish improved air
navigation facilities, the Collins 51R system was
speeded to completion by intensive engineering
effort, and is the first of its type to be demon-
strated. ARINC’s Radio Equipment Committee
and commercial airline -engineers witnessed the
earlier demonstration in the Collins flight research
plane, a Beechcraft 18S. Fog and low-hanging
clouds precluded any but instrument flying and
provided ideal conditions for proving the effec-
tiveness of the system.

The second demonstration was at the request
of the Air Transport Association’s Air Navigation
Traffic Control Research Group for ATA mem-
bers. The equipment was installed in ATA’s ex-
perimental plane, a DC-3.

The Collins 51R Navigation System includes

IN RADIO COMMUNICATIONS, ITs. ..

a 280 channel .receiver covering 108 mc to 136
mc in 109 ke steps and provides facilities for the
following:

a. Localizers, tone type (90/150 cycles), in-
cluding flag alarm.

b. Localizer, phase type, including flag alarm.

¢. Omnidirectional ranges, indicating on
cross pointer meter, course chosen by manual
course selector. Includes operation of am-
biguity indicator and flag alarm.

d. Omnidirectional ranges which, when auto-
matically combined with magnetic heading
information, provide automatic direction
finding type of presentation in the cockpit.

The receiver utilizes the exclusive Collins Drift
Cancelled Oscillator (DCO) circuit which pro-
vides extremely high stability and rejection of
spurious signals. Two or more receivers can be
operated with a single antenna.

These successful demonstrations are historic
because they mark the first major step in the de-
velopment of a complete, fully integrated system
which will permit guided and controlled flight
in any direction, on any track, to any point within
the coverage of the basic radio facilities.

COLLINS RADIO COMPANY, Cedar Rapids, lowa
458 South Spring Street, Los Angeles 13, Calif.

11 W. 42nd Street, New York 18, N. Y.

PROCEEDINGS OF THE L.R.E. April, 1947
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engineers are saying about Centralab’s new Couplate. Now available  For today's manufact
for the first time, the Conp

i
l As revolutionary as the multi-purpose tube—that's what electronic  grid resistor, the plate
circuit whi bines into one unit the plate load resistor, the  sion wiring on interstage couplings

B

.: NOW SEE HOW
3 4THIS REPLACES THIS»
A

€3 — Coupling Capacitor, 01 ——
mfd. is standard

C2—Plate RF. By-Pass Ca
pvacitor, 250 mmf 209
standard

R —Plate Load Resistor. 250
000 Ohms * 209 1/5 watt
is standard

R2— Grid Resistor, 500,000
Ohms * 209% 1/5 watt is
standard

Orher Values Available

A
$
4 -

Integral Ceramic Construction: Each Cowplate is an integral assembly of
“H1-KAP" capacitors and resistors closely bonded to a steatite ceramic plate and
mutually connected by means of metallic silver paths “printed” on the base
plate. Think of what that means in terms of time and labor saving

24A

Centralab reporis to

by-pass capacitor and the coupling capacitor
urers, the Couplate saves up to five soldered

i1s a complete interstage couplin connections, tncreases labor efficiency s
P 8 <y 50%, assures fast, preci-

Coupling Cap.

Cy
Plate Plate R i
N e RF. Grid
Pe(;?:h' C’:Bg Pass Cap. S Resistor

R, R2

+
Plate Supply

¢ Only four soldered connections are now
required by the C uplate instead of the

usual eight or nine (see above That
means fewer errors, lower costs!

PR N
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Electronic Industry

In addition — Centralab has just an-
nounced a sensational new quality line
of miniature ceramic disc capacitors im-
pervious to moisture ..

More news' The recognized dependa-
bility and high quality of ceramic by-

i pass and coupling capacitors is now

available at a new low price ..

)

|

Look ot "HI-KAP” Performance,
Ratings, Convenience of Design!

Diameter {Max. O.D.)

Guaranteed Min. Capac.

Flash Test V.D.C.
R —

Weight (Average)

Other capotity volues avoilable. Inguire now!

Hi.Kap's permanent Ceramic-X stabil-
ity assures utmost reliability in small
physical size and low mass weight.
Write for Bulletin 933.

Made from Centralab’s original Ceram-
ic-X—result of our continuing research
in high dielectric constant ceramics.
Write for Bulletin 943.

b

Here's Centralab’s newest control for
miniature receivers, amplifiers. No big-
ger than a dime, high quality perform-
ance is assured.

9

When you see this CRL monogram on
electronic components, you're assured
of tested performance, quality and de-
pendability. Look for it!

Look to Centralab in 1947! Firstin component research
that means lower costs for the electronic industry. If you’re plan-
ning new equipment let Centralab’s sales and engineering service

work with you. Get in touch with Centralab!

Centy;

DIVISION OF GLOBE-UNION INC.,, MILWAUKEE, WIS,

April, 1947
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ANNOUNCED only a few short months ago,
the Raytheon 250 Watt AM transmitter has
already won its way into the forefront of
small station broadcasting. Presented as a

transmitter of unsurpassed
design, unsurpassed styling
and unsurpassed engineering
excellence, it has proved its
claims on all three points.

Visitors exclaim over its strik-

Coxcellence in Claclrondes

S

b ol

e
-

5,
.

S
<

d More

fations
7 by Kayrieon

Here’s the AM Transmitter that small-station owners are turning

to...for its dependable, simpler circuits...its advanced design

...its modern, ""dress-up’’ beauty!

HERE’S WHAT THE SMALL STATION NEEDS!

...Study these RAYTHEON features
before you choose any transmitter,
for replacement or new installation.

Simplified, More Efficient Circvits — A high
level modulation system climinates necessity of
complicated and cridcal adjustment of linear
amplifiers and minimizes harmonic distortion

Increased Operating Efficiency — The use of
the most modern improved components which
are operated at well below their maximum
capacity together with simplified circuit design
greatly increases overall operating efficiency

Greater Dependability = Duc 1o the use of
Triode rype tubes, feedback failute will not
cause a complete breakdown and the signal
quality will still be good. Cooled by natural
convective air currents, it is not subject to dam-
age or fire caused by a blower failure.

Simple, Speedy and Accurote Tuning — All
operational controls are centralized on the
front panel: cvery circuit is completely metered

formance . . .

the air.

RAYTHEON MANUFACTURING COMPANY
Broadcast Equipment Division, 7475 No. Rogers Ave., Chicago 26, lllinois

DEVOTED TO RESEARCH AND MANUFACTURE FOR THE BROADCASTING

ing, modern beauty . . . beauty that gives a
“show-place” air to any station. Station own-
ers are delighted with its dependable per-
its silent operation . .

high fidelity signal it puts on

. and the

Before you selecta 250 Watt
transmitter, be sure you pos.
sess all the facts. Write or wire
for our specification bulletin.

