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DEVOTED TO RESEARCH AND THE MANUFACTURE OF TUBES AND EQUIPMENT FOR THE NEW ERA OF ELECTRONICS




Perfection is Our Aim!

In every industry there are various methods of turning out
products for similar use requirements. Usually there is one best
way — a way based on developing and following certain tested
techniques — proved processes that in themselves guarantee
uniform quality every step of the way.

James Knights owes its reputation for unquestioned dependabi-
lity to a steadfast determination of finding the one best way
of carrying out every manufacturing operation. The culmination
is a certainty — the positive assurance of better operating per-
formance for every Jumes Knights Crystel.

The JAMES KNIGHTS Co.

SANDWICH, ILLINOIS

"CRYSTALS FOR THE CRITICAL
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c. T. C.

CRYSTALS

I-F TRANSFORMERS
TURRET TERMINAL LUGS
SPLIT LUGS
DOUBLE END TERMINAL LUGS

C.T.C. CRYSTALS ;r

Accurate cutting of each slice — thanks to X-RAY
ORIENTATION — insures constant frequency over
a wide temperature range. Multiple mechanical lap-
ping operations; dimensioning by edge lapping and
finishing to final frequency by etching, are other
important steps in the manufacture of C.T.C. Crystals
that guarantee high activity and constant frequency
throughout their entire life.

i-F TRANSFORMERS

These tiny, #ltra-high frequency, slug tuned 1-F Trans-
formers are doing an efficient, thoroughly dependable
job in many important radio and electronic applica-
tions.

Ask us about LS-1 (pictured above actual size) and
LS-2 transformers.

C.T.C. TURRET TERMINAL LUGS

Just swage these heavily silver plated Turret Terminal
Lugs to the board and in a jiffy you have a good, firm
turret terminal. Quick soldering, too.
Sufficient metal is used in the Lugs to
give them strength but not enough to
draw heat thus increasing soldering
time.

C.T.C. Turret Terminal Lugs are
stocked to meet 1", %/ %' '
65", and 85" board thicknesses.

C.T.C. SPLIT LUGS

A .050 hole through the shaft permits wiring to these
Split Lugs from either top or bottom without drilling
or cutting. Just swage
them to the board, then
wire. Made of brass,
heavily silver plated,
C.T.C. Split Lugs are
available in two sizes t0

fit 3% and %" boards.

DOUBLE END TERMINAL LUGS

Use these Double End Terminal Lugs when you need
terminal posts on both sides of the board. Like C.T.C.
Turret Terminal and Split Lugs, C.T.C. Double End
Lugs simply swage to the terminal board — provide
twin terminal posts which may be wired from top
and bottom. Heavily
silver plated brass.
Stocked to fit 3"
terminal boards.

CAMBRIDGE 74ermcioncc CORP.
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. . « How MYCALEX Solved a
Tough Insulating Problem for
HAZELTINE ELECTRONICS

and the NAVY -

Note one more success story

- ;:gncerninq MYCAI.E;X" and on

outstanding builder of elec- _ J N E&
| tronic apparatus, MYCALEX—' C THE INSULATOR

the “last word” in low-loss n.

s MYCALEX CORPORATION
answer to your problem. too. o r A M E R I c A

Vrite for d’eidiled specifi-
" . : i “"OWNERS OF '"MYCALEX' PATENTS"”

CLIFTON, Executive Offices: 30 ROCKEFELLER PLAZA
NEW JERSEY NEW YORK 20, N. Y.

: cations and samples.
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Transients

HIGH FIDELITY

% Last month we published an article by O. B. Hanson
entitled “Down to Earth on ‘High Fidelity’” in
which the author discussed various factors which affect
better reproduction of broadcast programs. Mr. Han-
son advocated more attention to a balanced system of
reproduction and the limitation of the audio range to
2 maximum of 50 to 10,000 cycles for all types of
broadcasting, including frequency modulation. He
stressed the need for improved low-frequency repro-
duction, rather than for extending the range beyond
10,000 cycles at the possible sacrifice of other, and
more important, considerations.

We feel that Mr. Hanson has made a sensible and
realistic presentation of the situation, and that his
article should be of value to all interested in the design
and manufacture of high-grade receivers. At the same
time we are definitely not in favor of ham-stringing
designers who want to tackle the job of turning out a
receiver to cover an audio range extending from, say.
30 to 16,000 cycles. There is plenty of room in the
u-h-f spectrum for a frequency deviation band adequate
for low-noise-level f-m transmission over this range.
The war has proved to us that many ideas previously
considered impractical can be worked out, and quickly.

Regarding the need for higher fidelity receivers,
many have contended that the lack of widespread pub-
lic acceptance of prewar so-called high-fidelity receivers
proves that it isn’t worth while to attempt to produce
them. Fact is, those sets which were termed “high
fidelity” were often not sufficiently better than other
good receivers to impress the listener. Furthermore,
the extended upper-frequency range, when present, was
valueless on most programs on the standard broadcast
band, where the four-or five-thousand cycle limit sliced
it off at the transmitter.

Other things being equal, the public has never failed
to accept radios which provide demonstrably better re-
ception. The first models which furnished improved
low-frequency reproduction, artificial and “boomy™ as
it was, were tremendously successful because the dif-
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ference between these sets and their predecessors was
immediately apparent.

At a meeting of the Institute of Radio Engineers
several years ago, Dr. Fletcher of Bell Labs gave a
memorable demonstration of sound reproduction in
auditory perspective. IHis apparatus covered not only
the frequency range from about 30 to 16,000 cycles, but
also an exanded dynamic volume range. Never before
or since has this writer heard such marvelously excel-
lent reproduction. Then, that the audience might make
comparisons, he introduced filters which limited the fre-
quency range in progressive steps. While the differ-
ence in fidelity was detectable when the upper limit was
reduced to 8,000 cycles, the quality of reproduction was
still extraordinarily good. When the upper limit was
restricted to 4,000 cycles, representing that of the aver-
age console receiver, the deficiencies of present-day re-
ceivers became immediately apparent.

Perhaps the greatest handicap to high fdelity re-
ception is the limitation of the volume range, rather
than the frequency range. Granting, for the moment,
that a large proportion of the public is tone-deaf, most
certainly they can hear and appreciate a closer approach
to the true volume range than we are now geiting. Re-
gardless of frequency range, no broadcast of symphonic
music can be considered high fidelity unless, when re-
ceived, the contrast between the pianissimo and for-
tissimo passages appears to be similar to that which the
listener hears at a “live” performance.

FLY RESIGNS

% The announcement that James L. Fly has resigned as
head of the FCC should be cause for deep regret among
all who have the best interests of the radio industry at
heart. Few men in public service have been subjected
to such bitter attacks, yet even those who disagreed with
him were bound to respect his sincerity and integrity.
We believe the entire industry owes him a vote of
thanks for the efficiency and fairness with which he

has handled a most difficult job.
—J. H. P.
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HOWARD Crystal Holders, precision
made, accurate, and dependable, will
serve the radio, electronic and allied
fields in peace as they have the armed
forces in war. Undisputed leadership in
the manufacture of Crystal Holders, and
proved performance of HOWARD
Holders calls for: “Specifications to
HOWARD.”

* BUY WAR BONDS %

OWARD MANUFACTURING CORP.

COUNCIL BLUFFS, IOWA

)

CONTINENTAL ELECTRIC COMPANY

GENEVA, ILL. rw

ORE OMICY
205 W. Y 51,
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Figure 1

DYNAMIC RESISTANCE
MEASUREMENT

The transitron as a negative res
ance oscillator may be used to meast
the dynamic resistance of a tuned ¢
cuit. It is of additional value as
screened oscillator for general p
pose use.

The circuit is described in an arti
by Mr. F. P. Williams, appearing
the August, 1944, issue of Wirel
World.

The basic transitron oscillator
shown in Fig. 1, in which the screer

[Continued on page
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TRANSMITTING TUBES
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Fom the miniatures (such as the IT serics or 9000 series) to the big ones
{such as 204A, 833 or 839R) Johnson can usually supply the sockets. Most
Johnson tube sockets have been designed in cooperation with ihe tube
manufacturers and many of them were actually in production and ready for
delivery before the tube was announced. This explains why the Johnson line is
the mosct complete and why Johnson is the only manufacturer producing many

of the types.

This confidence, cooperation and assistance on the part of the tube
manufacturers explains too, why Johnson's mechanical and electrical design is
superior, Both the Army and the Navy have recognized this superiority in
Johnson wafer sockets for example, by specifying both the ceramic and the
contacts used by Johnson.

Quantity production and economical manufacturing procedures make
Johnson the best buy on the socket market —in fact the price is usually less
than that of poorly designed imitations.

On that new socket requirement, investigate Johnson.

Write for Catalog 968K

JOHNSON

a éamoaﬂ name in Radio
3 * NOVEMBER, 1944
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[Continued from page 6|

held at a higher d-c. potential than the
suppressor, but at the same alternating
potential. Part of the electron current
is collected by the screen. A decrease
in the a-c screen potential decreases
the suppressor voltage and increases
the screen current. The retarding field
effect produces a negative resistance,
which may amount to a megohm.
Instead of using a battery bias, the
author employs cathode resistors to
bias the suppressor. The control grid

bias 1s applied by the R1, R3, R4 com-
bination, in which R is variable.

Fig. 2 indicates how a change of
control grid bias varies the negative
slope of the suppressor grid voltage-
screen current characteristic. Several
values of Vg and I7s¢g were employed,
using the British type EF30 tube.

By varying RI the negative resist-
ance is made to balance against the
positive dynamic resistance, Rj, of the
tuned circuit. Because the suppressor
grid voltage is held fairly constant at
about 10 volts, the operating point is
made to stay on the nearly straight
portions of the curves. This permits

7

The public has awaited television so pa-
tiently and eagerly that unprecedented
 standards of perfection must be in
immediate evidence when commercially
sound marketing begins Ken-Rad
Ca:thpcf[& Ray Tubes will be the answer

KEN-RAD

EXECUTIVE OFricrs

OWENSBORO:KENTUCKY

EXPORTS 15 MOORE STREET NEW YORK

TRANSMITTING TUBES RECEIVING TUBES
CATHODE RAY TUBES INCANDESCENT LAMPS
SPECIAL PURPOSE TUBES FLUORESCENT LAMPS

a substantially undistorted signal
approximately 2 volts, peak.

The practical circuit is shown
Fig. 3.

For measuring dynamic resista:
the resistor R, is first calibrated
percent rotation against various
sistances connected to 7, and
Measurements are made when oscil
tion just starts.

The unknown resistance may then
connected to 7; and 7, and the va
taken from the calibration curve. I
these measurements S, is open.

When used as a screened oscillat
the internal tank circuit is employ
S; being closed. The output is tal
from the cathode follower, and is |
more than two volts.

CLASS C AMPLIFICATION

The reasons for the efficiency o
class C R-F amplifier are gener:

Figure 3

overlooked by the average radio
gineer, and have received little att
tion in the texts, according to Mr.
W. Hallows in an article enti
“Class C Amplifiers” appearing in
October, 1944, issue of Wire
I orld.

