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Miniature components to match the new
“‘proximity fuse'' miniature tubes. Output
and input transformers, and reactors with
dimensions 9/16” x 3/4" x 5/8".

UTC Special Series components. cover the

entire range of amateur and low priced

PA requirements . . . ottractively cased
. economically priced.

Typical of the special units produced by
UTC is this high gain, 100 cycle, matching
transformer. Primary impedance 500 ohms,
secondary impedance 37,500,000 ohms,
shielding suitable for--160 DB signal level.
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UTC linear standard transformers are the
ultimate in high fidelity design . . . fre-
quency response guaranteed = 1.5 DB
20 to 20,000 cycles . . . Low wave form
distortion . . . Extremely low hum pickup,
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NEW YORK 13, N. Y.
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nishes considerable information re-
garding the general shape of the
universal resonance curves. As al-
ready stated, the relative gain g, is
the ratio of the gain at the outer
roots to the gain at resonance. From
the values of g, given in the table,
universal resonance eurves may be
quite accurately sketched. This in-
formation furnishes the ordinates of
three points (three roots) through
which the curve passes; the slopes
of the curve through these points is
zero, i.e., the curve is flat through
these points.

Changing the factor A, alters the
shape of the component curves. When
h is increased, the ripple in the re-
sultant curve, and the selectivity of
the two stage amplifier are both re-
duced. When £ is decreased, the re-
verse is true. In general a happy
mean between high selectivity and
uniform pass band response occurs
when h is near unity. Practical
values of Q also result when A is
near unity.

In columns 3, 4 and 7 will be
found data for a constant of the
universal resonance curve defined
as the product of the fractional fre-
quency deviation and the circuit

Q. Thus a = Q3 where &8 = A7I=
]:—;—ﬂ’ . The quantity & has a value of

zero at resonance. Its value at the
critical roots, «, is an essential de-
sign factor from which circuit @
may be derived.

Since the @ of the circuits in the
three resonant circuit network may
not be the same, there are two values
of «p, namely a,, and az». The two
resonant circuit network has only
value of ap. These values permit one
to readily calculate the Q of the cir-
cuits if the desired fractional fre-
quency deviation at the critical roots
is known. This frequency deviation
is about 80 percent of the frequency
deviation at the pass band edges.

The product of the @ and the co-
efficient of coupling, k, is another
design quantity defined as

b=1kQ
Values of this universal quantity
which are necessary for critical
couplings are given in the fifth and
seventh columns of Table I.

Experimental Models and Results

A three resonant circuit trans-
former and a matched two resonant
circuit transformer were constructed
according to calculated design. The

ELECTRONICS — January 1943

design procedure and calculations

are as follows:
1. Preliminary Data and Assumptions

Choice of typeof curve. h =1

Resonant frequency... f, = 505 ke.
Frequency deviation of

critical roots from

resonance. .. ......... Afp = 9.1 ke.
Fractional frequency

deviation at eritical

10717 TN ép = Afp = 0.018

fl)
2. Three Resonant Circuit Caleulations
(from Table I)

Universal constant. ... ap = 1.323
Circuit @............. Q=5 =136
3. Two Resonant Circuit Calculations
Universal constant. ... ap = 1.502
@ Circuit Q. ............ Q= "‘l‘)’ =835

The experimental three resonant
circuit transformer is shown in Fig.
8. The two resonant circuit trans-
former was almost identical except
for omission of one resonant circuit.

The transformers were made with
variable mutual inductance coupling
in order to provide variable selectiv-
ity as well as a means of easily align-
ing the units.

On the three resonant circuit
transformer, the coefficient of coupl-
ing between the first two coils was
equal to that of the last two coils at
all times. The coupling between the
first and third coils was kept zero
and the intermediate coil was kept

Fig. 8- Interior and exterior views of three resonant circuit transformer:
Exterior view (top) with trimmer screws (ends) and shait for varying coupling

of center coil.

Interior view (center) showing three coils. with copper wire

spiral static shield on each coil. and coupling between center and outer coils

only.

www americanradiohistorv com

View looking at transformer coils, end on (bottom)
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symmetrical to them at all times.

There are other forms of trans-
former construction differing some-
what from that of Fig. 8 which
provide the same coupling and vari-
ations of coupling.**

Capacity coupling on both trans-
formers was eliminated rather
uniquely by grounding the outside
plates of the trimmer condensers, by
arranging the coil leads to prevent
coupling, and by placing a static
shield around the coils. Capacity
coupling is not objectionable unless
it disturbs coupling symmetry or
prevents zero coupling from being
obtained.

The circuits were tuned when the
coupling was quite small. The coup-
ling was then increased to give the
desired response.

The response curves of the experi-
mental models is shown in Fig. 9.

Appendix

The mathematical solutions are not
complicated and owe much of their
simplicity to the nomenclature chosen.
The method used has evolved, with
some changes, from a system used by
E. S. Purrington.? It is desirable, be-
fore discussing solutions, to tabulate
most of the terms and their definitions.

f = frequency (cps)

w = ™,
K = coefficient of coupling
=i —
5 = Af - S =27 % _ fractional
f. fo w,

frequency deviation
C = capacity (farads)
L = inductance (henries)
R = resistance (chms)
X = reactance (ohms)

S
"R TR« T R
X=QR

M = KQR = mutual reactance

¢ = voltage in series with input circuit
e, = output voltage across reactance

G = absolute gain

A relative gain
g G. 4
h = ratio of Q between resonant circuits
| = ratio of reactance between output and
resonant circuits
a = 8Q
b= KQ

Subseript (.) indicates value at resonance

Subseript (o) indicates value at roots

Subseript (;3) refers to two resonant circuit
problemt

Subscript (3) refers to three resonant circuit
problemt

A simplified expression for the im-
pedance of a series resonant circuit,
which appear often in solutions to fol-
low, can be deduced from definitions
given above.

** One form of transformer construction
described by Crossley and Meinema (U. S.
Patent No. 2,104,792) can be made to work
equally well if the effects of capacity coupling
are not permitted to be detrimental.

(t The subscripts (2) and (s3) will ordinarily
be omitted, They will be used only where
values might conflict.)
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Fig. 9—Experimental resonance curves of

critically coupled three resonant circuit,

and its complementary matched two reson-

ant circuit network. The overall response

may be determined by adding, algebraic-

ally, the response of the component net-
works shown here.

. 1

R+j(——: X, - =

w

x)
/

We can write approximately,

Z=R+j28X.,=R(1+j25Q
Z=R(14+j20)

Solution of the Three Resonant
Circuit Problem

A rather convenient solution of the
three resonant circuit networks shown
in Fig. 2, Fig. 3, and Fig. 4, can be
obtained if the coefficient of coupling
is assumed to be zero between circuit
A and circuit C. A simplified solution
has been known? but a more general-
ized solution will be given here.

The subscript (;) will be omitted
while discussing only the three reson-
ant circuit problem. Three simulta-
neous equations describe the voltage
components in the respective circuits.
e=17Za, :i:jMABIB
0=%jMislsa+Zsls+jMsclc
0=FjMzecls+Zclc
Eliminating I, and I, and solving for I,

o —CMABJ%BC
ZaZpZo+ZiMsr+ZcMas?

The method of solution assumes sym-
metry, so let

QA = Qc,Zc = lZA then ch = \/l_MAn
Solving for gain
e _ 1. X.

Ic=

X4 Mys

= =" =V Zaz, 1 2 2. M.
Also let QB = hQA and ap = ha, then
_ e
G= VI ("(1 — 4o = 8ha? L 28
Qb2 .

T e + 2ha — 8had + 4a) |

wWwWw americanradiohistorv com

N

[64at ")+
[160a* (1 4+ 2R — 4 k%) +
4o (24h2 —4 A0 + 402 +4 b4+

14+b024 469

It is interesting to note that in the
a'bove expression the gain is propor-
tional to the square root of the ratio of
the output to input impedance VI just
as it is for ordinary low frequency
transformer. Rememberoing «, is zero
at resonance, the relative gain is

. 1+28
= Bdasd (A2 +

164t (1 + 22 — 4 DY)
4o (24 h2 — 402+ 40% +
4+ 1+ 4024+ 4b9

By differentiating relative gain in re-
spect to a, and equating to zero, it is
possible to solve for the roots of the
resonance curve.

@
=G

Y =0 =480 () +
Baad (1 + 2k — 4 hb?) +

aa (24 ht — 4 hb2 4402 +
4b%)

The five roots are

as =0
ar= =+ [(4R) b — (1+28) &
12 A2
VERE=(4h) @+h) A+ (1 —m)?
12 12

Critical coupling occurs when the in-
ner radical becomes zero for which

(243 h+h) ++/34+12 h+15 h3+6h

2 =
b2, 2%

2 _ (1 3
and, st = AWE— (L5200

The factor D, by definition, is made
equal to unity at the roots in order to
have a common abscissa for plotting
the response curves.

(!A3

Ay~ 1 +24)
2w

The relative gain, when the coupling
approaches zero as a limit, -0, is as
follows:
Limit 1
b>0 =

TV IS V@it ) (G 1 I
It is interesting to note that this rela-
tive gain is the same as the product of
the relative gain of the corresponding
circuits used as single resonant circuits.
The relative gain of a single resorant
circuit may be derived as follows:

1 1
T 1420 Vi +1
Typical universal resonance curves for

single resonant circuits may be plotted
from this simple equation.

D=

ge

Solution of the Two Resonant Circuit
Problem

Omitting the subscript (;) the volt-
age components for all common types
of coupling are

e=Zusd4 £ jMIp
0= jMIs+ Zsls

(Continued on page 204)
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TUBES AT WORK

Electronic Machine Balances Rotating Parts. .. ...
Scale Audibly Indicates Standard Weight.........
Single Contact Controls Rotation Direction........
Shells Annealed by R.F. Induction Heating. .......
Electronic Aircraft Wing De-Icer..................
Chicago Utility FM Anti-Sabotage System.........
Vibrator Operates Aircratit. .

Electronics Aids Army Camouflage...............

Phototube Coal Car Control.

Electronic Machine
Balances Rotating Parts

A pyNaMmic balanecing machine designed
by the R. B. Annis Company of Indian-
apolis determines and indicates the
amount and position of unbalance in
small rotating parts through a single
reading of the trace on the screen of a
cathode-ray tube.

The part to be checked is suspended
on its own shaft in light-weight, free-
floating bearings and is rotated by a
driving belt as shown in Fig. 1. A
beam of light impinges upon one end
of the rotating part and is reflected
to a phototube. The light is interrupted
once each rotation by a reference tab
affixed to the end of the part during the
test and from which there is little
reflection. Thus a timing pulse rate
dependent upon the speed of rotation
appears across the output of the photo-
tube and is passed to the cathode-ray
tube amplifier.

Voltage proportional to the bearing
vibration is generated at each end of
the shaft by electrical pickups connect-
ed to the cathode-ray tube amplifier
through a bridge. Unbalance voltage
appearing across the output of the
bridge when bearing pressure is un-
equal is indicated by the height of the
cathode-ray tube trace. Position of
unbalance is also shown by the trace
as the phase relationship between vol-
tage generated by the pickups and
voltage generated by the phototube.

The reference tab on the end of the
rotated part is set opposite the light
spot while the part to be tested is at
rest, before the rotating motor is
started. The phototube and exciter
lamp head are on the same optical axis
in a common frame which may be rota-
ted eccentrically around a central pivot
by means of a handwheel. A corstant
correction position may be obtained by
turning the handwheel so that zero
phase relationship exists between pho-
totube and bridge circuit output volt-
ages. A switch included in the machine
pernmits the operator to determine the
extent of unbalance in either of two
correction planes.

The largest photograph in Fig. 2
shows the “Dynograph” in use in an in-
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dustrial plant, with the operator cor-
recting unbalance in a small rotating
part under test by adding the weight
of solder where it is needed to true up
the part. Identifying numerals and
letters in the other photographs indi-
cate the location of balancing machine
parts, as follows: (1) A-c power
switch (3) horizontal gain control (4)
vertical gain control (5) left-right un-
balance plane selection switch (6) po-
tentiometer dial (7) power cord (10)

I
‘ Floating <+ Bridge
|l bearing Elect.
Exciter \ 'f/dwp 5\_‘ _VFloating
/amp‘b & || bearing
T=E
Lenses": == 7 A-Armpli- "
‘l Reference tab 4 . frer ||

,// Pofaﬁng\ part
vnder fest

Cathode ray fube

/
|| Phototube
Driving belt--"

Fig. 1—Block diagram showing principle of
operation of electronic balancing machine.
Amount and position of unbalance in a
rotated part is shown directly on the
screen of the cathode-ray tube

cable to electrical pickup number one
(14) 913 cathode-ray tube (17) driv-
ing motor pulley (18) idler slide bar
(21) idler pulley (22) fabric drive belt
(23) foot switch (24) vibration isolat-
ing mount (H) calibrated handwheel
(K) photoelectric optical system (N)
carriage base for right and left move-
ment (P) front vertical guard (Q)
rear vertical guard and right and left
pickup housing (U) connector for
pickup number two (Z) belt bracket.

Fig. 2. Photos showing the balancing machine in use and the locations of

various component parts.

Designating numerals and letters are referred to

in the text

wwWw americanradiohistorv com
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We're experimenting

so you won't _ﬁ"avé:‘ﬁ;’ |

www americanradiohistorv com

General Electric is operating today one ot

the world’s most complete television stations,
WRGB, at Schenectady. There, within the lim-
itations of fullscale war production, G. E. is
gaining practical knowledge on which to build
a new industry.

For a clear television picture on a fluorescent
screen is only the beginning of television. From
there on out, problems still loom. What will
television offer that movies, theater, concert hall,
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To help you plan for television, visit General Electric’s proving-ground station WRGB, shown above

school, and radio cannot ofter? WVill the tele-
vision screen make a good teaching platform?
Will it further the fine arts, science, industry?
What can it offer uniquely to the church?

How, in short, will television best serve the
public welfare? How best improve our lives?

General Electric electronic engineers are
studying and improving transmission and recep-
tion. And studio manager and program staif
are urged to give fullest expression to creative

talents and ideas. For the General Electric vi-
sion is to make television stand on its own feet
as a new cultural and entertainment medium.

In the future, when you are planning your
television station, General Electric will be ready
with a wealth of experience in television pro-
gramming and techniques. General Electric to-
day is scanning tomorrow. . . . Radio, Television,
and Electronics Department, General Electric
Company, Schenectady, New York.

LEADER IN RADIO, TELEVISION, AND ELECTRONIC RESEARCH

GENERAL @) ELECTRIC

ELECTRONICS — January 1943

160-A1-6918
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Plus (—-)code

Fromns. signal branch
]
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% confactor
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Showing Intermeshing of Signals--+
Signal Pattern When Indicator is Minus

Jyst. knob
Insulated)

e
"
'

E-;f-_r—‘——-_go—l_z Signal Predominates
= =2 signal Predominates
Z_"Continuous Audible

Tone

Scale designed to audibly indicate “standard” weight, under-weight and
over-weight. A steady tone is heard in the headphones in the first case, the

code signal “a” in the second and n

Scale Audibly Indicates
Selected Standard Weight

A SCALE suggested by a Buffalo blind
woman, developed by the Toledo Scale
Company and recently demonstrated at
the offices of the American Foundation
for the Blind transmits a continuous
tone to a pair of headphones when the
weight of objects placed upon its plat-
form exactly corresponds with any se-
lected standard weight within the range
of the scale, sends the code-letter “a”
when objects weigh less than the stand-
ard and the letter “n” when they weigh
more. Obviously invaluable to the blind,
the scale should also prove useful to
people having normal sight where, for
example, an industrial process re-
quires weighing of objects in the dark
or where the worker’s eyes must simul-
taneously be used in another operation.
I A small, light metal plate is perma-
nently fastened to the pointer of the
visual weight indicating device. Two
“fixed” plates, insulated from each
other and from a knob which permits
them to be moved to a position corres-
ponding with the desired standard
weight, are positioned in close prox-
imity to the plate fastened on the
pointer. The three plates constitute a
split-stator capacitor of about 10uuf
maximum capacity, with the pointer
plate serving as the rotor.

The capacitor is connected in a series
circuit containing a simple 1,000 cps
General Radio “hummer” type signal
generator, the primary of an audio
transformer tuned to 1,000 cps
and a contact driven by a motor-oper-
ated cam. The cam is cut so that two
fixed contacts, connected to the fixed
plates of the capacitor in a branch cir-
cuit arrangement, are opened and closed
in a dot-dash-dot sequence.

104
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in the third

It will be seen when examining the
accompanying diagram that when the
capacitor rotor is exactly centered over
the slot between the two fixed plates, so
that the capacity from the rotor plate
is precisely the same to each stator
plate, the amplitude of the radio sig-
nal flowing in the primary of the audio
transformer through each of the con-
tact circuit branches will be equal.
When this condition applies, indicating
close agreement between the weight of
objects on the seale and the standard
weight for which the fixed plate ad-
justment knob is set, a steady tone will
appear in the headphones owing to a
merging of “a” and “n’”’ code signals
generated by the motor driven dise, in
the manner indicated by the notation
at the bottom of the diagram.

When the weight of measured objects
is less than the standard value the
scale pointer and its affiliated capacitor

rotor plate will be off center in a nega-
tive direction and when the weight is
more than standard value it will be off
center in a positive direction. In the
first case the amplitude of the audio
signal flowing through the larger ca-
pacity in series with the minus or “a”
branch circuit will be greater than that
flowing through the “n” branch, while
in the latter case the amplitude of the
signal flowing through the “n” branch
will be greater than that flowing
through the “a”. The predominating
code signal heard in the headphones
will, therefore, indicate whether ob-
jects are under or over standard weight.
An operator is thus guided by audio
signals, in very much the same manner
as is the pilot of an airplane following
a typical radio beam.

Single Contact Controls
Shaft Rotation Direction

A WIDELY USEFUL circuit developed by
Hurley Electronic Controls of Chicago
permits the direction of rotation of a
shaft driven by two opposed a-¢ motors
to be controlled by the opening and
closing of a single make-break contact,
one motor being energized when the
contact is closed and the other motor
operating when the contact is open.
The control contact handles little
electrical power so it may be a light,
sensitive unit susceptible to operation
by a small amount of mechanical force.
This, plus the fact that the rapidity
with which the shaft rotation direction
may be reversed depends almost ex-
clusively upon the characteristics of
the associated driving motors, admir-
ably adapts the circuit to automatic
control of such things as temperature,
pressure, gas and liquid flow. The
contact may, for example, be adjusted
for operation at some critical value by
various kinds of thermometers, bellows
and valves. Motion of the controlled
shaft as temperature, pressure, gas
or liquid flow trends above or below
the selected value may then be used
to effect whatever external equipment

Cornrmon motor
R,

React.-trans.L; ]

K
Lic

React.-trans. L,
Laa L2g

-Lac

Fig. 1—Schematic of electronic control designed to rotate a shait in one direc-
tion when temperature, pressure, gas or liquid flow falls below a selected
critical value and in the other when such factors rise above the critical value.
Motors M, and M, provide the power to operate external corrective equipment

www americanradiohistorv com
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RIGHT UP INTO THE SKY AND SPREAD EVERYWHERE, -
all the time. In the air...on land and sea, “CINCH" parts fit
in perfectly in the job to be done. Extensively used...serving
faithfully in the rapidly extending upward and onward lines
...are CINCH sockets, terminal strips, lugs and connectors.
Photos by |
U.S. Army e
Slgnal Corps
MANUFAGTURING GORPORATION - 2335 WEST VAN BUREN STREET - GHIGAGD, ILL.
SUBSIDIARY: UNITED-CARR-FASTENER CORP., CAMBRIDGE, MASS
ELECTRONICS — January 1943 105
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GENIUS
AT
WORK!

A United Electronic’s Contribution fo the War Erfort

Have you ever contended with the problem of controlling mo-
tion, up to and beyond the capabilities of mechanical reaction?

A tube which does just that is the type 967 grid control
rectifier. This tube is typical of the many developments
United Electronics has contributed to the war effort.

Truly, Géfitus at Work, the type 967 has stepped up pro-
duction in a great number of fields. Control of welding
operations, control of high speed wrapping machines, count-
ing and sorting of beans to bolts— are just a few of the
many applications of this tube.

Callite Tungsten is justly proud that its precision products
played a part in the development and production of this
truly remarkable tube. Perhaps Callite’s extensive metallur-
gical experience can assist you in improving the quality of
your product. Why not consult with our engineers today?

Specialists in the manufacture of welds, leod-in wires, filaments, grids,
formed parts, electrical contacts, bi-metals and other metallurgical prod-
ucts. You will greotly facilitate production and expedite deliveries by
supplying with your orders properly executed Preference Rating Extensions.

c

CALLITE TUNGSTEN CORPORATION

106

LITE
UNGSTEN

544 39th STREET GF  wwioN ciTy N )

cabLe: “CALLITES' + BRANCH OFFICES: CHICAGO « CLEVELAND
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adjustments are necessary to restore
desired conditions.

Circuit Operation Principle

A typical control circuit is shown in
Fig. 1. Reactor L, is designed to limit
current-flow from the a-c line through
series-connected windings L,, and L.y
so that motor M, cannot operate unless
the reactor core is saturated by d.c.
flowing through winding L,.. Reactor
L, controlling motor M,, is similarly
designed.

Direct ‘current saturating reactor
L, to operate motor M, flows through
winding L., only when thyratron tube
T, fires and self-rectifies applied a-c
anode voltage. Tube T, cannot fire
unless the control contactor is closed.
Similarly, d.c. saturating reactor L,
to operate motor M, flows through
winding L,; only when thyratron T,
fires and self-rectifies applied a-c anode
voltage. The circuit of T, is arranged
so that this tube cannot fire while T,
is operating. Tube T, fires only when
the control contactor is open. Both
motors obviously, cannot operate at
the same time.

(It should be noted that, in addition
to their function as motor current con-
trol reactors, L, and L, also serve as
a.c. anode supply voltage transformers
for tubes T, and T.. Windings L, L.
L,, and L., constitute the primaries and
windings L,; and L,. the secondaries.
Anode voltage is supplied by these
reactor-transformers, even  though
there may be insufficient primary cur-
rent flowing to operate the associated
motors, due to the completion of pri-
mary loops by resistors R, and R,
These resistors also permit the circuit
to function if motor rotation limit
switches are included as shown by the
dotted lines in the schematic.)

Open Contact Conditions

With the control contactor open,
| a.c. developed across transformer TR,
secondary B is rectified in the grid-
cathode circuit of tube T, and charges
capacitor C,. Because of the phase re-
lationship of this winding and winding
L,c of reactor-transformer L, this volt-
age biases the grid of tube T, nega-
tively with respect to the cathode and
is of sufficient amplitude to cut off this
| tube despite the presence of a.c. from
winding L,; on its anode. No d.c. anode
current flows through winding L,
therefore motor M, cannot operate.

The grid of tube T, is connected
through capacitor C, to one leg of wind-
ing L,. and through capacitors C, and
C; to one leg of winding L,. Phase-
shift of potential applied across grid-
cathode resistor R, by L, is less than
that of the grid potential derived from
voltage across L,. since only capacitor
C. is effective in the circuit under the
open control contactor conditions out-
lined. Thus, if the potential across
winding L,. is substantially equal to
or greater than the potential across
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LONG LIFE

The superior moisture seal afforded by the molded
phenolic case guarantees that these oil-impregnated
capacitors will withstand the rigors of sea shipment
and tropical service.

SMALL SIZE

Conforming to AWS dimension standards, the
cases are 13/16” x 13/16” x 19/64" (CN35) and
11/16" x 29/64" x 7/32" (CN20).

CLOSE STACKING

The flat, rectangular form permits side-by-side
mounting in minimum sub-chassis space.

SELF SUPPORTING

Light in weight — ‘and with solid, #18 wire leads
— these capacitors are satisfactorily mounted by
their connecting leads only.

ALL POPULAR RATINGS

Capacitances from 100 to 50,000 mmfd.; Working
voltages from 200 to 1600 V.D.C,

IMMEDIATE AVAILABILITY

Large-scale production facilities — for winding,
oil-impregnating, assembling, molding and testing
— assure continuous delivery of these dependable
capacitors.

LOW COST

Comparing favorably in cost with the paper tubu-
lars they supersede, these non-inductive capacitors
offer more service per penny.

November 1945 — ELECTRONICS




partners in

Drafting Reproduction,
Surveyirg Equipment
and Materials,
Slzde Rules,
Measuring Tapes.

..the world’s
safest trains

ELECTRONICS — November 1945

®Many brilliant projects have been started with a K & E Slide Rule and the back
of an old envelope. But ‘between a new concepticn and its practical execution
of the vital links are always the engineer and the draftsman. For through their
techniques they construct the project on paper with unmistakable clarity and
precision. In this their drafting instruments and equipment become part of their
own hand and brain, and their partners in creating.

For 78 years Keuffel & Esser Co. Slide Rules, drafting equipment and materials
have been partners in creating the greatness of America, in making possible
our nationwide railway system, giant airports, fine radios for nearly every home
... So universally is K & E equipment used, it is self-evident that every engineering
project of any magnitude has been completed with the help of K & E. Could you
wish any surer guidance than this in the selection of your own "engineering
partners’'?

In slide rules especially, you will find K & E precision invaluable. For it not

only brings you a slide rule that is a joy to
® use, but it adds to your confidence in making
c re O tl n g every calculation. You will find Don Herold's
booklet, "How To Choose A Slide Rule",
amusing and very helpful. Write on your
letterhead to Keuffel & Esser Co., Hoboken, N. J.

< ll---b.ﬁﬂ; 'r

4 &

@

...the greatest
airports

L

KEUFFEL & ESSER CO.

EST. 15867

NEW YORK - HOBOKEN, N. J.

CRICAGO » ST. LOUIS « DETROIT » SAN FRANCISCO
LOS ANGELES « MONTREAL
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SHEETS
ROBS

e

FABRICATED PARTS |

'MOLDE2-MACERATED
MOLDED: LAMINATED

L

OVIE FILM carriers are an excellent
example of using plastics where
plastics belong.