INDUSTRY

and instantly checked. A clutch-equipped low .
speed motor makes micrometer adjustment of
the two tuned stages very easy.

No Buffer Stage Tuning —The use of a Video
type amplifier in the buffer stage eliminates
this complicated tuning.

Silent Operation — Natural air cooling means
no blower noise. permits microphones in same
room with transmitter.

Low Audio Distortion — Triode type tubes used
in the audio stages have inherently lower dis-
tortion level. Specially designed audio trans-
formers reduce audio distortion still further

Easy Servicing — Vertical chassis. symmetrical
mechanical layout and complete accessibility
through double rear doors and hinged side
panels make the RA-250 a favorite.

Easily Meets All F.C.C. Requirements—All
clectrical characteristics are well within the
.l;"dc C.I(r)i)qulrer:;ms Noise level is —60 db
ow modulation. Frequency respoase
=1 db from 30 to0 10.000 cycles per second




QUICK, EASY,
ENTIRELY VISIBLE,
NO TOOLS NEEDED

These Snapslide Fasteners were originated by A. R. C.
to provide positive means of attachment and yet to allow
instant disengagement. Note how the two spring jaws
of the Snapslide lock around the Stud and insure com-
plete security. Both large and small Snapslide Fasteners
are available, with Buttons and Studs for various appli-
cations and different thicknesses of material.

VARIETY OF USES

Large Snapslides, approximately %1s” wide by 17 long, are suit- o
able for attaching radio scts or such units as dynamotors, converters,
ctc. to shock absorbers or directly to mounting plates.

Small Snapslides, approximately %" wide by '%:" long, are used
to hold down tube covers, fuse covers, and similar light-weight
parts.

|
h o

BUTTON (RIVET)

Q_/'-——-—cuaveo SPRING WASHER

<o

4 SNAPSLIOE

BE FASTENED
wik, L2 s ™ “80X")

9 ———— STV

-(PORTION OF "80X™)
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How often have you wished for a meter you could see clearly—the whole
scale of it, wherever you were using it—in the dark, under low lights, or
even in the kind of glare that causes reflections on the glass—a really illumi-
nated meter? Well, here it is—the result of a new Simpson patented method
of illumination.

On these new Simpson Illuminated Meters (voltmeters, ammeters, milli-
ammeters, and microammeters), every fraction of the dial face is flooded
with light—there isn’t a spot of shadow. And this isn't a dull glimmer of
light. It’s a full and even radiance.

An ingeniously shaped Lucite cone carries the light from a recessed bulb
in the back of the instrument through the front edge that surrounds the
entire dial. This makes possible the use of the standard Simpson metal dial.
Unlike translucent dials, it cannot fade or discolor so that reading becomes
difficult. It cannot warp or buckle, causing the pointer to stick, or distorting
readings. The bulb recess is neoprene sealed.

Behind the refinement of this superior illumination lies the basic reason
for preferring Simpson instruments—their in-built accuracy. That high
quality which is the indispensable component of every Simpson instrument
makes sure that the accuracy will stay there, year after year,

SIMPSON ELECTRIC COMPANY
5200-5218 W, Kinzie Street, Chicago 44, Nlinois
In Conodo, Boch-Simpson, Ltd., London, Ont.

(1%

PROCEEDINGS OF THE I.R.E.

SHROUD STYLE

2'* Round Cose. Flange di
2:3/4" depth overall, 2.5/16"; body
?t;;‘gsler. 2-11/64"; scale length,

3" Round Case. Flange diamet
3-‘1 /2", depth ovefall. 2-1/4"; 'E)oedfy
2.I93/n11(c;'('“~ 2-3/4"; scale lcngth,

3'* Rectonqular Cose Width, 37
height. 3-1/8". Mounts ; d | 5
Body diameter, 2.3 4"s aleNatalg
2'* Rectongulor Cose. 2.3/8“

Mounts in round hole. B e
b ole. Body diam-
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wa,éi__/ﬁ Instant-Hearing VHF Beam Pm?ng

USEFUL POWER OUTPUT
FOR MOBILE F-M
WITHOUT NEUTRALIZATION

at 165 mc.

WHAT THE 5516 DOES FOR YOU. .. 5516 useful power outputs at 165 mc¢
of 18 watts f-m, 12 watts a-m (more at lower frequencies) are not theoretical
but are based on actual tested transmitter designs. Low internal tube drop
gives high output at low plate potential, with simplified power supply
requirements. Instant-heating filament permits tremendous savings in
battery drain — mobile or aircraft. One 2E30 doubler or tripler drives a
5516 in plate-modulated class C to full output at 165 mc. Ratings — designed
for mobile use — are CCS and equally suitable for the fixed station. Also the
5516 requires no neutralization in properly designed circnits. Write today for

complete data sheet.

HYTRON TYPE 5516
INSTANT-HEATING VHF BEAM PENTODE
GENERAL CHARACTERISTICS

Filament . . . . . .« o o v v v o oo b e oxide-coated, center-tapped
Potential (G- 0r d=€) . . . ¢ ¢ . e e e e 6.0 = 10% volts
Current . . . . . .. LI A & 2 7L o RO O S 0.7 ampere

Grid-plate capacitance - . . . o ¢ ¢ o0 0 e e 0ot 0.12 max uut

fnput capacifance . . . o . L oo i e e e e e e e e Ve o« 8.5 uput

Output €capacitance . - . . « o« c oo e a e ne e e e e 6.5uut

Maximum overall length . . . . . . . .. ... 3-21/32 inches

Maximum diometer . . . .+ o« ¢ o oo et s e e 1-7/16 inches

BRTE . i e L d e w b ey e e low -loss, medium-shell, 8 -pin octal

ABSOLUTE MAXIMUM CCS RATINGS
Mod.* Unmod.

80 mc 475 600 v

D-c piate potential . . . . . « ceecass 4135 me 395 500 v
165 me 355 450 v

H 80 me 30 45 w
D-c plote power input . . « ¢ ¢ ¢ oo oo . {135 me 26.5 40 w
165 me 23.5 35 w

D-¢ plate current . . . . . . PR N TN 78 9 ma
D-c screen potential . . . . . . .o .o, . 250 2350 v
Plate dissipation . . . . . - s o st o0 oo e 10 15 w

USEFUL POWER OUTPUT {CCS) — TYPICAL OPERATION#

Service Up to: 165 135 80 mc
Class Cunmod.orf-m . : . .. .. .. .. 18 24 30 w
Class C plafe-modulated . . . . . . .. ... 12 16 20 w

®Corrier condition with max modulation percentoge of 100. # Useful power output ta load
equols plate power output less circuit ond direct radiotion losses.