The author lists the following ct
monly recognized reasons for h
efficiency in class C:

a. The tube operates during onl
part of the positive half-cycle of g
voltage.

b. The whole of the grid-volt
plate-current characteristic is
ployed.

c. Larger driving voltage swings
permitted.

An important factor in class

NOVEMBER, 1944 * [RADI



Colonel Casey said, “The growing complexities of airport traffic make it ever more important
that private planes and regular operating passenger aircraft be equipped with up-to-date, reliable
two-way radio, if high standards of safety are to be maintained. One important factor is . ..”

COLONEL JOHN CASEY, Manager,
Chicago Municipal Airport . . .

‘A FOOLPROOF POWER SUPPLY FOR AIRCRAFT
RADIO OPERATION”

Colonel Casey, Electronic Laboratories has long been aware of the
need for reliable power supplies especially adapted for aircrafc use.
One of E-L’s exclusive developments along this line involves vibrators MODEL SC-1096

operating in parallel which assures a reserve power source for extra Model SC-1096 is*a typical E-L Vibrator Power
protection. These Vibrator Power Supplies—both light and heavy duty ; Surpl_v which meets the requirements of aircraft

STANDARD POWER SUPPLY

B

—are specially designed for complete reliability at very high alttudes. racio use. This unit was designed for the Canadian

The life of E-L Vibrator Power Supplies is far beyond the customary
overhaul requirement. With these units maintenance time is cut to a
minimum—only a small fraction of the time previously required.

Other E-L developments for the aircraft field include units for flash-
ing wing lights and for instrument panel illumination. This equipment
has wide application for the light plane field as well as for large aircraft,

The economy and versatility of Vibrator Power Supplies are also
available to the marine field—where units have been designed to pro-
vide fluorescent lighting, radio-telephone operation and electrical ap-
pliance use—as well as many other fields where it is necessary to con-
vert current to specific voltage and type requirements . . . Let E-L engi-
neers consult with you on your power supply problem.

VIBRATOR POWER SUPPLIES FOR LIGHTING, COMMUNICATIONS, AND ELECTRIC MOTOR OPERATION -

Signal Corps to operate radio transmitters. Input
voltage: 12 volts DC, or 110-117 volts AC at
50-60 cycles. Output volrage: 2000 volts at 125
ma., 400 volts at 25 ma., 250 volts at 10 ma., 250
volts at 5 ma., 10 volts at 5 amps., 12 volts at
1 amp. Output power: 480 watts. Dimensions:
17" x 12%" x 734"

NDI POLI

ELECTRIC, ELECTRCNIC AND OTHER EQUIPMENT



You have to know to design for quality . . . efficiency . . . reliability.

In FM equipment these factors are vitally important and can only re
from proved ability.

You will find this ability at Federal — whose engineer-specialists know |

Federal’s broadcast equipment has earned an enviable reputation . . .
end result of a long list of impressive achievements. It was Federal’s engin
who contributed their knowledge to the development of the “Micro-r:
the forerunner of modern high-frequency technique.

This pool of research and development experience, working in the s
tradition of perfection, is now responsible for Federal’s FM equipment —
ultimate in modern engineering design.

Look to Federal for complete FM installations . . . antennas, cables, tr.
mitters, transformers, vacuaum tubes. . . all backed by Federal’s name. ..
name that stands for the best in broadcast equipment.

Newark 1, N, J.
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operation, however, 1s that less heat is
required to be dissipated by the plate
of the tube than in other types of am-
plifiers, since average electron veloci-
ties ‘are less and anode current flows
for only about 1/3 of the time.

The grid-voltage, plate-current
curves are shown in Fig. 4. Negative
grid bias should be at least twice cut-
off. Since grid current flows during
most of the plate current period, good
drive is required. The plate efficiency
is 60 to 80% as compared to 50 to 609
for class B operation and 25 to 35%
for class A. Since a high degree of
distortion is present, class C is only
suitable for transmission of r-f power,
rather than for reception.

Fig. 5 shows what happens to the .

plate voltage as the plate current va-
ries due to variations at the grid. The
plate voltage falls off with increased
plate current in accordance with the
drop across the plate load resistor.
The {phase shift between grid voltage
and plate voltage is therefore 180 de-
grees. But the plate voltage swing may
not exceed 120 degrees, and the mini-
mum plate voltage may be as little as
109! of the plate supply voltage.

Maximum emission occurs when the
plate voltage is small. Electron veloci-
ties are therefore small and less heat
is developed at the plate,

MOVEMENT DETECTION

The detection of movements of per-

sons or objects in a prohibited area,
the protection of valuables, or the
inspection of material as fabricated in
continuous sheet form are suggested
applications of the “Aniseikon.”

" This device consists of an optical
system operating into two photocell
circuits balanced to detect changes in
illumination due to movements of the
olject Jin the area under surveillance.
" The Aniseikon is described by Dr.

*
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buy extra War Bonds

Do more than before . ..

In QUARTZ
CRYSTALS
the most significan?
advancements have
been introduced by
BLILEY

CRYSTALS

-

Built-In Resistor Adapts this

Drake Assembly for use with
No. N.E.51 NEON Lamps

NO. 527 F TYPE

PILOT LIGHT ASSEMBLIES

HE DRAKE 500 Series Dial Light Assem-

blies are ideally suited for use with 110V
NEON Lamps, when equipped with a built-in
resistor. Their many fine features have made
the 500 Series a favorite. In fact, millions have
been used since they were first introducd in
March 1940! As world’s largest exclusive pro-
ducer of Socket and Jewel Pilot Light Assem-
blies, DRAKE facilities and long specialized
experience assure top quality and speedy de-
liveries in any quantities. If you have a socket
or jewel light problem, submit it to our capable
engineers. Should a standard type prove un-
adaptable, they’ll design and build a special
type for your particular need. The Drake
catalog contains a wealth of information on a
big line of Pilot Light Assemblies. Do you
have a copy?

DRAKE MANUFACTURING CO.

1713 WEST HUBBARD ST., CHICAGO 22, U.S.A.
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[Continued from page 9]
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W. Sommer in an article under this
title appearing in the October, 1944,
issue of Electronic Engineering. The
author points out that “Aniseikonia is
a pathological condition in which the
images which reach the conscious-
ness through the two eyes are not of
identical shape and size.”

The two optical systems use differ-
ent focal lengths so that the objects
in the two photocells are unequal in
size. If A is the cathode area in the
photocell's and a is the area of the
silhouetted image in the first photocell,
then A—a is the illuminated area in
this cell. When 7 is defined as the ratio
of the image areas in the two cells
the illuminated area in the second cell
will be A—ra. The indicating instru-
ment measures the ratio RI = A—
a/A — ra. When this relation is dis-
turbed, as by a movement into the

e

Figure 6

supervised area, the new illumination
ratio is R2 = 4 — (a+b) / A—
r (a+b) where b is the area of the
new image corresponding to a. The
pointer of the indicator is disturbed
and can be made to control an external
alarm.

The system described is more effec-
tive than a device which depends on
interception of a directed beam, since
the intruder may avoid the beam. The
Aniseikon will supervise an entire area
depending upon the width of the lens
angles.

Fig. 6 illustrates the balanced photo-
cell circuit. The microammeter move-
ment may be employed to operate an
alarm either by an independent source
of light beamed through an aperture
uncovered by the pointer into an addi-
tional photocell, or by use of a relay
such as the Weston type 703,

The above description applies to an
Aniseikon suitable only for detect
of alien objects appearing in the feld
under supervision. Movement of ob-
jects existing in the field can be de-
tected by the introduction of gratings
into the optical systems, these gratings
to perform the function of the photo-
receptors in the retina of the eve.

The patterns of the two gratings
differ, so that the electrical balance of
the photocells circuit will be upset by
any slight movement of the object. In
general, the image on one photocell
should appear on a small grating ele-
ment while the image on the second
photocell is appearing on a larger ele-
ment. A side of the smallest element
should be approximately .03 millimeter
in length for use with a photocell of
20 microamperes per lumen sensitivity

Fig. 7 illustrates a type of grating
which is considered foolproof. When
the two gratings are used together the
aniseikonia effect will result.

RESISTANCE-CAPACITANCE
TUNING

A modified resistance-capacity oscil-
lator circuit in which a wide frequency
range can be covered with one con-

Figure 7

denser gang, and only one dial change
is necessary to adjust frequency, is
described by Mr. S. S. West in the
August, 1944, issue of Electronic En-
gineering.

The circuit permits a 10 to 1 fre-
quency range with one control, and
with the use of decade resistances an
extremely wide band of frequencies

can be supplied at almost const
output.

The circuit of Fig. 8 is a form
relaxation oscillator in that the f
quency of oscillation is controlled
the R5, C1 and R6, C2 combinatic
in which R5 = R6 and C1 = C2. 1%
frequency is inversely proportional
either R or C, and can be varied
ganging either the R’s or the C’s,
latter being more convenient.

A random ncgative voltage at
V1 grid produces an amplified volt
drop across R1, which is applied to
V2 grid. This increases the plate
rent of /2 and also the voltage d
across R2 and R3. This drives the g
of /1 still further negative to cut-
The RC networks permit the cha
on C1 to leak away and the grid
"2 goes negative. The process I
reverses itself so that oscillations
produced.

To preserve good wave form
degree of regeneration must be €
trolied. This is done by selecting
sistor and capacitor values such |
the potential at the grid of V2 is
ways at a fixed-ratio to the plate
tential of V1. In other words, the ¢
¢2/el of Fig. 9 must be constant. 1
condition is fulfilled if the CR pros
remains constant since it is shown

joCR
e2/el =

1 i 3_] w CR-—‘ (0) CR)2

-
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Figure 8

It is also shown that the series
work CI, R5 and the shunt neti
C2, R6 produce equal and opp
phase shifts when the frequency i
versely proportional to CR. The
phase angle must be zero for os
tions to occur.

The impedance of the network
R6 is

X, 2R —jX .R*
2] =

X2+ R2
[Continued on pag
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How many Klystrons are there?

oMPARED with the early Klystrons
C which Sperry first developed some
years ago, the more recent formsrepre-
sent dramatic improvements in both

size and performance.

And this is only the beginning!
Information on the newer types is

presently restricted to those qualified
under Military regulations.

But Sperry Klystrons are in use on
many battle fronts, and in many ap-
plications. . .

Thereare small Klystrons,and large
ones...low-powered ones and high-
powered ones. There are Klystrons
which generate, amplify, and multi-
ply. Where required, frequency sta-
bility (better than that required for

broadcast purposes) isreadily applied
by conventional means.

Klystrons are easily modulated for
new and all conventional purposes.
And, by means of a single knob, they
canbe tuned continuously over awide
band, or the operator can snap-tune
them to previously selected bands.

Write us for further information.

Sperry Gyroscope Company

ING,

GCREAT NECK, N.Y. + DIVISION OF THE SPERRY CORPORATION

GYROSCOPICS « ELECTRONICS

* NOVEMBER.
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1944

11



FAST, EFFICIENT
NATION-WIDE SERVICE

on Evenything in

ELECTRONICS and RADIO

/7 save time . . . call ALLIED first
From every corner of the Nation. .. come calls
to ALLIED for “rush delivery” of vital sup-
plies — supplies to keep production humming
. . . aid laboratory research . . . help men in
training and men in action. For it's well-
known that in this arsenal of supply are
centralized today’s largest and most complete
stocks under one roof . . . over 10,000 electronic
and radio items!