The film carrier illustrated is only one
of many types made from Synthane
laminated plastics.Synthaneis well-suited
for the job because it stoutly resists the
corrosive action of developing solutions.

The teeth, though small, must be
strong and accurately indexed. They are
easily milled from Synthane.

If you have any application for which

laminated plastics seems to be indicated,
let us know about it—before you design,
if possible.

Our development engineers want to
help you fit the job for plastics and fit the
plastics for the job. Design, materials
and production should be eyed as one
problem if performance and costs are to
be satisfactory. Synthane’s help includes
design, selection of the right material,
and fabrication bv men who know plas-
tics. Synthane Corporation, Oaks, Pa.

SYNTHANE TECHNICAL PLASTICS - DESIGN « MATERIALS » FABRICATION

www.americanradiohistorv.com
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What’ll You Have!

Dielectric? Synthane is an excellent
electrico! insulator. Dielectric strength
is high, power factor and dielectric
constant low. What makes Synthane
the useful dielectric it is, is its strength
and the comparative ease with which
it can be punched or machined into
the variety of parts needed on radio
and electrical equipment.

Strength? Synthane seldom is asked to
compete with metals and alloys in
strength. It is exceptionally strong for
its weight dnd will compare favorably
with metals for strength on a weight
basis. Synthane is a member of that
family of plastics highest intensile, com-
pressive. Hexural and impact strengths.

Light Weight? One of the most im-
portant properties of Synthane is its
light weight. Although Synthane weighs
only % as much as aluminum its
strength is ample for electrical applica-
tions and sufficient for most mechanical
uses. Light weight plus other virtues
accounts for its wide use in aviation.

Anti-friction? Two grades of Synthane
laminated have anti-friction and anti-
wear.characteristics built in, due to the
incorporation of a special graphite.
Availcble in sheets, rods, tubes and
in special shapes and fabricated parts.
Possibilities for this material are warth
investigating,

Corrosion Resistance? Perhaps you can
take advantage of Synthane's immun-
ity to most oils and solvents, Synthane's
resistance to various concentrations of
acids and salts, Often used because it
has lenger life per dollar than other
materials,including cost of replacement.

Comtination? Are you looking for
two, three, four or even more proper-
ties combined in one material? Syn-
thane may do the trick. it has all of the
advantages above plus hardness, abra-
sion resistance, stability under tempera-
ture or moisture conditions, ease of
machining, and many others. -

SYNTHANE CORPORATION, OAKS, PENNA.;

Representatives in all principcl cities

Plon your present and future products with Synthane Technical Plastics « Sheets
Rods « Tubes o Fabricated Parts « Molded-lominated « Molded-macerated

ELECTRONICS — November 1945 5
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THE HAMMARLUND MFG. CO., INC., 460 W. 347 ST., NEW YORK 1, N.Y.
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Yes, for you

there could very well be a citation
which would read

“For distinguished service

to the American people...”

... that {s, there could be

if the nation only realized

as well as we, -

who have worked with you,

what a splendid job you have done
as a radio engineer

during the emergency

If they only knew

how you overlooked the word overtime
and how an eight-hour day

lost its meaning

when we most needed

to be informed and entertained.

If they only knew
how you coddled and repaired

AMPEREX ELECTRO

25 WASHINGTON STREET - -

the irreplaceable tools

of your trade

so that not even one

valuable broadcasting moment
was lost in wartime.

If they only knew

how the station remained awake
each twenty-four hours

because of your personal effort.

... Well, perhaps they don’t realize
to whom the thanks belong,

or their tongues don’t give voice

to their feelings . ..

but in their homes and hearts

there has been mute appreciation

for the privilege you extended to all,
the privilege that could not

have been forfeited easily,

the privilege that is used so casually,
the privilege of switching on the radio.

CORPORATION

BROOKLYN 1, N. Y,

A COPY OF THIS ADVERTISEMENT, SUITABLE FOR FRAMING, WILL BE SENT WITHOUT CHARGE UPON REQUEST

ELECTRONICS — November 1945 7

www americanradiohistorv com



For wartime uses, design engineers asked these three ques-
tions.

In peacetime, as design engineers plan for peacetime equip-
ment, the same questions are asked.

“What are they?*

G.A.F. Carbonyl Iron Powders are obtained by thermal
decomposition of iron penta-carbonyl. There are five differ-
ent grades in production, designated as “L,” “C,” “E," “TH,”
and “SF” Powder. Each of these five types of iron powder is
obtained by special processing methods and has its special
field of application.

The particles making up the powders “E,” “TH,” and “SF"
are spherical with a characteristic structure of concentric
shells. The particles of “L” and “C” are made up of homo-
geneous spheres and agglomerates.

Their weight-average diameter, their total iron contents,
and their carbon contents are given in the table at upper

right.

“Why are they better?*
Carbonyl Iron Powders are better because of their unique
spherical shape, shell structure, particle size distribution,

high degree of purity and freedom from stress.

Their stability against magnetic shock, temperature
changes, and time (aging) is of the highest order.

Permeabilities range up to 70 with low eddy-current losses.
Q values are the highest obtainable because of extremely
small eddy-current and hysteresis losses.

Carbonyl Iron Powders are better as electromagnetic mate-
rial over the entire communication frequency spectrum.

A set of relative Q values for the five powder grades is
given in the graph on the other page to show the conventional
frequency range for each grade.

“What are their uses ?*

Carbonyl Iron Powders are used for electromagnetic cores
and structures for widely different purposes. Five typical
applications are shown on the chart at bottom of other page.

“L” and “C” powders are also used as powder metal-
lurgical material because of their low sintering temperatures,
high tensile strengths, and other very desirable qualities.
Sintering begins below 500°C and tensile strengths reach
150,000 psi. Compactscan be made having regular pronounced
porosity to function as a spongy mass. Compacts can also be
made of highest density for excellent magnetic properties.

Further information can be obtained from the Special
Products Sales Dept., General Aniline & Film Corporation
270 Park Avenue, New York 17, N Y.

November 1945 — ELECTRONICS
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Diameters and Chemical Composition
of the 5 Carbonyl Iron Powder Grades

Carbony! Weight-Average Total Fe Total Carbon
lron Grade Diameter Microns Content % Content %

L 99.7-99.9 0.005-0.03
C 99.5.99.8 0.03 -0.12
E 97.9-98.3 0.65 -0.80
98.1-98.5 05 -0.6
98.0-98.3 0.5 -0.6

RELATIVE Q VALUES OF THE 5 CARBONYL IRON POWDER GRADES

FREQUENCY

:’l” Type Powder used *C” Type Powder for For antenna coils, “€* “TH” Type Powder is One use of "’SF” Type
in cores for permeabil-  E-cores in filter coils. Type Powder used in employed for cup Powder is in high fre-
ity tuning. cores. shields in coils. quency choke cores

(with sealed-in leads).

0 CARBONYL [RON POWDERS

ELECTRONICS — November 1945 9
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COMPACT CONTROLS

with Allied's “"E"” and “F" Relays

NG

e
LY
v\

DESIGNED for electronic controls in
which space limitation is a criti-
cal factor, the E relay is small enough
to fit into an area of approximately
one cubic inch. Light too, it weighs
aboutone ounce.TheFrelay, although
available in two pole, double throw,
is only slightly larger and weighs less
than two ounces.

\\ A

The E velay illustrated is a single pole, double
throw arrangement. The standard silver contacts
are capable of carrying one ampere at 24 volts DC
or 115 volts AC non-inductive. Insulation is bake-
lite. Alloy contacts are available. Other contact
arrangements may be furnished. The E is 15/16”
high, 1 1/16” wide and 1 1/16” long. Weight 114
ounces. =i

Used in your electronic assembly
these relays will save you space and
weight. Moreover you will be assured
of positive and quiet operation, for
into these relays go the same careful
design and manufacturing precision
found in Allied’s larger relays.

N
¥

\
\
\.

\
AY

Whatever your relay applications,
check with Allied. In addition to sen-
sitive, telephone, power, differential
and other types of relays Allied man-
ufactures solenoids and electro-mag-
netic devices. A number of strategic-
ally located plants are available to
supply your immediate requirements.
Allied’s quality standard is in keep-
ing with your post war products . . .
write today for more information.

\\ 1\ \\\\x\\\x\\\\

\\\

\

The F relay shown is a single pole, single throw
normally open combination. %‘he standard contacts
carry three amperes.at 24 volts DC or 115 volts AC
non-inductive. Bakelite (insulation is used. May be
supplied on other contact combinations. Silver is
standard contact material, alloy contacts can be
substituted. The F is 1 11/32” high, 1 3/16” wide
and 1 3/32” long. Weight is 17 ounces.

ALLIED CONTROL COMPANY, INC.

GENERAL OFFICES: 2 East End Avé. (at 79th St.) New York 21,'N. Y. Factories: New York City (2 East End Ave.)
Plantsville, Conn. Chicago— 4321 N. Knox Avenue, Chicago 41, lllinois. In California: Allied Control Co. of California, Inc
1633 South Hope St., Los Angeles 15, Calif.

10 November 1945 — ELECTRONICS
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THIS VERSATILE.RECTIFIER TUBE

is conveniently supplied

TYPE GL-872-A/872
Fitted with 4-pin jumbo
base. [Ratings same as

Type G1-8008.)

ENERAL ELECTRIC offers vou
the GL-872-A/872 and GL-8008
(identcal in design, but with differ-
ent bases) as low to medium-power
rectifier types with an unusually wide
range of applications. Here are some
typical uses:
@ To rectify plate power for the low
and intermediate stages of large trans-
mitters.
® To serve as rectifiers for smaller
transmitters, “ham’ sets, and police-

ELECTRONICS — November 1945
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aviation, and
other communications equipment.

radio, ship-to-shore,
® Toconvertpowerfroma-ctod-cfor
small industrial equipment, such as
electrical testing apparatus, diathermy
units, fractional hp motors, etc.
Ratngs at the right are conservative.
The mercury vapor in the tube assures
(1) the ability to pass high peak cur-
rents, and (2) a low internal voltage
drop. These qualities spell long ser-
vice-life and exceprional efhciency.
Your equipment will use Type GI-
872-A/872 or Type GL-8008, de-
pending on your basing requirements.
For further data sce vour nearest
G-E office or distributor, or write
to Llectronics Department, General
Electric Company, Schenectady 5, N. Y.

= i

in two base types

TYPE GL-8008

Fitted with heavy-duty
base. (Ratings same os

Type GL-872-A/872))

CHARACTERISTICS
of Types GL-872-A/872 and GL-8008

Half-wave, mercury-vapor rectifier tubes,
2-¢lectrode type, with filamentary cath-
ode. Convection-cooled. Cachode voltage
and current are 5 v and 7.5 amp; typical
heating time is 30 seconds. Approximate
tube voltage drop is 10
anode ratings are: peak inverse voltage
10,000 v, instantaneous current 5 amp,
average current 1.25 amp.

Maximum

Type GL-872-A/872, with 4-pin jumbo
base, is adapred to much existing equip-
ment which calls for this type of base.
The heavy-duty base of Type GL-8008,
giving greater pin-contact area, will be
found preferable for newer rectifier in-
stallations.

GENERAL ) ELECTRIC

TRANSMITTING, RECEIVING,
TUBES

WWWw.americanradiohistorv.com
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The New G-E 5-Kw
Television Transmitter

The Famous
GL-8002-R
Transmitting Tube

® FM Transmitters

® Television Transmitters

® AM Transmitters

©® International Transmitters

@ Complete Avural and Visual Equipment
for Studios

® Microphones

@ Measurement Equipment

® Electronic Tubes

@ Studio-to-Transmitter Relay Apparatus
@ Micro-Tel Systems

® Intra-Tel Systems

@ Power Equipment and Switchgear

@ Station Lighting, Heating,

Air-Conditioning
; ',-f' The Famous G-E
/ Circular Antenna, 2-bay
i
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The New G-E 1-Kw
FM Transmitter
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The New G-E 250-Watt
FM Transmitter

The New G-E Studio Consoletie

160-D8-6914

GENERAL @) ELECTRIC
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® To the broadcast industry, General
Electric announces its great new line

of broadcaststation equipment—most |

comprehensive in the world.

Now G.E. can accept orders for
yourequipment—FM, Television,AM,
and International transmitters, com-
plete aural and visual equipment for
station and studio, entire antenna
systems with all accessories, elec-
tronic tubes for every power and
purpose, studio-to-transmitter relay
equipment, Micro-Tel and Intra-Tel
systems, station lighting, heating, air-
conditioning, power equipment, and
switchgear—in fact, everything you
need for modern broadcasting.

b business wiilh

Here is broadcast equipment that
opens a brilliant era with new basic
accomplishments in modulation qual-
ity, extended frequency response, and
lower carrier noise levels. Straight-
forward circuits are your guarantee
of reliable operation. Complete ac-
cessihility, simplified control systems,
fewer tubes and fewer parts are your
assurance of minimum supervision
and lower maintenance. Ruggedness,
compactness, and flexibility of design
meet every installation requirement.
From microphone to antenna, G-E
broadcast equipment is handsomely
styled to match the appearance of the
finest, most modern station.

offices in the following cities:

Boston, Mass.
140 Federal St.

Atlanta, Ga.
187 Spring St., N.W.

Kansas City, Mo.
106 W. 14th Street

For information and help, call your nearest G-E broad-
cast equipment sales engineer. G-E sales offices located in
all principal cities are ready to serve you. Specialists are
located for your convenience in General Electric Company

New York City, N. Y.
570 Lexington Ave.

Cleveland, Ohio
4966 Woodland Ave.

San Francisco, Calif.
235 Montgomery St.

Los Angeles, Calif.,, 212 N. Vignes St.

Seattle, Wash.
710 Second Avenue

Washington, D, C. .
806-15th St., N.W.

Chicago, Ill.
840 S. Canal St

FOR EARLIEST POSSIBLE DELIVERY OF YOUR
BROADCAST EQUIPMENT, PLACE YOUR ORDER NOW
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For maximum on-the-air reliability,
for lower equipment cost per hour of
service, specify G.E, throughout your
station. You benefit directly through
General Electric’s coordinated equip-
ment design whichassures you properly
unified apparatus for top perform-
ance. And you buy onve standard of
high quality backed by one source of
responsibility. Write Electronics

Department, General Electric Company,
Schenectady 5, N. Y.

AM - TELEVISION - FM _, ot %=’
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NO. 8 IN A SERIES EXPLAINING HOW ELECTRONIC TUBES CAN BE

USED TO IMPROVE EQUIPMENT DESIGN

All-Metal

“MIDGET” THYRATRON

=

SMALL - COMPACT - -
STURDY * EFFICIENT

For control applications

i must be conserved.

THE TREND toward compactness
in electronic equipment is well
met by this capable small thyratron,
Type GL-502-A. It fits snugly into
panel designs where clearances
must be measured in fractions of an
inch. If heavy vibration or shocks
are apt to be encountered, then the
tube’s sturdy metal envelope gives
added strength and longer life.

® Type GL-502-A is a control and
relay tube of great semsitiveness.
This is due to the 4-electrode (con-
trol-and-shield-grid) construction,
with extremely low grid require-
ments, so that a mere “whisper” of

where space and weight

Interchangeable with
Type GL-2050

.

-

electrical impulse will start the flow
of current.

® Positive, accurate, and lightning-
fast in its operation, the GL-502-A
should be favorably considered for
your next temperature, phototube,
or other electronic-control circuit
—especially so if compactness and
light weight are essential. General
Electric’s new Booklet ETI-8 tells
about this remarkable small, low-
priced thyratron and what it will do
industrially. For your free copy, see
your nearest G-E office, or write
Electronics Department, General
ElectricCompany, Schenectady5, N. Y.

CHARACTERISTICS

A 4-electrode (control-and-shield-
grid) all-metal thyratron tube, with
indirectly heated cathode. Typical
heating time, 10 seconds. Seated
height of tube is 21 (4", diameter (at
base) 15/14", net weight approximately
2 oz. Ratings are: cathode voliage
6.3 v, current 0.6 amp; peak anode
voltage 1,300 v, peak anode current
500 ma, average 100 ma. The am-
bient temperature range is unusually
wide— —55 to +90C—meaning that
the tube retains its efficiency under
extremes of heat and cold.

G. E. HAS MADE MORE BASIC ELECTRONIC TUBE DEVELOPMENTS THAN ANY OTHER MANUFACTURER

GENERAL Q ELECTRIC

TRANSMITTING, RECEIVING, INDUSTRIAL,

14

SPECIAL PURPOSE TUBES
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Standard items are “keyed” with jobber part numbers, making
it simple and convenient to order from your local distributor.

Included are:

© POTENTIOMETERS AND RHEOSTATS in 5 different sizes ranging
from 3 to 15 watts. Simple in design, rugged, and dependable.

® “T" & “L" PAD ATTENUATORS in 5 different designs for control-
ling volume in circuits of microphones, loud speakers, phono-
graph pick-ups, mixers, audio and public address amplifiers.

® SWITCHES that are compact in size, simple in design, and of
highest quality material are your assurance of dependable
service with economical cost. Standard types and circuits.

® LEAF SPRING STACK ASSEMBLY SWITCHES — Low-cost, practical, de-
pendable Contact Switch Assemblies for use in coin machines,
record changers, electrical medical instruments or wherever
simple leaf switches are required —available to meet innumer-
able different specifications and arrangements.

® PHONE PLUGS AND JACKS are available in various styles. Jacks
include the famous “Imp”’ Type, and the Short and Long
Frame Types. Phone Plugs supplied in two- and three-con-
ductor types . . . for practically every type of application.

This Utah Catalog, No. U.C.-44, is 50 pages loose-leof bound, and provides
the engi with plete technical dato and blueprint details. Copies
available without obligation upon written request on your business
letterhead and mention of your position. Write today for your copy!

wwWw.americanradiohistorv.com
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0.02 WATT SEN

SIMPLIFIED ... Features include
CONSTRUCTION snap action contacts;

high sensitivity; low
opercting power; statically balanced armature and
contact assembly; six easily accessible adjustments;
good contact wipe and stable contact pressure.

A typical vacuum tube application. A slight increase in
plate current closes the relay, thus increasing negative
bias on the amplifier tube so that plate current through
the relay coil immediately decreases to a point close to
the release value for the relay. Thus, any slight decrease
in light falling on the photo cell will reduce plate current
sufficiently to return relay contacts to normal position.

STRUTHERS-DUNN, Inc.,

SITIVITY

Struthers-Dunn Type 79XAX snap action d-c
operated relay is a positive acting sensitive unit
that finds a wide variety of applications in circuits
with slowly changing control currents. Erratic
operation and varying contact resistance en-
countered with ordinary sensitive relays are elimi-
nated. Applications for this popular relay cover a
broad range of use from vacuum tube circuits, to
overcurrent protection, pulsing circuits, and uses
where extremely close differential or sensitivity of
operation is required.

WRITE for Data Bulletin 79XAX giving full
construction details and outlining a variety of
suggested uses.

1321 Arch Street, Phila. 7, Pa.

STRUTHERS-DUNN

5

y i

DISTRICT ENGINEERING OFFICES: ATLANTA ¢ BALTIMORE ¢ BOSTON  BUFFALO ¢ CHICAGO ¢ CINCINNATI ¢
CLEVELAND ¢ DALLAS ¢ DENVER * DETROIT ¢ HARTFORD ¢ INDIANAPOLIS * LOS ANGELES ¢ MINNEAPOLIS o
MONTREAL © NEW YORK ¢ PITTSBURGH ¢ ST. LOUIS ¢ SAN FRANCISCO o SEATTLE ¢ SYRACUSE » TORONTO
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EXTRUDED TUBINGS AND TAPE
az{ locn~-lass

POLYETHYLENE' and POLYTHENE**'I

Irvington now offers these new thermo-plastic materials, in extruded and
calendered tape forms, for use as insulation wheze high frequencies are
involved and applications where exceptional chenzcal and moisture resis-
tance are required:

s

For electrical insulation . . . superior low-loss electrical properties, low
moisture absorption, and high resistance to ozone, oil, acids and alkalis,
make Polyethylene and Polythene ideal for high frequency applications
and other special requirements as well.

{
!

. For chemical applications . . . Both Polyethylene and Polythene are highly

resistant to the halogen group including fluorine . . . offer the low density
Q and other properties of paraffin. plus superior mechanical strength and higher
i " melting point; can be formed and reformed in service as desired.

. Samples, and complete cooperaticn on your problems, are freely offered.
Write Dept, 106.

. IRVINGTON

.“‘
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THE SUPERIOR WELDED-AND-DRAWN
METAL TUBING FROM 358" OD DOWN

WELDRAWN is the trademarked Superior Tube Com-
pany welded tubing which combines essentially all of
the physical.-and metallurgical qualities of seamless . . .
smooth bright finish, homogenous structure, close toler-
ances, high tensile strength—with economy. WELDRAWN
has a firm preferred place in industry ... the result of

wide usage and highly satisfactory performance.

Produced in Stainless Sieels (various analyses), and "Monel. "’

WELDRAWN Stainless meets U. 3. Governrment Specifica- P

>
tion AN-T-43—a typical example »f the standard of perfor- /’?'/
mance which you may expect when you specify Superior

WELDRAWN for awide variety of small tuking applications. O'“m[ SMALL n.mc/)

' ‘r.

SEAMLESS and Patented LOCKSEAM Cathode Sleeves

November 1945 — ELECTRONICS




hese new Temco Transmitters are the. answer o @

long standing need for communicaticn equipment
choracterized by flexibility in its operational features
and copable of covering continuously a wide band of ire~
quencies. Tzmco Engineers hove achieved *his by means
of a single diol controlled, highly stebie exciter unit
which is continucusly variabfe from 2-32 megacycles and
may be huond operated or motor driven depending upon
requirements. This unit permits selectica ¢f any of four
crystal positions affording crystal control or master oscil-
lator over the entire frequency range. It is self containec
having its own power supply and is commor to a!l Temcc

Transmitters.

The intermediate amplificr and power amglifier stages
are normally supplicd with motor tuning units. Available
on speciol order is on added tuning feoture which permits
lecal or remote selection of ten fixed pre-determined fre-
quencies within the 2-32 megacycle ramge. In addition,
verticol construction is used throughout to permit easy
access to all components for minimizing servicing
problems.

To till requirements for power outpuLts greater tham
1000 watts it is only necessory to add omother cobinet
contoining amplifiers producing the powzr s2quired. Thus
original equipment is retained, for, in dasigning these
tronsmitters every step has been tokzn to protect cus-
tomers against obsolescence of equipment and make pos-
sible power output increases at will with minimum effort
ond the least expenditure.

FEATURES

¢ Single Control-Tracked Tuning Exciter Unit eliminat-
ing independent tuning of all low powered R.F. stoges.
@ Motorized Tuning Controls permitting piacement of
components in chassis positions best suited for maximum
circuit efficiency.

Eye-Zone Meters and Hand-Level Controls infroduc
ing o highly desirable innovation for eose of operation.
® Temco Power-Flex Multiple Unit Design for expand
ing power output without moking obsolete lower power
units and retoining uniform over-ail appeorance.

Multiple Cabinet Plan for power requirements in
excess of 1 KW.
© Dust and Tamper Proof Cabinets.

Forced Dratt—Filtered Ventilation.
© Handsome, dignitied styling throughout.

A it
o - A_/"','\.-.

" RADIO COMMUNICATION

EQUIPMENT

TRANSMITTER EQUIPMENT MFG. CO., INC.
345 Hudson Street . New York 14. N. Y.

www americanradiohistorv. com



® The above picture shcws o portian of the Engineering
Laboratories and some c #he ssecial equipment used in
the development of capezita's.

® A portion of the Chemicul bubaratories where material
control is maintained and sthar visal research engineering
work is done in the deve spmert of Sangamo Mica Ca-
pacitors,

Navember 1945 — ELECTRONICS
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HOW EXCELLENCE
IS BUILT INTO

MICA
CAPACITORS

Besearnct A;ID 5&:«;«:«%«:«;

Excellence of quality in mica capacitors is, of course, greatly
dependent upon the materials used and the manufacturing
processes employed in their construction. The best materials
and the most precise production methods, however, will not
produce a quality product unless the basic design is right.
Material selection and control, as well as basic design is a
function of engineering and research. Sangamo maintains
a competent staff of Electrical and Chemical engineers,
whose duty it is to insure that each capacitor is designed
and manufactured to best perform the particular duty for
which it is intended.

Sangamo Engineers are constantly striving to discover
new materials—increase safety factors—improve performance
characteristics—all to the end that better units will be avail-
able to the many users of Sangamo capacitors. New ca-
pacitors for new applications in the ever growing electronic
ficld requires constant attention from our engineering staff.

Sangamo is pardonably proud of its Engineering
and Research Laboratories and its staft of engineers.
To these facilities and to these engi- i
neers belong a large measure of the
credit for the excellent quality in-
herent in Sangamo mica capacitors.

W

COMPANY i%iNors

e =

e+« WATT HOUR METERS + -+ TIME SWITCHES =+ - =

TR R el 51
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This is not our own appraisal of the Simpson 260.
We knew, before the war, that it was a fine instru-
ment but, frankly, we didn’t know how good it was
until war wrote the record. Now the story of the
260 is written into the records of such wartime in-
dustrial developments as that of synthetic rubber,
and into the vast and secret research and servicing
of radar.

Originally designed as a radio serviceman’s test
unit, the Simpson 260, because of its sensitivity and
wide range was found adaptable to general service
duties in the entire electronics and electrical fields.
Not a warborn instrument, the 260 was given thou-
sands of essential war jobs in the production and
servicing of communications equipment. It made a
vital contribution to the success of tactical oper-
ations.

Over 300 government agencies and university
laboratories of the United States and Canada pro-
cured every one of these test instruments Simpson
could deliver on an expanded war production sched-
ule. They were turned out by the thousands. Every

5200.5218 W. KINZIE ST., CHICAGO 44, ILL.

ensluemend o/ lhe war

branch of the armed services—Army, Navy, Ma-
rines, Coast Guard—carried them to the far ends of
the earth. They were compelled to perform under
conditions often so arduous that testimonials of
amazement at their ability to function at all became
commonplace as the record grew.