I

IT WAS NOT EASY . . . Compact though it is, the new 5516 is a far cry
from the cathode-type tubes previously used in mobile vhf equipment.
Design and production headaches for instant-heating vhf beam pentodes
increase in geometric progression with the operating frequency. A glance at
5516 constructional advantages discloses unusual measures taken to solve
such problems. Yes, the 5516 of necessity -costs more, but it does a real job

—_—

BASING — BOTTOM VIEW

Pin Connection Pin Connection

1 Fil. center tap & 5 Control grid
beam plates 6 Same as pin 1

2 Filament 7 Filament

3 Screen grid 8 No connection

4 Same as pin 1 Cap Plate

5516
CONSTRUCTIONAL ADVANTAGES

e Zirconium-coated plate, gold-plated
control grid, carbonized screen grid
enable maximum possible vhf ratings,
despite compact size.

e Special, rugged filament suspension

avoids short circuits and burn-outs in

rigorous mobile applications.

e Three separate base-pin connections

to filament center tap provide for
lowest possible cathode lead induc-
tance.

Dishpan stem and compact structure
give short, heavy leads with low
inductance and capacitance.

-

!

SPECIALISTS IN RADIO RECEIVING TUBES SINCE 1921

ML

MAIN OFFICE: SALEM, MASSACHUSETTS
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MANUFACTURERS
WHOLESALERS
JOBBERS . ..

to obrain this desirable material get in touch with
your WAA approved Distributor!

Much of the huge inventory of electronic tubes
and equipment, declared surplus by the armed
forces, has been allocated 10 approved distributors
for disposal.

“-\ The names and addresses of our distributors are
\ listed here. Thev are equipped 10 serve vour needs
and will know what is immediatelv available.

30A



THESE ARE THE APPROVED DISTRIBUTORS APPOINTED
BY THE WAR ASSETS ADMINISTRATION TO SERVE YOU:

American Condenser Co.
4410 Rovenswood Avenue
Chicago 11, illinois

Avtomatic Radio Mfg. Co., Inc.
122 Brookline Avenue
Boston 15, Massachusetis

Belmont Radio Corporation
3633 So. Racine Avenve
Chicago 9, lllinois

Communication Measurements Laboratory
120 Greenwich Streel
New York 6, New York

Cole Instrument Co.
1320 So. Grand Ave.
Los Angeles, California

Electronic Corporation of Americo
353 West 4B8th Street
New York 19, New York

Electro-Voice, Inc.
Carroll & Cecil Streets
Buchanan, Michigan

Emerson Radio & Phonograph Corporation
76 Ninth Avenue
New York 11, New York

Essex Wire Corporation
1601 Wall Street
Fi. Wayne 6, Indiana

EtLECTRONICS DIY1 S|

Generol Electric Company
Building 267-1 River Road
Schenectady 5, New York

Raytheon Manufacturing Company

60 East 42nd Street
New York 17, N. Y.

Smith-Meeker Engineering Company

125 Barclay Street
New York 7, New York

Southern Electronic Company
512 St. Charles Street
New Orleans 12, Louvisiana

Standard Arcturus Corporalion
99 Sussex Avenue
Newark, New Jersey

Sylvonia Electric Products, Inc.
Emporium, Pennsylvanio

Technical Apparatus Company
165 Washington Street
Boston B, Massachusetts

Tobe Deutschmann Corporation
863 Washington Street
Canton, Moassachusetts

Tung-Sol Lomp Works, Inc.
95 Eighth Avenue
Newark 4, New Jersey

General Electronics Inc.
1819 Broadwoy
New York 23, New York

Hommarlund Mfg. Company, inc.
460 West 34th Street
New York 1, New York

Hoffman Radio Corporation
3761 South Hill Street
Los Angeles 7, California

Hytron Radio & Electronics Corporation
76 LaFayetie Street
Salem, Massachusetts

E. F. Johnson Company
206 Second Avenue, 5. W.
Woseco, Minnesota

Maojestic Radio & Television Corporation
125 West Ohio Street
Chicago 10, Nlinois

National Union Radio Corporation
57 State Street
Newaork 2, New Jersey

Navigation Instrument Co., Inc.
2007 Capitol Avenue
Houston 3, Texos

Newark Electric Co., Inc.
242 West 55th Street
New York 19, New York

Radio Ports Distributing Company
128 W. Olney Road
Norfolk 10, Virginia

WAR ASSETS ADMINISTRATION

PROCEEDINGS OF THE LR.E. April, 1947

Offices located at: Atlanto + Birmingham « Boston « Charlotte « Chicogo « Cincinnati © Clevelond * Dallos Rp
Denver + Detroit + Fort Worth - Heleno + Houston « Jacksonville * Konsos City, Mo.
Angeles + Louisville + Minneapolis « Nashville + New Orleans ¢+ New York <« Omaho - Philodelphio « Port-
lond, Ore. « Richmond + St Louls « Solt LakeCity « Son Anfonio - Son Francisco - Seattle « Spokone * Tulsa

« Little Rock ¢ Los
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WATTS INPUT’

IZMOO

RCA-5588

Amplification factor 23

Direct interelectrode copocitonces:

Grid-plote 6.5
Grid-cothode 13
Plote-cothode 0.32 mox.

Over-all length
Greotest diameter

As R-F Power Amplifier ond Oscillator—
Closs C telegrophy, CCS

Key-down conditions per tube
without omplitude modulation

Moximum CCS Rotings, obsalute volues:

RATINGS AND CHARACTERISTICS

3-5/16" $3/32”
1.75 +0.010”

D-C plote voltage 1000 volts
D-C grid voltage -200 volts
D-C plate current 300 mo.
D-C grid current 100 mo.
Plote input 250 wotts
Plote dissipation 200 wotts

RCA LABORATORIES
PRINCETON, N. J.

THE FOUNTAINHEAD OF MODERN

TUBE DEVELOPMENT 1S RCA

TUBE DEPARTMENT

RADIO CORPORATION of AMERICA

HARRISON, N. J.

Here it is . . . a u-h-f tube tiny enough to fit snugly into the
palm of your hand, yet big enough to handle a plate dissipa-
tion up to 200 watts. It will operate with full plate voltage
and plate input at frequencies as high as 1200 Mc . . . and
at reduced ratings at higher frequencies.

RCA-5588 is designed with a unique coaxial electrode
structure that permits use of a large, heavy-duty cathode to
meet the high emission requirements of u-h-f power applica-
tions. The tube is particularly well-suited for use in radially
spaced, coaxial-cylinder circuits. In these circuits, it can be
inserted directly into one end of its circuit cylinder . . . a
feature that effectively isolates plate from cathode for
optimum grounded-grid service and provides high circuit
efficiency for u-h-f service.