Furthermore, our close contact with all
leading manufacturers enables us to speed
procurement of “hard-to-get” items.

Wherever you are . . . whatever you need . ..
call Allied First. Our central location in the
heart of U. S. transportation means faster
service . . . all-ways!

NEW R-F RESONANCE and
COIL WINDING CALCULATOR

Easy to use! For fast ac-
curate determination of
resonance factors and coil
winding data. No. 37-955,
Postpaid, 25¢.

Complete Up-to-date
BUYING GUIDE

Write, Wire or Phone Haymarket 6800

ALLIED RADIO CORP.

833 WEST JACKSON BLVD., DEPT. 14-L.4 CHICAGO 7, ILLINOIS

~ OVER 10,000 ITEMS—such as: _

. Tubes Transformers Microphones

Lt Condensers Relays Headphones L‘ ED
; Capacitors Switches Public Address A
Resistors Rectifiers Test Equip.

Rheostats Wire & Cable Intercom.
Coils Speakers Power Supplies AD ‘ o
Sockets Receivers Converters
i Photo Cells Training Kits Generators
Balteries Code Equip. Chargers
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[Continued from page 10]
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Figure 9

and the impedance of the series
work is Z2 = R — jX,, where
R’s and the C’s are equal. The pt
angles are tan ¢, = —R/X, and
¢ = X /R, from which f = 1/27

The grid of 171 is returned to
tap in R3 for negative feedback ¢
trol of oscillation conditions. R3
small compared to R2.

Resistor R7 is employed to comj
sate for the effects of K2 and she
be one-half the value of RI.

72 is used as an output buffer.

DYNATRONS

* The dynatron as a negative re
ance signal source has been replace
the transitron oscillator in many ag
cations where stable operation is
sired.

A dynatron employing a pentode
instead of the conventional scree
tetrode is recommended because |
todes are now more readily obtaina
Mr. G. A. Hay, in an article “Pentc
as Dynatrons” points out fthat
pentode can be employed by connec
together the screen and suppres
The article appears in the Sept., 1
issue of Wireless World.

Mr. Hay's studies indicate that s
pentodes give better negative resistz
characteristics than others—low ne
tive resistance and a long, strai
negative resistance curve. The 1
suitable tube examined was found t
the British Osram VMP4G.

A limitation to the very low nega
resistance lies in the power rating
the screen. When secondary emis
is very high the screen current will
ceed the plate current, which may ¢
be negative. The power rating of
sereen depends upon its ability to
sipate heat.

The author finds the negative
ductance, 1/Rp, to be directly pro

[Continuned on page
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ow’s this for POWER FACTOR
and DIELECTRIC CONSTANT

0.03

0.02 N\

0.0l

POWER FACTOR

0 0% 10> 10F 10°

FREQUENCY CYCLES/SECOND

HESE curves show how closely Formica

MF-66, glass mat base laminated phe-
nolic insulating material, approaches cera-
mics and other high qualily insulators at
high frequencies. It can perform many of
the functions for which these materials were
once thought necessary.

At the same time it has the mechanical
strength to withstand sharp blows and the
vibration that is so often present where air-
borne, ship, and ground installations must
be wused. Dimensions are stable under
changes in temperature and humidity. MF-66
resists the growth of fungi and may be used
in the tropics.

It has the usual Formica characteristics of
machinability and workability — speeding
production and reducing labor costs.

This combination of qualities opens a wide
field for the application of the material which
as yet has scarcely been scratched.

Test samples are available on request.

7] * NOVEMBER,
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® These data represent average values measured at
normal laboratory conditions of ‘temperature and
humidity on specimens not previously conditioned.
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MODEL 79-B

SPECIFICATIONS:

FREQUENCY: continuously variable 60 to 100,000 cycles.

PULSE WIDTH: continuously variable 0.5 to 40 microseconds.

OUTPUT VOLTAGE: Approximately 150 volts positive.

OUTPUT IMPEDANCE: 6Y6G cathode follower with 1000 ohm load.

R. E. MODULATOR: Built-in carrier modulator applies pulse modulation to any
r.f. carrier below 100 mc.

MISCELLANEOUS: Displaced sync output, individually calibrated frequency and
pulse width dials, 117 volt, 40-60 cycles cperation, size 14x10"”x10",

wt. 31 Ibs.
Price: $295.00 F.O.B. BOONTON Delivery on priority

MEAS.UREMENTS CORPORATION

BOONTON - NEW JERSEY

OUTPUT
TRANSFORMER
Hermetic-Sealed
Glass Terminals

MERIT COIL & TRANSFORMER CORP.

4427 North Clark St. CHICAGO 40, ILL.

TECHNICANA

[Continued from page 12]

tional to the cathode current and prac
tically independent of the screen volt
age, so long as the latter is sufficientl
large as to attract nearly all secondar}
eJectrons away from the plate and the
cathode current is held constant. Thi
fact was used as a basis for comparing
various tubes.

CORRECTION

The photograph of the Type B-10
Bolometer, shown on page 27 of th
September, 1944, issue of Rabio, shoul
have been credited to Tung-Sol Lam
Works, Inc., manufacturers of thi
tube, instead of Sylvania Electric Pro
uets, Inc. We regret this error.

TUBE PRODUCTION
The production of 9,100,000 miniatw
receiving tubes for the Army, Navy ai

Lend-Lease in the first quarter of 19
will be necessary if present requiremen
are to be met, officials of the Radio a
Radar Division, War Production Boar
announced recently.

Current production of miniature rac
receiving tubes, at approximately 2,600,0
tubes per month, indicates a serious sho!
age of this type of tube used extensive
by both the Army and Navy, members
the Radio Receiver Vacuum Tube Ind
try Advisory Committee were told at
meeting here November 2. The to
shortage was placed at 250,000 tubes §
month, while monthly production of b
tery type miniature tubes was said to
200,000 a month short of essential requi
ments, Radio and Radar officials report

Demands for these tubes have increa:
instead of fallen off, largely as a res
of battle losses and the development
new electronic equipment for use in
war effort.

Representatives of WPB indicated t
the reduction in tube requirements
Army electronic equipment after “V-
Day would be only about 26 per cent,
stead of about 50 per cent, as forme
predicted. In view of continuing N
equipment requirements, the reduction
military tube demands after “V-E" Da;
expected to be very slight.

Army officials also pointed out that
Army was in short supply of five imy
tant types of miniature tubes at its de
where replacements are stored, and
current inventories showed far less t
the normal supply.

Members of the committee endorse
plan for the organization of a subcom
tee to meet in Washington each month
officials of the Radio and Radar Divi
to study production and scheduling
orders for all receiving tubes to mair
a free and even flow of the neces
tubes to meet wartime demands.

[Continued on page
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Look It Over! You'll see the quality craftsman-
ship and compact construction of this new
HARVEY 206 PA—its sound design, precision
assembly and easy accessibility. Notice the gray,
crackle-finish paneland the copper plated chassis.

The new Harvey 206 PA is equipped with
spare fuses, a generous 6 ft. heavy duty Typex
cord, two interlocks for safety, overload and time
delay relays — everything to make it a thorough-
ly dependable, easy-to-operate source of labora-
tory D.C. power.

Although the picture gives you an indication
of why the HARVEY 206 PA operates smoothly
and efficiently, it can’t show you how this pre-
cision instrument operates in two ranges — 500
to 700 volts at }{ of an ampere; 700 to 1000
volts at .2 of an ampere — with both ranges ac-
curately regulated within one per cent. That’s
up to the instrument and us. We'd like nothing
better than the chance to show you just what
this important new development cando. Getin
touch with

OF CAMBRIDGE

NOVEMBER, 1944
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The inherent stamina of Cinaudagraph

Speakers is due to experience in design and
manufacturing plus highest inspection stun=
| wefl dards.In all types of Ginaudagraph Speakers,
{soll from small wateh-like Handie-Talkic units

l to large auditorium speakers, you'll find the

sume precision, the same painstaking work=

munship and the same long-lived faithful -
oy
reproduction. , ¥
Wateh Cinaudagraph Speukers after Victory! . >
S od
AT

Cinaudagraph Speakers, lnc.

3911 5. Michigan Ave., Chicago
Export Div., 13 E 40th St., New York 16, N. Y.

Feaker Made in all the MWordd =

THE CATHODE-RAY TUBE
AT WORK by John F. Rider

This book presents 2 complete
explanation of various types of
cathode-ray tubes and what role
cach element within the device
plays in making visible the voltages
and currents encountered in various
kinds of tests.

More than half the book is de-
voted to the practical applications of
the cathode-ray tube oscillograph.

This book has proved its value
among both students and practical
workers.

333 pages, 450 illustrations, $3.00

A-C CALCULATION
CHARTS

his new Rider Book greatly re-
duces the time required for alter-
pating current engineering calcula-
tions—speeds up the design of ap-
paratus, the progress of engineer-
ing students and aids executives
who check engineering calculations.
160 pages  (9Y2x 12in.) $7.50

Send for Catalogue of all
RIDER BOOKS

JOHN F. RIDER PUBLISHER, INC.
404 FOURTH AVENUE <+ NEW YORK 16, N. Y.
ORT DIV.: ROCKE -INTERNATIONAL CORP. I3 €. 40TH ST .. NEW YORK

EXP

16

TECHNICANA

[Continued from page 14]

committee will be representative of

| seven receiving tube manufacturing €os

panies, and M. E. Lauver of WPB will &=
chairman. The first meeting 18 schedule
for November 17, 1944, it was announce

When war demands for miniature =

| ceiving tubes are materially reduced, WE?

will authorize their manufacture for civ:
ian use, WPB officials said, emphasizin
the belief that there is little hope for sus
action in the near future in view of ne
irements and continued demands §
| standard tubes used by ¥
Navy and for Lend-Lease.
of having a standa:
injature tube compl
In view of tk
i mimature tub
ent are not app
<ets, it was indicat
o standards should °
war civilian use

RADIO ENGINEERS ELECT
NEW OFFICERS

bro N e L. t of Washingt®
st authorities
has been electd
ute of Radio En
ing year, it was @
ced -he Board of Directors
SOCIEY Dr. Everitt, who i$ (@
--rational Research Branch, OF
: Signal Officer of the Unit
succeeds Vrofessor Hube
¢ the Department of Electri
at Yale University, N

I—__\ ert

t. who has been directing ¢
sreh for the Army at Wa:
1042, was recently appoint
and head of the Department
Engineering at the Univers
Urbana, He was granted
heence from that university
army work but will assw
release from W

there on
n of Dr. Hendrik ]. Van ¢
Johannesburg, Union of Sot
ca. as Vice President was annour
aneously, Dr. Van der Bijl, Fell
of the Institute since 1928, is Chairman
the Electricity Supply Commission,
3. A. Tron and Steel Industrial Corpo
tion, Ltd, and the Industrial Developm
Corporation of S. A, Ltd.; Chairman !
Managing Director of African Me
Corporation, 1.td.; Director of the S.
Board Barclays Bank; Director-Gen
of War Supplies, and Chancellor of
| University of Pretoria, all of Johan
| burg, Union of South Africa.
| The three Directors elected for th
| year term, 1045-1947, were Stuart
| Bailey, Consulting Radio Engineer
|]ansky and Bailey, Washington; |
| Henney, Editor of “Jilectronics’ mMage
New York; and Dr. Benjamin E. Sha
« Engincer—in—('.harge of RCA
Radio Corporatio
All are Fello

ford,
| quency Bureat,
| America, New York.