Chosen on its merits, the Simpson 260 became
uniquely zhe test instrument of the war.

AVAILABLE NOW TO YOU

Now the Model 260, always the preferred instru-
ment of radio servicemen, is available again to a
widened field of peacetime services. We ask you to
remember its record as an example of the quality
and advanced engineering that goes into all Simp-
son instruments, as evidence that other new Simp-
son developments are well worth waiting for. They
will be released as soon as Simpson standards for
their manufacture are satisfied. They will continue
the leadership that has given Simpson a world-wide
reputation for “instruments that stzy accurate” with
ideas that s¢ay ahead.

SIMPSON ELECTRIC COMPANY

SIMPSON 260, HIGH SENSITIVITY SET TESTER FOR TELEYISION AND RADIO SERYICING

Ranges to 5000 Yolts—Both A.C. and D. C.

20,000 Ohms per Yolt D.C.—~1000 Ohms per Yolt A.C.

At 20,000 ohms per volt, this instrument is far
more sensitive than any other instrument even ap-
proaching its price and quality. The practically
negligible current consumption assures remarkably
accurate full scale voltage readings. Current read-
ings as low as ! microampere and up to 500 milli-
amperes are available.

Resistance readings ace equally dependable. Tests
up to 10 megohms and as low as 2 ohm can be
made. With this super sensitive instrument you can
measure automatic frequency control diode balane:

ing circuits, grid currents of oscillator tubes and
power tube, bias of power detectors, automatic
volume control diode currents, rectified radio fre-
quency current, high-mu triode plate voltage and
a wide range of unusual conditions which cannot
be checked by ordinary servicing instruments.
Ranges of Model 260 are shown below.

Price, complete with test leads....
Corrying case ..o ke

ASK YOUR JOBBER

WATCH FOR NEW
SIMPSON DEVEL-
OPMENTS. THEY
WILL BE WORTH
WAITING FOR!

Volts D.C.{ At 20,000

ohms per volt) ohms per volt)
25 5

. 2 25V, 10 100
10 10 10 V. 100
50 50 50 V. 500
250 250 250 V.
1000 1000 1000 ¥,

5000 5000

ELECTRONICS — November 1945

Yolts A.C.(At 1,000 Output Milliamperes Mictoamperes
D.C.

Obms

0-1000 (12 ohms center)
0-100,000 (1200 ohms center)
0-10 Megohms (120,000 ohims center)

(5 Decibel ranges: =10 to +52 D8)

wWww_americanradiohistorv.com
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CHATHAM engineers are specmhsm
inrectifier design and production. Thei
concentration of effort in this ﬁeld—-t'fhe

large scale production of rectifiers for 5

industry and communication—has nat-
urally culminated in exclusive design
advancements and lowered costs.

The CHATHAM rectifiers 1llustrql'tbd

are but a few of the many- types a

" able. Although production is centered

‘around standard types for complete

- interchangeability and to comply with

industry wide standardlzatxon. each
CHATHAM type incorporates proven
advantages — mechanical and electrical
—that improve performance and mini-
mize replacements. Inquiries are in-
~ vited; no obligation is incurred.

17 Grid Controlied
Mercury Yapor Rectifier

Peck inverse voltage

3828 Half Wave
Xenon Rectifier
Peak inverse voltage

5,000 volis 10,000 volts
Peak plote current Peok plate current
2.0 amps 1.0 omps
Average plate current Average plote current
.5 amps .250 amps
Filoment voltage Filoment voltage
2.5 valts 2.5 volts
Filament current Filament current
5.0 amps 5.0 amps
Condensed mercury Ambient temperature
temperature

40° C1080° C

3944 Grid Controlled
Argon-Mercury Yapor

range
—75° Cto 490° C

4B32 Half Wave
Xenon Rectifier

Rectifier Peak inverse voltage
Peak inverse voltage 10,000 volts
1,250 valts Peak plate current
Peok plote current 5.0 omps
2.5 omps Average plate current
Average plate current 1.25 omps
.64 amps Filament voltage
Filoment voltage 5.0 volts
2.5 volts Filament current
Filoment current 7.5 amps
3.2 amps Ambient temperature
Condensed mercury range
temperature —75° C1o 490° C

—40° C to +80° C

884 Grid Controlied
Argon Rectifier and Oscillator

Peak Inverse ond peak
forward voltage

4822 Full Wave
Argon Rectifier

Peak inverse voltage
340 volts

300 volts Peok plate current
Peak plate current 15 amperes
300 Ma Load current
Average plate current 5.0 amps
5 Mo e Filament voitage
Average plate current ok 2.5 valts
{oscillator) 2 Mo Filoment current
Filoment voltage 12.0 amps
6.3 volts

CHATHAM ELECTRONICS

iy e S

= 4

www americanradiohistorv com
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475 WASHINGTON STREET, NEWARK 2, NEW JERSEY
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866A Half Wave
Mercury Vapor Rectifier

Peok inverse valtage
10,000 volts
Peak plate current
1.0 amps
Average plate current
.25 amps
Filoment voltage
2.5 valts
Filament cutrent
5.0 amps
‘Candensed mercury
temperature
25° C ta 60° C

8724 Half Wave
Mercury Yapor Rectifier

Peak inverse voitage
10,000 volts
Peok plate current
5.0 omps
Average plate current
1.25 amps
Filoment valtage
5.0 volts
Filoment current
7.5 amps
Condensed mercury
temperoture
20° C to 40° C

2050 Grid Controlled
Xenon Rectifier

Peak inverse voltage
1,300 volts
Peak plate current
500 Mo
Average plate current )
100 Ma
Filoment voitage
8.3 voits
Filament current
.6 amps




4800  Capacitance Ranges for Standard Tubular Sizes
(These curves allow for ¥ 5% capacitance tolerance}

4400 S ey e =i

4000 -+ 4 —— 1 —

3600 —— -

3200 —

2800 — SR T S
2400 7
2000

A1r

T

Capac:hnce in MMF

1 200

800

-l

L CLASS| D
0% N750 N1000 N2000 TN3000  N4000 A ( AP AC‘TORS

Present Temp. Coeff in PPM/°C(+25° to 85°C)
EXTENDED RANGE

NG
|
\
o

Range

Centralab Tubular Ceramic Capacitors can now be supplied
in any desired temperature coefficient from P120 to N4000 |
parts per million per degree Centigrade. f

! The range from N750 to N4000 P.P.M. is new, with the same
accuracy of temperature compensation curve and uniform
i electrical characteristics as the present standard ranges. ‘

The new ceramic bodies have somewhat higher dielectric
constants and thus provide higher values of capacitance on
' the same size tube. They are not to be confused, however,
i with the so called HiK or high dielectric bodies that have

1 still higher dlelectnc constants but less uniform characteristics.
1 . Sele¢
g i o
Vu'\°s itches ad Vori©
rof privers |3 glators
C:‘::’ steatite  Cilve
abi! pution
\ ;\ca capecitor
S B Division of GLOBE-UNION INC., Milwaukee
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CLOCK | |

RADIO '

FEATURES

AUTO RADIOS
1. Bakelite Resinold Ends. Lead wire cannot
pull out, even under hot conditions.

2. Non-Inductive.
3. Excellent Temperature Coefficient.
4. Very high leakage Resistance.
5. Fine Power-Facior. 7 w\)j
6. Range from 20 MMFD to .25 MFD. VA

From 150 volts ot 600 volts. : \\\(J\
7. Types P4N, PSN for 100% humidity opera. & 4% HEARING

\% 2 /
§, > Tains

ti

ion.
8. Types P4, PS5 for 85% humidity operation.

Samples and price Nst on request

"CARRYING
RADIOS ' <

KEEP ON BUYINS VICTORY #ONDS

November 1945 — ELECTRONICS
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M B viBraTiON 1S0LATORS
THAT CONTROL ALL MODES OF MOTION

" SAFETY FLANGE

MOUNTING FLANGE

THE A

.
=
s i T 3
o
-
N

MANUFACTURING COMPANY, INC.

Vibration Division : 7

1066 State Street, New Haven 11, Conn.

ELECTRONICS — November 1945

MOLDED RUBBER CORE WITH SHOULDER—

N

EQUAL SPRING RATES IN ALL DIRECTIONS is the secret
of this unit’s efficiency. It’s an outstanding featurc
unique with the MB ‘“ISOMODE.”

The shoulder of the molded rubber core is compressed
by vertical and rocking motions. Lateral movements
produce a similar change in the lower part of the
core. Whatever the mounting angle for your installa-
tion, you'll find this non-directional MB unit effi-
ciently isolating disturbing or destructive vibrations.

MB “IsoMODES” are self-snubbing . . . will take high
overloads and shock. They’ve more than ample rub-
ber, permitting high deflection. And here’s another
thought : the exclusive “shoulder” design would
prevent operational failure even if the rubber-metal
bond were to fail! There’s dependability plus.

MB units come in a range of sizes and spring rates
to dovetail with your individual design. They’re
engineered to give the deflection required for a high
degree of vibration isolation . . . and do it with a
smaller-size, lighter-weight, stable mounting.

To assure peak isolator performance, MB engineers
are prepared to work with you on your new plans for
machine suspensions . . . or make a detailed study of
your existing mechanisms . . . and submit highly
qualified recommendations, and data that’ll save you
much time and effort. We invite your inquiries.

“ISOLATE ALL MODES FOR POSITIVE VIBRATION CONTROL"*

#*Copyright the MB Manufacturing Company, Inc.

VIBRATH.)‘N lSOi.ATOR UNITS AND MOUNTINGS « SPECIAL VIBRATION
TEST EQUIPMENT

o PRECISION AIRCRAFT ENGINE PARTS

27
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FRANKLIN ANNOUNCES ANOTHER

Fedkkk FLAS ok etald

EXTRA

2e )
WCO

(,0

g

;0L

IT’S NEW
NOTHING ELSE LIKE IT!
/

AUTOMATICAI.I.Y EMBOSSED g:
BACKBOARD TO SPECIFICATI

O IR
Y AVENUES TO
ET DESIGNING

o=

OPENS UP MAN
BETTER RADIO §

Optimum sensitivity

High uniform “Q” over entire band

INVESTIGATE

SPECIFY
FRANKLIN
AIRLOOPS

Low distributed capacity

Electrical and mechanical stability

Lower cost

Inductance to close tolerance
without adjustable turn

27% greater eftective loop area

Backboard and loop in one

Elimination of individval loop
adjustment on assembly line

TOWARD BETTER

AIR DIELECTRIC THROUGHOUT
ITS ENTIRE LENGTH

A radio engineers’ dream come true . . . Flat
sheets of copper die-stamped into perfect
super-sensitive loops . . . The greatest devel-
opment in loop antenna design and manufac-
ture since 1920. . . Being rectangular the Air-
loop has 27 % more effective area . . . Better
performance at lower cost . . . No set builder
can afford to overlook the significance of

the Airloop.

Iustrating the AIRLOOP as installed in a
typical table madel receiver; note that the
AIRLOOP and backboard are one and
placed as far away from the chassis as is

passible to permit optimum sensitivity, easy

Maximum space vtilization (cabinet depth) access to tubes ... and na Haywire.

*Patents pending in U.S.A. and Foreign. Couniries.

28
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SENSATIONAL CONTRIBUTION
RADIO RECEPTION !

Hlustrating the preciseness of AIR-
LOOP manufacture; note that every
turn has uniform air dielectric
throughout. Die-embossed on auto-
matic machines, each AIRLOOP fs
identical in every way...and is the
backboard as well as the loop.

FEATURING
AIRLOOP
STABILITY . ..

AIRLOOPS have only 5% reduction
in "Q" after being subjected to
100% humidity for 24 hours. Such
mechanical stability is unequaled
by any wound wire type of loop.
Since AIRLOOPS require no wax
for. treatment against humidity, op-
eration is stable at temperatures
much higher than conventional wgx
treated loops can tolerate (wax usu-
ally melts at around 70° C.).

Inductance cannot be changed by
rough handling in installation or in
changing tubes.

180
170 FEATURING
AIRLOOP
160 LOW DISTRIBUTED
150 CAPACITY . ..
o By actual test, AIRLOOPS have 25%
less distributed capacity than con-
110 ventional loops of equivalent effec-
120 tive area. This means better fre-
quency stability, permits use of
110 smaller gang condenser resulting in
100 lower costs and better performance
(sensitivity) at high end of band
20 since low distributed capacity does
20 not lower the Q"' of the AIRLOOP
550 650 750 850 950 1050 1150 1250 1350 1450 1550  as it does in conventional loops . ..
FREQUENCY-KILOCYCLES also “Q’"' is more uniform over the

entire band.

Investigate the AIRLOOP and you will specify them for your receivers.

175 VARICK ST, NEW

ELECTRONICS — November 1945
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TAADE MARK REG. U. S PAT. OFF.

MYCALEX CORPORATION OF AMERICA

""Owners of ‘"MYCALEX’ Patents”’
Plant and General Offices, CLIFTON, N. J. Executive Offices, 30 ROCKEFELLER PLAZA, NEW YORK 20, N.Y.
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ERIE STYLE TS1F
CERAMIC TRIMMER

HERE is a new ceramic trimmer that's
unique in design, extremely compact, with
desirable capacity ratios and is priced for
a wide range of applications in broadcasting
and high frequency bands.

The Erie TS1F trimmer employs a ce-
ramic dielectric and is available in nominal
temperature coefficients, zero, —300, and
-750 parts/million/°C. In the N750
coefficient, capacity range of 8-50 MMF is
available. Corresponding ratios in lower
capacities are furnished with zero and
N300 coefficient.

Capacity change is essentially constant
per degree of rotation, and full range is
covered in 180° rotation.

The metal rotor completely covers the
stator track. Contact surfaces of both rotor
and stator are lapped, providing a high de-
gree of stability, preventing dust or other
foreign matter from affecting the perform-
ance characteristics of the unit, and keeping
noise level to a minimum at high frequen-
cies. Electrical characteristics are given at
the right.

These trimmers are firmly held in place
in a D hole in the chassis by means of a
multiple-tooth spring clip, furnished with
the trimmer.

For complete information
contact our nearest repre-
sentative or write us direct.
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ERIE TS1F CERAMICON TRIMMER'
Voltage Rating: 350 volts D.C.
Flash Test: 700 volts D.C. for 15 seconds
Initial Q Factor at 1IMC: 500 minimum
Initial Leakage Resistance: 10,000 meg.min..

LONDON, ENGLAND

Electronies Division
ERIE RESISTOR CORP., ERIE, PA.

TORONTO, CANADA.
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This is a special-purpose electronic part. It is a plug-
receptacle assembly for use with rack-panel type of
mounting. Twenty-four silver-plated phospher-
bronze contacts are provided, each male and female
ccntact full floating between steatite plates. Heavy
guide pins and matching holes in the frame assure
perfect alignment.

Ve don’t know that your product has any need for
such a part as this. We do know, however, that this
part is most exactly suited to its special requirement
just as are hundreds upon hundreds of other parts
which have been created through Lapp engineering
and Lapp production facilities directed to the solu-
tior: of specific problems.

With a broad basic knowledge of ceramics—their
capabilities and their limitations—Lapp has been
able to simplify and to improve many types of elec-

NEERED TO A SPECIFIC NEED

tronic equipment through engineering and produc-
tion of sub-assemblies that make most efficient use of
porcelain or steatite and associated metal parts.

There may be a way you can improve performance,
cut costs and cut production time through use of
Lapp-designed and Lapp-built sub-assemblies. We’d
like to discuss your specific requirements with you.
Lapp Insulator Co., Inc., LeRoy, N. Y.

www.americanradiohistorv.




GENERAL ELECTRONICS “575As”
Give Peak Performance For “THERMONIC”

Thé four “575A” ractifizr tubes shown in the unretouched
photograph above are the “heart and soul” of the famous
THERMONIC Indaction Heating Machine illustrated here.
Induction Heating Corp chose General Electronics’ “575As”
PHor their “Thermonic” machines after exhaustive tests had
proved their ability to stand up under grueling conditions
for thousands of hours. Though standard specifications rate
the “575As” at 15,000 volts inverse peak, they are tested at
25,000 volts—thus proviling an overload factor in excess of
50% and, at the same time, assuring exceptionally low main-
senance cost for the hundreds of “Thermonic” Generators
oerforming so brilliant'y in many vital industries.

The entire line of General Electronics’ tubes has been de-
signed to provide “most hours for your tube dollars.” All
-ypes are in stock and evailable for use in peace-time prod-
acts. General Electronics’ engineering and sales staffs are
ready to consult w:th ycu on your requirements. Write, wire
or telephone for complete data!

November 1945 — ELECTRONICS




Chicago Telephone Supply Co. has long been known as an

outstanding authority and producer in the field of variable
resistors. That is why radio manufacturers all over the world

prefer to have CTS specialists in control.

CTS saves you production delays and operating

trouble by these long established practices:

® Delivery when promised;

® Each resistor carefully tested to assure top performance;
® Uniform quality throughout the shipment;

® A variable resistor enginecered for the application.

REPRESENTATIVES IN ENGLAND IN SOUTH AMERICA 13 times octuch size
R. W. Forris Co. Chicago Telephone Supply Co. Jose Luis Pontet
406 West Thirty-fourth Sireet St. John's Woods Cordobo 1472 This type 3-35 triple sectiobn potentiometer
Konsas City 2, Missouri 103 Grove End Gardens Buenos Aires, Argentina N . g
Phone: Logon 7495 London, N. W. 8, Englond South Americo is o good example of CTS skill and precision
" workmanship. All three sections operate from
ronk A. Emmet Co. CANADIAN Masculina 2624 : 9 i
2837 West Pico Boulevard P S Montevideo. Uroguoy The same shefl. . Usn:.l u's goin control in
Los Angeles 6, California South Americo impedance motching circuits, as volume con-
Phone: Rochester 9111 C. C. Meredith & Co. Avda, C T [ trol with the two extro sections os fone com-
George A. Colemon Streetsville, Ontorio =3 o::fese]|6%7° raves pensation, ard other special applications.
420 Market Street £ Vilta Moriona
Son Froncisca i1, Colif. Sao Paulo, Brazil
South America
BRANCH OFFICES N\

Wolter Th, Kommonn Willson
Aportodo 1891
Norte é No. 17
Coraocas, Venezuelo
South Americo

S. J. Hutchinson, Jr.
401 North Broad Street
Philadelphia 8, Pennsylvania

Phone: Walnut 5389

>/
CHICAGO TELEPHONE SUPPLY
GMW

ELKHART x INDIANA
VARIABLE RESISTORS « SWITCHES « RINGERS
PLUGS AND JACKS - TELEPHONE GENERATORS

.,//anu/émfal%d 0/’ le/t'/(y Electio - Necharical (gmn/lmn 1els Strnce 71896
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ANOTMHER wWIiLCO DEVELOPMENT

Aero No. a0
Alloy s

Long Service Life in High Frequency Operations

PROPERTIES AND CHARACTERISTICS:—WILCO AERO NO. 50
ALLOY CONTACTS are composed entirely of noble metals, and
are especially desirable for higher frequency operations
because of their extreme hardness, high melting and boiling
points, freedom from contact surface oxidation, low contact
resistance and high density. They are therefore extensively
used in Tirrell tvpe vibrating voltage regulators, in aircraft,
warship and tank voltage regulators, meter-testing devices,
dental and medical equipment, thermal cutouts, electric
heaters, time switches, and many other severe-service
applications.

WILCO AERO No. 50 ALLOY and other Platinum Con-
tacts are available in a variety of shapes, solid rivets, or as
parts of screw, blade or other assemblies.

CONSULT OUR ENGINEERING DEPARTMENT—Write our
Engineering Department for help in developing the proper
application of WILCO materials to your products.

SEND FOR WILCO BLUE BOOK-—The Blue Book contains
charts, formulae, and full descriptions of all Electrical Con-
tacts, including wiLco AERO No. 50 Alloy, and other wiLco
products. Send for FREE copy today.

WILCO PRODUCTS INCLUDE:

CONTACTS=— PRECIOUS METAL COLLECTOR

Silver _ RINGS—

Platinum For rotating controls

Tungsten SILVER CLAD STEEL

Alloys JACKETED WIRE—

Sintered Powder Metal Silver on Steel, Copper,
Invar or other combinations

THERMOSTATIC BIMETAL— reques[ed,

All Temperature ranges,
deflection rates and electrical oL alle LA
resistivities. SPECIAL MATERIALS

THE H. A. WILSON COMPANY
@ 105 Chestnut Street, Newark 5, N. J.
Branch Offices: Chicago « Detroit « Los Angeles

SPECIALISTS FOR 30 YEARS IN THE MANUFACTURE OF THERMOMETALS
ELECTRICAL CONTACTS - PRECIOUS METAL BIMETALLIC PRODUCTS
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New Westinghouse 6-volt
input, 250-volt output dyna-
motor delivers 50 milliam-
peres. Adaptable for other
ratings. Size 3.45 inch frame.

where it’s needed - - when it’s needed

This compact dynamotor for police communications
equipment rates high on every count . . . for efficiency . . .
light weight . . . dependable, long life . . . quiet operation

OTHER WESTINGHOUSE EQUIPMENT ...low ripple . . . excellent commutation. It provides the

FOR COMMUNICATIONS

MOTORS

in a wide range of
ratings—light in
weight, compact, effi- §5==
cient for driving blow-
ers or actuating con-

trols.

right power output where it’s needed—in the way it’s
needed.

It’s efficient as well, in conserving input power—
important for low-voltage supply systems—operating, in
effect, as a rotating direct-current transformer. Further-
cool electronic equip- more, its smooth functional design economizes on the
ment or keep tempera- small space allotted in a radio transmitter or receiver.
ture constant. Deliver Its ruggedness withstands the shock in moving vehicles
8 [ fizee rain amGl as well as extreme climatic conditions. It is built to
cycles, single-phase and L oMo
25 cfm at 400 or 800 operate 2000 hours without servicing.
cycles, single-phase. For further detall§ on Westinghouse Dynamotors, see

your nearest Westinghouse representative, or write
Westinghouse Electric Corporation, P. O. Box 868,
Pittsburgh 30, Pa. 1-03240

Westi ghouse

PLANTS IN 25 CITIES. .. OFFICES EVERYWHERE

LIGHTWEIGHT
MOTOR BLOWERS
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'APACITOR )
%/////ffé/

@ With tiny silvered micas, it's precision: capaci-
fance lolerances of 1%, with temperature coeffi-
cients and stability requirements to meet the
highest characteristics requirements of JAN-C-S;
excellent retrace characteristics; practically no
capacitance drift with time; exceptionally high Q.
Yes, Aerovox specializes in such precision capaci-
tors.

And at the other extreme are giant Type 26 oil-
filled capacitors for high-voltage requirements
such as in X-ray equipment, high-voltage test and
laboratory equipment, and for carrier-current cou-
pling. Again, Aerovox specializes in high-voltage

oil-impregnated, oil{illed capacitors.

But how, you ask, can one organization really
specialize in such totally different products? The
Aerovox answer:

The huge Aerovox plant is really several plants
in one. Micas are made in the Mica Department,
oils in the Qil Department, electrolytics in the Elec-
trolytic Department, and so on. Each has its owN
engineers, supervisors, trained workers.

Thus you are assured of that specialized crafts-
manship that insures the best in highly specialized
products, along with the convenience, certainty
and economy of ONE outstanding source of supply.

@ Try us on that capacitance problem

ST 4
INDIVIDUALLY TESTED

Export: 13 E. 40 St., NEw YorKk 18, N. Y. - Cable: ‘ARLAB’ - In Canada: AEROYOX CANADA LTD., HAMILTON, ONT.
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HEN insulation of the highest order is specified you can always
depend on MYKROY to fill the bill,” says Morton B. Kahn,
President of Transmitter Equipment Manufacturing Company, design-
ers and builders of advanced Radar equipment, ‘‘and insulation re-
quirements for Radar set an all-time high for the industry."

Mr. Kahn's opinion is shared by leading engineers and manufacturers
everywhere who have also discovered that MYKROY Is one of the best
and most usable insulating materials ever developed for general and
high frequency applications.

Mykroy is a perfected Glass-Bonded Mica Ceramic made entirely of
inorganic Ingredients, hence it cannot char or turn to carbon even
when exposed to continuous arcs or flashovers. lts electrical charac-
teristics are of the highest order and do not shift under any conditions
short of actual destruction of the material itself. Furthermore it will
not warp—holds its form permanently—molds to critical dimensions
and is impervious to gas, oil and water.

Although MYKROY is a new and superior type of insulation It costs
no more than many standard dielectrics of lower electrical and me-
chanical properties. It will pay you, therefore, to Investigate MYKROY
now in planning your new products. Write for Bulletins 101-104,

MADE EXCLUSIVELY BY
C s
l[tﬂ«’a’w /3 wa. 70 CLIFTON BLVD., CLIFTON, N. J.

CHICAGO 47; 1917 N. Springfield Ave., Tel. Albany 4310
EXPORT OFFICE: 89 Broad Street, New York 4, New York

MYKROY JS SUPPLIED IN SHEETS AND RODS — MACHINED OR MOLDED TO SPECIFICATIONS

ELECTRONICS — November 1945
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itter’
Radar trens™
o UHF

SP‘d:r:eM«\(ROY plotes ane

~in whic

condense

arovides he€
sulation.

and inductance
'

High powered Temco YHF Redar unit
operates over wide frequen:zy ronge
utilizing forced air cooled tukes. MYK-
RCY is used ot oll points -equiring
maximum insulations.

Tenco 350kwW Radar Pulse Modulator,
all parts of which are complketely im-
mgrsed in c |, operates with 3 normal
plate voltac2 of approximatedy 25000
volts, MYKROY is used at al critical
high voltage points to assu-e maxi-
mum deperdoble insulation and par-
licularly because it is impervicus to oil.
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A copy of the interesting booklet,
“How and Why Cathode Ray
Tubes Work,” is yours for the
asking.

o/re /c o Electronic

Reg. U. S. Pat oM.