Other outstanding features of the 5588 are its large-area,

low-inductance electrode terminals . . . silver-plated to re-

duce r-f losses, its efficient forced-air-cooled plate radiator,
and its terminal arrangement that enables you to install the
tube quickly without circuit disassembly.

Here is a triode with a power and frequency rating worth
considering for those special u-h-f applications. RCA ap-
plication engineers will be glad to co-operate with youin
adapting this or any other RCA tube to meet your equip-
ment needs. For their specialized help, as well as for com-
plete information on the 5588, write R( A, Commercial
Engineering, Section R-52D, Harrison, N, J.

* Class C telegraphy, CCS
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Board of Directors
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First Board of Directors Meeting in the New Institute Hcadquarters

Seated around ble from left to right are George W. Bailey, executive secretary, 19451947 ; Frederick R. Lack, Hubert M. Turner
president, 1944; Raymond F. Guy, treasurer, 1947; Donald B. Sinclair, Rayr \. Heising, treasurer, 1943-1945; Ed M. De.
loraine, vice-president, 1946, Frederick B Llewellyn, president, 1946, Haraden Pratt, president, 1938, treasurer. 1941-1942 5“,4."5} 1943
1947 : \Villiam C. \Vhite, treasurer, 1946; Alfred N. Goldsmith, secretary, 1918-1927, president, 1928, editor, 19131947 S'ruar""l Baile
William L. Everitt sident, 5: Keith Henney, George T. Royd i Mur G. Crosby, director-elect, 1947.

The new lleadquarters Building of The Institute of Radio Engineers,
at 79th Street and Fifth Avenue, New York, N. Y., has been sufhficient!
completed to enable the normal activities of the Institute to be carried
out in this adequate location. On December 4, 1946, the Board of Directors
met for the first time in the new building.

It was generally agreed that the quarters were commodious, attractive,
and so arranged as to permit the effective functioning of the various de
partments of the Institute now housed in the building.

A second meeting of the Board of Directors was held in the Board
Room on January &, 1947. The great volume of business successfully
handled by the Board on each of these occasions sufticiently attested to
the congeniality of the surroundings and the analytic and co-operative
attitude of the Board members. Comprehensive agenda were in each
instance disposed of during the corresponding sessions.
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Scientific research and engineering development have engaged in ever-incCreas-
ing measure of public attention and corresponding political activity. The con-
tributions made by scientists and engineers during World War I, culminating
in the radar techniques and the release of atomic-nuclear energy, have been
particularly effectivein thisregard. Such developments have served to persuade
certain legislators and also some members of the scientific community that the
Federal Government should subsidize research on a large scale, and with cer-
tain types of governmental organization and control, and with a measure of
public ownership of the products or applications of such governmentally
sponsored research. Some of the less obvious implications and perils of such a
plan are described in the following guest editorial by a prominent American
research worker and engineer, who is himself the editor of the Bell System
Technical Journal. The subject matter of this editorial fully merits thoughtful
analysis by the readers of the PROCEEDINGS.— The Editor

The Engineer and Science Legislation
ROBERT W. KING

As the social repercussions of technology increase in number and grow in significance, the engineer may be expected
to widen his outlook to encompass the full consequences of his handiwork. This augurs well for the continuing value
of his social contributions, especially when regard is had to his experience in subjecting difficult and involved problems
to co-operative attack.

With this in mind no apology need introduce a reference to a particularly timely socioscientific problem. Some will
recall the efforts made during the life of the seventy-ninth Congress to enact legislation that would have created a
Nationa! Science Foundation. Although the efforts failed, the underlying question has lost nothing in importance,
and discussion of it will shortly be resumed, perhaps on an extended scale.

The essence of the problem is to assure the rapid advance of scientific knowledge and, as contributory to this, the
training of an adequate number of American scientific workers. None is more concerned in its wise solution than the
engineer, and | believe that the engineering profession should be prepared to urge wide recognition of this fact. In
discharging his responsibility for adapting science to the national economy and enabling it to serve society, every
extension of scientific knowledge assists; but the effectiveness of the engineer’s efforts is also influenced by many eco-
nomic conditions, as a consequence of which he is vitally concerned with any political implications which attach to a
Science Foundation.

Now, anybody having a legislative origin and empowered to disburse funds wholly or chiefly from the national
treasury will, almost of necessity, involve far-reaching and yet intangible political implications. For example, among
many advocates of one or other of the recent bills proposing State-aid to science, the doctrine had already been born
that inventions and patents growing out of the new knowledge acquired through federal appropriations automatically
should become the property of the government. The line of reasoning leading to this conclusion is simple and direct,—
what the State has paid for should belong to the State. Here, in a sense, is a doctrine the very antithesis of free enterprise;
and what might in time be its effect, if given a legislative leverage to work upon, is too serious to be ignored.

In a legislatively created Science Foundation there is also a standing inducement for the politician to meddle with
science. While it is not possible to demonstrate and measure the amount of political tinkering that lies hidden in
any particular enactment, we are living in an era of intellectual instability with a world tide running in the socialistic
direction. Many countries already exhibit a union of science and government, while even in England (not to men-
tion the United States) there is increasing clamor that State planners map the programs of scientific research.

Here, again, the supporting argument is simple and superficially attractive. No scientific statement is absolutely
valid and therefore every proposition of science ultimately represents an arbitrary act of faith. Arbitrariness, or
“judgment,” also governs the directions that research shall take, and since society may have important stakes in the
outcome (including matters of national defense), it is beld questionable whether such decisions should e permitted
private individuals. They increasingly should be reserved for the authorities legally constituted to guard the public
weal.

Should we in the United States come, commonly, to accept this argument, then a serious threat to the freedom of
American science might well be in the making.

The traditional American way of supporting science has heen through private contributions—a method which
we know from experience involves no danger of political infringement— but, without examination, many have as-
sumed that this way is henceforth closed. Surely, so radical a proposition should not be accepted wittout full discus-
sion. There is no primary source of funds for science other than privateincomes. The recent bills would have established
the federal-tax collector as an intermediary between those who earn and can supply the funds and the scientific bodies
that would disburse them. And, because the mere act of collection would be simplified and stabilized by interposition
of the tax collector, there were some who saw this as the main problem and were willing to overlook the attendant
risks. But a simple analysis reveals incomes— corporate and personal— of such a total that, if given appropriate credit
under the income-tax law for science donation, they would re-establish ample support.