NOVEMBER, 1944 *
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*MECHANICAL PROPERTIES
MODULUS OF RUPTURE.............. 18000-21000 psi
HARDNESS

Mohs Scale 3-4 BHN, BHN 500 Kg load. 63-74
IMPACT STRENGTH..._ASTM Charpy .34-.41 ft. Ibs.
COMPRESSION STRENGTH.. ... 42000 psi
SPECIFIC GRAVITY ... ... i 2.75-3.8
THERMAL EXPANSION.....000006 per Degree Fahr.
APPEARANCE.. ...Brownish Grey to Light Tan

*ELECTRICAL PROPERTIES
DIELECTRIC CONSTANT ... ... ..6.5-7
DIELECTRIC STRENGTH (14") ... 630 Volts per Mil
POWER FACTOR......., 001-.002 (Meets AWS L-4)

* THESE VALUES COVER THE
VARIOUS GRADES OF
MYKROY

GRADE 8 Best for low loss
requirements.

GRADE 38. Best for low loss
combined with
high mechanical
strength.

GRADE 51. Best for molding
applications.

Special formulas compounded

for special requirements.

New and more exacting high frequency insulation problems
are being solved by MYKROY, the perfected low-loss, glass-
bonded mica ceramic.

One of the many outstanding mechanical properties of
MYKROY is that it will not warp, shrink or change its physical
form under adverse conditions of heat, cold or humidity.

Don’t let another day go by without learning more about
it. Write for your copy of the MYKROY Engineers Manual
containing the facts about this perfected insulation.
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Based on Power Factor Measuremenis made by
Boonton Radio Corp. on standard Mykroy stock.

INC: Chicago 47: 1917 NO. SPRINGFIELD AVENUE . . TEL. Albany 4310
Export Office: 89 Broad Street, New York 4, N. Y.
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An Important Statement

BY Mycarex CORPORATION OF AMERICA

Issued in an Effort to Clear up and to
Avoid Continued Confusion in the Trade

T has come to our attention that in some quarters electronic engineess and purchasing
executives are under the erroneous impression that the MYCALEX CORPORATION
OF AMERICA is connected or affiliated with others manufacturing zlassSonded mica in-
sulation, and that genuine “MYCALEX" and products bearing similar sames ace all “the

-l ans

same thing™ . .

. are “put out by the same people” . .. and “come from e sames plant

with any other At :
turing glass-bonded mica 1nstla
terials. It is 100% American in ownership
and operation.

2. The word “MYCALEX' is a registered trade-
mark owned by MYCALEX CORPORA-
TION OF AMERICA, and identifies glass-
bonded mica insulating materials manufac-
tured by MYCALEX CORPORATION OF
AMERICA.

&.The General Electric Company, by virtue of
a non-exclusive license it had under a MY-
CALEX patent through the MYCALEX
(PARENT) COMPANY, LTD., was per-
mitted to use the trade-mark “MYCALEX”
on its glass-bonded mica insulating materials.

4.The MYCALEX CORPORATION OF
AMERICA has behind it over 20 years of
research leadership, dating back to work
done by the original MYCALEX (PAR-
ENT) COMPANY, LTD. of Great Britain,
from which it obtained its American patents.

AGALER

Trade Mark Registered
General Office

and Plant
CLIFTON, NEW JERSEY

MYCALEX CORPORATION OF AMERICA

“OWNERS OF ‘MYCALEX' PATENTS”

X CORPORATION OF AMERI-
U. S. patents and patent applica-

bn improved glass-bonded mica insula-

marketed under the trade-mark “MY-

5.The products of MYCALEX CORPORA-
TION OF AMERICA zre: (a) “MYCA-
LEX 400"—the most highly perfected form
of MYCALEX insulztion. approved by the
Army and Navy as Grade L4 insulation.
“MYCALEX 00" is sold in sheets, rods and
fabricated form. (5) “MYCALEX K”—an
advanced capacitor dielectric with a dielec-
tric constant of 10 to 15, which can be
fabricated to specifications. (¢) MOLDED
MYCALEX. available to specifications in
irregular shapes and into which metal in-
serts may be incorporated.

B.“MYCALEX™ in the forms described above
is made by exclusive formulae and exclusive
patented processes. It is utterly impossible
for any one other than the MYCALEX
CORPORATION OF AMERICA to offer
any product, similar in appearance, as “the
very same thing.”

Executive Offices:

30 ROCKEFELLER PLAZA
NEW YORK 20, N. Y.

~e B
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A. C. MATTHEWS

A thorough analysis of methods and technique used in laboratory tests of broadcast receivers

urRING the development of a mod-

ern radio receiver it is necessary

to make many qualitative measure-
ments. The degree of accuracy of
these measurements must be high if the
results are to be of any value. Fortun-
ately, these tests have been fairly well
defined and standardized.! It remains
then to interpret the definitions prop-
erly and avoid faulty technique in mak-
ing the measurements. It is the inten-
tion of this article to disctiss the neces-
sary test procedures and to point out
precautions to be taken during the
measurements to insure consistently ac-
curate results.

PART |

mentioned previously, have been estab-
lished for some time it is not surpris-
ing to have two engineers working in-
dependently obtain quite different re-
sults, due to slightly different techni-
ques in their measurements. Such a
condition is not so unusual if the tests
are made in different laboratories, since
the accepted conditions of measure-
ment are likely to vary slightly with
different manufacturers. This is often
due to the type of measuring equip-
ment employed and is no reflection on
the ability of the engineering depart-
ments. But when results are not com-
parable between groups in a particular

While the required measurements, as  engineering department, where the
EXTERNAL sTANDARD | :
MODULATING SIGNAL DUMMY RECEIVER
SOURCE R | GENERATOR || ANTENNA SeEn o 400~

OR Be S
3010 40,000 § INTERNAL o0 s
CYGLES MODULATION L
: DUMMY
: LOAD
AND
OUTPUT
METER
HARMONIC
ANALYZER

equipment is usually more or less stand-
ardized, it 1s evident that the technique
of making the measurements is at
fault. Some of the more common er-
rors will be discussed in the hope that
these differences may be minimized.

Test Equipment

Fig. 1 shows a block diagram of the
necessary equipment as set up for the
measurement of recéiver characteris-
tics. In addition to the apparatus
shown, the following should be readily
available:

1. High resistance d-c voltmeter-ohm-

metpr
. A-C voltmeter.

. Adequate milliammeters to cover a
range of 0-150 ma,

. Oscilloscope

. Means for adjusting primary power
source, whether line or battery

. Complete set of ‘“‘average” vacuum
tubes

. Complete

tubes
8.
9

ot

s

set of “high-low” limit

Necessary alignment tools
. Data record hook,

Signal Generator

A standard signal generator (Fig. 2)
covering the desired frequency range
should provide an output voltage of at
least one volt to satisfy most require-
ments as a source of r-f signal voltage.

Fig. 1, Block diagram of setup for lab tests of receiver

*

NOVEMBER,
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* Standards on Radio Receivers—Insti-
tute of Radio Engineers—1938.
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This voltage must be capable of atten-
uation from its maximum down to ap-
proximately 0.5 microvolt without any
appreciable shift in the carrier fre-
quency. Adjustment of the carrier fre-
quency to within 0.1 per cent or better
of the required frequency is very de-
sirable.

The audio frequency source for mod-
ulating the signal generator should be
accurate as to frequency and low in
harmonic- content. A tolerance of 2
per cent is considered acceptable. With
amplitude modulated signals the per
cent modulation should be continuously
variable from zero to 80 or preferably
100 per cent. In the case of frequency
modulated signal generators, the de-
viation should be continuously adjust-
able from approximately zero to 0.5
per cent of the center carrier fre-
quency.

The accuracy of the signal genera-
tor is obviously of utmost importance
and should therefore be checked peri-

Fig. 2. Typical laboratory-fype standard signal generator

(Courtesy Measurements Corg.

odically. Errors introduced by stray
leakage fields are usually negligible iz
a well designed generator, but thi
should not be taken for granted.

A simple check may be made by con-
necting an exploring coil, consisting of
a few turns of wire, to the input term-
inals of a sensitive receiver and care-
fully moving it about the generator
with the receiver tuned to the same
frequency as the generator. The pick-
up should be negligible with the coil
placed within six inches of any part of
the instrument. Particularly check the
areas around any indicating meters and
also at the point where the output leads
are fed through the case. It should be
possible to connect the receiver i
terminals to the generator output
minals, with the attenuator set for mi
nals, with the attenuator set for m
mum output and shorted, without
ticing any appreciable response o
signal. When measuring a receives
with a loop antenna it is possible ¢

"

orient the loop with respect to the
equipment to minimize stray pickup.
Next in importance is the calibration
of the attenuator. This should b
checked by first setting the output at &
relatively high level, say one volt, anc
measuring with a diode voltmeter. The
lower ranges are then checked agains:
the higher ranges by means of a re-
ceiver in which the detector has been
-alibrated to act as a vacuum tube
ter over at least a 10-to-1 range
uld be noted that the outpu:
.nce of most generators varies
, the high and low attenuatos

unmodulated signal generator
2 1 volt is now coupled to the
through a dummy antenna, an
he receiver sensitivity adjusted to s
point where its detector calibration in-
3icates the top of a 10-to-1 range. The
- 01 is then reducec
whicl d decrease the
s. The attenua-
uld not exceed 2 pes
- the attenuator car

er there is a null poin:
ing of the attenuator
will exist if leakags
re present which cons
hase with the norma
Usually this 1s due 2
Serence in carrier potential be
power supply cors
ordinarily be
{ line filter and/or
ver under test away
. Stray noise voltages of
= 1 be avoided if good accur-
aC obrained. This may neces-
use of a double shielded room
1o eliminate such effects, if
troublesome.

cal

Percentage Modulation

Percentage modulation can  most

STANDARD
SIGNAL
GENERATOR

OSCILLOSCOPE
INTERNAL 'SWEEP

R.F.
SIGNAL

LOAD

i

w [l [

2
AAAAAAAA.

i

AAAAAA

s vvvavv

o

1""" {

With Ry of zero, adjust
Ry for initial reading

Fig. 3. Oscilloscope setup,

20

(A), and v-¢ voltmeter schematic, (B), for checking modulation percentage
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conveniently be checked by means of a
cathode ray oscilloscope. The signal
generator output is coupled through a
resonant circuit as shown in Fig. 3
to the vertical plates of the scope.
After the tuned circuit is resonated to
the signal generator frequency, there-
by amplifying its output to a usablc
value, the modulation can be checkea
by carefully measuring the crest anc
valley of the modulated signal wave
as shown by the 'scope. The modula-
tion percentage is equal to the differ-
ence between the crest and valley di-
vided by the sum of the same, times
100, as given in equation (1).
c—v

% modulation = X 100 (1)

c+v

By using a cross-section type viewing
screen on a 5 inch scope accuracies of
better than 5 per cent can be obtained.