ELECTRONICS — November 1945
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ORTH AMERICAN PHILIPS has the ability to
supply many sizes and varieties of cathode ray

tubes...every one backed with the long life repu-

tation gained by NORELCO tubes now in service.

Because North American Philips is one of the
largest specialists in the production of cathode ray
tubes, your requirements are in the hands of experts
when you specify NORELCO.

And this specialized knowledge goes back to the
earliest work in cathode ray tubes, because North
American Philips draws on the experience gained
by an organization with a background of over fifty
years of research and development in the electrical

field.

Make North American Philips your headquarters
for cathode ray tubes.

OTHER PRODUCTS: Quaru Oscillator Plates; Searchray (Industrial X-ray) Apparatus, X-ray
Diffraction A tu dical X-ray Equi t, Tubes and Accessories, Tungsten and
Molybdenum Products Fine Wire; Diamond Dies.

e We invite you to visit our office and showroom when in New York City.

Productsby NORTH AMERIGAN PHILIPS GOMPANY, INC.

Dept. C-11, 100 East 42nd Street, New York 17, N. Y.
Factories in Dobbs Ferry, N. Y.; Mount Vernon, N. Y. (Metalix Div.); Lewiston, Me. (Elmet Div.)

4}
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Microphones
Engineered by [ £
EledlicYorce T

Hand-Held, close-talking single
button carbon *DIFFEREN-
TIAL microphone for all speech

Answer Everyday [EeCmtaeais
cations. Cancels out background
Sound Problems

!
Higher Articulation l
with Less Fatigue l

Moving coil, hand-held Dynamic
microphone for high fidelity l

speech transmission. Uniform
response, free from peaks, in the "

useful frequencies gives higher
articulation, provides more us- J

noise. Articulation is at least able power level, and is less
97% under quiet conditions, and l

88% under a 115 db noise field.

Model 205-S. List Price........$25 |

*Patens No. 2,350,010

fatiguing to the listener. For out-
door or indoor use.

Model 600-D. Dynamic. List. $27.50
Model 210-S. Carbon. List. . $17.50

" £

)

,:m
¥
iy

A

e

Velocity High Fidelity
Bi-Directional Sound Pick-Up

Wide, flat frequency response,
bi-directional polar pattern, high
fidelMty characteristics, wide-
angle front pick-up, and pick-up
range make it ideal for solo,
orchestra, or chorus, for single
speaker or groups. For indoor
P.A., broadcasting, recording.

General-Purpose Dynamic
for Voice and Music

Widely used because of its de-
pendable all-around perform-
ance. Excellent frequency re-
sponse for both indoor and out-
door speech and music pick-up.
Rugged, small size, light weight.
High output. Suitable for public
address, dispatching, paging, re-

Poly-Directional with
Adjustable Polar Pattern

The versatile high fidelity Cardak
is readily adjustable to reduce
any combination of reflected
sound. Cuts reverberation or
random noise pick-up . . . mini-
mizes acoustic feedback. For
broadcasting, recording, public
address, communications.

!
|
|
|
I
|
I
I
|
|
|
|
I
l
____.__.____:.._________
|
|
I
|
!
|
I
|
l
I
!

!
I
|
l
ﬂ
!
!
|
|
ﬂ
ﬂ
|
|
|

e eee coe e e e Gt G e S ———— ——

Model 725—Cardak I. List....$55 ‘I cording and remote broadcast. l Model V-1.C. List Price........$30
_ R ! Model ' P 30 Model V-2. List Price . . .$37.50
L UG RS e o 4ot L XL el Ly 0 [ Model V-3 List Price ... ... $50
— !
Corner of E-V “Lab" - '
One of our Quality-Con- «?.?,"R
tro! units used in testing -
close-talking micro- S

phones. Harmonic distor-
tion, frequency response,
positional response (for

caizon) 1ev®l, €12, ore SEND FOR COMPLETE CATALOG
carefully analyzed. Cal- Gives valuable data on Electro-Voice
ibration is effected by Microphones for communications, pub-

lic address, broodcasting and record-
ing. Includes helpful Reference Level
Conversion Chart.

Bell Laboratory stand-
ards and our own recip-
rocity checks.

Avthorized Distributors Everywhere

GUBRANTEE

The E-¥ wodels sh
No finer ¢choice tlmu m: hote Saagoffbitesd
forever against de-

tects in workmanship

C R O P H O N E s and material.

BLECTRO-VOICE, INC., 1239 South Bend Ave., South Bend 24, Indiana & Export Division: 13 East 40th S, New Yerk 16, N. Y., U. S. A.— Cables: Ardeh
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CSUPERLATVE . ___ . MODERN METHODS .
 WORKMANSHIP ; O

ao MACHINERY®Y
EXTREME '
PRECISION

CHRK*- ESE AND OTHER FEATURES OF GEARS BY

If small gears are involved in your postwar plans, remember i#’s  job for G-S!
Here, gears from 12 to 96 d.p. are a highly developed specialty. We’ve pro-
duced them in large quantities for many of America’s biggest users for a quarter

century, or more. G-S methods and machinery have been raised to a degree of
speed and efficiency unapproached in the history of fine small gear manufacture.
Discuss your problems with our engineers. Write or wire today. Get sug-
gestions, ideas, and cost estimates. No obligation, of course.

DON'T WAIT!. . PRODUCTION FOR POST-WAR CIVILIAN PRODUCTS IS BEING SCHEDULED NOWI

REFNORTITY LARBEST EXCLUSIVE MANUFACTURERS OF FRACTIONAL HORSEPOWER GiARS ()
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FOR GENERAL PURPOSE AND REPLACEMENT USE
IN RADIO AND ELECTRONIC EQUIPMENT

HUDSON AMERICAN'S engineering experience in designing and
manufacturing high quality transformers extends over a period
of more than 20 years,
HUDSON AMERICAN'S up-to-date facilities include the most mod-
ern coil producing machinery available—vacuum impregnating
equipment for wax or varnish and completely automatic produc-
tion test apparatus. HUDSON AMERICAN Transformers are pre-
cisely wound—meticulously assembled—thoroughly impregnated
and carefully finished. Continvous inspection and quality control
insure maximum uniformity.
For dependability and economy, specify HUDSON AMERICAN
Transformers for your radio and electronic requirements. They
cost no more than ordinary transformers.

Werite for catolog 1045

HUDSON AMERICAN CORPORATION

(A subsidiary of Reeves-Ely Laboratories, Inc.)
25 WEST 43rd STREET, NEW YORK 18, N. Y.
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BUY A VICTORY BOND TODAY!

&%
et
iR

THOUSANDS OF TESTIMONIALS

Thousands of testimonials are in the files at Hallicrafters. They are from members
of the armed services all over the world. They tell how Hallicrafters-built com-
munications equipment has performed dependably and brilliantly on all the
battle fronts of the world. Many of these letters are signed by licensed amateurs
who include their call letters with their signatures. A high percentage of the let-
ters conclude with sentiments like these —we quote: "'If a rig can take it like the
HT-9 took it in the Australian jungles, it's the rig for my shack after the war™. ..
“When | buy my communications equipment it will be Hallicrafters™. . M After
we have won this war and | can get a ham ticket there will not be the slightest
doubt as to the equipment | will use . . . it will be Hallicrafters”. . ."’Meeting
Hallicrafters gear in the service was like seeing someone from home . . .| used
to have one of your receivers at W7FNJ .. . hope to have more after the war”
“'being an old ham myself I know what went into the 299 .. " Thus does the
vaice of the amateur come pouring into Hallicrafters headquarters, providing
information, guidance and further inspiration to Hallicrafters engineers. Ama-
teurs will find in Hallicrafters peacetime output just the equipment they need —
refined and developed in the fire of war and continuing to live up to the well
earned reputation as ‘‘the radio man’s radio.” '

hallicrafters raoio

THE HALLICRAFTERS CO., MANUFACTURERS OF RADIO AND ELECTRONIC EQUIPMENT, CHICAGO‘:Ié, U. S.'A,

ELECTRONICS — November 1945
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Television “Ghosts,” or secondary images, until now the bane of
ko b4 »
television reception in urban areas, have been banished. ]

3 ﬁ&up of the FM band is included.

Simple Installation - Small Spz_2Regu STRERIS e - Low Cost

1
L
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General Electric Iransportation ponel

equipped w th DZUS fasteners

General Eleciric transportation
reley cover removed. Note thot
only ons DIUS fastener is

necessory

Oval head stud Grommef

ELECTRONICS — November 1945

One vwing-type fastensr
holds the cover of this
tran=portation ielay

vnif

QUICK ACCESS
with

3%

SELF-LOCKING
FASTENERS

Yes, you get quick, positive action with Dzus
fasteners on removable covers, panels, access
and inspection doors and other hinged or re-
movable parts. Just a quarter turn to open or
close. They are rugged and vibration-proof.
They may be permanently attached so no parts
are lost — or they may be removable. They are
easy to install too, and lend themselves to mod-
ern mass production methods. In addition its
simple, quick operation saves valuable time of
mechanics in inspection and maintenance.

If you have a fastening problem on a hinged
or removable part, consider the outstanding
advantages of Dzus spiral cam fasteners. They
are available in various sizes, head styles and
materials to meet your requirements. Send for
our catalog. It contains detailed directions, spe-
cifications and many illustrated applications.

®* The word Dzus is the registered trade mark of the Dzus Fastener Co., Ine.

DZUS FASTENER CO., INC.

BABYLON NEW YORK
IN CANADA: RAILWAY AND POWER ENGINEERING CORP., LTD.

o T

Cut-oway view of zomplete assembly

WWW.americanradiohistorv.com
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TUNES OUT TROUBLE SWING 70 SAVINGS
When slotted screws were used by this musical instrumgnt L Because the recessed head makes more efficient use of
maker, head breakage and driver skids damaged expensive . turning power, Phillips Screws can be set up tighter with-
assemblies — required disassembly, costly refinishing, and © out danger of burring. As a result, fewer Phillips Screws are
reassembly. A shift to Phillips Recessed Head Screws needed to make the rigid assembly required —a further
ended this trouble, permitted lower assembly costs. . saving in time and material.

L ]

L ]

.

L]

L]

L]

.

.

.

R = ~ L4 &y 1
. y » v
INTIME WITH TOMORROW o SALES HIT H/IGH NOTE
Besides reducing costs and speeding up production, Phil- . From the sales angle, Phillips Recessed Heads make
lips Screws help designers plan new, simpler methods of & fastenings a feature! No unsightly burrs to gogl off pros-
achieving strength, rigidity, and improved appearance. pects! The ornamental pattern of the Phillips Recess
Result —a product in step with design trends-—and a e blends in harmony with modern design. .. helps start cash
match for competition in tomorrow’s tough markets, ° registers ringing a sweet sales symphony!
P 4 4 X
5 PWW the engineered recess!
_ ®

N In the Phillips Recess, mechanical principles are so correctly applied

that every angle, plane, and dimension contributes fully to screw-driving
efficiency.

... It’s the exact pitch of the angles that eliminates driver skids.

... It’s the engineered design of the 16 planes that makes it easy to apply
full turning power — without reaming.

... It’s the “just-right” depth of recess that enables Phillips Screw Heads
to take heaviest driving pressures.

With such precise engineering, is it any wonder that Phillips Screws
speed driving ‘as much as 50% — cut costs correspoadingly?

To give workers a chance to do their best, give them faster, easier-
driving Phillips Recessed Head Screws. Plan Phillips Screws into your
product now.

PHILLIPS %722 SCREWS

WOOD SCREWS ¢« MACHINE SCREWS o SELF-TAPPING SCREWS « STOVE BOLTS

® © 6 6 © 6 & 5 6 6 6 0 & 6 ° 8 6 6 6 0 s o & Madeina"sizes,lypesandheadsfyles ® 6 o o 0 o o o

American Screw Co., Providence, R. | The H. M. Harper Co., Chicago, III. Pheoll Manufacturing Co., Chicago, III.
Atlantic Screw Works, Hartford. Conn. tnternational Screw Co., Detroit, Mich. Reading Screw Co., Norristown, Pa.
The Bristok Co., Waterbury, Conn, The Lamson & 3esslons Co., Cleveland, Ohio Russeli Burdsall & wWard Bolt & Nut Co., Port Chester, N. Y.
E Central Screw Co., Chicago, 1li, Manufacturers Screw Products, Chicago. III. Scovill Manufacturing Co., Waterville, Conn.
z Chandler Products Corp., Cleveland, Ohlo Milford Rivet and Machine Co., Milford, Conn. Shakeproof fnc., Chicago, 1.
Continental Screw Co., New Bedford, Mass. The Natlonal Screw & Mfg, Co., Cleveland, Ohlo The Southington Hardware Mfg. Co.. Southington. Conn.
The Cerbin Screw Corp.. New Britaln, Conn. New Engiand Screw Co., Keene, N. H. The Steel Company of Canada Ltd., Hamilton, Canada
General Screw Mfg. Co., Chicago, III. Parker-Kalon Coro.. New York, N. Y. Wolverine Bolt Co., Detruit, Mich,
Pawtucket Screw Co., Pawtucket, R. I.
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This Amperex tube Type 233, is a
copper anode, water-cooled tube
nearly four feet in height, designed
for use in high power broadcast
transmission and in industrial heat-
ing applications. Special construc-
tion features in this tube give free-
dom from change in characteristics
that might arise from shock and
vibration.

Contributing to its sturdy depend-
ability are a number of working
parts by Callite, including tungsten
filaments, tungsten center and side

ELECTRONICS — November 1945

leads, molybdenum hooks, grid col-
lars and grid rods and other Callite
tungsten and molybdenum parts.

Our methods of processing tube
components are the result of years
of painstaking research and experi-
ence. That's why leading manufac-
turers look to Callite to safeguard
the life and performance of their

b compornen’s !

www.americanradiohistorv.com

electron tubes.

If you manufacture an electronic or
electrical device requiring precision
metallurgical components, ounr en-
gineering department will be glad
to cooperate with you. Callite Tung-
sten Corporation, 544 Thirty-ninth
Street, Union City, N. ]. Branch
Offices: Chicago, Cleveland.

Hard glass leads, welds, tung-
sten and molybdenum wire, rod
and sheet, formed parts and
other components for electron
tubes and incandescent lamps.
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If your new equipment designs include v-h-f, instant-
heating, miniature, or medium-power tubes, these
abbreviated characteristics
complete data are yours for the asking in the new

will

Hytron catalogue. Write for it today.

HYTRON TRANSMITTING AND SPECIAL PURPOSE TUBES

interest you. More

<

Max. Max., Max,
Type Filament Ratings Plate  Plate Plate
Description No. Volts Amps. Type  Volts Ma. Dis.
1.4 022 4 b
3AS5 28 011 Oxide 150 30 2
Low 6J5GTX 63 03 Cath 3308 .20 1135
10Y 7.5 125 Thor. 450 65 15
AND HY24 2 0.13  Oxide 180 20 2
HY40 7.5 225 Thor., 1000 125 40
MEDIUM HYS 1A 7.5 3.55 Thor. 1000 175 65
HY5 1B 10 2.25 Thor. 1000 175 65
MU 801A/801 7.5 1.25 Thor. 600 70 20
841 7.5 125 Thor. 450 60 15
TRIODES 864 1.1 025 Oxide 135 5 -
1626 12.6 0.25 Cath. 250 25 5
HY30Z 6.3 225 Thor, 850 90 30
HIGH-MU HY312 6 2.55 Thor, 500 - 150* 30
HY402 7.5 2.6 Thor. 1000 125 40
TRIODES HYS5 1Z 7.5 3.55 Thor. 1000 175 65
-] 3.2 « *
HY12312 12 16 Thor. 500 150* 30
2C26A 6.3 1.15§ Cath. 3500 - NOTE 10
HY75 63 2.6 Thor. 450 80 15
Rl HY 1148 1.4 0.155 Oxide 180 12 18
HY615 6.3 0.175 Coth. 300 20 kK
JKIODES 955 63015 Cath. 200 8 18
El148 6.3 0.175 Cath. 300 20 8.5
9002 6.3 0.15 Cath, 200 8 1.8
2E25 [ 0.8 _Thor. 450 75 15
6ARS 63 12 Cath 630 60 10
8L6GX 6.3 09 Coth. 500 115 21
BEAM 6V6GTX 6.3 0.45 Coth. 350 60 13
HY60 63 0.5 Cath. 425 60 15
TETRODES HY61/807 6.3 0.9 Cath. 600 120 25
HY&5# é 0.8 Thor. 450 75 15
AND é 4.5
HY67 12 225 Thor. 1250 175 45
PENTODES HY69 é 1.6 © Thor. 600 - 100 30
Wizes S 32 mer 750 120 30
1625 126 045 Cath. 600 120 25
837 12.6 0.7 . Cath. 500 80 12
ACORNS 6AKS 6.3 0.175 Coth. Sharp cut-off pentode
MINIA - 954 6.3 0.15 Cath, Sharp cut-off pentode
TURES 9001 6.3 0.15 Cath. Sharp cut-off pentode
Peak Max. Inv.
Type Filament Ratings Type Plate D.C. Peok
No. Valts Amps. Rect. Ma. Ma.f Por.
RECTIFIERS HY866 Jr. 25 2.5 Mer. 500 250 5000
866A /866 25 5.0 Mer. 1000 500 10000
1616 28.0,,:5%0, | ¥ou. 800 260 6000
SALS 63 03 Vac 60 20 460
Average  Operating Av. Min.
SASROUS Type Operating Ma. Volts  Starting
VOLTAGE No. Voltage  Min. Mox. Reg. Voltage
0A2 150 b 30 2 185
REGULA- oB2 108 5 30 1 133
OC3/VR105 108 5 40 . - 133
TORS OD3/VR150 150 5 40 3.5 i85
*Both sections of twin triode.  §Dircontinued; 2E25 supersedes ond
reploces. {Current for full wave.
NOTE: Not recommended for C.W. Consult Hytron Commercial
Engineering Dept. for dato.
L 2, ¥Wal I N oo o
YTRON RADIO & EL 0

b BB
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All our extensive sheet metal fabricating
facilities are now ready 1o help you speed pro-
duction of your peacetime products.

Because our specialty in both peace and wat
years has been a custom-built service at ready-
made economy, we have no reconversion wor-
ries or delays. We can sefve you
immediately—whatever your needs
may be in sheet metal cabinets,
boxes, enclosures or housings . . .

ELECTRONICS — November 1945

B KARP solves peacetime
housing problems

racks, panels, chassis for electrical or mechani-
cal apparatus.

Our vast variety of stock dies is at your service
to save your time and money . . . thanks to the
fact that our production has never been stand-
ardized or restricted to any particular items.

Tell us your needs. Get quotations.

ANY SI1ZE « ANY FINISH
ANY GAUGE ® ANY METAL

www.americanradiohistorv.com
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W'THE LEACH PLUG-IN RELAY

v/ Concealed wiring—all connections on recep-
tacle, behind panel.

v/ No soldering required in exchanging relays.

" Exclusive interchangeable feature.

v Permits flexibility of circuit combinations and
operating voltages, without re-wiring.

v Designed to fit standard octal socket.

@ Al the engineering skill that has created for Leach its reputation as manu-
facturers of fine relays is at your service. Qur Engineering Department will be

glad to discuss with you any problems which you may have. Write for literature.

LEACH RELAY CO.

5S9I5 AVALON BOULEVARD, * LOS ANGELES 3. CALIF.

November 1945 — ELECTRONICS
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IONICAI.I.Y""EATED LOW VOLTAGE GAS RECTIFIERS

Readily Available ¢ Smaller Space Requirement ¢ Lower Operating Temperature Commercial in Cost * Long Life * Quicker Starting

A major deterrent to the further size reduction of radio receivers
and other equipment designed for universal operation from a
standard 117 volt AC or DC line or internal batteries, has been
the size and power dissipation associated with the rectifier tube.
The advantages of an ionically heated tube for low voltage
applications were recognized early by the Raytheon engineers,
who have long pioneered in the field of gas tube development.
However, considerable research has produced the OY4 and
OY4G which start cold from no more than 95 volts DC. High
rectification efficiency is realized from the low internal drop
and high peak current ratings. Physically these types have the
same dimensions as the familiar 0Z4G and 0Z4. !

Where size is an important factor, use of the OY4G in place
of the 117Z6GT, as extensively employed in the three way
receivers, will result in a substantial reduction of the space
requirements.

0OY¥4G AND OY4 RATINGS
Half Wave Rectifier— Condenser Ingut to Filter®

Maximum Inverse Peak Voitage .

Maximum Peak Current

Maximum DC Output Current

Minimum DC Qutput Current .

Minimum Series Anode Resistance (117V line operation) .
Approximate Tube Drop .

Maximum DC starting Voltage*”.

*Pins 7 and 8 must be connected together.
undesirable.

**With starter anode network as shown in circvit.

Radio e%eceéw)ny Tute Devéscon

LOS ANGELES
ATLANTA

NEWTON, MASSACHUSETTS =
NEW YORK B CHICAGO .

DEVOTED TO RESEARCH AND THE MANUFA'CTURE OF TUBES AND EQUIPMENT FOR THE NEW ERA

ELECTRONICS — November 1945

Rapid intermittent operation is

Even more important is the differential of approximately
eight watts in favor of the OY4 and OY4G because of the ionic
heating feature. This saving cuts the input power down by more
than 50% for a normal receiver. Consequently, cabinet size can
be decreased without danger of excessive heating. Furthermore,
the time required for the set to become operative is the same
whether on DC, AC or battery — that is, almost instantaneous.

These tubes have been engineered to produce a minimum of
the radio frequency disturbances associated with a gaseous
discharge. The simple filter circuit indicated below will generally
reduce such interference to a negligible value.

If your product does not call for the ionically heated low
voltage gas rectifier, there is a Raytheon type designed for your
need. And all Raytheon tubes follow the same rigid pattern of
advanced engineering with precision manufacture. To get con-
tinuing best results, specify Raytheon High-Fidelity Tubes,

100

{ Tun-nrc

|
o7 5

300 volts el 3
500 :
75 ma
40 ma
50 ohms
12 volis
95 volts

ma Line

ov4G
TYPICAL "Hyg

RAYTHEON

OPERATING CIRCUIT

MANUFACTURING COMPANY

OF ELECTRONICS
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DEPENDA
BLE TEST AND MEASURING INSTRUMENTS THAT

SHOUL
D BE INCLUDED IN YOUR NEW EQUIPMENT PLANS

Aftera distinguished record of service
on the war front, these dependable,
direct reading instruments are again
available for civilian use, in the most
exacting test and measuring opera-
tions for the design, development and
production of Communication, Tele-
vision and Radar equipment.

Q METER 1vpe 160-A

Frequency Range: 50 ke, to 75 me. may be ex-
tended with external oscillator down to 1 ke.
Range of Q Measurements, Coils: 50 to 625.

Accuracy: In general = 5%
Range of Q Tuning Condenser: 30-450 mmf.
(Vernier Condenser: = 3 mmf.)

Q METER T1veE 170-A

Frequency Range: 30 mc. to 200 mc.

Range of Q Measurements, Coils: 100 - 1200
Accuracy: in general &+ 10%

Range of Q Tuning Condenser: 10-60 mmf.

QX CHECKER tvpe 110-A

The factory counterpart of the Q Meter. Compares
fundamental characteristics of inductance or capa-
citance and Q under production line conditions
with o high degree of accuracy, et quickly and
simply. Insures uniform parts held within close
tolerances. Frequency range 100 kc. to 25 mc.

FM SIGNAL GENERATOR
TYPE 150 SERIES

Type 150 A—Frequency 41-50 mc. and 1-10 mc.
Type 151 A—Frequency 30-40 mc. and 1-9 mc.
Type 152 A—Frequency 20-28 me. and 1-5 mc.
Type 154 A—Frequency 27-39 mc. and 1-7 mc.
Developed specifically for use in design of F.M.
equipment. Frequency and Amplitude Modutation
ovailable separately or simultaneously.

BEAT FREQUENCY GENERATOR
TYPE 140-A

A single compact instrument which provides wide

frequency and voltage coverage of generoted

signals.

Frequency Range: 20 cycles to 5 me. in two fre-
quency ranges.

Output Voltage Range: | millivolt to 32 volts.

Accuracy: £ 3%.

Output Power: One watt inta external load.

For further information write for Catalog C

Cigge BOONTO

\

_\
BOONTON, N. J. ) y : 1

. @X-CHECK :
s o"“:ﬂ o, FRErQUENCV MODULATED SIGNAL
DIRECT READING TEST INSTRUMENTS

DESIGNERS AND MANUFACTI S T
N FACTURERS OF THE “Q° I

E Q" METER
GENERATOR . BEAT FREQUENCY GENERATOR :
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VARIABLE CAPACITORS

...direct to you...from the
plant nearest you

Where is the supplier locuted ¥ What about ship-
ping costs 7 How fast deliveries = What about
specialized engineering assistance ?

R/C has solved problems such as these tor its
clients by maintaining, in addition to its big Camden,
N. J. plant, an afhiliate in the Middle West and a
subsidiary in Toronto, Canada.

These plants, servicing sales oflices from New
York to California and Canada assure utmost effi-
ciency from any standpoint you can name.

Service direct to you, from the plant nearest you,
18 the aim of Radio Condenser Company—and this
is backed by strategically placed sales office service
literally at your fingertips.

SUPPLIERS TO SET MANUFACTURERS ONLY

ELECTRONICS — November 1945
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WATSEKA, ILL,
TORONTO

CAMDEN, N. J.

RADIO CONDENSER CO., Camden, * Radio Condenser Co., Ltd., Toronto, Canada

RADIO CONDENSER COMPANY



A request on your company
letterhead will bring to you this
valuable technical bulletin.

THE latest technical data on Kovar-glass hermetic
sealing, representing the results of extensive research and
users’ experience, are made available in a new publication,
Stupakoff Bulletin 145, “Sealing Glass to Kovar.”

Kovar-glass seals are used to protect apparatus and its
contents from damaging atmospheres, and to maintain
vacuum or gas tightness within a container.