Enginecrs will serve both their profession and the cause of science if they will follow the forthcoming discussions,
thinking through and clearly defining the issues therein involved. Whether energetic attempts are made in the next
session of Congress to revive the recent legislative program, or whether Congress will clearly be so economy-minded
as to make an appeal to legislation unprofitable, leadership is wanted for the proposition that, under American institu-
tions, support of science can and should arise voluntarily as a manifestation of social enlightenment.
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Considerations in the Design of Centimeter-
Wave Radar Receivers
STEWART E. MILLERT, MEMBER, L.R.E.

Summary—A review of the radar duplexer and receiver, as de-
veloped during the war, is presented. Attention is devoted to the
principles of operation and typical circuit arrangements employed in
the duplexer, the crystal converter, the local-oscillator injection cir-
cuits, the intermediate-frequency amplifier, and the automatic-tun-
ing unit. Emphasis is placed on methods found advantageous in the
1-centimeter and 3-centimeter wavelength regions. The interrelation
between the various receiver components in determining the over-all
receiver noise figure is shown analytically, and typical performance
numbers are given.

INTRODUCTION

HIS review of the centimeter-wave radar receiver
will assume that the reader is familiar with the
general principles of operation of a radar.

DiscussioN oF THE RECEIVER's FuNcCTION

Fig. 1 shows, in block form, the major functions per-
formed in the radar receiver. For descriptive purposes,
the magnetron will be chosen as a starting point. The
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Fig. 1—Radar transmitter-receiver.
energy from the magnetron goes by way of several junc-
tion points and by way of a transmission line to the
antenna. From the antenna, the transmitted pulse goes
out into space, strikes the various targets, and the re-
flected energy returns to the same antenna, back over
the same transmission line, to the junction points previ-
ously mentioned. It is desired, of course, that the re-
ceived signal be directed to its amplifying system
(through the box marked TR) instead of back along the
* Decimal classification: R§37.13. Original manuscript received
by the Institute, April 9, 1946: revised manuscript received, June
20, 1946. Presented, joint American Institute of Electrical Engineers-
Institute of Radio Engineers lecture series on radar, New York, N. Y.

December 7, 1945, and Newark, N. J., January 3, 1946.
t Bell Telephone Laboratories, Inc., New York, N. Y.

path which the transmitter energy traversed on its
way to the antenna. Note that a single antenna and
transmission line is used for both the transmitted and
received energy, each of which is contained in the same
frequency band. This is made possible by two condi-
tions. The first condition is that transmission and recep-
tion do not occur simultaneously. Every transmitting
interval of 1 microsecond is followed by a receiving
interval of around 1000 microseconds. The second condi-
tion, making possible use of a common transmitting
system, is that there is a tremendous difference in power
levels between the transmitted and received signals.
This makes it possible to use gaseous discharge tubes for
switching. Suffice it to say for now that the major por-
tion of the transmitted signal does travel directly to the
antenna, and the major portion of the received signal
does return through the box marked TR to the signal
converter. In the converter, the signal is mixed with
some local-oscillator energy, and converted to an inter-
mediate frequency where it can be amplified with rela-
tive ease. The intermediate-frequency amplifier is fol-
lowed by an amplitude detector and video amplifier. In
many respects the latter elements are quite conven-
tional

As yet there has been no mention of the elements of
the loop in the lower section of Fig. 1. The function of
this loop is to automatically tune the receiver so as to
amplify the echoes with a maximum of sensitivity. The
question may arise as to why a manual tuning adjust-
ment is not satisfactory. In some cases it is. In other
cases the individual operating the radar does not have
time, or is not sufficiently trained, to make it feasible for
him to tune in the signal manually. In still other cases
the frequency stability of the magnectron and local oscil-

lator is not sufficient to guarantee peak receiver sensi-

tivity for a reasonable period, even though a manual
tuning adjustment is made. The reasons for frequency
drifts will be given at a later point, but it may now be
stated that the ad vantages of automatic receiv'er tuning
have been attractive enough to outweigh the penalties
in terms of cost, size, and weight of added equipment.
The exact manner of accomplishing automatic receiver
tuning varies considerably with the various types of
local oscillators, and the details will be deferred to a
later point.

CENTIMETER-\WAVE CirculTs

Attention will now be directed in turn toward each
of the components of the radar receiver. First, considera-
tion will be given to the centimeter-wave portion of the
circuit.
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Because of the distributed nature of circuits used in
the centimeter-wave region, the transmission lines used
to “interconnect” the various clements of the receiver
are in fact part of the circuit. It is appropriate, there-
fore, to consider briefly the transmission line from the
viewpoint of the circuit designer. The choice of coaxial
lines or wave guides for centimeter-wave transmission
is a balance between three factors: (1) loss, (2) power-
handling capability, and (3) physical convenience. Co-
axial lines are more tlexible and more convenient in size
than wave guides, and for these reasons coaxial lines
may at times be used in place of wave guides despite
poorer loss and power-handling characteristics. This dis-
cussion will be concerned with receivers designed for use
in the 10,000- to 30,000-megacycle region, where wave-
guide transmission lines have been almost universally
used. Receivers designed for 3000 megacycles and lower
have usually employed coaxial transmission lines, De-
cause of the unreasonable bulk of wave guides at such
frequencies and because the loss and power characteris-
tics of coaxial lines are tolerable below 3000 megacycles.

DUPLEXER

Previous discussions have identified the duplexer as a
switching system which makes possible the use of a
single transmission line and antenna for sending and
receiving. The upper half of Fig. 2 shows the system
which might be required if no duplexer were available.

b}

ATR
—
macng TRON(~ — [-’ SEE
--- -
X ==

LOCAL ATER

Fig. 2—Transmitter-receiver systems without duplexer and
with duplexer.

The magnetron would be associated with one transmis-
sion line and antenna; the receiver would be associated
with another transmission line and antenna. The motion
of the two reflectors would have to be mechanically
synchronized so the two electrical beams would always
point in the same direction. It is quite apparent that
such a system would be bulky and mechanically more
complex than the system using a duplexer, as shown in
the lower half of Fig. 2. In order to achieve this simpli-
fication of the mechanical structure, the electrical circuit
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is made more complex. The electrical complexity of the
duplexer is justified by two significant radar system
improvements: (1) the size and weight of an entire trans-
mission line and antenna are eliminated, and (2) the du-
plexer makes available to the armed services many types
of systems which would prove impractical if it were
necessary to synchronize two antenna beams in the com-
plicated scanning cycles employed.

The principal elements of the duplexer are two
switches, one which disconnects the receiver during the
transmitting interval of time (marked TR in Fig. 2),
and one which disconnects the transmitter during the
receiving interval of time (marked ATR in Fig. 2). It
is also required that these switches allow the trans-
mitted power to pass without appreciable loss to the
antenna. Historically, the switch used to disconnect the
receiver came first, and was named the TR for transmit-
receive. \WWhen the transmitter-disconnect switch ap-
peared, it proved to be electrically similar to the TR.
Because of similarity to the TR electrically and physi-
cally, the transmitter-disconnect switch became known
as the RT, the anti-TR, or simply the ATR. These terms,
TR and ATR, are widely accepted and will be used in
this article.