Another method of checking per cent
modulation makes use of a vacuum
tube peak voltmeter. By measuring the
peak values of the modulated and un-
modulated carrier the per cent modu-
lation can be determined by

% modulation =
(Emoa— E+¢) X 100

E.¢

where E,,q and E,; represent the peak

(2)

200

nuf 20 uh

L

GENERATOR
RECEIVER

v 400
ae oiods
05 uf Cy
\,Lm; /
i =

|
|
L

=
Y

Fig. 5. Standard dummy antenna

values of the modulated and unmodu-
later carrier respectively. Fig. 3b shows
a typical set up. With R, at zero, R,
should be adjusted so that milliam-
meter (1) barely indicates current. The
unmodulated carrier is then applied and
the potentiometer R, is adjusted for
zero current at the milliammeter. The
d-¢ voltmeter (V) will now indicate
the peak unmodulated value of the car-
rier. Modulation is then applied and
R, again adjusted for zero current in-
dication. The voltmeter then indicates
the peak modulated carrier voltage.
The per cent modulation can now be
calculated from equation (2).

Most amplitude modulated generators

TABLE 1

NORMAL TESTS AND OPERATING CONDITIONS FOR RECEIVER

MEASUREMENTS

Line Power
Type Receiver A.C, D-C or Battery Power

ACDC Storage ‘ Dry Cell

Normal Power Input 117 volis 8.6 volis 1.35 volts
Pawar:ingal Lol 106-128 v 5.87.8 v ' 1116 v

for Special Tests

Tubes

Use tubes having center characteristics for those
parameters which affect performance. Check oper-
ation at power input limits with high and low
characteristic tubes.

Power Output
load.

R.M.S. at 10% harmonic distortion across rated

Normal Test Output

0.5 watt when power output exceeds 1 watt. 0.05
watt (50 milliwatt) when power output exceeds
0.1 watt but is less than 1 watt.

Sensitivity’
Normal
Max. output

400 cycle 30% modulation
400 cycle 80% modulation

Selectivity

400 cycle 30% modulation—Normal output.

Fidelity

30-10,000 cycles 30% modulation—Normal output.
Measure curve at center of r-f band unless, due to
selectivity effects, the fidelity changes substantially
over the tuning range, in which case fidelity should
be measured at or near the ends of the r-f band.

Image Response

400 cycles, 30% modulation.

1 Sensitivity should also be checked at limit voltages of power input indicated.

have some frequency modulation pres-
ent, particularly at the high frequency
end of the band. This is not usually
troublesome unless a very selective re-
ceiver is being tested, in which case the
selectivity curve will appear to be un-
symmetrical due to the vector addition
of the amplitude modulation with the
frequency modulation on the opposite
slopes or sides of the curve. In such
cases it is advisable to make measure-
ments with an unmodulated signal.
The accuracy of the frequency cali-
bration of the signal generator should

_AMPLITUDE MODULATION AT END
" OF DISCRIMINATOR CURVE

Fig. 4. Determining deviation frequency

* NOVEMBER, 1944

be known, also its drift characteristics.
In general, most generators are rela-
tively stable after an initial warm-up
period of 15 minutes. Since methods
of frequency calibration are so well
known it should not be necessary to go
into detail on this subject. Periodic
checking by the zero beat method
against broadcast stations or the stand-
ard frequency transmission of WWV
should be sufficient,

Deviation Frequency Tests

The above discussion, with the ex-
ception of the part on modulation, ap-
plies both to frequency-and amplitude-
modulated signal generators. With a
frequency-modulated generator, instead
of being interested in the variation of
the carrier output as influenced by the
audio frequency modulating voltage,
we are interested in determining the
accuracy with which the audio fre-
quency modulating voltage deviates the
carrier about its center frequency.

To be more specific, we are inter-
ested in checking the calibration of the
frequency modulating properties of the
generator. A simple method consists
of using a cathode ray oscilloscope in
conjunction with a f-m receiver and a
separate amplitude modulated test os-
cillator. An f-m signal is tuned in on
the receiver and the discriminator
curve is observed on the oscilloscope.
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Fig. 6, Divider network for u-h-f tests

Now, if a signal of the proper fre-
quency from the test oscillator is fed
into the receiver input, it will appear
on the discriminator curve, as shown
in Fig. 4. As the frequency of the
test oscillator is varied the indication
will shift up or down the curve on the
oscilloscope. By adjusting the fre-
quency of the test oscillator so it moves
the indication from one end of the
straight line portion of the discrimin-
ator curve to the other, and noting the
frequency change required on the test
oscillator, the deviation of the f-m
signal generator will be determined.
The change in frequency between the
two end points will be equal to twice
the deviation of the f-m generator. An
accuracy of 10 per cent can be ex-
pected.

Artificial Antenna

In order to simulate actual operating
conditions during the measurement of
a receiver an artificial or dummy an-
tenna must be employed. Such a device
has been standardized by the IRE and
RMA, and consists of two condensers,
an inductor, and a resistor connected as
shown in Fig. 5. The impedance char-
acteristics vary from a capacitive re-
actance at low (broadcast) frequencies
to nearly a pure resistance of 400 ohms
above 10 megacycles. (It is permissi-
ble for simplicity to use a 400-ohm re-
sistor in place of the standard dummy
at frequencies above 3 megacycles.)

The dummy antenna should be con-
structed as a small independent unit to
obviate coupling to other equipment.
Connecting leads from the signal gen-
erator through the dummy antenna to
the receiver should be shielded to re-
duce external fields. At broadcast and
medium high frequencies the length of
these leads is of minor importance as
long as the voltage drop remains negli-
gible. At frequencies higher than 20
to 30 megacycles it is common practice
to use a half-wave dipole antenna sys-
tem and, accordingly, receivers are
usually designed witih input systems to
match a 72-ohm load. (Impedance at
center of average half-wave dipole).

It is evident that our standard an-
tenna no longer fulfills the require-
ments for this type of operation. Gen-
erators for ultra-high-frequency work
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are thercfore often terminated with a
resistor equal to the impedance of the
transmission line which is supplied as
part of the instrument. It is important
that the terminating impedance of the
line be known in order to correctly
match and measure a receiver, since
an improper termination would result
in a variation of output over the ire-
Gquency range due to reflections caused
by a mis-matched load.

In some u-h-f generators a low re-
sistance tap is provided on the termi-
nated line output. This permits the
connection of a low impedance receiver
input without affecting the generator
output voltage. The maximum voltage
output is thereby reduced in propoertion
to the ratio of the resistance at the
tap to the terminated line resistance.
as shown in Fig. 6.

Receivers with loop antennas do not
require a dummy antenna to simulaie
normal operation. The signal generator
output voltage is induced in the re-
ceiver loop from a co-axial coil as
shown in Fig. 7. For convenience of
operation, this coil may be so designed
that the receiver sensitivity can be ob-
tained from the signal generator outpit
voltage by dividing the output voliag:
by ten.** The receiver loop is placed
coaxially with respect to the signal gen-
erator radiating loop, the latter having
its low potential face towards the for-

Fig. 8. Typical v-t voltmeter

(Courtesy Measurements Corp.)
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Fig. 7. Setup for testing set with loop antenna

order to minimize electrostatic
ects. The spacing betweer
ild exceed twice the larges:
* gither loop and both loops
Iy be at least twice this
ny large metal objec:
yf 4 screen room.
ictice to rotate the loos
.- before making any
check for reflections
11 reflections are
- must be elimi-
rate measure-
Proper orientatior
ping them spaced e
ar== ) will usually remeds
= ‘When the largest dimen-
% intenna is less than 1
ended spacing between
If meter.
1e question as to the val-
hod of measurement by
. However, since it is an
iard results are at least

Load

measurements are
rd dummy load con-
the regular speaker.
: should be resistive,
of withstanding the
receiver without any
ange in its resistance.

arily 2 value of resistance for
load is chosen which gives
: value of undistorted output
fic operating conditions in-
hough the recommended val-
ied by the tube manufacturer
simes used. Measurements may
iz with the load resistor shunted

Standard Output

tput

= oonnected across the primary with
the secondary open-circuited. This does
not iake into account the efficiency of
the output transformer but, since one
receiver may be used with several dif-
ferent size speakers, the output trans-
former is usually considered as a sepa-
rate component and tested accordingly.

* Measurement of Loop Antenna Receiv-
ers—Swinyard—Proc. I.R.E., July, 1941.

*Loop Antenna Design— Matthews —
Ranro, Feb. 1944,
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Audio Frequency Filter

The majority of overall receiver
measurements are made with an audio
frequency modulation of 400 cycles.
For this reason it is practicable to use
a band-pass filter (tuned to 400 cycles)
between the dummy load and the out-
put-measuring instrument. Thus it is
possible to make measurements in the
presence of an appreciable amount of
background noise.

Precautions should be taken in the
design of the 400-cycle filter to pre-
vent saturation of the magnetic circuit
in the iron-core inductances. In other
words, the power-handling capacity of
the filter must be adequate to prevent
the generation of harmonics at high
output levels. The attenuation at 400
cycles must be known in order that a
correction factor may be applied to the
measurements. A switch should be pro-
vided to disconnect the filter from the
circuit when not required.

Distortion Meter

Evaluation of receiver characteristics
is not complete without measurement
of the magnitude of audio distortion
present under given '‘operating condi-
tions. An arbitrary value of 10 per
cent has been chosen as the maximum
amount permissible before it becomes
objectionable. The meter should there-
fore be capable of indicating the mag-
nitude of the audio distortion present
over a range of 1 to 30 per cent with
an accuracy of approximately 5 per
cent.

Since most measurements are made
with an audio frequency of 400 cycles,
it is only necessary to provide one
high-pass filter. The high-pass filter
should provide excellent attenuation at
the fundamental frequency being used,
and pass all of the harmonics up to
5000 or 7500 cycles without appreciable
discrimination between them. Distor-
tion percentage is determined by meas-
uring the r-m-s value of the output
with and without the filter (fundamen-
tal plus harmonics and harmonics
only).

High-pass filters for the measure-
ment of distortion at 50, 100, 1000,
5000 and 7500 cycles are commercially
available, if it is desired to investigate
these frequencies.*

The distortion meter should obvious-
ly not affect the harmonic output of
the receiver being measured, therefore
it should have a sufficiently high im-
pedance input in order not to modify
the output load circuit. For adequate
sensitivity, the device should prefer-
ably be of the square-law type. A suit-
able distortion-free amplifier and at-
tenuator will usually be required in

* General Radio Company—Type 732-P1
Range Extension Filter. 3
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Fig. 9. Typical test data sheets for receiver measurements

conjunction with the distortion meter
to provide a wide range of operation.
The various conditions of measurement
will be discussed in detail later.