For your copy of this timely bulletin on techniques and
applications of hermetic sealing, write Stupakoff Ceramic
and Manufacturing Company, Latrobe, Pa., distributors and
fabricators of Kovar.

% BUY VICTORY BONDS %

STUPAKOFF CERAMIC AND MANUFACTURING CO., LATROBE, PA,

“FOR GREAT
ACHIEVEMENT"

56 November 1945 — ELECTRONICS
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Here’s How Resistance
Welding Pays:

Weld-O-Trol and weld-and-sequence
timer added to this welder brought a
net saving of $23,960.05 in produc-
tion of blower units.

This large electrical manufacturer reaped a
$23,960.05 dividend from two electronic units
that put resistance welding to work on his pro-
duction line.

To begin with, he invested $493 in this elec-
tronic equipment ... a Westinghouse Weld-O-Trol
and an automatic weld-and-sequence timer.
These controls were added to a welder whose
original cost was $2,020, making a total outlay
of $2,513.

The unit was then used to resistance-weld two
types of double-sided blowers, which included
welding 24 vanes on each side of the main circu-
lar sheet and a reinforcing ring welded to
the vanes on the outside. The blowers, made of
14” mild steel, were formerly welded by a
slower process.

How well resistance welding speeded the
operation is shown by the savings in labor costs
over a period of one year in producing 4,155 units
...a total saving of $26,473.05! Subtract the in-
vestment and the manufacturer still pocketed
$23,960.05...a gift of resistance welding to his

ELECTRONICS — November 1945

recognition of the high ability of this electronic
welding process.

The results of this remarkable history are noth-
ing new to users of resistance welding familiar
with the wide flexibility of this modern produc-
tion tool. Ask your nearest Westinghouse office
to show you how resistance welding control can
work in your plant. Westinghouse Electric Corpo-
ration, P. O. Box 868, Pittsburgh 30, Pa. J-21345

57
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TRANSTATS ARE THE “TRIGGERS”
77T\ OF TUNG-SOL'S BOMBARDERS

5l

ks i L

Transtat for 0.3 to 20 KVA.

henever heavy alternating currents are con=

trolled’at the Tung-Sol Lamp Works, Transtats
are put on the job. Tung-Sol builds quality into tubes
with the help of Transtats used for Life Testing,
Aging and Induction Heating.

To provide the unusual ruggedness and close con-
trol needed for this work, the Transtat Commutator
is ground out of the periphery of the coil—where
the wires are flat and parallel. This produces a
glass-smooth, broad brush track. It permits a longer,
cooler running brush, prevents arcing and jumping
and provides practically stepless control. A trans-
former-type regulator, the Transtat will not distort
wave form, interfere with radio reception or disturb
power factor. State rating required when writing
for bulletin.

Shown here are Bombarder (below with bicck psnel) and Inducion

Heater (above with light panel) at Tung-Sed, Mewurk, N. J., Plant. ‘ M ER'RAN
] , E Lo

aro mar ore
MANUFACTURING SINCE 1901 AT NEWARK. N

utets of Transtormers, Reaclors and

AMERICAN TRANSFORMER COMPANY R T - e

178 Emmet Street Mewark 3. N. J. PRSP AN
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4. EASY TO
WORK IN
TIGHT
SPOTS

- N\ X ) N / , 296% better
K : e\ 4 : (Wpie thon stondord poper)

i

Wherever you now use standard insulation paper, DOBAR laminated paper

offers you seven extra advantages. They all sum up to a greater margin of
safety, space-saving and ease of application. Send for samples and check
DOBAR?’S superior insulation and processing qualities for your products.

ELECTRONICS — November 194§ 89
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STI} ETTER AIRCRAF‘I' ENGINES BECAUSE OF WRIGHT

A Wright Cyclone engine running on the
test stand. Electrical resistance strain gages
affixed to various component parts and
wired to the remote oscillographic equip-
ment, serve to indicate siress and load
under actual operating conditions.

Du MONT

ALLEN B. DUMONT LARORATORIES,

’Whal are the stress and load on various
component parts during acfual opera-

tion! The answer is vital in the design and

development of aircraft engines.

Engineers of Wright Aeronautical Corpo-
ration use an electrical resistance gage and
Wheatstone Bridge, in combination with the
DuMont Type 208 Oscillograph, to secure
a quick, accurate, explicit answer. They
report:

“With this monitoring means, both am-
plitude and wave form are easily observed.
The oscillograph allows immediate obser-
vation of sharp changes in amplitude such
as occur with relatively undamped resonant
phenomena which may be troublesome.

gty

Such conditions may thus be recognized
quickly and, if necessary, the test procedure
adjusted to allow for closer investigation
in the critical range.

“Simultaneously, changes in wave form
can also be ascertained. Points at which
changes in wave form occur may be quickly
observed and given closer study. Also, the
observer can detect any erratic circuit op-
eration or malfunctioning associated equip-
ment."”

This simple technique saves time and
money in aircraft engine development,
Doubtless other applications of DuMont
Oscillography can do a comparable job for
you.

© ALLEN B. DUMONT LABORATORIES. INC.

www.americanradiohistorv.com

INC., PASSAIC, NEW JERSEY -
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A background of Performance —over 50 years —is the inside story of the popularity that has brought
leadership to Thordarson transformers. Performance over the years, after dll, is the only true test of pro-
duct quality.

Consumer acceptance will continue because Thordarson research and design engineers are never satisfied
just keeping abreast of the times. These men are continually developing many transformer components
which are instrumental in the production of new and better performing devices and equipment for the
electronics industry.

This same pioneering spirit has been responsible for many new Thordarson transformer applications and
developments during the war + ¢ « all of which will be available shortly for civilian requirements.

Thordarson’s well-tested methods of sales promotion and distribution will continue their joint task of
making Thordarson Transformers, together with complete information on their applications and use,
available to everyone in the field.

Always think of Thordarson for top-notch transformers!

500 WEST HURON ST., CHICAGO, ILL.

ORIGINATORS OF TRU-FIDELITY AMPLIFIERS

ELECTRONICS — November 1945 61
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Reading from left to right:

Back row — Type A Type B Type C
Front row — Type D Type E TypeF

The SICKLES
Radio Frequency Choke Family

(£5

It just GROWS and GROWS and GROWS!

There doesn’t seem to be any end to the Sickles Radio Frequency
Choke Family. For, in addition to producing a wide range of
chokes for stock, we manufacture chokes exactly to the customer’s
specifications. This service, made possible through years of
experience, often enables us to assist engineers in their problems.

Only a very few members of the Choke Family are in the
family portrait for it would be impossible to cram the hundreds
of chokes into one picture. The following is a brief description
of those illustrated:

Choke A — Multi-pie type, for current ratings up to 500 M.A.
Choke B — The solenoid type of winding, for ultra-high fre-
quency ranges.

Choke C — Wound on iron cores, has an advantage when size
and relatively high efficiency are required.

Choke D — Wound on ceramic cores, this type is designed for
general receiver use.

Types E & F — Two of the variations of the “A’” type choke,
These are used where the current is heavy and a low D.C. re-
sistance winding is required.

There are special high-voltage chokes and there’s a whole
family of midget chokes. Daily, chokes are made to answer
individual design and specification. The family is still growing.

Write today for more complete information on the Sickles
Radio Frequency Choke Family.

THE F. W. SICKLES COMPANY, CHICOPEE, MASSACHUSETTS

s CKLES Al

fmwmfm/&eéﬂr

62

November 1945 — ELECTRONICS

WWW americanradiohistorv com



T R

LABORATORY

INSTRUMENTS FOR

The High—and Variable "Q”
of This Circvit Means Rapid,
Accurate Wave Analysis

This -hp- Harmonic Wave Analyzer meas-
ures the individual components of complex
waves with speed and surety, because of
the highly efficient composite circuit shown
above. The variable selectivity of the am-
plifier is the factor which makes it espe-
cially useful for measurements ac higher
frequencies. Regeneration is used to give
the amplifier a high effective “"Q,” and a
degeneration control provides variable
selectivity. The resulting performance of this
circuit is shown in accompanying graph.

CYCLES OFF RESONANCE
O-ISO -100 -50 0 +50 4100 +150

1 /TN
=l /LN
=20

O sefa’c’;/v/n‘?éu:#w;;l \ \
30

D8

=

5 30¢chs

Sug

L\ B A

; | / 145 cPs ;l\
50

20 KC

In practical terms, variable selectivity
means no tedious “searching out” of the

harmonics to be measured. Yet the finger-
tip control is easy to manage. This charac-
teristic makes the -hp- Harmonic Wave
Analyzer useful for many applications
where constant selectivity would be un-
suitable. Variable selectivity is required in
measuring distortion of sound on recorded
film, disks and other cases where there may
be a small amount of frequency modula-
tion. It is also used in integrating the noise
spectrum in acoustic measurements and
elsewhere when a wider pass band gives a
more representative integration.

The -hp- Harmonic Wave Analyzer cov-
ers the audio spectrum from 30 to 16,000
cps. There is likewise a wide voltage range:
full scale voltmeter readings may be ob-
tained with inputs of .001 to 500 volts.
Thus the 300A may be used with equal
success with low output recording devices
and high power modulating amplifiers.
Other features which make it unexcelled
for both laboratory and production testing
are the linear meter scale, fully protected
against overloads, and the built-in calibrat-
ing system to standardize voltage measure-
ments. With the stability, accuracy, flexibil-
ity and ease of operation of the Harmonic
Wave Analyzer, Hewlett-Packard continues
to set a new standard. e

HEWLETT-PACKARD COMPANY

BOX 1119+ STATION A-PALO ALTO, CALIFORNIA

Avdio Frequency Oscillators
Noise and Distortion Anclyzers
Square Wave Generators

ELECTRONICS — November 1945

Signal Generators
Wove Analyzers
Frequency Standards

Yacvum Tube Voltmeters
Frequency Meters

Attenvators Electronic Tochometers

. ______www.americanradiohistorv.com- -

SPEED AND ACCURACY

These -hp- Representatives
Are at Your Service

Eastern Representative:
Burlingame Associates, Ltd.

11 Park Ploce
New York 7, N. Y.—Worth 2.2171

Midwestern Representative:
Alfred Crossley
549 West Randolph Street
Chicago 6, lllinois — State 7444

Western Representative:
Norman B. Neely Enterprises
7422 Melrose Avenue
Hollywood 46, California—~Whitney 1147

Canadian Representative:

Atlas Radio Corporation
560 King Street West
Toronto 2, Canada—Wa 4761
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ELECTRONIC BRAZING

UNIT

with

24 Station

INDEXING

Work Carrier

Delivers 5 Complete

3KW
SKW
T2 KW
8KW
10KW
122 KW
15KW

18 KW
25KW
40 KW
60 KW
80KW
100 KW
250 KW

Scientific Electric Elec-
tronicHeaters are made
in these power sizes...
and a range of frequen-
cies up to 300 Mega-
cycles depending upon
power requirements.

64

Assemblies Per Minute
HERE’S a striking example of how

Scientific Electric Engineers in-
creased brazing production output by
designing a special automatic machine
to operate in conjunction with Elec-
tronic heating.

A manufacturer of weather-proof
control box covers was already using
electronic heat to speed up production
in the brazing operation involved. But
greater production was urgently needed.
Each assembly was being inserted and
removed from a single heater coil . . .
one at a time.

To increase output Scientific Electric
engineers designed this compact circu-
lar, 24 station indexing work carrier
which operates from the 18 KW elec-
tronic generator at the left.

The operator merely loads the sta.
tions as they come around empty. Heat
is applied by three water.cooled induc-
tion coils under three of the work
positions. The coils are followed by
the vertically operating ejecting mecha-
nism and a complete assembly is ejected
from the carrier each 12 seconds.

The carrier, which is operated by a
small motor can be applied to any of
our electronic generators depending
upon the heat input requirements of the
work to be handled. Normal output of
the unit illustrated is at 200 to 600 kc.

Workpiece output up to 20 per min-
ute can be obtained and carriers, cus-
tom tailored to your requirements, can
be delivered within 30 days. Send us
your requirements today.

5’. éog. %%.

Division of

“S” CORRUGATED QUENCHED GAP COMPANY

ety
119 MONROE ST. CUIEJIIY GARFIELD, N. J.

Manufacturers of

wWww.americanradiohistorv.com

Vacuum Tube and Spark Gap Converters Since 1921
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From inexpensive noise suppression capacitors for automotive
use, to heavy-duty designs for service on power equipment, and
for current ratings from 5 to 200 amperes capacity, Sprague
produces modern filter units for practically any need. An un-
surpassed background of engineering experience in dealing
with all types of radio noise interference problems, is here
at your disposal. Write for Sprague Capacitor Catalog 20.
ANTI-RESONANT FREQUENCY PROBLEMS SOLVED

Have you a vibrator “hash” problem that
aconventional by-pass capacitor shunted
by a mica capacitor only partially solves?

Write for details on Sprague *HYPASS
Capacitors, the 3-terminal networks that
do the job at 100 megacycles or more!

SPRAGUE ELECTR'C COMPANY *Trademark Teg.

U. 8. Pat. OF.
North Adams, Mass.
Distinguished

: e Wartime Service

PIONEERS OF ELECTRIC-ELECTRONIC PROGRESS

5-Times Cited for

ELECTRONICS — November 1945
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® The developments in radar, radio, tele-
vision, electronic and electrical apparatus of
all kinds made during the past four years will
have tremendous influence on your future.

The unusual developments in transformer
design, application and production,—the fur-
ther confirmation of Jefferson Eleciric ability
to produce transformers in great quantities
with unsurpassed uniformity and accuracy,—

X

V Vhat of

your Future?

will help insure the successful performance of
your post-war products.

Look to your future, now, by consulting the
Jefferson Electric staff of transformer spe-
cialists. JEFFERSON ELECTRIC COMPANY,
Bellwood (Suburb of Chicago), Illinois. In
Canada: Canadian Jefferson Electric Co., Ltd.,
384 Pape Avenue, Toronto, Ont.

TRANSFORMERS
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The small but sturdy
G-E Switchette
played a mighty role in war

@ These little electric switches, which are
found in some wvitally important places on
planes of many types, have an ever widening
variety of industrial possibilities, too—as limit
switches on machine tools, for built-in applica-
tions on appliances, for controlling small motor
drives, and for many other uses. Only 114 by 14
by 1% inch over-all (excluding terminals), they
fit applications where no larger switch could be
used. Yet they are available in ratings up to 10
amperes at 230 volts a-c (24 volts d-c)—and are
mechanically sturdy enough for millions of
operations.

Despite their small size, these switches are
lightning-fast in action, and have high re-
sistance to physical shock. They meet govern-
ment specifications covering resistance to corro-
sion and vibration; operate successfully in
ambient temperatures of 200 F to minus 70 F.
Because of these and other tough characteristics,
Switchettes are ideal for built-in industrial
control equipment that has to ‘‘take it.” A
double-break contact arrangement helps to
solve many tricky circuit problems.

To help with your important new designs

More than 200 modifications of the Size 1
Switchette have already been developed to meet
special circuit requirements. In addition, we

GENERAL @ ELECTRIC |

Buy all the BONDS you can—and keep alil you buy

ELECTRONICS — November 1945

you can’t send a hoy

on a man’s job?

Size 1 Switchette
Dimensions: 114 by 14 by 14 inch

have a variety of limit switches, pressure switch-
es, transfer and selector switches, push-button
stations, thermostats, and timers built around
this small, reliable device. Perhaps some of
these ready-made units will help you save time
or lick a problem that involves limited space.

Full details in our catalog
Bulletin GEA-3818C gives dimensions and
operating characteristics, and lists many typical
modifications of the Size 1. If you don’t already
have a copy, just fill in and mail the coupon.
Our engineers will be glad to assist you in
adapting Switchettes to your needs.

6

SWITCHETTES

SCHENECTADY 5, NEW YORK

Gentlemen:

Please send me a copy of Bulletin GEA-3818C, which gives
.

details of your Size 1 Switchette.

NAME

——— e Ew muem S G

COMPANY_____ ..

I' GENERAL ELECTRIC COMPANY, SECTION 676-144

ADDRESS............ [~ L.

CiTY... STATE

|
l- 8940

www.americanradiohistorv.com
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A New and Better
High Speed Counting Method . ..

A versatile, efficient instrument for use as a counter, timer, inter-
val controller, radiation counter, and many other applications

® The Potter Two-Decade Electronic Counter is especially well suited for counting rates
exceeding 10 cycles a second, a speed generally too fast for conventional counters.

e For continuous high speed operation, it will readily replace those mechanical counters
that cannot stand up under such conditions.

@ Another use for this versatile and efficient instrument is counting and calibration of
cycles in resistance welding operations.

e It may also be used as an interval timer by connecting it through a switch to a known
external frequency; readings are observed in terms of the number of cycles of the
known input frequency.

® We can install dial switches on this unit to make it predetermining. It then becomes
useful in a number of control applications.

The Potter Two-Decade Electronic Counter operates from a 60 cycle, 105 to 125 volt line,
at speeds up to 1000 cycles a second. Each decade divides by 10, giving a scaling factor
of 100. A telephone-type relay, whose contacts close once for each 100 input cycles, is
connected to cutput terminals. An electro-magnetic counter may be added to this output
to extend the count to as many places as desired. It uses 11 tubes. Delivery now in
60 days. Additional details will be forwarded promptly.

Other counter products are — RADIATION COUNTERS which resolve rep-
etition rates of well over 2.5 microseconds; PREDETERMINED COUNTERS
using several decades for control of industrial processes requiring a
rapidly repeated cperation to occur after a predetermined number of
counts; COUNTER CHRONOGRAPHS for measuring projectile velocities to
accuracies of one part in 10,000; INTERVAL GENERATORS that generate
a predetermined time interval from 10 microseconds to 10 secends in
999,999 steps of 10 microseconds.

136-56 ROOSEVELT AVENUE FLUSHING, NEW YORK
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Resistant to moisture and humidity /
changes, Phenolite used as stator insula-
tion helps this radio condenser perform
uniformly under varying climatic
conditions.

‘/// // | /'/ / ///// /
 Low moistﬁre/ub{orption of
/' PHENOLITE improves

/. performance of your product

/ In the electrical industries, Phenolite laminated
Bakelite finds widespread use because of its ex-
treme resistance to moisture and changing
humidities . . . its ability to reduce dimensional
changes and variations in electrical properties
to a minimum.

/
4

This desirable quality accounts for its use
where a tough, machinable insulation is de-
manded. But, because of its rare combination of
outstanding properties, it is also readily adapt-
able for many more industrial applications. Light
in weight (about one-half that of aluminum),
it is exceptionally resilient and high in impact
strength . .. is resistant to abrasion . . . possesses
good machinability . . . resists heat and moisture
. . and is not affected by solvents and oils.

Find out now some of the many ways this ver-
satile material may serve you profitably in your
peacetime plans and products. Write for full in-
formation and the
trained engineers.

nce of one of our

NATIONAL VULCANIZED FIBRE CO.

Offices in Principal Cities Wilmington 99, Delaware
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CALIYORN 1A

Signal Electric Company
336 South San Pedro Street
Los Angeles. Californic
At M. W. W. Brunick
‘Tel.. Michigan 6314

COLORADO

A. ]. Nelson Company

Box 2244

Denver. Colorado

(Also covers N- & S. Dakotad. wyoming,
Nebraska, Nevadd, Utah, Kansas.,
Arizona & New Mexico)

CONNECT!CUT

Industrial sound & Electronics Corp.
333 Trumbull Street,
Harttord 3, Connecticut

(. Mr. A K. Staunton. President
Tel.: 2.3121
(Also covers Rhode Island and
Western Massachusetts)

GEORGIA

Walter V. Gearhart

1067 Stovall Bou\evard, N. E.
Atlantd. Georgia

Tel.: Cherokee 5836

(Also covers Alabamd. Florida, No. &

So. Carolind, MississipP? & Tennessee)

JLLINOIS

Harry Halinton

§12 North Michigan Avenue
Chicago 1L Tllinoie

Tel.: Sup- 0796

(Also covers Towd: Minnesotad, Wwiscon-
sin, Northern Michigan & Lake
County. Indiana)

ROCKE XNTERNATIONAL CORP., 13 East 40th St.. Ne or!

unications relative 10 pusiness outside of
nada shou d be uddxessed to our Export Representmi
New Y

Meet your
UNITED C
Dol gINEP.HONE

We ar
e proud of
tatives our Manufacturers’
) ers’ Repres
en-

They a
re als
ready to adﬁ; competent Electronic Engi
of Electronics al_'ld co-operate on the a ?lne.ers
to industry. Present y o
our problem

to your

nearest re

prese i

prompt attention. ntative. It will receive

[NDIANA PENNSYLVANIA

Law Instrument Company james T. Castle

Box 95 424 First Avenue

Angold, Indiand P‘msburqh 19, Pennc.

Att.. Mr. Ted Law Tel.: Court 1957

Tel.: 408 (Western Pennd. and all Wwest virginia)

All Indiand except Lake County- (Also

Southeast Michigan & Northwest Ohio.) Mr. He‘ben K. Neuber
1207 Race Street
Philadelphic 7, Pennd

MASSAC“USETTS Tel.: Spruce 2125
f = Eastern Pennd. (Also, Delaware. Marylund
Holliday Hathaway Sales Company Bas e outhern (B ersey)

176 Federal Street

Boston, Massachusetts TEXAS
i Honcock 9240 Eaward F. Aymond Company
(Eastern Mass.. and all of Vermont. 3235 McKi A
New Hampshire and Maine) cKinney venue
Dallas 4. Texas
Tel.: Lakeside 1022
M‘CH‘GAN (Also covers Arkansas. Louisiand.

Carman Adams Oklahoma and Northern Texas)

15476 James Couzens Highway .
Detroit, Michigan ?:f;uggxf (;‘:;t Company
Tel.: University 3.9100 Corpus Christi, Texas
Southern Michigan At Mr K K' Kalb

Tel.. 1305
MISSOURX (Southeastern Texas)
Mr. Carl P. Lohr WASH!NGTON

5579 Pershing Avenue Jos. 1. Backer Company
st. Louis 12, Missourl 2321 Seco .4 Avenue
Tel: Rosedale 0150 Seattle 1. Washington
(Also covers southern 11linois) Att.: Mr. Jas. % Backer
Tel.: Main
(Also covers Idaho, Montand, Oregon.,
NEW YORK British Columbia and Alaska) &
Kahant Associates
11 Park Place CANADA
New York. New York Frederick C. Baker Company

Att.: Mr. E. M. Squire 229 Yonge Street
Tel.: Courtland 7.5326 Toronto 1. Canada
Tel.: Elgin 4525

(Covers eastern New York including the
counties of Onondagd & Northern Jersey) (All Canada but British Columbiu)

the United States
ves:

k 16, N. Y.
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UNIT
ED CINEPHONE CORPORATION

20 NEW
LITCHFI
E
LD STREET, TORRINGTON, C
. CONNECTI
CuUT
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Here’s the easiest way to get

10 WATTS OUTPUT at 156 Mc!

Build your Xmtr around
HK- 246 Gammarrons

JAN 3C24

Designing transmitters for the 152 to 162
megacycle region can be greatly simplified
through the use of HK-24Gs. In the circuit
below one of these tubes produces 10 watts
at 156 Mc; more than ample to excite a
pair of HK-257Bs in a 400 watt final.
These eficient Gammatrons, with low
inter-electrode capacities and short plate
and grid leads, are the answer for those who
are engineering 1.9-meter equipment for
railroads, police point-to-point, fire, press
or broadcast relays, maritime, geophysical,
urban telephone, and experimental use.
They are also ideally suited for amateur
transmitters on the 144-148 megacycle band,
authorized as of November 15. :
Not only will HK-24Gs do the job, but
they will do it at low cost. Made with tan-
talum elements, without internal insulators,
they can withstand heavy overloads and
have a long operating life. And they are
offered at a new low price made possible
by improved production methods.
HK.-24Gs are available now in quantity
. and are one of Heintz and Kaufman’s
standardized types. Maximum plate dissipa-
tion 25 watts. Write today for data.

HEINTZ ano KAUFMAN t1o.

SOUTH SAN FRANCISCO - CALIFORNIA
EXPORT AGENTS: M. SIMON & SON CO., INC., 25 WARREN SIREET, NEW YORK CITY, N.Y.

COMPONENT PARTS FOR WIRING DIAGRAM

C1-35 mmid. R7-100,000 ohms, ¥ woh
C2~250 mmid. R10—15,000 ohms, 2 watts
C3, €, C7, Ca, Cs, €1z, €13, RFC1-2.5 mh.
€14~.002 mfd. RFC2,
C5—50 mmid. RFC3—Hf choke, approx. 50

turns No. 32 on 14" form.
MA1-~0-100 ma.
MAz=0-25 ma.

Cs—APC 100

Cig, €11, C15, €
APC 25 mmid.

ELECTRONICS — November 1945
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Ci6, Cig, C22—100 mmid.
Ci9, C20—250 mmid.
C21—-15 mmid.
R1-100,000 hms, ; watt
R2-200 ohms, 1 wott
R3-10,000 ohms, 1 wott
R4=250,000 ohms, 1 wott
Rz, Rg—-500 ohms, 1 watt
Re, R9—20,000 ohms, 1 wott

X1—-3.5 Mc. crystal

Li~19 turns No. 22 DCC %"
form

Lo—7 turns No. 1 4 enamel,
/16" dia. Langth %" oir, link

La coupled to Lz with one turn,

La=6 turns No. 14 encmel, dia.
%", length 714" air, induc-

Ls fively coupled on some axls.

Le—4 turns No. 12 copper, dlo.
%", length %"

Note: Grid and plate by-passes on driver and doubler final
should be returned directly to tube cathode. All jocks ore

closed circuit jocks.
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mitters, keeping close to the battlefronts in
the European and Pacific theatres, carried
more than 15,000,000 words of news direct

to America during the war.

|as follows:

Press Wireless 400/600 watt radio trans- 'mh

iy |
!
Ser ]
Sent i
Allg. 22

Installed in U. S. Army
trucks which rolled with the
troops to victory through
Normandy, France, Bel-
gium, Holland and Ger-
many, Press Wireless

1 “Fighting 400's” withstood

the rigors of thousands of

i miles of rough travel and

maintained the highest
average transatlantic radio
transmission speeds ever at-
tained by transmitters of
this type.