In order to understand the operation of the duplexer,
consider first the wave-guide circuit shown in Fig. 3. If
power is sent in entry A as shown, approximately half
of it will flow down each of the two remaining arms, B
and C, provided that these branches are terminated in
their characteristic impedances. If, however, a short-

7

A

Fig. 3—Shunt wave-guide tee.

circuiting plane is placed in the B arm at the proper
distance from the junction point, all of the power tend-
ing to enter line B will be reflected, and essentially all
of the power entering at A can be made to flow straight
through to C. Similarly, if the short-circuiting plane is
placed in branch C at the proper distance from the junc-
tion, all of the power can be made to flow from 4 to B.
This is the switching principle on which the radar du-
plexer operates. The short-circuiting planes referred to
above are, in fact, virtual reflecting surfaces switched in
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and out during the various parts of the transmit-receive
cycle by gaseous discharge tubes. We will next consider
one of these switches, the TR.

The top sketch of Fig. 4 represents a resonant cavity
of the type used in the TR bhox. The metal posts pro-
jecting from the ends of the metal cylinder form a
capacitive reactance across the cylinder and tune the
structure to resonance. The electric vector has a large
value directly across the gap, and this fact is used in
forming the switch. The chamber within the resonator
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1, 53
z‘*
MAGNETRON ANTENNA
M= 1,35--

CONVERTER

Fig. 4—Duplexer details.

is hlled with a mixture of hydrogen and water vapor,
which will ionize and form a gaseous discharge when the
voltage vector across the gap exceeds a critical value.
The presence or absence of this gaseous discharge makes
it possible to carry out the receiver disconnect function,
To do so the TR box may be placed in series with a
wave-guide line and coupled to it by means of small
holes, or irises, on each side of the resonant cavity, as
shown in the second sketch of Fig. 4. If the cavity is
tuned to resonance at the frequency to be used, and a
small signal is sent into entry A, the signal will pass
through the TR with only minor attenuation. The im-
pedance seen looking in at entry A with Z, terminating
line B can be made Z,, the characteristic impedance of
the line.

If a much greater amount of power is sent in at 4 the
gaseous discharge will form and place a very low im-
pedance across the cavity. The result is a very large
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reflection cocfficient at that point, and very little of the
power entering at A will reach B.

The TR just described and the wave-guide tee of
Fig. 4 are the principal building blocks of the duplexing
system. The operation of the duplexer will now be de-
scribed with reference to the equivalent circuit shown
in the lower half of Fig. 4. The various clements in this
sketch may be identified as follows: 'he antenna is rep-
resented by the resistance load at the right; the magne-
tron is represented during the transmitting interval by
an impedance Zr in series with a voltage source, and by
a different passive impeidance Z’ during the receiving
interval of time; the magnetron and antenna are
joined by a transmission line, and their locations may be
thought of as at points 4 and C of Fig. 3.

Two branch lines are showa in Fig. 4, one for the re-
ceiver and one for the transmitter-disconnect switch,
the ATRR. The signal converter is shown as a resistance
terminating the recciver branch, and the associated
chain of elements is used to represent the TR box. Tlle
input and output irises of the TR resonant cavity have
a transforming action, and are shown in the equivalent
circuit as idecal transformers. The resonant cavity 1is
shown as a parallel LRC combination. The possibility
of forming a gascous discharge across the gap is repre-
sented by the switch in series with a resistance, the lat-
ter being the resistance of the arc.

Consider only the TR and converter line for a moment
and assume that the TR cavity has been tuned to the
frequency of operation. Then, a signal insufticient in
magnitude to break down the gas across the TR gap
will pass through the TR box and on to the converter
with loss occasioned only Dby the resistive shunting
across the high side of the ideal transformers. If, how
ever, enough power is available in the TR box to break
down the gas across the gap, a very low resistance is
shunted across the high-impedance side of the ideal
transformer, which in turn presents a still lower resist-
ance across the input terminals to the receiving branch.
This is the action which permits the transmitted power

to pass by the receiving branch without appreciable at--

tenuation.

Looking now at the ATR branch in Fig. 4, it may be
seen that the form of this equivalent circuit is very simi-
lar to that of the TR branch. Indeed, a TR gas-discharge
tube and cavity can be used as the transmitter-discon-
nect switch. The ATR branch is represented by input
and output 1deal transformers, with a resonant circuit
and switching gap between them. The impedance Z at
the output terminals of the ATR is not a match to the
wave-guide line as it was in the case of the TR, and in
order to see why this is desirable a few more observa-
tions about the functions of the TR and the ATR are
in order.

During the transmitting interval all the generator
power should reach the antenna. This is accomplished
for the ATR in the same way as described for the TR,
namely, the low resistance of the gaseous-discharge arc
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across the high-impedance side of the ideal transformers
becomes a still lower resistance across the input termi:
nals to the ATR branch, causing negligible absorption
of the power from the main line. During the receiving
interval, the available antenna power should flow to the
signal converter, at the bottom of the diagram. Hence.
it is desirable to present a wave-guide match at the
input terminals of the TR side branch. Another ideal
condition is for the left-hand section of the diagram to
present a scerics shart-circuit at the plance of the TR junc-
tion. where there already exists a wave-guide match in
the form of the transferred impedance of the converter.
This would produce the desired result of absorbing all
the power from the antenna in the signal converter line
Making the left-hand side of the diagram look like a
short-circuit at the plane of the TR box has recently
been accomplished by means of the ATR branch.

If the impedance £ at the output terminals of the
ATR is chosen properly, the small-signal impedance at
the input to the ATR branch may be made very large.
Having established this condition, the total series im-
pedance Zx at the plane of the ATR will be very high
regardless of the impedance in the remainder of the
transmission line to the left of the ATR. (This discussion
ignores resonance of the ATR branch with the nuag-
netron branch.) By placing the ATR branch an odd-
quarter wavelength from the TR plane, the scries
impedance of the magnetron-ATR branch will be low
at the TR junction and most of the recvived power will
flow into the receiver branch

For simplicity, this discussion has been based on using
a TR cavity and TR tube in the ATR position. This
method of design has been used in order to meet rush
wartime schedules, but a better design results if a spe-
cial ATR tube is used. The special tube makes possible
climination of the impedance clement Z at the top of
the ATR branch, and elimination of the need for tuning
the resonant ATR cavity for transmitter frequency
changes of +1 per cent to +3 per cent.