Output Meter

Power output delivered to the output
load may be measured with a vacuum
tube voltmeter, thermocouple ammeter,
copper-oxide voltmeter or wattmeter
calibrated to read r-m-s values. The
vacuum-tube voltmeter is probably the
most satisfactory since it is versatile
and convenient in its operation. Fig. §
shows a typical instrument which, in-
cidentally, can be used for many other
receiver measurements to be described
later. Copper-oxide meters are also ex-
tensively employed, but they are lim-
ited in their usefulness because of tem-
perature and frequency errors, the lat-
ter being the most objectionable.
Whichever type of meter is employed,
it i1s obvious that it should not affect
the value of the output load resistance.

A-F Oscillator

Since the standard signal generator
is ordinarily only provided with 400-
cycle modulation it is necessary to sup-
ply a separate source of variable audio
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frequency voltage for the measurement
of receiver fidelity. This is usually ob-
tained from a beat-frequency or a re-
sistance-capacity audio oscillator hav-
ing a range of 30 to 10,000 cycles. Har-
monic distortion should not be greater
than 2 per cent, over a voltage range
of 0.1 to 100 volts. Such a large volt-
age range is not necessary for modu-
lating the signal generator, but will be
very useful in determining audio ampli-
fier characteristics. Unless the oscilla-
tor is known to be extremely stable
the frequency calibration should be
checked before making any fidelity
measurements.

Cathode Ray Oscilloscope

The cathode ray oscilloscope is one
of the most flexible instruments avail-
able to the radio engineer. It not only
can be used to view the operation of
separate sections or overall perform-
ance of the receiver, but it can be em-
ployed to check the accuracy of some
of the other measuring equipment. The
'scope should be provided with an in-
ternal amplifier of known character-
istics, a variable sweep voltage, and
means for synchronizing the input volt-
age.

|Continwed on page 74]
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ROY DALLY

Consulting Engineer, Electrovox Corporaticn

An analysis of the characteristics of magnetic pickups

and their

the change from acoustic phono-

graphs to the electrically amplified
type, bringing with it improvements
that had always been the dream of
every phonograph engineer. Accurately
controlled volume level, power output
limited only by the amplifier used,
greatly increased frequency range and
controlled tonal effects were only a few
of the advantages gained.

Early types of magnetic pickups were
all very similar in design, operating at
vertical pressures averaging about 6
oz. They were usually large and un-
wieldy, with great masses of weight
attached for counterbalancing,—in gen-
eral, a far cry from present-day de-
signs operating at less than 1 oz
pressure. However, they paved the way
for the modern phonograph, and still
have advantages for specific applica-
tions where other types of pickups have
proved inadequate.

THE magnetic pickup made possible

Pickup Design

Fig. 1 illustrates the most conven-
tional type of design. Both pole pieces
and armature were machined or formed
from soft iron or high permeability al-
loys. The armature, in an approximate
shape of a cross, had section “A” ma-
chined or swaged to a cylindrical shape,
about which were fitted rubber sleeves,
to act as bearings, the pole pieces were
so shaped as to retain and compress
the rubber bearings when assembled to
a back plate (not shown), which per-
mitted the armature to reciprocate in
an approximate lateral plane only, indi-
cated by the double arrow.

The magnet was a permanent horse-
shoe type, tungsten in early designs,
and cobalt alloys in later models.

A coil of wire surrounded the arma-
ture, being spaced to permit the arma-
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——NEEDLE
Fig. 1. Diagram of conven-

tional type of magnetic pickup

the

ture to move, and held rigidly in
pole piece assembly. The impedance of
the device was determined by the num-
ber of turns of wire used, high impe-
dance pickups having as much as 10.-
000 turns of #44 EN wire, with a
resulting impedance at 1000 cycles of
about 50,000 ohms.

Air gaps existed on each side of the
armature and the upper pole piece tips,
which varied with different designs
from .008” to .018” each. However,
when once determined for a particular
design, these were held very closely by
means of assembly gages.

Since a decided magnetic attraction
existed between the armature and the
pole piece tips, some means was neces-
sary to center the armature in the air
gap by overcoming the attraction, but
which would permit the armature to

NOVEMBER,

reproducing apparatus

when
swe. Lhe ma-

tps

bber stock. The cen-
slotted to receive the
. armature, and was in
the pole piece assembly
anner that it could be
ily, thus centering the
the air gap.
ent fixed air gap existed
e lower part of the armature
wer pole piece tips, through
er bearings. There was no
al contact between the
i the pole pieces.
on, the armature recipro-
Between pole piece faces 1 and 2,
al tely first one and then
. Thus, when the arm-
r 1o 1, a greater num-
orce appeared through
hetween 1 and 4, since
ce between the north and
s of the magnet was smallest
magnetic path. When the
sure approached face 2, conditions
reversed, the lines of force
through the armature were also re-
versed, being predominant between 2
and 3, and current was generated in the
turns of wire due to the reversal of
flux through the armature.

Now that we have a general picture
of a simple magnetic pickup, let us con-
sider certain design considerations nec-
essary for desirable characteristics.

n

Design Considerations

Voltage output is dependent on flux
density, saturation, the number of turns
of wire in the coil, and velocity. By
velocity is meant the speed at which
the armature travels as it reciprocates
in the air gap. Flux density is depend-
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:m: on the magnet used and the reluc-
znce of the air-metal circuit between
== magnet poles. Only one precaution
d be observed with respect to flux

=at bc saturated at any time. Satura-
on would result in distortion, and
could particularly affect the dynamic
-zange and response of the pickup. For-
‘unately, this condition is rarely en-
-ountered, since the air gaps are usually
sufficient to prevent it, but in attempt-
¢ unusual designs, it is well to keep
sturation in mind.
Increasing the number of turns of
ire does not result in a proportionate
nerease in voltage, since the resistance
f each turn increases as the turns be-
yme larger, but in any practical de-
sign, a worth while gain may be had.
Velocity, when considered from a
ickup standpoint is not a variable to
2 tampered with indiscriminately. It
may be changed in any one design by
ncreasing the ratio of the distances
setween the bearing and needle point,
ind the bearing and upper air gap, so
hat for a given distance of travel of
“he needle point, the armature between
he upper pole piece faces will travel
= greater distance, but such practice
‘nvariably results in greater-difficulties
vith armature resonance, to be dis-
cussed later. Good design practice
calls for a ratio of about 1 to 1.
Voltage output is the simplest of the
lesign problems to deal with, since
zdequate gain is available in any good
amplifier, at little or no cost. Very
worth while savings may be effected by
1sing low: cost materials in the pickup
design, resulting in low flux density
and less output, and letting the amp]x-
fder carry on from there.

Resonance

As is usual with all electro-mechani-
cal devices covering a wide frequency
range, we come to the important prob-
lem of mechanical resonance. This has
been discussed at some length in pre-
vious articles’»2 in connection with
tone arms and crystal cartridges. The
resonance conditions encountered in a
magnetic pickup, however, are much
more severe than in a crystal cartridge,
because of the fact that the armature
must have low magnetic reluctance and
for a given mass, such metals and
alloys exceced by far the weight of
aluminum and magnesium used in mak-
ing chucks for cartridge.’ In order to
obtain a frequency range beyond 5000
cycles without resonance peaks or cut-
offs, a great deal of thought must be
given the armature, striving for the

' Tone Arm Design, Dally, Rabio, July,
1944

’Crystal Phonograph Pickups, Dally,

Rapro, September, 1944.
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lowest possible mass and greatest stiff-
ness.

With a few exceptions there has
been a notable reluctance to break
away from the conventional design as
shown in Fig. I, and this design is
definitely limited mechanically when
one begins to think in terms of response
to 10,000 cycles, and tracking pressures
of less than 1 oz. The prime reason for
lack of improved design may be traced
directly to the insistence of magnetic
pickup users that the voltage output be
kept relatively high. 2.5 to 3.0 volts
RMS at 1000 cycles was not unusual at
tracking pressures of 6 oz. Gradual
refinements over a period of years re-
sulted in tracking pressure being re-
duced to about 2.5 oz, and approxi-
mately .5 volts output.

Vertical Inertia

In considering further reduction of
pressure, the problem of vertical in-
ertia, discussed in the article on tone
arm design, becomes of prime import-
ance, While it is simple enough to re-
duce the effective vertical pressure of
the system by counterbalancing, either
by spring or weight, such counterbal-
ancing is no way decreases vertical in-
ertia, quite to the contrary, weight
counterbalancing increases it. There-
fore, in order to avoid groove skipping,
particularly in coin-operated phono-
graphs, the total mass and weight of
tone arm and pickup must be kept at a
minimum. This in turn means a lighter,
smaller magnet, as well as attention to
every detail in order to save weight,
and the inevitable result must be de-
creased voltage output. In addition, a
pickup mechanism--cannot be made to
track at low pressures unless it has a
suitably high compliance, which can be
obtained only by small light moving
parts, a minimum of damping and cen-
tering resistance, and a good bearing

system. Therefore, every improvement
in tracking, frequency range, and qual-
ity must be made at the expense of
voltage output. If users of magnetlc
pickups would be content with approm-
mately 0.1 volt output, very definite im-
provements could be made in magnetic
pickup design.

A two-fold problem exists in center-
ing and damping a magnetlc pickup.
Maintaining the armature in the mag-
netic center of the air gap, and yet
permitting it to move freely when
driven by the groove, is a condition re-
quiring a tough, resilient system, un-
affected by humidity and temperature
changes, and showing little change of
characterististics over long periods of
time. In addition, the armature must
be adequately damped to overcome
resonant peaks and transient response.
Unfortunately, the requirements of
a good centering material and an effi-
cient damping material are very much
in opposition with each other. The very
nature of damping material requires
that it be soft and with a minimum of
resilience. Obviously, such could not
be used for centering.