In the Philippines, an-
other Press Wireless 400.

————————————————
ithe ¢oml
|be il of group 3 member banks of

Plans to Call Pro{erred
The td:5.C:

outgtanding «harev
ble preg -
démg e L
o " RADIC

-

® Continuous Coverage—2,100 to 18,000 kilocycles

® Automatic Carrier Control for remote operation

® “MODUPLEX"” * —simultaneous AM and FS modulation
@ Flat A-F Response—150 to 10,000 c.p.s.

® High-speed Keying—electronic, frequency shift or relay

® Power Requirements—90/130, 200/240. volts;
40/60 cycles, single phase

*TRADE MARK

72

REete,

will call 20,000 a,ﬂare of 1Ls 41 669

FRANSMITTER T 4CM1

©® 400 watts—radiotelephone
® 600 watts—radiotelegraph

&
n
v,
1

¢

operating as a fixed station,
performed with equal bril-
liance in transpacific duty.
The 400’s were also used for |
voice and radiophoto trans- :
mission across the oceans.|

The dependable operation |§
of these units near the bat- ;
tlefronts and often under
adverse conditions reveals
the degree of serviceability
built into the entire line of &g
Press Wireless communica-
tion equipment...now avail-i§
able for commercial instal-
lations.

ttee, which flemCINg y

Bank, comprising Jg
nﬁtk oort i 20

PRESS WIRELESS, e

Executive and Sales Ottice 1475 BROADWAY, NEW YORK 18
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DO YOU HAVE A ‘Boudseliree’ PLASTICS PROBLEM?
Look inls 4

LUMARITH XF

FORM RETENTIVE, _ ;
FLAME RESISTANT :
high acetyl cellulose acetate

Fluorescent lighting fixture
part, molded by Bryant
Electric Co.

Here is news of importance to manufacturers and designers who want
to retain these thermoplastic advantages for their product: high-speed-
moldability . . . toughness without fillers . . . surface permanence . ..

economical production.

LUMARITH XF SERIES OF THERMOPLASTIC ness of the cellulosics tremendously —particu-
MOLDING MATERIALS, a new Celanese devel- larly in the electrical and allied fields where
opment, is providing the answer to many “bor- flame resistance and stability under load and
derline” plastics molding problems. These heat are of prime importance.

formulations are rated self-extinguishing when If you are planning a product that you feel
tested according to ASTM method D 635-41T, could be improved or more economically pro-
and show excellent form retention when sub- duced by thermoplastics, get in touch with the
jected to heat and humidity. Giving high val- Celanese technical service staff for complete
ues for flexural and tensile strength, they offer  data on this new Lumarith plastic. Celanese
Y, greater resistance fo cold flow than stand- Plastics Corporation, a division of Celanese
ard formulations of cellulose acetate. Corporation of America, 180 Madison Avenue,

In the short time since its introduction, New York 16, N. Y.
Lumarith XF has broadened the field of useful-

A Coltrecoe” Flaotec
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STANDARD PARTS—SAVE TIME AND MONEY

ISAVE

For many years

Avutomatic has manufactured

Coils and Trimmers for manufacturers.

Our mass-production methods
will save you money and headaches.

Order your Coils and Trimmers from
people who "know how"’.

—
7IvTOMATIC

MANUFACTURING

\, € O R P O R AT I ON

MASS PRODUCTION COILS & MICA TRIMMER CONDENSERS
900 PASSAIC AVE o ———m———-"  EAST NEWARK N

e = - . e Lo 28
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THERMATRON electronic heat generators are manufactured by

a company which has made important contributions to the science of industrial electronics.

THERMATRON electronic heat generators are available in a size
for every application involving non-metallic materials. They are ruggedly built to deliver

consistent operation under exacting production standards.

THERMATRON electronic heat generators can help increase your
output — lower your production costs — minimize rejects . . . and yet, they need no experi-
enced help to operate them efficiently.

““The HEATMASTER" “The WELDMASTER"' ““The HEATMASTER, JR.”
Type K-5—5 KW. output. Type K-1 —1 KW. output. Type K-3 — 22 KW. output.
For plastics, sealing and other For sealing, laboratory or For pre-heating plastics,
production purposes. general purpose uses. sealing, laboratory or gen-

eral purposes.
Ihermatron PLYS SERVICES
Field engineers supervise THERMATRON engineers Periodic check-ups are Write for new circulars—"Electronic Heat-
installation of wunits with- assist you on the salutian made, ond emergency ing with the Thermatron' —ond —"'Elec-
out odditional charge. ta applicotion problems. service is available, tranic Heat-Sealing of Thermoplastics™.

RADIO RECEPTOR COMPANY, Ix~c.

231 WESNT 18th STREET NEW YORK 11. N.Y,

Cof
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The Model F Lathe
Maximum length overall, 39"
Spindle hole diameter, 1-5/16"

Fii fi . a

The Model HS Lathe
Maximum length overall, 6325
Spindle hale diameter, 25"

The Model EE Lathe
Maximum length overall, 84"
Spindle hole diameter, 324"

GLASS
WORKING
LATHES

Litton Glass Making Lathes were developed for

the purpose of bringing precision in glass to the
vacuum tube industry, but applications outside of
this industry are equally benefited.
Litton glass working equipment has been used by major oil
companies in the fusing, shaping and building of glass oil instal-
lations. They have also been used in the Chemical, Physical and
Metallurgical laboratories of large universities, and in private
and industrial and government research organizations. Also by
manufacturers of scientific glass apparatus, optical equipment,
precision instruments, glassware and thermal containers.
Ranges of work vary from .020 to 35. inches in diameter.
Wherever glass precision and production are important Litton

equipment should be used. Send for catalog,

7

ENGINEERING LABORATORIES
REDWOOD CITY, CALIFORNIA, U.S. A.
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RADIO’S MASTER
TELLS YOU:

fffff P What

the product does, its speci-
fications, comparable and
competing items . . . Thou-
sands of illustrations . . .
Data covers 90% of all
products in the industry,
each item indexed and
cross indexed.

Who

makes it. Directory of
manufacturers alpha-
betically listed, with
page numbers for
instant reference.

mdrb/"
Prices on thousands of

items, all clearly catalogued
for easy buying.

you can get it. Your
nearest sources that can
supply your radio and elec-
tronic requirements. Saves time

This valuable, 800 page source book, contain- -
. . . Eliminates bulky files.

ing practically all the data you'll ever need on
parzs and equipment, sells regularly for $4.50.

It is available FREE of charge (and without
obligation) to Engineers and Purchasing
Agents connected with industrial organizations,
laboratories, schools, government agencies, etc.

Jobbers all over the country now have limited
quantities of RADIO’S MASTER for FREE
distribution to authorized Engineers and
Purchasing Agents.

YOU'LL FIND
iIT FASTER IN
S

Write us promptly on your business stationery RADIO'S MASTER

and we will send you a list of the JOBBERS

in your area who have RADIO’S MASTER
available for you. e U N I ;rUEB Pls HERQ TNAC L 0 G

106 Lafayette St.* New York 13, N.Y.
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Thin case contour hardening of gear teeth with controlled depth of
hardness has been made possible by the use of MEGATHERM in-
duction heat.

The hardened surface completely follows the tooth and root contour
of the gear with the core still in its original state, as shown plainly by
this microphotograph. This 0.005 case was applied to gears of 24 1. P.
—51 teeth—2.125 };’ D.—2.208 O.D. and S.A.E. 4140 steel in.1/4 of
1 second with a 25 KW MEGATHERM — 5 megacycle energy doing
the job.

These long wearing contour hardened gears become Seotug
an automatic production item with MEGATHERM.

Write today on your company letterhe4ad for data on ";.,,o ";
MEGATHERM. 2=

\-.,;1;;} Newark 1, N. J.
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1980 FPRANIRS |

Power Distribution.
ic Reproduction.

JENSEN RADIO MANUFACTURING COMPANY * 6607 SOUTH LARAMIE AVENUE, CHICAGO 38, ILLINOIS
IN CANADA—COPPER WIRE PRODUCTS, LTD., 137 RONCESVALLES AVENUE, TORONTO
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i FERRANTI DIVISIONS OFFER
'"OW 3 - LOW COST rrobucrs

Rt FERRANTI HIGH QUALITY

~ TRANSFORMERS

AUDIO AND POWER TRANSFORMERS
~ CHOKES - FILTERS - COILS - ETC. ETC.
STOCK UNITS
" HERMETICALLY SEALED — CUSTOM BUILT
LARGE OR SMALL QUANTITIES

FERRANTI HIGH QUAILITY

WIRING & ASSEMBLIES

ELECTRONIC AND MECHANICAL ASSEMBLIES
SUB-ASSEMBLIES - COMPONENT PARTS

FERRANTI NOW OFFERS
THE BENEFITS OF WAR-GAINED EXPERIENCE
ON ALL TYPES OF
ASSEMBLY JOBS — LARGE OR SMALL

FERRANTI HIGH QUALITY
SHEET METAL & BAKELITE

FABRICATION

FROM SHEETS, RODS AND TUBES —PANELS
B | CASES, TERMINAL BOARDS, RACKS, CHASS'S, ETC.

CUT — PUNCHED — DRILLED — ENGRAVED
FINISHED TO SUIT YOUR NEEDS

T

, _QSZL}TY—— AT LOW COST .. PROMPT DELIVERY
FERRANTI ELECTRIC, INC. « RCA BUILDING

NEW YORK 20, NEW YORK
SEND US YOUR SPECIFCATIONS FOR IMMEDIATE ATTENTION

Q.

0
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AH Drivér-Hartfs resistance
alloy wires can be supplied
ta you with any of these indi-
vidual types of insulation either
in single or multiple coatings-ar
in various combinations to meet
special requirements. ;

The soools of D-H wire illustrated-are
insu'ated as follows:

}=Formvar Enamzl Coated
2—Double Cotton Covered
3—Double Enamel.Coated
4—Doublz Glass Coated
5—Single Silk Covered
&€—Double Silk Covered ‘
7?—Enamel Coated
€—Resin Over Glass Coated
9—Single Cotton Covered %

\‘ | / ¥ ; . - e —

Additional technically advanced insu- §
laticns now in research will be added
to this list. Send us your specificatiors.

Driver-Harris
COMPANY

HARRISON, N. J.
*Tradz Mark Reg.

Branches: Chicago . BDetroit » Cleveland g 5. Pot Off
Los Angeles « San Francisco .+ Seattle

Famous for NICHROME®

WWW.americanradiohistorv.com
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Mica Insulation ?

Actually, there’s nothing new about mica as a
raw material. It possesses all the best qualities
required of electrical insulation. And we use
the same six grades of raw mica that we used
over 50 years ago.

But there are many new things that we do
with mica that make it an economical insula-
tion to use over a wider range of applications.
After mica is classified, split, built-up, and
combined with other modern materials, new
physical and electrical standards are provided.
It is because of the improved standards that
rotors and stators insulated with the Fiberglas*
and mica, for example, can now withstand
temperatures in excess of 250°C.

The proper selection of insulating materials
including pure and built-up mica, laminated
plastics, varnished fabrics and paper, insulat-
ing varnishes and compounds, is one of the
most important considerations in the design
and manufacture and performance of electric
and electronic equipment.

Because Mica Insulator Company produces
a complete line of insulation materials, you
can obtain unbiased recommendations that
will help solve your insulation probiems.

SALES OFFICES:
BOSTON - CINCINNATI + CHICAGO o CLEVELAND

DETROIY . HOUSTON . LOS ANGELES
NEW YORK . SAN FRANCISCO . SEATTLE
FACTORY:

SCHENECTADY, NEW YORK

%Reg. Trade-Mark Owens.Corning Fiberglas Corp,

MICA %M

Motor-generating set made by Hanson-Van Winkle Munning Co.,
utilizes Mica in the commutators, Micanite V-rings, Empirecloth and
tape, for dependable insulation. The twin-commutator generator is
rated 20,000 amperes, 9 volts.

Cable wrapping machine in the plant of Collyer Insulated Wire Co.,
Inc., utilizes Empire straight-cut cable tape in the manufacture of
their heavy-duty cable.

COMPANY

200 VARICK STREET, NEW YORK 14, N. Y.

ELECTRONICS — November 1945
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If your product requires electrical wiring—
you'll find Whitaker to be a dependable
source for WIRING HARNESSES . . .
BONDING JUMPERS. . . CABLE ASSEMBLIES
... CABLES or TERMINALS.

We are wiring specialists — and you
have everything to gain by utilizing the

full benetits of our 25 years of experience,

Doce Your Product Reguine Electrical Wening?

. arE
p
ot

WHITAKER -

7

our ample engineering and production
facilities, trained manpower, exacting in-
spection, and the economies resulting from
our use of modern methods, and special
equipment...In addition to an engineered
wiring service, Whitaker also offers a qual-
ity line of standard cable products. We

cordially invite you to write us.

WHITAKER CABLE CORPORATION

General Offices: 1307 Burlington Avenue, Kansas City 16, Missouri
Factories: Kansas City, Mo. ¢ St. Joseph, Mo. » Philadelphia *« Oakland

November 1945 — ELECTRONICS
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5 FOR ALL CIVILIAN USE...

S Ol Al LT L

MILLIAMPERES

Zz
D'RECT CURRENT \5\

«+.... AT NO MORE COST THAN
STANDARD UNSEALED INSTRUMENTS

Marion Glass-to-Metal Truly Hermetically Sealed

2'2" and 3'/2" Electrical Indicating Instruments

Write for our 12-page brochere

MANCHESTER, NEW HAMPSHIRE

(\7) MARION ELECTRICAL INSTRUMENT (0.
] :

LXPORT DIVISION » 458 BROADMWAY « NEW YORK: 13, N. ¥, U. S. A + CABLES: MORHANEX
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Western Elecfric

FM Frequency Watchman -
provides split-second control

Let him show you
what we mean!

With the Frequency Watchman on guard,
stability of the Western Electric Synchro-
nized FM transmitter is governed by the
stability of the low frequency crystal,
which varies less than 25 cycles per mil-
lion for an ambient temperature range
from 40° to 130° F. To demonstrate this
split-second control, let's take an extreme
case with o for greater deviation than
would occur when the transmitter is on
the air.

ACTUAL ASSIGNED
FREQUENCY FREQUENCY

ZERO HOUR: Starting up after a shut-
down, transmitter moy be 3000 cycles
above or below assigned frequency. Fre-
quency Watchman goes to work.

ZERO PLUS 6/10 OF A SECOND:
The Watchman-—inthe fractionofasecond
—has reduced deviation to 2000 cycles.

TUCKED away inside every Western Electric FM transmitter is the F requency
Watchman, a super sentry who maintains continuous and accurate control of the
transmitter’s mean carrier frequency. Comes the slightest frequency deviation and he
corrects it quietly and efficiently. He works so fast that even in the extreme case shown
at the left, the correction is made in a few seconds. He is always on the alert, help-
ZERO PLUS 3 SECONDS: Frequency }ng to make Western Electric FM trfmsmltt.ers the easiest to control and operate. He
Watchman has now brought actual fre- is another reason why more stations will choose

quency to within 400 cycles of assigned Synchronzied FM.
frequency.

For the full story, send for your copy of the illus-
trated booklet, "The Frequency Watchman.” Just
drop a line to Graybar Electric Co., 420 Lexington
Avenue, New York 17, N. Y.

On Frequency

ZERO PLUS 6 SECONDS: Transmitter Buy all the Victory Bonds you can

is on its assigned frequency and the —and keep them!
Watchman will hold it there.
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Only
Cornell- Dubilier
could build
this Giant

Tank Capacitor

When an unusual problem in No matter what kind of capaci-
capacitors arises, engineers think tor you require, C-D can design
first of C-D. A case in point is and build it for you. Discuss
this giant mica tank capacitor your capacitor requirements
for a transoceanic transmitter. with our engineers. They will
It is now in use and combines welcome the opportunity to help.
space - saving design with the Cornell-Dubilier Electrie Corpo-
capacity of much larger units. ration, South Plainfield, N. J.

FROM THE LARGEST TO THE SMALLEST — WE MAKE THEM ALL

Other plants at: cnnNEll-nunlllin

New Bedford, Brookline, Worcester,

First in Quality c APAC““RS
Mass. and Providence, R. I. ' '

MICA . DYKANOL . PAPER.«  ELECTROLYTICS
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Elim-0-Stats

CUT RADIO NOISE IN:
+ Vacuum cleaners

+# Refrigerators

+ Power tools

i Electric shavers
# Washing machines
Vibrators

- Sewing machines
#% Food mixers

v Floor waxers

% Electric trains

> Kitchen ventilators
% Oil burners
% Stokers

No QUESTION about it — your big money in sales is
coming from appliances that won’t set up local inter-
ference in radio and television receivers.

When the big rush for the new radios begins, your
customers —better informed than ever before—are
going to demand noise-free performance in shavers,
vacuum cleaners, oil burners, refrigerators, mixers —
in all motorized appliances. You can count on that.

And you can count, too, on your share of the long
pent-up appliance business by making sure every
motorized appliance you sell is equipped with a Solar
Elim-O-Stat. Submit your particular appliance prob-
lem now to the Filter Division, Engineering Dept.

s WEST N.Y. BAYONNE gl
PLANT PLANT o ©

A TOTAL OF TEN
ARMY-NAVY EXCELLENCE AWARDS

SOLAR MANUFACTURING CORP.
285 Madison Avenue °* New York 17, N. Y,
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THE GERMAN ECONOMIC PEACE
HARD, SOFT...or WORKABLE?

tered in spelling out the detailed terms of the German
economic settlement.

The problem is exceedingly complex. The German
economy is more or less inextricably bound up with the
economy of continental Europe. Before the war that area
—excluding the United Kingdom, Ireland and Russia—
accounted for approximately one-fourth of the world’s
production, and for more than thirty-five per cent of
world import and export trade. Germany’s production
constituted almost one-third of the output of continental
Europe. It is obvious that the decisions we make now
concerning the future German economy will exert pro-
found influence not only upon the economy of Europe
but also upon that of the world. It is clearly not prac-
ticable to plan for an expanding world economy unless
provision is made for Europe generally to share in the
development.

Despite the magnitude and complexity of the problems
involved, it is crucial that we and our Allies come to swift
and decisive agreement. Such agreement is important
both to world economic reconstruction, and as a demon-
stration that those who won the war can reach accord on
the terms of world economic rehabilitation.

We shall accomplish little if we continue to debate in
terms of adjectives. Yet most of the public discussion to
date has centered around whether or not the economic
settlement with Germany should be hard or soft. To make
progress we must focus instead upon objectives. A good
program is one that will promote our objectives—a bad
program is one that will not.

IT is not surprising that difficulties are being encoun-

What Are We Trying To Accomplish?

Upon the economic objectives of the German peace
settlement there is little fundamental debate. This is
demonstrated by reference to a number of documents of
recent release—the United States Directive to General
Eisenhower of April 1945, the Report of the Tripartite
Conference at Berlin of July, the Report of the American
Advisors to the Office of Military Government of Sep-
tember. The latter document stresses fundamental diffi-
culties in developing a practical program for carrying
out the objectives of the other two, but it does not ques-
tion their formulation of aims.

What are the objectives that we are seeking to forward:

1. The disarmament of Germany.

9 The elimination of German industries devoted pri-
marily to armament production.

3. The assessment of reparations to compensate those
nations which have suffered losses from German ag-

gression through direct war destruction and through
the German policy of confiscating industrial equip-
ment to her own use.

How Far Are We Agreed on Procedure?

There is also a wide measure of agreement upon de-
tailed procedure for carrying out these objectives. No
one, of course, questions the policy of confiscating
German arms. Equally, there is agreement that German
industry devoted directly to the production of war equip-
ment should be confiscated or destroyed, and that con-
trol measures should be instituted and sustained to
prevent her from reconstituting such industries in the
future. Since it is not practicable to prevent aircraft pro-
duction and shipbuilding from being diverted to military
use, these industries are included in the armament cate-
gory. And similar reasoning generally extends the list
of prohibited industries to ball bearings and abrasives.

There is an additional category of German production
which all of the Allied powers agree should be uprooted
and permanently barred. It embraces all economic activ-
ity which prewar Germany cultivated on an uneconomic
basis through subsidy and other protection for the prime
purpose of developing a self-sustaining economy to sup-
port aggressive war.

The major elements in this category are not difficult
to define. A great German industry for the synthetic pro-
duction of gasoline and other oil products from coal never
operated upon an economic basis. The cost of such fuel
products to prewar Germany averaged almost four times
what it would have cost her to buy petroleum products
in the world market. It is doubtful whether these plants
could be operated postwar at a cost much below three
times the world market price for competing petroleum
products.

A similar situation applies to German synthetic rubber
production. In an attempt to free herself at least partially
from dependence upon supply lines, she produced syn-
thetic rubber at a cost at least double the world market
purchase price. Similarly, she protected or otherwise
subsidized a considerable agricultural production, par-
ticularly in grains, for which her lands were so ill suited
that Germans had to pay for German-grown wheat from
three to four times the world market price.

These are merely outstanding examples. The main-
tenance of such activities in Germany constituted a drain
upon the German economy rather than an advantage
other than that of preserving a self-sufficiency necessary
for war. Hence their elimination is clearly indicated, and
generally subscribed to, though the job of defining a com-
plete list is far from easy,
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What Is The Area of Dispute?

Unfortunately, this total catalogue of agreed-upon
measures is not sufficient to provide either adequate
security against a resurgence of German militarism or
satisfactory restitution to her European neighbors for
Germany’s ruthless destruction of their industrial plant
and equipment. To serve these two ends it is necessary
to cut down the margin of German dominance in heavy
industry—in steel, in electric power, in machine tools,
and other industrial equipment. Unless such steps are
taken, Germany will emerge from the war with sufficient
industrial power to provide a continuing and perhaps
uncontrollable military threat; and we should be per-
petuating a dominance that was developed, as a matter
of German strategy, far beyond the requirements of her
civilian domestic markets or the export potentials of
normal trade.

German steel capacity was built to a wartime peak of
twenty-four million tons a year. Before the war she had
accumulated a store of machine tools greater than that
of the United States, and her present stock of some four
or five million tons of such tools is second only to ours.
There is little debate over the necessity and justice of
cutting down the margin of German dominance in heavy
industry, particularly since it was built to its current
levels through aggressive economic warfare to serve as
an instrument of actual warfare. It is recognized, too,
that in this sector of the German economy will be found
the most useful reparations in kind for the countries
damaged by German aggression.

The question is how much heavy industry and electric
power equipment should be taken from Germany and
transferred to others. The Russians, having experienced
colossal war damage, are demanding very severe assess-
ments. They talk of reducing postwar German steel
capacity to three million tons annually.

The United States inclines to assessments in this field
of less extreme dimension—we have suggested leaving
in Germany an annual steel capacity of from seven to
ten million tons. We naturally are concerned lest action
be taken that will cause a complete breakdown of the
German economy. If this should happen while we main-
tain occupational forces there, we should feel responsible
for seeing that the Germans within our jurisdiction are
provided with at least the means for subsistence. Further-
more, both we and the British know that in the long run
our peoples will not support control measures over Ger-
many which go beyond our concepts of reasonable fair-
ness consistent with security requirements.

It is no part of our intention, as has been suggested
by some, to provide for a German economy that will
serve as a buffer against Russian expansion. We know,
however, that our weakest course would be to commit
ourselves now to continuing control measures which our
people would later repudiate as falling outside demo-
cratic concepts of justice. On this issue we cannot, and
should not, compromise.

How Can We Resolve Our Differences?

The best chance for resolving the differences which
have appeared between the Russian position on the one
hand and the American and the British position on the

other lies in making a sharper distinction than has ap-
peared in current discussion between long-term and
short-term control decisions. All of us are agreed upon
the policy of wiping out German military production and
that part of German economic activity which has been
run at economic loss to provide for a national self-suffi-
ciency useful only for war purposes. But we are unwill-
ing to enter into long-term commitments for holding
down those parts of the German economy that do not
constitute a war threat. That would unduly penalize
future generations of Germans and drag down the whole
economy of continental Europe.

»

It should be possible to reach agreement that measures
for cutting down German heavy industries and power-
generating facilities are immediate measures, and that
no attempt will be made to sustain such controls over
an extended period. If part of the German establishment
in these fields is transferred to countries whose manu-
facturing resources have been damaged by German ag-
gression, it can serve the purpose of effecting a reasonable
balance without destroying utterly incentives for a new
generation of Germans to improve by peaceful methods
their status in a peacetime world.

Such a program is consistent with the concept of build-
ing a healthy and balanced European economy in which
general economic interdependence provides one of the
essential safeguards against a resurgence of German mili-
tarism. We must still face the problem of agreeing upon
how far the non-armament segments of German indus-
try can be cut back at the present juncture without lead-
ing to disastrous breakdown with its resultant chaos.
Such definition, though formidably difficult, should not
be beyond the capacities of the nations whose combined
might brought victory, and who have the strongest of
incentives for devising a lasting peace.

The key to agreement lies in each of us doing his best
to understand the position of the other. Russia must
recognize that we cannot get our people to subscribe to
the permanent repression of a European economy which
would deny to millions of people any hope of normal
economic betterment. We should try to understand
Russia’s conviction that she is entitled immediately to
reimburse herself for her war losses by drawing upon
the German industrial establishment that still exists. It
will help to resolve our differences if we separate in our
thinking steps that require permanent controls from
those which are merely temporary expedients.

Neither of us will be forwarding our ultimate and com-
mon objectives if we impose controls that blight the
development of so large and important a segment of
the world as continental Europe. In such a blight lies
the germ of a Third World War.

President, McGraw-Hill Publishiﬁg Co., Inc.

THIS IS THE 41ST OF A SERIES
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THE COUNTERSIGN OF DEPENDABILIT
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NEW EIMAC 4-250A TETRODE

Heading a parade of sensational new tubes now in
production, the Eimac 4-250A Tetrode —introduced
several months ago —is alrecady in great demand. It
may pay to cbeck these performance characteristics
agalnst your aown rcqmrements.