The discussion just completed has also been based on
the serics equivalent circuit shown in Fig. 4. It is also
possible to arrange the branching lines so as to be effec-
tively in shunt with the magnctron-to-antenna line, or
one branch may be in shunt and the other in series with
the main line. These are circuit-design choices, but the
over-all duplexer operation remains essentially un-
changed.

It has been mentioned that the TR and ATR gas
tubes are required to handle the transmitter power with-
out appreciable loss, and this requirement has not
proved difficult. In a typical case the power lost in the
gaseous discharge of a TR tube will be only a few per
cent of the transmitter power.

Other requirements on the TR tube, however, have
not been met so easily. As discussced in the following
section, a comparatively delicate silicon crystal is used
as the frequency converter. Such a crystal may be im-
paired in its loss and noise characteristics if the power
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sent into it is not kept below the order of 100 milliwatts.
It is, therefore, required that the power flowing into the
converter during the transmitting interval be less than
100 milliwatts when the power flowing down the main
transinission line is of the order of 50 kilowatts. This
means that more than a 60-decibel loss through the TR
box is required during the transmit interval. A minimum
of TR loss (about 1.25 decibels in practice) is obviously
desirable during the receive interval. Obtaining the
stated performance has required considerable effort,
principally directed along the lines of reducing the TR
cavity losses including those within the tube.

In studying the TR lcakage power it was found that.
when the magnetron is turned on after a period of in-
activity, the leakage power soars to large values for a
few pulses before scttling down to its normal value. The
reason for the initial large surges is thought to be a lack
of ions present in the gas to facilitate the forming of the
arc across the TR gap. In order to relieve this “turn-on”
effect, as it is called, two things have been done in the
TR design: (1) a smail quantity of a radioactive salt
has been placed within the TR tube to provide a few
ions; and (2) an auxiliary clectrode, known as the keep-
alive electrode, has been placed near the gap. In most
systems a continuous direct-current bias is maintained
on this electrode to maintain a small current flow in the
gas, and hence, to maintain a supply of ions for rapid
formation of the arc when the transmitter is turned on.

Fig. 5 shows the wave form of the magnetron output,
and the wave form of the TR leakage during the corre-
sponding interval of time. The spike is caused by the
finite time required for formation of the arc. The height
of the spike has not been determined because of the ex-
tremelv high frequencies contained in it. lts duration is
thought to be of the order of 0.01 or 0.02 microsecond,
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Fig. 5—Transmitter-receiver characteristics.

regardless of the duration of the pulse, and the flat lasts
for the duration of the magnetron pulse. The peak power
in the spike is thought to be principally responsible for
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burning out crystals when such burnout occurs as the
result of TR leakage.

The curve at the lower part of Fig. 5 illustrates the
loss versus time characteristic of the TR box. After the
magnetron pulse is ended, it is desirable that the re-
ceiver return to normal sensitivity in the shortest time
possible, since the minimum range at which the radar
will detect targets is determined by this recovery charac-
teristic. Hence, the ideal TR box would return to its
normal or low-level loss condition in zero time at the e¢nd
of the transmitted pulse. This is not possible, of course,
because time is required for deionization of the gaseous
discharge. As Fig. § indicates, the TR loss in a very
good radar may be 6 decibels greater than normal at 2
or 3 microseconds after the end of the transmitted
pulse. As the TR tube ages, this recovery-time curve
extends farther to the right, thus disabling the receiver
for a longer time after the transmitted pulse. The TR
recovery time is a major contributor to over-all receiver
recovery, and is probably the most fundamental limita-
tion on the minimum range of the radar set as a whole.!

CrysTAL CONVERTER

In starting the discussion of the converter circuit, it
1s pertinent to explain why the crystal is used in place
of a vacuum-tube converter. Simply stated, the reason
is that the crystal delivers superior performance. At fre-
quencies below 3000 megacycles, vacuum-tube con-
verters have been used with a definite advantage over
the crystal in ruggedness. A vacuum tube can be sub-
jected to extreme overload conditions, occasionally,
without permanent damage, whereas a crystal's per-
formance is more critically dependent on its entire his-
tory. It takes but one momentary overload beyond some
permissible value, and the crystal is permanently dam-
aged. Because the crystal is a relatively delicate element,
considerable care in design, equipment layout, and the
providing of instruction material was required to make
field use of crystals successful. To show that such effort
was justified, one needs merely to point out that a job
was done which could not have been done by any other
means. Crystals have been made in quantity production
with conversion losses of the order of 7 decibels, and
excess noise increments of the order of 2 decibels, both
at frequencies of the order of 30,000 nmegacycles. It will
probably be some time before such performance is dupli-
cated or surpassed by vacuum-tube converters.

In circuit use the crystal is employed as a diode type
of converter. The signal and local-oscillator powers are
fed in on a pair of microwave terminals, the rectifying
action in the crystal produces the usual set of sum and
difference frequencies, and the appropriate difference-
frequency energy is taken out at a pair of intermediate-
frequency terminals.

Fig. 6 illustrates one method of feeding microwave

' A. L. Samuel, J. W. Clark, and W. W. Mumford, “The gas-dis-

charge transmit-receive switch,” Bell Sys. Tech. Jour., vol. 25, pp.
48-101; January, 1946.
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power into the crystal and taking the intermediate-
frequency power out of it. First it is necessary to get
both the signal and local-oscillator powers into one
wave-guide line, and that process will be discussed 2s a
separate item. Assume, for the present, that both of

CRYSTAL
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SIGNAL AND LLOCAL OSCILLATOR POWER

Fig. 6—Converter circuit.

these powers are in one wave guide; then, it is necessary
to match the radio-frequency crystal impedance to the
wave guide. To accomplish this, a coaxial-to-wave guide
transformer may be used, since at least one type of
crystal (1N26) is mounted at the end of a coaxial line
The transformation may be accomplished by extending
the center conductor of the coaxial line into the wave
guide, parallel to the I vector, at approximately a
quarter wavelength from a short-circuiting plane which
ends the wave guide. The horizontal rod in Fig. 6 is
perpendicular to the E vector and does not appreciably
affect the coaxial-to-wave-guide transformer. However

this rod does form a support for the end of the matching
probe which is an extension of the crystal’s center con

ductor, and also provides a convenicnt means for bring

ing out the intermediate-frequency power.