Centering

Probably the simplest, most efficient,
and least expensive means of center-
ing is pure gum rubber. It may be ap-
plied mechanically in a number  of
ways, the only precaution being that
it be used generously, and not in small
blocks, which tend to age much' more
rapidly. But such centering is useless,
from a damping standpoint, since rub-
ber so used lacks that ability to 'a
marked degree. Damping must theén be
applied separately, using a material
having the desired qualities. Both cen-
tering and damping may be applied in
compression or shear, however com-
pression is preferable, since in shear,

[Continued on page 60]

Fig. 2. Comparative- theoretical response curves of crystal and magnetic pickups
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I-Networks as

ANK CIRCUITS

W. H. ANDERSON
Trans-Canada Air Lines

Design data for using a pi-network to couple the final amplifier to the antenna

ANy of the mechanical problems
M of coupling a final amplifier
to an antenna may be side-
stepped by the use of the familiar
three element pi-network as the final
tank. This is common practice par-
ticularly in commercial multi-fre-
quency transmitters designed for quick
band-change. However, there is a pos-
sibility that in designing and adjust-
ing these, the factor of proper O may
be overlooked. Furthermore, the class-
ical equations which involve a genera-
tor as a supply of energy cannot be
said to apply directly to a vacuum tube
amplifier, as in the former case QO
is not a relevant factor.
Fig. 1 shows the conventional pi-net-

« work with R, as the input resistance

and R, as the output resistance, pre-
sumably the resistance of an antenna
or its feed system. Fig. 2 is a rear-
rangement of Fig. I to the more famil-
iar tank circuit form. Obviously, for
sake of direct application of tank cir-
cuit formulae, the parallel circuit XC,

XLy

<0000

XCy. - XCo - g

- Bl

Fig. 1. Conventional-pi-network
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and R, will have to be replaced with
an equivalent series circuit. This :=
accomplished in Fig. 3. It is now pes
sible to derive equations for XC,
XL, and XC, in terms of R, and K,
Recalling that in any parallel r=-
sonant circuit the terminal resistance
equals O XC
R

Also, since O is defined as the net in-

Xi;

e ——— 3 ———>
x
8

Fig. 2. Pi-network in tank circuit form

ductive reactance divided by the re-
sistance,

XLy — ———
9 R4+ XC
= R:XC.
RS+ XC,°
Simplifying,
OR: XCo? R:XC,
g (2
R+ XC4? R+ XCo*

NOVEMBER,

—R

T

%

ReEXC,

R+ XCq
R XCo2
R%+ XCot

——

Fig. 3. Equivalent circuit of network

0 R:XCo*+ Rs" XC,

R:s+CF

:nv parallel resonant circuit

R = XL(XC—XL)
[Continued on page ¢

—

XLy

l"'____'."_-T

13

Ra

Fig. 4. Network feeding antenna
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Ry  XCp Xy XCo Re
20,000 ——4— 2000 [— 400 1000
1600 ’_
18,000 1500 p— 1800 l— 360 900
1400
16,000 — {600 — 320 800
—1300
—1200 Q=12
14,000 — 1400 — 280 700
—1100 Ry
DO NOT USE WHEN — >90
12,000 1000 p— 1200 — 240 2 600
— 900
10,000 —— — 4000 —-200 500
— 800
— 700
8000 —— f— 800 — 160 400
— 600
6000 ——4— 500 —— 600 p— 420 300
— 400
4000 — — 400 p— 80 200
— 300
— 200
2000 —— = — 200 — 40 100
—1400
XC,
Ry, Y XL, XCo Re
18,000—-—§ — 3600 [r—A )0
p—= 900
| 8
b
16,000 ——{ 2 —3200 900
—2 —— 800
14,000 — _g — 2800 e 800
B Q=6
12,000—-% — 2400 Ry 700
. — 600 DO NOT USE WHEN D25
|3 Ra
-
10,000 — o }—2000 600
-2 —— 500
-8
8000 —— ~ —1600 p—500
o — 400
=8
o
6000 —-8 —1200 400
X p— 300
o
B3
4000 g [—eo0 300
=3 — 200
3
2000—— ¥ L—400

Figs. 6 (top) and 7. Alignment charts for determining values of pi-network elements
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TROPICALIZATION

H. A. PARKER

A discussion of methods to follow and precautions to be observed
in preparing radio and electronic equipment for tropical service

tronic equipment for tropical serv-

ice is of the fundamental import-
ance today. “Tropical Service,” how-
ever, is not confined to the geogra-
phical area of the tropics, but is
extended to any area where moisture
and fungus are to be found.

Tropicalization (the design and prep-
aration of radio and electronic equip-
ment for tropical service) is as spe-
cialized a problem as the design of
industrial electronic equipment or as
winterization, the preparation of
equipment for low temperature oper-
ation. In brief, equipment must be
specially designed for tropical serv-
ice.

THE preparation of radio and elec-

Bervice Conditions

A partial definition of the condi-
tions to be met in tropical service will
demonstrate the need for special de-
sign: This equipment must be operated
intermittently in low, wet, damp lands
where there is little direct sunshine
and no cover, and where repair or
maintenance parts are not available.

The heat which can be used to pre-
vent moisture absorption is the heat
generated in the equipment. However,
since this equipment is used inter-
mittently, there is a humidity cycling
effect. During the periods when the
apparatus is not operated, moisture is
absorbed by certain parts of the equip-
ment. At night or during other cool
periods—where the change of temper-
ature is sudden—the moisture absorp-
tion is further pronounced by dew point
conditions. Condensation takes place
on the non-absorbent surfaces, causing
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an increase in the moisture content of
the equipment.

High humidity causes three destruc-
tive forces to go to work on electronic

fungus,
moisture abse

It is 3

Method of masking equipment before tropicalizing treatment is applied
(Signal Corps photograph)
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moisture from electronic equipments,
under the conditions dictated by mod-
ern warfare. With the necessity for
small light-weight, easily transportable,
but highly efficient equipment, excel-
lent places for forming moisture are
furnished unless special care is taken.

The problem resolves itself into sev-
eral associated problems:

1) Selection of materials and com-
ponents which do not readily absorb
moisfure.

2) Selection of materials and com-
ponents to minimize corrosion.

3) Selection of materials and com-
ponents, not readily attacked by fun-
gus.

4) Protective coatings of those
parts subject to damage by moisture,

boards, supports, and the like should
be molded, wherever possible and prac-
tical. If this is not practical, a non-
organic base laminate is preferred to
cotton or linen. Water absorption can
pe reduced by thorough varnish im-
pregnation before or after terminals
are placed into the terminal board.
Special care should be taken to see
that the fibre ends are sealed against
moisture penetration. This can elim-
inate such effects as swelling, the low-
ering of the insulation resistance, the
growth of fungus.

Fibre, cotton, linen, wood, and other
cellulose derivatives have proved trou-
blesome, due to swelling, rotting, low-
ering of insulating properties, fungus
growth, moisture retention affecting

Effect of fungus growth on good and poor parts

corrosion, or fungus.

5) Proper design which takes cog-
nizance of the problems.

Since the problem is broad in na-
ture, this discussion can present only
the highlights. Reference, however, is
made to the Signal Corps publication,
“This is Serious!” which further de-
scribes the problems and attempts at
solution.

The selection of material and com-
ponents which do not readily absorb
moisture can be the subject of much
discussion. The guide post to materi-
als is the index of water absorption, a
recognized measurement. This mea-
surement must be used with care, be-
cause in many cases milled and un-
protected ends of material are not
taken into consideration during the
testing. Certain conclusions are, there-
fore, presented:

Phenolic insulation, such as terminal

[RADIO] *
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(Signal Corps photograph)

nearby parts. Certain attempts have
been made to keep moisture to a min-
imum. Essentially, each strand must
be saturated with a moisture-resist-
ing fungus-inhibiting impregnate after
the material has been thoroughly dried.
Certain surface treatments have also
heen attempted without too much suc-
cess.

Ceramics are porous in an unglazed
state. Certain treatments have been
proven successful. Wherever possible,
however, the solution to the problem
is glazing the surface—thereby reduc-
ing the porous surfaces and crevices.

Selecting Components

The selection of components to re-
sist the inclusion of moisture is a more
difficult matter, since there are no
readily obtainable guide posts. The
government specifications on compon-
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ent parts do set up certain categories
of components which are more resist-
ant to humidity exposure and/or salt
water immersion cycling. The latter,
not a true indication of water absorp-
tion, is an indication of the part’s
ability to withstand the excesses of
high humidity and salt atmosphere. No
correlation exists between the time of

true life and time at which failure
occurs from salt water immersion
cycling.

There is some relationship, however,
between the porosity of the compon-
ent’s coating and its ability to with-
stand salt water immersion cycling.
That this relationship does exist can
be easily seen. Examine, e.g., resistors
of the two categories of Navy Speci-
fication RE 13A 372], Fixed Wire
Wound Resistors, Power Type. Two
categories are set up: More resistant
to salt water immersion cycling, and
less resistant to salt water immersion
cycling. The former is defined within
the specification as able to withstand
nine alternate cycles of high tempera-
ture salt solution (saturated) followed
by low temperature salt solution (sat-
urated) ; the latter is defined as able
to withstand two alternate cycles. To
meet the conditions of the former, a
hermetically sealed glass enclosure has
been placed around the resistor; to
meet the latter conditions, a superior
vitreous finish has been applied. Still,
under high humidity conditions, the
latter type has opened since its coating
is more porous.

This leads to one conclusion: all
components should be hermetically
sealed where possible. This is in con-
flict with our first statement that equip-
ments must be small and compact.
There rests the problem.

These conclusions apply:

Equipment masked for spraying
(Signal Corps photograph)
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Resistors of the fixed composition
variety should be insulated and coated
with a mineral wax, preferably bear-
ing a fungus-inhibiting material. But
since such wax may melt under high
temperature operation, care should be
taken in this respect. Resistors of the
power wire-wound type should be se-
lected to be of maximum resistance
to high humidity exposure and salt
water immersion cycling consistent
with the space allowed; the use of
small diameter wires and exposed
windings should be avoided. Precision
resistors using small diameter wire
should not be used; precision resistors,
if used, should be of large diameter
wire, thoroughly aged, and impreg-
nated to withstand high humidity and
thermal shock.

Capacitors

Capacitors of the fixed mica type,
molded in phenolic, should be coated
with mineral wax and fungicide; care
must be taken to guard against high
temperature operation for the wax will
melt, Qil-filled capacitors should be
hermetically scaled to withstand hu-
midity excesses; paper wrappers are
virtually useless under high humidity
conditions.

Transformers and chokes should be
hermetically sealed, preferably potted
in a metal case; certain new impreg-
nates show possibilities of mecting
these requirements without the use of
a metal case. R-f. coils should be
thoroughly impregnated and wound on
forms which are suitably moisture re-
sistant, such as molded phenolic or
glazed ceramic.

Wire should be selected to hdve a
high initial insulation resistance, so

that under prolonged humidity expo-
sure the insulation resistance will still
exceed ten megohms. Cotton, linen,
and like coverings should have indi-
vidual strands treated to withstand
high humidity.

It is difficult to form any conclu-
sions as a result of the above discus-
sions. Water absorption of materials
and components can be stopped if care
in selection is applied. The best rule
would be—when in doubt, eliminate
the component or material, if an accep-
table alternate is available.

Minimizing Corrosion

The rules for elimination of or min-
imizing corrosion are better estab-

Effects of corrosion and fungus growth
(Signal Corps photograph)
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lished than any of the other rules in
this discussion. Corrosion has been de-
fined as an electrochemical destruc-
tive reaction between two dissimilar
materials. Since two unlike surfaces
and a conducting medium are neces-
sary for most corrosion, perhaps the
simplest method of preventing corro-
sion is the coating of each surface.
The corrosion resulting under the
conditions of two unlike surfaces and
a conducting medium is an electro-
ical reaction depending on the
ability of metallic salts to conduct
electrical currents. These salts have
been examined at quite some length.
¢ a metal in defined concen-
in a solution and measuring

{ration

GORRCSION

Sianal Corps photograph)

notive potential produced
ydrogen has led to the estab-

i the Electro-Potential
is series can be found in

ibooks.
Certain metals, readily dissolved,
such as potassium, calcium, magnesium,

: unum are extremely negative
t rogen; certain others, such as
wble metals are moderately posi-
- 1o hydrogen. It could, therefore, be
n that magnesium and silver in
roximity and in solution would cause
a high electric current flow. This flow
of current would result in the destrue-
tion of the cathode, magnesium.
These rules apply, in general. Cer-
tain other factors complicate this prob-
lem: the formation of protective salts
and the type of atmosphere.
Protective salts can be obtained in
the manufacturing operation. In prac-
tice, it is common to treat aluminum
with anodic processes to give a pro-
tective salt on the surface. This anodic
treatment means the formation of a
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Typical Signal Corps com-
munications equipment

(Signal Corps photograph)

sulphate, chromate, or a like salt on
he surface. Other metals, similarly
rreated, will withstand corrosive at-
mospheres.