As can be szen by the chart above, the new Eimac
4-250A Tetrode will deliver 750 watts output at fre-
quencies up to 70 Mc. with a driving power of only 5
watts. At frequencies up to 40 Mc. an output of 750 watts
may be obtained with a driving power of 3.5 watts.

The grid-plate capacitance of 0.12 wufd. is extremely
low, allowing operation at high frequencics without
neutralization. Use of Eimac X" process control grid
reduces both primary and secondary emission which
provides utmost stability.

You are invited to supplement the information given
here with a technical bulletin on Eimac 4-250A Power
Tetrode. It contains an elaboration of the tube’s char-
acteristics and constant current curves. Send your name
and address and a copy will go to you by return mail.

The Lid’s Coming Off...

Witch your fuvorite trade jorsnals
Sfor announcemenis of other new
Limactubes to be relewsed this year.

CAUTION! Check serial numbers
on Eimac tubes before you buy. Be
sure you're getting newest types,
Look for latest serial numbers.

FOLLOW THE LEADERS TO

EITEL- McCULLOUGH, INC., 1086 San Mateo Avenue, San Bruno, Calif.
Plants located at: San Brumo, California and Salt Lake City, Utah
Export Agents: Frazar & Hansen, 301 Clay St., San Francisco 1, Calif., U.S. A.

T

TYPE 4-250A—POWER TETRODE
ELECTRICAL CHARACTERISTICS

Filament: Thoriated Tungsten

Voltage 5.0 volts

Current . . . . . . 14.5 amperes
Plate Dissipation (Maximum} . . . 250 watts
Direct Interelectrode Capuacitances (Average)

Grid-Plate . 012 nufd.

Input a & . 12,7 nufd.

Qutput . . . . 4.5 nufd.

Transconductance (iB = 80 ma.,
Ee — 3000 v., Ec2 = 500 v.). 4000 #mhos

www americanradiohistorv. com
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Brains of Your Postwar Product—-
a Mallory Interval Time Switch

ERE’S a precision part—developed by Mallory for controlling automatic home
laundry equipment, washing machines and dryers — that seems almost human.

Controlled by a Mallory Interval Time Switcl, a piece of electrical or clectronic
equipment performs a pre-determined sequence of operations automatically. Simply
set a dial, and the machine’s “‘thinking” is done for it by the Mallory switch.

Construction of the time switch is typical of the precision workmanship for which
Mallory is noted. The small sturdy motor is sealed in oil—requires no lubrication.
Precision springs assure smooth mechanical operation, and contacts of a special
Mallory alloy have uniformly low electrical resistance. The entire switch is ruggedly
built for dependability and long life.

Manufacturers of industrial, electrical and electronic equipment . . . seeking greater
operating efficiency and output ... will find many uses for the Mallory Interval
Time Switch, as have makers of household appliances. The postwar trend to auto-
matic operation is evident.

Now is the time to discover how you can incorporate the “brains” of this switch in
your postwar products—for the greater efliciency thal assures greater
sales appeal. Consult Mallory while your designs are being planned.

¢ 4
P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA @
\

90 November 1945 — ELECTRONICS.
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CROSS

»TALK . .. In the Dctober issue of The American
Mdgazine, Paul A. Porter, Chairman of the FCC, has
an article entitled “Radio Must Grow Up.” In it
Mr. Porter comiments on the growing displeasure of
the listening public about the increasing blatancy and
poor taste of commercial announcements.

Because of Mr. Porter’s position, his interest in and
awareness of this attitude on the part of the public is
most encouraging. And because he mentions an inci-
dent occurring in the mountains of New Hampshire, a
locality with which we are familiar, a report on the
radio situation there may not be amiss.

In Mr. Porter’s ineident a famous scientist and his
friends listened to ar afternoon symphony with great
enjoyment only to have the music suddenly followed
by a “squalling, dissonant, nasty singing commercial.”
The scientist promptly threw out of the house the
products advertised by the commercial and vowed that
no more of the stuff would be permitted to enter. Sci-
entists, of course, are few and are probably not repre-
sentative of the people. On the other hand, the people
are not dumb. Onece you get away from the cities,
people become folks and you can get close to them.
You can find out, for example, how they feel about
things. In the mountains of New Hampshire people
listen to the radio but shut their ears to the plugs.
When asked what they think of the commercials, they
invariably say, “Aren’t they awful!”

So far as radio service is concerned, this part of
New England is poorly served. Field strengths are
not great enough to override static and man-made
noise. At dusk the best of the daytime stations are
badly garbled and scon disappear in a rush of distant
stations, few of which deliver good service because of
fading and general interference. WQXR, the old
standby for New York people who believe that radio
means musie, comes in well at first but birdies and
whistles finally get it down. At 8:55 WABC comes in
long enough to bring in comment-free news, thanks
to Quink and Johns Manville. As a matter of fact
WABC is the best GBS station heard. The radio prob-

TALK

lem is solved, however, by the Yankee Network f-m
station on top of Mt. Washington. Its signals are clear
and steady, free from noise and fading. It, however,
carries Mutual programs, and since Mutual seems
to have gone whole hog for talk programs there isn’t
much from Mt Washington for New England people
who believe that radio means music.

New Englanders are no better and no worse off
than the rest of the country when it comes right down
to programs. There simply is too much talk, not alone
advertising talk but all kinds of talk—program talk,
news comment talk, program notes talk, drama talk.
People here really want music and music is one of the
things that the broadcasters seem to be eliminating
from their programs. They even hire a good musician
like Oscar Levant and make him crack jokes!

It is just a hunch, but if the broadcasters did not
dilute their programs with so much other corny chatter
the bad taste of the advertising blah would be evident
even to the men who prepare it.

» PAPER . .. With the removal of the restrictions
on paper, ELECTRONICS’ first move was to add to its
circulation list the names of more than 5000 engineers
who have been patiently waiting, some for many
months, to get their first copies. The next step was to
improve the paper stock from 31l-pound to 40-pound
paper; in January the page size will return to its
old dimensions of 8% X 11% inches; and in the early
months of 1946 the paper will be improved again to
45 or 50-pound full coated stock.

Not content with these improvements, the editors
have determined to bring to the readers a rapid and
full report of wartime developments hitherto re-
sfricted. This issue, for example, contains a consider-
able amount of material which was unmentionable a
bare month ago.

And by the way, there are more editorial pages in
this issue than have ever appeared between the covers
of ELECTRONICS. As the months go by the readers will
have ample evidence that so far as this magazine is
concerned, the war is indeed over.
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Report on
 WARTIME ELECTRONIC

| DEVELOPMENTS

On the following pages, and continuing in succeeding months, ELECTRONICS presents a
g pag g g I

series of articles describing electronic systems, equipment and components developed dur-

ing the war, information on which the future course of the industry largely depends

N THE FOLLOWING PAGES, and in
I issues to follow, ELECTRONICS
undertakes its share of a huge
project: to acquaint industry with
the accomplishments of the war
period in its field.

For more than four years tech-
nical workers, backed by almost un-
limited resources, have researched,
designed, developed, and produced
all manner of electronic gear be-
hind closed doors. Information on
this vast effort has been inter-
changed only where the value of
exchanging ideas clearly out-
weighed the threat to military se-
curity, and then only between
groups working in similar equip-
ment. The radar specialists knew
little if anything of the plans to
use television in military opera-
tions despite the close relationship
between the two arts. Even more
remote was the group developing
the variable time (VT) fuze, a c-w
radar carried in a bomb or how-
itzer shell. Off in still another cor-
ner were the ‘“straight-communica-
tion” boys who did wonders to sup-
ply what the Army and Navy needed
above all, reliable radio contact be-
tween combat units and commands.
And among the most hush-hush
were the “rcm” (radar and radio
countermeasures) workers whose
business it was to fox and outfox
the enemy in his use of radio and
radar.

92

SCR-584 radar and RC-184 identification
equipment of Battery B, 5th Antiaircraft

Battalion. The radar (left, dug in) is the
10-cm 300 kw job which licked the buzz-
bombs. RC-184 (amtenna, right) transmits
pulses on a lower frequency to friendly
aircraft which retransmit a coded reply.
By this means the buzz bombs were sep-
arated from Allied fighters chasing them,
and in the end, 80 percent of the V-l's
were shot down by radar control

So it is that many technical work-
ers have been in possession of a
small part of a particular field, but
barred by security or lack of time
from other parts of the electronic
art. Material available for publica-

WWW americanradiohistorv com

tion has been scanty (but not en-
tirely so as the accompanying bib-
liography shows) and of theoretical
nature, especially on the topics of
greatest technical interest. Even
now many restrictions apply, but
present indications are that soon
all wraps will be removed from
most systems, equipment and com-
ponents developed for use in the
war.

That a good start has already
been made will be evident from the
following 26 pages, all of which
were assembled within six weeks of
the end of hostilities, The articles
cover a wide range. Radar assumes
a central position, as indeed it must
in view of the prodigious effort
expended on it. But interest is by
no means confined to radar. The
paper on the AN/PRS-1 mine de-
tector describes a remarkable de-
vice which saved untold lives, albeit
by a technical principle which is
even now very imperfectly under-
stood. The Loran navigation sys-
tem, one of the great American
contributions, is well known in fact
if not in name to listeners who have
tuned through the 160-meter ham
band since 1942. The ground-con-
trolled approach system for bring-
ing aircraft safely down through
fog has a bright future. The VT
fuze, whose vacuum tubes can stand
the shock of being thrown from a
gun with an acceleration of 20,000
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The radar equipment which produced this PPI picture of Manhattan Island and nearby

New Jersey (looking north) was still under development at the war's end. The resolu-

tion of the individual docks along the Hudson River, bridges, islands, ships. and even

railroad tracks (diagonal lines lower left) is made possible by the use of a wavelength
shorter than 3 c¢m

times gravity, is pure Jules Verne.

For those who like their radar
concentrated, the table under “Ra-
dar Specifications” is prescribed.
Somewhat more dilute, and perhaps
more generally informative, is the

description of the SCR-584, the
most versatile radar to be designed
by any of the warring powers and
the first S-band radar (10-cm wave-
length) to be described. The GCA
system also employs radar. All

these will be found in this issue.

This is merely a start. It would
be imprudent in a competitive world
to list detailed plans for future is-
sues. But assurances of early de-
classification of equipment by Air
Force and Navy, following the note-
worthy step already taken by the
Signal Corps, leave no doubt as the
general trend: airborne and ship-
borne radars to match the ground
radars here tabulated; shf com-
munication by pulses and other-
wise; television systems reduced to
the airborne, and even the bomb-
borne, stage; tubes for creating
more power at higher frequencies
than, perhaps, anyone can use for
a non-military purpose; test equip-
ment covering every phase of uhf
and shf technology; simple control
circuits for pilotless aircraft.

In short, after the famine, the
feast. It is the plan of the editors
to continue the ELECTRONICS War
Report for as many months as their
readers find it interesting. Material
is available, from among the radar
and radio equipment already declas-
sified, to fill extra columns for many
months. The editorial task is one
of selecting the more important
contributions and presenting them
lucidly. Suggestions from readers
concerning suitable material will be
gratefully received and carefully
considered,

RADAR WARFARE. . .. ... . cutieinenone s Ocdiober 1945, p 92

by electronics

ARTICLES ALREADY PUBLISHED

Technical and tactical factors behind the uses of the electronic device

CONTROL FOR FORMATION FLYING. . ... ........ October 1945, p 98
Accessory for C-1 autopilot permits effartless maneuvering
TECHNICAL BASIS OF ATOMIC EXPLOSIVES. ... .. October 1945, p 109

Production and use of urunium-235 and plutenium

WIRE SPLICE DETECTOR. ... ........¢. ... September 1945, p 98
Detects discontinuities in dield wire laid from C-47 transport at 125 mph

THE SCR-~268 RADAR. . . ... oo viiiinn e September 1945, p 100
Unit designed to direct enti-aircraft searchlights and guns

MOCTOR NOISE UNIT FOR TRAINER. ... ........... August 1945, p 96
Noise resembling that of airplane motor is produced electronically

THE RADAR EQUATION. .. . ... ... ... eennn April 1945, p 92
Power and sensitivity are related to distance and size of detected object

THE K-8 COMPUTING GUNSIGHT. ... ........... January 1945, p 94
New servo automatically provides correct deflection to insure hits

AUTOMATIC MAP TRACER. . . ................ November 1944, p 94
Army's land equivalent of blind-flying apparatus

ARMY RADIO D-F NETWORKS. ... ........... November 1944, p 118
Signals from lost aircraft are utilized to establish position

ELECTRONIC AUTOPILOT CIRCUITS. ............ October 1944, p 110

Amplifier unit energizes servo motors in response to gyro-produced signals

ARMY AIRWAYS COMMUNICATIONS SYSTEM. ... .. August 1944, p 98
Army Air Force affiliate points the way for post-war air travel

NEW ENEMY RADIO EQUIPMENT. ... ............. July 1944, p 132
Analysis of German and Japanese sets manufactured in 1943

FUNGUS-PROOFING PROCEDURE. . ... ............. June 1944, p 92
Discussion of fungicides used in tropicalization of military equipment

TURBO REGULATOR FOR AIRPLANES. ... .......... Moy 1944, p 108
Provides constant power condition for each engine at ony altitude

JAP RADIO EQUIPMENT. ... ... ... ... .. oucus May 1944, p 126
Detailed description of the Model 13 high-frequency command set

GERMAN VHF COMMAND SET. . .. ................ April 1944, p 132
Detailed description of the FUG-16, operating in the 38-42 mc band

CAPTURED AXIS EQUIPMENT. . ... ... ........... March 1944, p 94
German FUG-10, used in bomber and reconnaissance aircraft

SUPPRESSING JEEP RADIO NOISE. . .. ......... December 1943, p 96
Body bonding, filtering and tests

ELECTRONIC MEGAPHONES. ... ............ November 1943, p 125
Vacuum-tube amplifiers aid Navy vessels on convoy duty

RADAR DEVELOPMENT. . ... ... ... ... means June 1943, p 274
Official U. S. and British releases covering the early work

ELECTRONICS IN THE NAVY . ... ... ....... S—— April 1943, p 72

Naval uses, plus outline of organization under Bureau of Ships
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'THE LORAN SYSTEM..Part I

Pulsed transmissions on 1700-2000 ke provide precise over-water navigation for ships

and aircraft at distances up to 1500 miles from shore-based stations at night, or 750

miles by day. Operating principles of the most important long-range navigation system

to come out of the War

ORAN (from Long Range Navi-
L gation) is a system of radio
navigation which permits the navi-
gator of a ship or an aircraft
to determine his position with an
accuracy not worse than 15 miles at
a distance of 1500 miles from shore.
It is one of a family of systems,
known as “hyperbolic navigation
systems”, which measure the rela-
tive time of arrival of two or more
radio signals sent synchronously
from known points.

Loran operates in the region from
1700 to 2000 ke, and employs high-
power pulses of approximately 50
microseconds duration.

History of the Development

The Loran development is based
on a proposal of Dr. Alfred L.
Loomis, of the National Defense
Research Committee, who in 1940

devised a hyperbolic method of po-
sition finding and suggested that
the Radiation Laboratory, then be-
ing formed at M.I.T., undertake to
develop the system. Prior to this,
Robert J. Dippy of the Telecom-
munications Research Establish-
ment in England had devised inde-
pendently substantially the same
system, which was christened the
“Gee” system and developed to the
point of operational use in 1942.
In that year an exchange of infor-
mation between Radiation Labora-
tory and T.R.E. revealed that the
two groups were working on the
same system, but with different
aims,

The Gee system was intended for
the guidance of high-flying bomber
aircraft over Germany, at maxi-
mum distances of 200 to 300 miles,
and employed line-of-sight fre-
quencies in the region from 40 to

g
SHIP 4
OR
AIRCRAFT

DOUBLE
MASTER STATION
A, AND A,

5,

A taz, '

SLAVE STATION B,

FIG. 1—Basic layout of the Lorap system.

Master and slave stations transmit

synchronized pulses, and the difference in their times of arrival determines the
position of the ship or aircraft
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80 me. The Radiation Lab group
was working on a system, later
christened Loran, which would serve
equally well for aircraft at high
altitudes or naval ships on the sur-
face and which would have a range
greater than 500 miles, for the de-
fense of American shores. The fre-
quency adopted for Loran in the
winter of 1941-42 was 1950 ke, just
inside the then recently vacated 160-
meter amateur band. After the
interchange of information, the two
projects were coordinated and there-
after the two systems, Gee for
short ranges at high altitudes and
Loran for long ranges at any alti-
tude, were exploited independently
by the two groups.

In 1942, the first Loran stations
were put in operation along the At-
lantic coast from Delaware  to
Greenland by the Radiation Labora-
tory and later turned over, for
routine operation, to the Coast
Guard. In that same year ship-
borne navigating equipment was
manufactured in small quantity and
later appeared in several improved
models in sufficient quantity to
equip the entire fleet. By 1943 pro-
duction was in full swing on the
AN/APN-4 airborne navigating
(receiver-indicator) equipment, and
in 1944 a new version, the AN/
APN-9, made its appearance. These
receivers were based on the original
Radiation Laboratory design, as
was the ground station equipment
(transmitters, pulse timers, and
synchronizing equipment). Ground
installations were made at Allied
bases over the entire globe, from
The Bay of Bengal in the west to
the Mediterranean on the east, and
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Loran stations have beer installed in many remote places, like this one (note towers)
on top of a cliff in the Faeroes Isiands

manned by personnel of the Coast
Guard, Army Air Forces, Canadian
Navy, British Navy, and Royal Air
Force.

Credit for the development of the
Loran system and all its compon-
ents, as well as the study of radio
wave propagation om which it is
based, goes to the Loran Division
of the Radiation Laboratory, a
group® of approximately 50 engi-
neers, physicists and technicians
which served under the direction in
successive years of Melville East-
ham, Donald G. Fink, J. C. Street
and J. A. Pierce. Credit for the ef-
fective use of the system by the
fleets and air forces of the Allies
goes to thousands of individuals in
the Armed Forces who put into ef-
fect plans formulated by Major
General H. M. McClelland of the
U. S. Army Air Forces, Rear Ad-
miral Joseph Redman of the U.S.
Navy, and Air Vice Marshal Sir
Victor Tait of the Royal Air Force.

* Among the staff members ol the Loran
Division who contributed to the develop-
ment and installation of ilie equipment are
IKlizabeth Cooper. David Davidson, Melville
Bastham, D, G. ink, Gordon Gregory, John
lalford., D, B, Kerr, R. B. Lawrance. A. A
MacKenzie, Gleni: Musselman, J. A, Pierce,
J. K. Phelan, A. J. Pote. B. W. Sitterly, I,
A. Stratton, W. L. Tiernmey, Joscph Wald-
sehmit, J. C. Williams, asd R. 11. Weod
Among the military contributors were )
J. M. Hertzberg, AAR; Commander A, N

Van Dyck. USNR ; Commander J. R. Toster.
RCNR; Li. Commander Iletcher Watson,
Hydrographic Office; and Captain L. M.

Harding. USCG.
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The principle of hyperbolic navi-
gation, as exemplified in the Loran
system, is illustrated in Fig. 1L
Four pulse-transmitting stations
are located along a shoreline adja-
cent to the ocean area over which
navigation is desired. Two of these
stations (A; and A. in the figure)
are, for economy’s sake, at one
point which is known as the ‘‘dou-
ble master” station. This station
sends out pulses broadcast in all di-
rections, at a highly precise rate.
Two sets of pulses are transmitted.
One set, transmitted by station A,
operates at a rate of, say, 25 pulses

|
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per second. The other set, corres-
ponding to station A., operates at a
slightly different rate, say 25.0627
pulses per second. The difference in
the rates permits the two sets of
pulses to be distinguished when
they arrive at the ship or aircraft.

Consider first a pulse broadcast
by station A, This pulse travels
to the associated “slave station” B,,
where it is received. After a pre-
determined delay, B, sends out an
identical pulse which is timed at
the rate of the pulse received from
station A,. Hence stations A, and
B, send out identical pulses at the
same rate (in this case 25 per sec-
ond), but the pulses from station
B, are emitted later than those from
A, by the time t. (the time of
travel from A4, to B,) plus the delay
5 within station B.. The two sets of
pulses from A, and B, are transmit-
ted to the receiver on the ship or
aireraft. The pulses from B, arrive
after an additional delay t. and
those from A, after an additional
delay t..

At the receiver the two pulses are
displayed on a cathode-ray oscillo-
scope and the difference in their

=== T

WAR and POSTWAR

EVELOPED by the Radiation Laboratory at M.LT. in 1941-42, Loran
has since served as the principal long-range navigation service of

the Allied fleets and air forces.

The system currently provides precise navigational coordinates cov-
ering one quarter of the earth’s surface. Representing a wartime invest-
ment of over 100 million dollars, it will continue to be operated. for the
use of commercial marine and air services. The British government in an
unprecedented step has recently recommended that Loran be standard-
ized internationally, in preference to other British and German systems,
as the primary radio aid to transoceanic air navigation.

This article. the first of a series, describes the operating principles of
the system, its basic specifications and methods of use. Following articles
will describe the airborne and shipborne navigating equipment as well
as the ground stations which provide the service

www.americanradiohistorv.com
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LORAN LINE
OF POSITION-~~-
(HYPERBOLA)

STATION
B,

4000 uSEC

FIG. 2—Derivation of a hyperbolic Loran
line (shown in red) from points of equal
time difference

times of arrival is very precisely
measured (to an accuracy of the
order of one microsecond). The time
difference so measured is equal to

Tm == (t.um + 81 + t1) -1, (1)
The quantity in brackets represents
the time required for the master
pulse to be relayed to the receiver
via station B, and ¢, represents the
time for the master pulse to arrive
directly from A,. Using the meas-
ured value of time difference, the
navigator consults a Loran chart
and finds on it a line (or interpo-
lates between lines where neces-
sary) associated with station pair
A.B; and marked with the cor-
responding value of time difference.
The ship or aireraft is located on
this line.

By an exactly similar procedure,
the navigator then measures the
time difference between the other
pair of pulses, originating in sta-
tions A, and B, and sent out at
25.0627 pulses per second. The time
difference is

Toz - (tunz 4 82 + tz) e to (2)
Using this value of time difference,
the navigator consults ihe same
chart and finds (or interpolates)
another line, associated with the
station pair A.B.. The intersection
of this line with the line found
previously is the position of the air-

9%

craft or ship. Thus by two meas-
urements of time difference on
synchfonized pulses arriving from
two pairs of stations, the navigator
finds his position.

If the time difference is meas-
ured precisely, the accuracy of posi-
tion finding is correspondingly
precise. When the time differences
are measured accurately to one
microsecond it is possible to deter-
mine the position to within a few
tenths of a mile in the most favor-
able regions of the area covered,
and the error in navigation is in no
case worse than one percent of the
mean distance of the ship or air-
craft from the stations. Thus if
the navigator is roughly 500 miles
from shore, he can determine his
position within 5 miles, and in cer-
tain areas (at this distance) he may
even determine it within a mile or
less. Moreover, as the navigator
approaches shore and the need for
precise navigation increases, the
accuracy of position finding in-
creases in proportion to the need,
approaching a limiting accuracy
which is well within one mile.

The relation between the time
difference and the corresponding
position line on a Loran chart can
be seen from Fig. 2. Suppose that
the navigator is at point A, be-
tween the two stations A4, and B,
and suppose that ¢, is 600 microsec-
onds and ¢, is 1400 microseconds.
Then the time difference between
the two paths ¢, — ¢, is 800 micro-
seconds. Likewise, if the naviga-
tor is at point B, both times are
longer (1000 and 1800 respectively)
but their difference remains the
same, 800. microseconds. Similarly,
at points C, D, B’, ’, and I’ the
same time difference appears. The
locus of these points and of all in-
termediate points displaying the
same time difference (shown as a
red line in the Figure) is theo-
retically a hyperbola. However,
when the locus is plotted on the
surface of the earth, the term
hyperbola does not strictly apply
and the term used is a Loran line
of position, or simply “Loran line”.

It will be noted that in discussing
Fig. 2 we refer to the time differ-
ence t, — t,, whereas the time dif-
ference actually measured is that
given by Eq. (1). But in Eq. (1)
the quantities ¢, and 3, are con-
stants for any particular pair of

WWW.americanradiohistorv.com

stations, so the time difference ac-
tually measured is ¢, — ¢, plus a
constant. The constant is computed
and taken into account in labelling
the lines on the chart, and need not
be considered by the navigator.
The Loran line shown in Fig. 2
is one of a family of lines, since
for each value of measured time
difference there is a corresponding
hyperbolic locus. Such a family is
shown in Fig. 3. Here the lines
have been labelled with the actual
values of time difference, given by
Eq. (1), when the value of the
slave station delay 8 is 1000 micro-
seconds. In the case shown, the
value of time difference increases
continuously from a low value of
1000 microseconds on the degen-
erate hyperbola (baseline exten-
sion) passing through the slave sta-
tion B, to a high value of 5000
microseconds on the corresponding
line passing through the master
station A,. It will be noted that each
line has a separate value of time
difference, and there is no ambi-
guity. This follows from the time
difference defined by Eq. (1). If
the signals were emitted simul-
taneously from master and slave
stations, lines at equal distance to
the left and right of the center line
would have the same value of time
difference and an ambiguity would
exist. It will be noted also that the
lines shown are separated by in-
tervals of 400 microseconds. For
every line shown, the system can
distinguish 400 intermediate lines.
The family of lines in Fig. 3
nevertheless illustrates a funda-
mental shortecoming of all hyper-

3000 uSEC

5000 p SEC-~,
BASELINE Y A)
EXTENSIO
BASELINE-—"

CENTER
LINE

FIG. 3—Family of Loran lines. The navi-

gator selects the line corresponding to

the measured time difference, interpolat.
ing where necessary
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{11-3000/
3| 2-2500/

FIG. ——Two families of lines, from two pairs of stations, overlap to form a sys-
tem of Loran coordinates. The lines determine the fix (shown in red). Between
adjacent lines, 500 additional lines can be resolved by the system

bolic navigation systems: the ac-
curacy of determining the position
is not constant over the coverage
area. The lines are most closely
spaced (and the accuracy of posi-
tion corraspondingly highest) along
the baseline connecting the two sta-
tions. As the navigator departs
from the baseline, the lines diverge.
Hence the accuracy of navigation
decreases with increasing distance
from the stations, as already stated.
Moreover, the divergence of the
lines increases as the navigator de-
parts from the center line and ap-
proaches the baseline extensions.
Along the baseline extensions them-
selves, the accuracy of the system
is poor. To assure navigation of
acceptable accuracy over the desired
area it is necessary to select the
locations of the stations with care,
so that the areas of primary in-
terest fall within the central por-
tion of the family of lines.