The above discussion is a simplified picture of the
crystal converter. The principal electrical characteris-
tics are: (1) conversion loss, (2) neise increment. and
(3) intermediate-frequency impedance, the latter being
a very important quantity in the intermediate-fre
quency-amplifier design. The conversion loss is the ratio
of the intermediate-frequency (converted signal) power,
output of the crystal to the radio-frequency signal power
input to the crystal; typical values run between 7 and 9
decibels in the 3000- to 30,000-megacycle range. The
noise increment is the ratio of the actual crystal noise
output to thermal noise, and typical values run between
1 decibel and 3 decibels. The intermediate frequency
impedance of the crystal is the impedance of the crystal
as a source of intermediate-frcquency signal for the in-
termediate-frequency amplifier which follows it. Typical
values run between 200 and 500 ohms.

1.OCAL-OSCILLATOR INJECTION

The last centimeter-wave circuit problem is that of
placing the local-oscillator energy and the received-sig-

nal energy in a single wave guide, so that they both may
be matched into the crystal converter simultaneously:.
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The requirements of this circuit problem may be listed
as follows: (1) About 1 milliwatt of local-oscillator
power is required at the crystal for optimum conversion
efficiency. Most reflex oscillators, which are used to pro-
vide the local-oscillator energy, will generate more than
20 milliwatts of power. (2) The local oscillator must
operate into a satisfactory impedance, so that stable
operation will result. Most reflex oscillators are designed
to work into a matched wave guide or coaxial line.
(3) Essentially all of the received-signal power available
at the output of the TR should be matched into the
converter. A loss of 0.5 decibel of signal energy into the
source of local-oscillator power is considered excessive.

Implied in the last requirement is that the local-oscil-
lator power must be combined with the signal power
after the latter has left the TR. This is common practice
because the bandwidth of the TR is insufficient to pass
both the signal and local-oscillator frequencies with a
maximum of efficiency.

Fig. 7 illustrates a method of local-oscillator injection
developed in the period preceding 1942. The output of
the oscillator is brought out of the tube on a coaxial line
at the end of which the center conductor extends beyond
the outer conductor for a short distance, forming a small
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Fig. 7—Local-oscillator injection using probe coupling.

antenna. The end of this antenna is projected into the
wave guide parallel to the E vector, and located an odd
quarter of a wavelength from the face of the TR, which
is a low-impedance point at the local-oscillator fre-
quency. Energy leaving the antenna toward the left is
reflected by the low impedance and combines with the
energy leaving the antenna toward the right. In this
way the required 1 milliwatt of power is directed from
the local oscillator to the crystal. The third local-oscilla-
tor injection requirement listed above is also met;
namely, that very little signal power should be lost in
the radio-frequency branch leading to the local oscillator.

However, the arrangement of Fig. 7 is not ideal. If
the TR is not tuned properly, the impedance at the TR
output iris may not be low and the net power flow from
local oscillator to converter will be reduced. It is appar-
ent that, all other things being constant, tuning the TR
will affect the magnitude of power fiow from local oscil-
lator to converter, and that is not a desirable character-
istic. Moreover, the oscillator is very loosely coupled to
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the load, since the tube will produce over 20 milliwatts
of power and only a milliwatt is being extracted under
the condition sketched. This loose coupling is a reactive
mismatch to the oscillator’s output coaxial line, and it is
possible for the tube to see a particular type of imped-
ance mismatch which would take it over into an unstable
operating region. This possibility can be avoided in a
number of ways. The reason for the second local oscilla-
tor in Fig. 7 will be given at a later point.

Fig. 8 illustrates a method of coupling the local oscil-
lator to the converter using a directional coupler. The
local oscillator is tightly coupled to the side wave guide,
so as to deliver all of its 20 milliwatts. This allows the
oscillator to operate into a well-matched line, because
most of the 20 milliwatts is absorbed in a termination
at the end of the side wave guide. Two or more coupling
irises allow power to pass from the local-oscillator line
to the TR-converter line, as indicated by the solid arrows
of Fig. 8. In this way the required 1 milliwatt is di-
rected to the converter. One advantage of this circuit is
that the tuning of the TR does not affect the transfer of
power from the local oscillator to the converter. This is
true (to a first approximation) because the directive
feature of the coupling irises prevents local-cscillator
power from traveling in the direction shown by the
dotted arrow of Fig. 8.
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Fig. 8—Local-oscillator injection using the directional coupler.

A recently developed method of feeding the local-
oscillator signal to the converter makes use of the E—IT
tee, shown in Fig. 9. Assume that crystal converters are
used to terminate branches B and C, that signals from
the TR box are directed into entry 4, and that local-
oscillator power is directed into entry D. If all branches
are terminated to match the wave-guide impedance, the
signal power Pg and the local-oscillator power P o will
divide as shown in Fig. 9. The local-oscillator power will
not flow down the signal-entry line 4, and the signal
power will not flow down the local-oscillator line D.
Thus, TR tuning does not directly affect the transfer of
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local-oscillator power to the converter, and very little
signal encrgy is lost in the local-oscillator mixing
method. These advantages alone are important. In
addition, no local-oscillator power is lost in the process
of coupling to the converter. 1f 1 milliwatt is required
in each converter, 2 milliwatts of local-oscillator power
at entry D will provide it. The other injection methods
previously examined effectively wasted oscillator power
in exchange for isolation from the signal path, i.e., to
prevent signals from being lost in the local-oscillator
branch.
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Fig. 9—E-H tee.

Of course, the signal power in the latter case is con-
tained in the outputs of two crystal converters, one at B
and one at C. It is necessary, therefore, to use a bal-
anced intermediate-frequency input circuit to add the
two components and recover the entire signal in an un-
balanced path. Aside from requiring care in its design,
the balanced intermediate-frequency input circuit has
not been found to be a severe problem. Another charac-
teristic of this method of local-oscillator feed is highly
significant, but its discussion will be deferred to the sec-
tion on noise figure.

Noisrt FIGURES

This discussion of noise in the radar receiver will re-
quire an understanding of noise figure, as defined hy
H. T. Friis.2 There are three principal sources of noise in
the radar receiver, intermediate-frequency-tube noise,
crystal-converter noise, and local-oscillator noise. Inter-
mediate-frequency tube noise will be covered at a later
point. Very little is known about the reasons for crystal
noise, and no attempt will be made here to explain it.
However, a word might be said about local-oscillator
noise.

Fig. 10 shows the spectral distribution of the power
at the crystal converter. There is a continuous band of
thermal and converter noise represented by the hori-

2 H. T. Friis, “Noise figures of radio receivers,” Proc. I.RE, vol.
32, pp. 419-422; July, 1944,
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zontal dotted linc, a vertical line representing the local-
oscillator carrier, and an additional hump of noise gen-
erated in the local oscillator. The height and width of
the local-oscillator noise hump are functions of the elec-
tronic design of the tube and the Q of the radio-fre-
quency circuit. Because of limitations on the local-oscil-
lator design, noise from the local oscillator is accepted
as an cxisting thing, and thought is given to methods of
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