Figure 4 represents a typical ar-
rangement of-a domuble master sta-
tion and two slave stations and
shows the overlapping families of
Loran lines. The position fix shown
corresponds to a time difference of
3000 microseconds from station
pair A,B,, and 2500 microseconds
from station pair A.B.. This fig-
ure illustrates another factor in-
fluencing the accuracy of the fix,
the angle at which the two lines in-
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tersect (crossing angle). In the
vicinity of the master station, the
crossing angle is close to 90 degrees,
the optimum case. At greater dis-
tances the angle decreases and lon-
gitudinal accuracy, i.e., along the
lines, is thereby reduced. However,
the combined effect of all the losses
of accuracy is expressed in the
rule-of-thumb previously stated;
the accuracy is not worse than one
percent of the mean distance from
the stations, and the accuracy im-
proves as the navigator approaches
the center line or the baselines, or
both.

A quantitative index of accuracy
is given in Fig. 5. Each line of
Loran line is indicated as a zone,
at the center of which is the indi-
cated line of position and the edges
of which represent the limits of un-
certainty in measuring the time dif-
ference. When two such zones are
crossed to find the position fix, the
intersection of the zones forms a
quadrilateral, shown shaded in the
figure. The indicated position is
the point shown in the center of
the quadrilateral, but the position
is uncertain over the shaded area.
The maximum diagonal of the
quadrilateral is a measure of the
error in fixing the position. The
maximum possible error is one half
of this dimension.

Another way of expressing the
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accuracy of the system is to state
the angle corresponding to the un-
certainty in a line of position. This
angle is directly comparable with
the angular accuracy of a loop-type
direction finder. In the family of
lines shown (Fig. 3) there are
8200 separately distinguishable
lines between the limiting para-
bolas, which subtend an angle, at
the center of the baselines, of about
110 degrees. Hence the average
angular separation between re-
solvable lines is about 0.03 degree,
compared with one to five degrees
which is the normal accuracy of a
loop-tvpe direction finder.

Distance of Coverage

After the accuracy of the system
has been established, the important
remaining question is the maximum
distance at which the signals can be
received with sufficient accuracy
for the intended use.

The attenuation of 2000-kec radio
signals propagated with horizontal
polarization via the ground wave
over sea water is approximately 10
db per 100 miles. The standard
Loran pulse is fed to the antenna
with a peak power level of from
75 to 100 kw, and the standard
Loran transmitting antenna has a
power efficiency of at least 75 per-
cent. Under these conditions the

~-INDICATED FIX
MAXIMUM

UNCERTAINTY
OF POSITION

INDICATED FIX

MAXIMUM
UNCERTAINTY
OF POSITION

FIG. 5—Any discrepancy in measuring the

time differences spreads the Loran line into

a “zone.” Two zones, crossed, form «a

quadrilateral {shown in red) within which
the position lies
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FIG. 6—Propagation of Loran signals at night via the sky wave.

The “one-hop-E”

reflection possesses sufficient constancy of transmission to replace the ground wave
and thus extend the nighttime range of the system

signal falls to a level of about 2
microvolts per meter at a distance
of 750 statute miles, and this is
about the minimum level on which
the receiver can operate in the
absence of atmospherics. At night
the external noise level (originat-
ing outside the receiver) increases
and the maximum useful range via
the ground wave is reduced to about
500 statute miles. In exceptional
circumstances, noise may reduce
the range to smaller values, and
precipitation static encountered in
aircraft may obliterate the signals
even within a few miles of the sta-
tion. But for 95 percent of the
time, the reliable range using the
ground wave is 750 miles by day,
500 miles by night.

Early in the development of the
system, Melville Eastham suggested
that the sky wave signal might be
employed at night to extend the
range and this thesis was first
proved by a series of several
thousand observations made by J.
A. Pierce at Bermuda early in 1942,
Since the pulses employed in the
system are short, the several signals
reflected from the ionosphere are
discernible separately, and it was
possible to investigate the con-
stancy of transmission of signals
reflected from the several iono-
spheric layers. The early investi-
gations showed that a singly-re-
flected signal from the E-layer of
the ionosphere was transmitted
with remarkable constancy. The
E-layer signals displayed some fad-
ing and variations in shape, but
were sufficiently stable to allow the
time difference to be measured to
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an accuracy of the order of five
microseconds. The same investiga-
tion showed conclusively that reflec-
tions from the F-layers of the
ionosphere were much less stable,
not only in the time of transmission
but also in the constancy of pulse
shape.

This discovery of an hitherto un-
suspected property of sky wave
transmission made it possible, at
night, to double the range of the
system by employing singly-re-
flected E-layer signals. The height
of the E-layer is about 60 miles,
so a wave leaving the earth tan-
gentially is refracted back .to
another point of tangency at a dis-
tance of about 1600 statute miles.
At distances beyond this only
doubly or multiply-reflected E-
layer signals can be received and
these are generally so weak, or so
inconstant in transmission, that
they were not believed to have util-
ity in a system intended for use by
the Armed services. Accordingly
the limit was set at 1500 miles,
and the Loran charts and tabula-
tions of time difference were pre-
pared to cover this range from the
stations.

The mechanism of the propaga-
tion of the sky-wave is shown in
Fig. 6. The “one-hop-E” signal is
the sky wave signal used. It will
be noted that this signal takes an
additional length of time to travel
from transmitter to receiver, rela-
tive to the ground wave. This
“sky wave delay” must be taken
into account in using the system.
Specifically, a sky wave correction
of a specified number of microsec-
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onds is computed for each portion
of the chart and this correction
added to or subtracted from the
observed reading of time difference
before entering the chart to find the
Loran line. Figure 7 gives the av-
erage values of the singlehop E-
layer sky wave delay in microsec-
onds (as measured over the winter
of 1942-43) for various distances
between transmitter and receiver.
The appropriate values of delay are
added to the ground wave transmis-
sion times ¢, and ¢, (see Fig. 1) in
computing the sky wave time differ-
ence. The difference between the sky
wave time difference and the ground
wave time difference (the latter
being given by Eq. (1)) at the
given point is the sky wave cor-
rection which is applied as previ-
ously stated.

Sky wave transmission is gener-
ally available at 2000 kc only at
night, although at distances beyond
500 miles the sky wave signals are
often seen on Loran oscilloscopes in
the early morning and late after-
noon hours. Where military opera-
tions are scheduled for the night
hours (for example night-bombing
missions), the sky wave may be re-
lied upon not only for reccption at
the ship or aircraft but also for
synchronizing the pairs of stations.
When sky waves are so employed
for synchronization, the system is
known as SS Loran (“SS” for sky-
wave synchronization). Since the
sky waves are propagated over
land with almost negligible attenua-
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FIG. 7—The additional time of transmis-
sion of the “one-hop-E” sky wave, relative
to the ground wave, over various dis-
tances. This delay is applied as a correc-
tion when using sky-wave signals with
ground-wave charts
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FIG. 8—Typical ground-wave and sky-wave pulse sequence as observed on the Loran
oscilloscope. Signals to the right of the one-hop-E are disregarded by the navigator

tion, it is possible to set up an S8
system for navigation over land
areas. The first such system was
set up over Germany, using stations
in Africa (later Italy) and Scotland.
It provided accurate coverage over
the entire region of occupied Eu-
rope from the summer of 1944 to
the end of the war. This system
was used by the British night
bomber force, and was sufficiently
accurate to permit blind bombing
over Berlin.

Figure 8 shows a typical se-
quence of pulses as they are ob-
served on the cathode-ray trace of
the Loran indicator. It is evident
that the navigator must identify
the proner pulse before measuring
the time difference, and this con-
stitutes a problem in the applica-
tion of sky waves. When within
range of the ground wave, the first
pulse to appear is the ground wave,
which is generally considerably
weaker (because of the higher at-
tenuation) than the following sky
waves. The next after the ground
wave pulse is the one-hop-E pulse,
since it arrives by the next short-
est path. If the navigator is just
beyond the range of the ground
wave the first pulse seen is the one-
hop-E, and this pulse must be
matched with the corresponding
pulse from the other station of the
pair. Experience in operation has
proved that a navigator soon be-
comes accustomed to the sequence
of pulses shown and is generally
able to distinguish the ground wave
from the sky waves and the one-
hop-E wave from the other sky
waves.

How the Time Difference is Measured

Figure 9 shows the method by
whieh the navigator measures the
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time difference. The cathode-ray
indicator displays two horizontal
traces which are formed, in suc-
cession with invisible retrace lines,
as shown. The traces are formed
under the control of a quartz-crys-
tal oscillator which is adjusted to
exact synchronism with the incom-
ing pulses, say those from station
pair A,B. In the case we have
cited (Fig. 1) the pulse rate for
A,B, is 25 pulses per second, so the
time from the beginning of the top
trace through the entire pattern and
back to the beginning of the top
trace is exactly 1/25th second, and
each trace is approximately 1/50th
of a second long. The pulses, being
synchronous with the traces, appear
as stationary vertical lines, as
shown in the Figure.

Auxiliary “pedestals,” created by
circuite within the indicator, are
used as index marks. By adjust-
ment of the erystal-control circuit,
the pulses are moved until one pulse
falls on the top pedestal. The bot-
tom pedestal, controlled by an ad-
justable delay circuit, is then moved
under the bottom pulse. The rela-
tive positions of the two pedestals
are then adjusted, by a series of
expanded sweeps, (details of which
will appear later in this series)
until they are oriented with the in-
coming pulses to an accuracy of
one microsecond. The time delay
between the formation of the ped-
estals is then measured by calibra-
tion pulses derived from the crystal
control. This is the value of time
difference associated with stations
A,B,. A similar measurement is
performed on the pulses from sta-
tion pair A.B. by adjusting the
cathode-ray deflection circuits to be
synchronous with the rate for that
pair, namely 25.0627 pulses per
second.
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In all, 14 pulse rates are avail-
able in the indicator, eight rates
being slight variations of 25 pulses
per second, and the remaining six
being variations of 33% pulses per
second. In addition, three radio
frequencies, 1750, 1850, and 1950
ke, are available (1900 kc was also
used in the SS system) so a wide
choice exists in the selection of
pairs of stations. Theoretically 14
X 3 = 42 pairs of stations can be
accommodated in any one interfer-
ence area (about a 2000-mile
radius) and the whole group can be
duplicated in another non-adjacent
area. In this manner it is possible
to provide widespread coverage
without requiring any more than
300 ke of ether space. In post-war
applications, only 1850 and 1950
ke will be used, according to the
Loran band proposed for interna-
tional standardization at the Rio
de Janeiro conference last month.
—D.G.F.

FIG. 9—Basic Loran oscilloscope pattern.
By orienting the pulses with the pedestals.
and measuring the time between pedes-
tals, the time difference is determined.
Expanded sweeps are required to obtain
one-microsecond accuracy
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URING 1942, German forces be-

gan to use anti-tank mines
that were completely non-metallic
in construction. The incidence of
these mines became so great that
an urgent requirement was estab-
lished for a detector of non-metal-
lic mines. This problem had been
anticipated and development of ap-
propriate non-metallic detecting
equipment had been under way as
a phase of the overall mine detec-
tion problem.

The resultant new detector set
AN/PRS-1 reacts to both non-me-
tallic and metallic mines. The de-
vice consists primarily of a 300-
megacycle oscillator and its asso-
ciated antenna system. Buried ob-
jects, such as non-metallic and
metallic anti-tank mines, are indi-
cated by both aural and visual
means, the same adjustment of
the detector being used to detect
either or both types of mines. Au-
ral indications of mines are pro-
vided by a 1000-cycle audio reso-
nator or a standard headset.
Visual indicating means are pro-
vided by a 0 to 150-microampere
meter mounted on the detector ex-
ploring rod. The detector set is
carried and operated by one man.
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Non-Metallic

Disturbances to ground during planting of plastie

or other non-metallic mines change the dielectric
constant enough to actuate detector set AN/PRS-1,
also highly effective for metallic mines. Complete

Detector set in operation. Operator is
using headphones, as required in loca-
tions where ambient noise level is high
or silence requirements prohibit use of the
loudspeaker-type resonator

The detector is generally capable
of indicating the presence of the
standard American non-metallic or
metallic anti-tank mines at depths
of 0 to 5 inches, depending upon
the conditions of the soil in which
the mines are buried. In general,
water-saturated soils limit the
depth of detection to fractions of
an inch for both types of mines,
depending on the depth of surface
water. Extremely dry soils of high
resistivity completely mask the
presence of the non-metallic mines
but allow detection of the metallic
mines in the normal manner. Soils
of intermediate characteristics al-
low normal operation.

Detector set AN/PRS-1 responds
to changes in the average dielec-
tric characteristics of the soil over
which it is being operated. Because
of the frequency of the generated
signal (300 mc) non-uniformities
in the ground generally must be at
least 5 inches long, 2 inches wide,
and 1 inch deep before detector re-
sponse is obtained. Indications
then will be derived from objects
such as boulders, tree roots, and
voids (air pockets). The visual and
aural indications obtained from
such discontinuities may be similar
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technical details and suggested peacetime industrial
applications are given

By T. E. STEWART

Applied Electronic Branch
The Engineer Board
Fort Belvoir, Virginia

FIG. 1—Main components of defector set
AN/PRS-1

to those produced by a non-metal-
lic or metallic mine, depending
upon the dimensions of the non-
uniformity and the depth at which
it occurs. A trained operator can
learn to recognize the characteris-
tics of the signals produced by
many of these discontinuities and
treat them properly.

The main components of detec-
tor set AN/PRS-1 are illustrated
in Fig. 1.
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Mine DETECTO

FNESVOSINSSI—————

Set disassembled to show construction.

A 6-volt filament battery and

90.volt B battery supply power for the three tubes. Total weight is only 23 Ib

Main Components

The detector head assembly in-
cludes the detector head with an-
tenna and reflector, and the meter
and meter housing. These units are
attached to the lower section of
the exploring rod and are adjust-
able. The antenna and reflector are
removable, and a control located at
the bottom of the detector head fur-
nishes a means of tuning and load-
ing the oscillator. The detector
head assembly is connected to the
amplifier assembly by a cord
equipped with a five-connector male
plug.

The antenna protective horns are
constructed of a low-loss thermo-
plastic tubing. These horns fit over
bosses mounted on the detector head
case and are used to cover the
transmitting anteanas, protecting
them from high weeds, brush, and
rain.

The exploring rod extension is
an aluminum tube designed for
attachment to the detector head
assembly rod by means of a ball-
detent joint. Two extensions are
supplied to afford an optimum ex-
ploring range.

The amplifier assembly consists
of the audio oscillator, the ampli-
fier, and two short cords. One cord,
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which terminates in a five-connec-
tor female plug, is used to connect
the amplifier to the detector head
assemhbly. The other cord termi-
nates in a phone jack for connec-
tion to the headset or resonator.
Located on the bottom of the am-
plifier housing are the volume con-
trol and on-off switch. Two base
legs are provided on the bottom of
the amplifier to protect the con-
trols. Space for the batteries is
provided within the amplifier hous-
ing. The controls, cords, and am-
plifier housing are of immersion-
proof construction.

Electronic Circuits

The complete circuit is given in
Fig. 2. The ultrahigh-frequency
oscillator mounted in the detector
head is of the resonant line type,
operating at a frequency of approx-
imately 300 me. A 50-upf capaci-
tor, used as a resonant line shunt,
is made externally adjustable by
means of the tuning knob at the
bottom of the detector head as-
sembly. An antenna coupling loop
is mounted in the detector head
case, providing coupling from the
oscillator to the antenna system.
The coupling loop is shunted by a
resistor chosen to maintain the an-
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tenna impedance at the value re-
quired for operation.

The radiating dipoles are pro-
vided with tapped bosses to fit the
studs on the detector head case at
which the antenna coupling loop
terminates. Provision is made on
the detector head assembly to
mount a reflecting dipole to in-
crease the signal in the ground
over which the detector is being
operated. A 3,200-ohm grid resistor
is connected in series with the de-
tecting meter to ground. The varia-
tions in grid current registered on
the detecting meter during opera-
tion are used as the visual indicat-
ing means. The variations in direct
voltage across the grid resistor dur-
ing operation are applied through
a 15,000-ohm resistor to the grid of
the output tube of the a-f amplifier
to provide variations in audible
signal output.

The amplifier assembly contains
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FIG. 2-—Complete schematic circuit diagram of detector set AN/PRS-1

a two-tube a-f oscillator- amplifier.
The oscillator is of the RC type
using an untapered phase shift net-
work. A redesign of this amplifier-
oscillator combination calls for a
tapered phase shift network to be
used, in order that oscillation diffi-
culties with low-gain 1IN5GT
tubes be reduced. The amplifier
tube filaments are connected in
series with 24 and 33-ohm resistors
across a 6-volt filament supply to
provide bias for the phase-shift os-
cillator and reduce the number of
batteries required in the detector.
A potentiometer is provided in the
amplifier to adjust the audio signal
initially to the desired level.

Theory of Operation

In Fig. 3A the oscillator is
shown coupled to a dipole antenna
over homogeneous earth. Radio-
frequency current flows from the
oscillator to the antenna and along
the antenna. A portion of the cur-
rent flows through space from one
side of the antenna to the other as
capacitance current. Another por-
tion of the current flows from the
right-hand side of the antenna to
the earth as capacitance current,
through the earth as capacitance
and conduction current, and from
the earth to the left-hand side of
the antenna as capacitance current.

At the operating frequency of
the detector (300 mc) the current
flow through the earth is equiva-
lent to capacitive current flow
through a poor dielectric. If the
dielectric constant of a discontinu-
ity in the ground is less than that
of the surrounding medium, as in
Fig. 3B, an increased amount of
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current will flow through the sur-
rounding medium, causing an in-
crease in antenna resistance and re-
actance, If the dielectric constant
of the discontinuity is greater than
that of the surrounding medium
the inverse effect occurs.

Over normal ground the resist-
ance to capacitive flow does not
change appreciably when the height
of the antenna above ground varies
between 2 and 5 inches. However,
the presence of a non-metallic mine
does measurably change reactance
in this region. The change in re-
actance in the presence of a mine
tends to be negative. If the ostil-
lator is tuned to a frequency higher
than that of the antenna, the pres-
ence of a non-metallic mine brings
the antenna into resonance with
the oscillator, thus loading the os-
cillator heavily and decreasing the
amount of grid current flow. If the
oscillator is tuned to a frequency
lower than that of the antenna this
change in reactance tends further
to reduce the oscillator loading,
with no appreciable resultant effect
on the oscillator grid current. The
presence of metallic mines buried
at operational depths in normal
ground tends to decrease antenna
loading, causing a decrease in oscil-
lator loading and a consequent in-
crease in grid current flow. In the
case of metallic mines this increase
in grid current is usually by a
factor of 2.

Adjustment Procedure

The parameters of the high-fre-
quency oscillator and antenna load-
ing loop are so chosen that the op-
erating frequency of the oscillator
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is higher than the resonant fre-
quency of the antenna. The coup-
ling loop is shunted by a resistor
(of selected high-frequency charac-
teristics) and is retained in a fixed
position with respect to the oscilla-
tor lines. The oscillator frequency
is adjusted, by means of the reso-
nant line shunt capacitor, from the
high-frequency side of resonance
of the antenna system towards res-
onance. This is accomplished by
manipulation of the tuning knob at
the bottom of the detector head
assembly.

Proper adjustment is obtained
when approximately 80 microam-
peres of grid current flows in the
oscillator circuit when the detector
head is held approximately 3 inches
above the ground. The presence of
a ngn-metallic mine then causes the
grid current to drop to that value
established by the contact potential
of the tube (usually 10 or 15 micro-
amperes). The presence of a metal-
lic mine unloads the oscillator, caus-
ing a substantial rise in grid
current (usually In excess of 150
microamperes).

The decrease in grid current
causes a drop in the d-c potential
across the grid resistor, which is
coupled to the amplifier output tube
control grid. The decrease in con-
trol grid voltage on the a-f output
tube in the amplifier causes an in-
crease in the audio signal output.
The inverse effect occurs when the
oscillator grid current increases.
The audible signal is initially ad-
justed to a satisfactory level, the
presence of a non-metallic mine
causing the signal to increase in
amplitude, and a metallic mine
causing the signal to cut off.
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During the development of this
detector it was determined that
the incremental variations obtained
from the grid current flowing in
the high-frequency oscillator tube
were more usable and greater than
those changes occurring in the
plate circuit. The normal grid cur-
rent drawn by the type 955 tube
oscillating in the unloaded condi-
tion is in the order of 5 milliam-
peres, at 300 mc. As previously
indicated, the grid current flowing
during operation is in the order of
80 microamperes. High efficiency
must be obtained from the oscilla-
tor to maintain regeneration under
the severe loading conditions im-
posed upon it.

Technical Considerations

The characteristics of the oscilla-
tor tube under the operating condi-
tion determine to a great extent the
successful operation of the oscilla-
tor as a mine detector. For this
reason, a great many type 955 tubes
do not allow operation of the oscil-
lator under the loading conditions
required. It was found necessary
to select {he tubes used in the high-
frequency circuit during produc-
tion. The choice of the 955 tube
for use in the detector circuit was
based upon the availability of this
type, its high-frequency character-
istics, and its measurable grid cur-
rent under the operating conditions
required. The use of this tube re-
quired that a substantial filament
and plate battery supply be used in
the detector in order that a reason-
able operating time be obtained
between battery changes.

Operation

Detector set AN/PRS-1 is car-
ried and operated by one man. The
total weight is 23 pounds, the am-
plifier weighing 15 pounds and the
exploring rod assembly 8 pounds.
The operator initially mounts the
two tapped dipoles and the reflec-
tor on the detector head assembly.
The proper cable connections are
made to the amplifier and headset
or resonator. The choice of resona-
tor or headset is left to the oper-
ator. In general, the resonator is
more comfortable to the operator
than the headset, its use being de-
termined by the necessity for quiet
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operation or the level of ambient
noise.

The detector is turned on by
means of the switch mounted on
the amplifier. Approximately 30
seconds is required for the 955 tube
to reach cathode operating temper-
ature. With the detector head held
well above the ground, the tuning
knob at the bottom of the detector
head assembly is turned clockwise
to the extent of its travel so that
the oscillator is operating at its
highest frequency. The tuning
knob is then turned counter-clock-
wise until the detector meter reads
approximately one-half full scale
(approximately 80 microamperes).
The detector head is then presented
to the ground and the tuning knob
is turned counter-clockwise until
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FIG. 3—Manner in which buried metallic

or non-mefallic mine affects 300-mc r-f

conduction currents through earth. These

in turn react on capacitance currents that

pass through space and change the grid
current of the r-f oscillator

no deflection of the meter occurs
until the detector head is within 8
inches of the ground. The knob is
adjusted until the detector meter
reads half-full scale at a height of
approximately 3 inches from the
ground. The detector oscillator is
then operating under the condition
necessary for the detection of both
non-metallic and metallic mines.
The potentiometer on the ampli-
fier case is adjusted, with the de-
tector head held in the operating
position, until a nominal audio sig-
nal is heard. The detector operator
then moves the detector head from
side to side, advancing approxi-
mately 1 foot per sweep. For proper
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operation the height of the detec-
tor head above ground is main-
tained between two and five inches.
Over normal soils and with mines
buried at operational depths, metal-
lic mines increase the meter read-
ing and decrease the audio signal,
and non-metallic mines decrease the
meter reading and increase the
audio signal.

Future Use

Detector set AN/PRS-1 or mod-
ifications of this detector may be
used to detect the presence of non-
metallic masses buried at shallow
depths in the ground. Modifications
could be used to detect the presence
of metallic masses of finite dimen-
sions in non-metallic objects, while
discriminating against objects of
smaller size. .

The presence of voids or discon-
tinuities in plastic objects could be
determined by a modification of
this detector. When the device is
adjusted off resonance it is capable
of detecting the presence of per-
sonnel or vehicles in motion at
ranges up to 100 feet. Such an ap-
plication might be valuable in plant
protection or machine safety instal-
lations where space limitations or
arrangement preclude the use of a
separate source and receiver com-
bination, or where ambient noise
or light prevent the use of audio
or photoelectric systems.
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"~ The SCR-584 Radar

---Part I--- ;

=

The most versatile of the ground-based radars, SCR-584 stopped the buzz bombs by guid-
ing antiaircraft batteries automatically to an accuracy of 0.06 degree. Technical features

include conical scanning, 300-kw pulses at 10-cm wavelength, and range-timing accuracy

to 0.01 microsecond

IGH on the list of the electronic
H achievements of the war is
the SCR-584 radar. A microwave
set developed primarily for accur-
ate fire control of 90-mm anti-air-
craft batteries, the 584 served this
basic purpose from Anzjo to the end
of the war. It also served as an
early-warning radar against ap-
proaching enemy aircraft, as a
ground control for low-flying fighter
aircraft in the advance across
France, and detected the motion of
enemy transportation along roads

and the flight of enemy shells and
mortars in the Italian campaign.
Technically, also, SCR-584 merits
a high place. It is among the most
powerful of the portable radars,
and is outstanding in the accuracy
of its indrcations. In short, this
radar is one of the most highly-en-
gineered electronic devices in ex-
istence.

The need for a radar to control
the fire of anti-aircraft guns was
felt before the war, and the SCR-
268 (ELECTRONICS,  September
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