The atmosphere controls the type of
sonducting solution, the corrosion
oroducts, and the length of exposure.
These conditions can best be deter-
mined by simulating the atmosphere
0 be encountered—or by a study of
the solubility of expected salt products.

Effective treatment of unlike sur-
faces would be as follows: proper
cleaning of the surface, priming, paint-
ing. Elimination of metallic inserts in
an unlike metal. Study of types of at-
mospheres to be encountered and ex-
pected corrosion products.

The selection of materials and com-
ponents, not readily attacked by fun-
cus, is a little more difficult to define
than any of the other problems al-
ready presented. Certain things we

[RADIO] *
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know, and these are few: fungus grows
in a moist atmosphere, fungus attacks
certain metals to form organic salts,
fungus grows in confined atmospheres,
fungus will attack rough surfaces.

Fungus Growth

The elimination of those materials
and components which tend to absorb
moisture has already been discussed.
The importance previously has been
that of the prevention of swelling, loss
of insulation resistance and the like.
Now the problem of moisture must be
viewed from the point where moisture
will cause fungus growth.

Bare metal surfaces, as ideal places
for corrosion, assume new importance
also when it is considered that the
fungus and attendant organic salts
cause a corrosion of the metal. This
corrosion, like any other corrosion,

1944

will cause a deformation of the sur-
face. This roughened surface is a
good nesting place for the fungus, con-
tributing to its growth.

Confined atmospheres are the most
difficult problems to solve. Compact,
light-weight equipments make neces-
sary the very thing which contributes
to the equipment’s failure: confined
armospheres which are good clinging
places for the fungus.

The points of concentration of fun-

gus growth are readily illustrated to
be the confined atmospheres: lacing of

wire, switch contacts, meters, efc.
These points of growth can be best
¢liminated by proper design. Selection
of materials and components, and the
proper protective coatings (to be dis-
cussed) can aid in a limited way in
the prevention of fungus growth—the
rest is up to the equipment designer.
[Continued on page 68]
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A Method of Measuring

AMPLIFICATION FACTOR
and PLATE RESISTANCE

F. E. PLANER, Ph.D. (London)

A simple method of measuring these tube parameters under operating conditions

fronted with the problem of deter-

mining rapidly the approximate
values of the amplification factor and
anode impedance of a tube. While
there exist, of course, accurate bridges
which enable these quantities to be
measured quickly and accurately, these
may not always be available. The set-
ting up of suitable bridges, or the
measurement of the static tube char-
acteristics, in particular in the case of
multigrid tubes, where the operating
conditions have to be established first,
is often a somewhat lengthy process.

The following notes describe a sim-
ple method which allows the rapid de-
termination of these two quantities
without requiring any major changes
in existing circuits.

Fig. 1 shows the equivalent circuit
of a resistance coupled amplifying tube
having an amplification factor p and
anode impedance R, R is the anode
load across which the output voltage
E, appears, and E,, the generator volt-
age, is given by —uEg, where Eg is
the alternating voltage impressed upon
the grid of the valve.

If now a condenser C is shunted
across the load resistance as shown in
Fig. 2 the output voltage will fall to
a new value E,. Connecting this con-
denser across the anode load does not
affect the operating conditions of the
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T HE radio engineer is frequently con-
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Fig. 1. Equivalent circuit of resist-
ance-coupled amplifying tube

valve and both the anode and cathode
potentials remain unaltered. If the fre-
quency of the generator and the values
of C and R are known, p and R, may
be determined merely by measuring the
a-c grid voltage Eg and the output
voltages with and without the con-
denser connected across K.

The anode impedance R, may then
be found, as follows:

In Fig. 1, E; is given by

E:R

Ry + R

2y =

Similarly,
]z(iz

Ee= ——
Re + Z

NOVEMBER,

he impedance of C and R
Substituting for Z it will
t the absolute value of E.
s given by the expression

E.R

V (RrR)* + &CRP’
ividing E, by E,, and solving for
ally gives for the anode imped-

oC 1
mzl/ ;iE;F:“E
—ehe
E;
where w = 27 X frequency in c.p.s
[Continued on page 65}
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Fig. 2, Equivalent circuit
with shunt condenser added

1944 * [RADIO



RADIO DESIGN WORKSHEEL

NO. 31

DETECTION OF F-M SIGNALS; CONDITIONS FOR CONSTANT BAND
WIDTH; EMPIRICAL FORMULAE; SERIES RESONANT FREQUENCY

DETECTION OF FREQUENCY
MODULATED SIGNALS

The nature of a frequency modulated
signal has been discussed in previous
Radio Design Worksheets.» * Broken
down to simple operations, this is ac-
complished by converting the variations
in frequency to corresponding varia-
tions in amplitude and their detection
in the ordinary manner, usually with
diodes. DPerhaps the simplest method
of converting frequency variations to
amplitude variations is by detuning the
tuned circuit immediately preceding the
detector.

This method is seldom used in spite
of its simplicity because of the follow-
ing severe limitations: It results in an
amplitude wave in which the ampli-
tude variations are not directly pro-
portional to the frequency variations,
thus introducing non-lincar distortion
due to the curvature of the resonance
curve over wide frequency swings.
This can be corrected by reducing the
() of the tuned circuit so that a larger
linear section of the resonance curve
may be used, but this reduces efficiency
of conversion.

Jetter efficiency can be had by em-
ploying a higher () circuit if narrow
band frequency modulation is em-
ployed. This in turn reduces the sig-
nal-to-noise ratio potentialities of fre-

LOW-Q CIRCUIT
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Figure 2

quency modulation, which is one of its
principal advantages.®? This is illus-
trated by the curves of Fig. 1, obvious-
ly more efficiency can be obtained if
it is possible to operate at resonance
of a high O tuned circuit.

Fig. 2 illustrates one of the best
known types of practical discrimina-
tors. Here the primary of the inter-
mediate frequency transformer is cou-
pled to the center tap of the secondary
by capacitor C,. The primary and sec-
ondary of the transformer are coupled
inductively at something less than crit-

HIGH-Q CIRCUIT

LINEAR
PORTION
RESONANCE

CURVE

AMPLITUDE

—>

FREQUENCY

FREQUENCY

Figure 1

ical coupling. Thus the primary volt-
age is added vectorially to one-half the
secondary voltage applied to the diodes.
Since the primary and scecondary volt-
ages arc in phase quadrature, the vec-
tor diagram for the resonance condi-
tion (Fig. 24) is similar to that of
the Scott connection discussed in Radio
Design Worksheet, No. 24.% As a re-
sult of this vector addition, £, is ap-
plied to diode 3 and [¢, is applied to
diode 4. The diodes are connected dif-
ferentially so that the audio voltages
in the diode output circuit subtract.
Figs. 24 and 2B illustrate the vector
diagrams for the condition when the
carrier swings below and above reson-
ance.

It will be noted that the quadrature
relation between primary and second-
ary voltages no longer holds, so that
the voltages applied to the diodes are
no longer equal in magnitude as they
were at resonance.

From the above it can be seen that
the audio output will vary in magni-
tude in accordance with the frequency
swings of the frequency-modulated sig
nal. Thus the frequency variations are

o
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RADIO DESIGN WORKSHEET

NO. 31

DETECTION OF F-M SIGNALS; CONDITIONS FOR CONSTANT BAND
WIDTH; EMPIRICAL FORMULAE; SERIES RESONANT FREQUENCY

DETECTION OF FREQUENCY
MODULATED SIGNALS

The nature of a frequency modulated
signal has been discussed in previous
Radio Design Worksheets.! 2 Broken
down to simple operations, this is ac-
complished by converting the variations
in frequency to corresponding varia-
tions in amplitude and their detection
in the ordinary manner, usually with
diodes. Perhaps the simplest method
of converting frequency variations to
amplitude variations is by detuning the
tuned circuit immediately preceding the
detector.

This method is seldom used in spite
of its simplicity because of the follow-
ing severe limitations: It results in an
amplitude wave in which the ampli-
tude variations are not directly pro-
portional to the frequency variations,
thus introducing non-lincar distortion
due to the curvature of the resonance
curve over wide frequency swings.
This can be corrected by reducing the
() of the tuned circuit so that a larger
linear section of the resonance curve
may be used, but this reduces efficiency
of conversion.

Better efficiency can be had by em-
ploying a higher O circuit if narrow
band frequency modulation is em-
ployed. This in turn reduces the sig-
nal-to-noise ratio potentialities of fre-
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quency modulation, which is one of its
principal advantages.? This is illus-
trated by the curves of Fig. 1, obvious-
ly more efficiency can be obtained if
it is possible to operate at resonance
of a high O tuned circuit.

Fig. 2 illustrates one of the best
known types of practical discrimina-
tors. Here the primary of the inter-

mediate frequency transformer is cou-
pled to the center tap of the secondary
by capacitor C,;. The primary and sec-
ondary of the transformer are coupled
inductively at something less than crit-
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ical coupling. Thus the primary volt-
age is added vectorially to one-half the
secondary voltage applied to the diodes.
Since the primary and secondary volt-
ages arc in phase quadrature, the vec-
tor diagram for the resonance condi-
tion (Fig. 24) is similar to that of
the Scott connection discussed in Radio
Design Worksheet, No, 24.% As a re-
sult of this vector addition, F, is ap-
plied to diode 3 and [, is applied to
diode 4. The diodes are connected dif-
ferentially so that the audio voltages
in the diode output circuit subtract.
Figs. 24 and 2B illustrate the vector
diagrams for the condition when the
carrier swings below and above reson-
ance.

It will be noted that the quadrature
relation between primary and second-
ary voltages no longer holds, so that
the voltages applied to the diodes are
no longer equal i magnitude as they
were at resonance.

From the above it can be seen that
the audio output will vary in magni-
tude in accordance with the luqmm\
swings of the frequency-modulated sig-
nal. Thus the frequency variations are
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converted to amplitude variations in
an efficient mannér. Linearity of the
relation between frequency variation
and amplitude variation is of course as
important in this case as it was in the
simple detuned circuit converter. This
is obtained by circuit adjustment and
i-f transformer coupling adjustment as
well as by proper choice of intermedi-
ate frequency. The method of accom-
plishing this will be shown in a forth-
coming design worksheet.

There are in addition to the circuit
shown a number of other ingenious
discriminator circuits, some of which
have been described in the literature.
Future design worksheets will discuss
the operation of these circuits and
compare their operational character-
istics. with the basic circuit shown
herein.

' Ravio, May 1944, page 25.
“Rapio, June 1944, page 36.
*Ranio, April 1944, page 36.
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Figure 3

CONDITIONS FOR CONSTANT
BANDWIDTH OF TUNED CIRCUIT
The bandwidth of a tuned circuit is
frequently defined as the frequency
difference between points of 0.7 maxi-
mum response or 3 db loss
Let: Af = fy — f,
The shape of the curve of Fig 3 is
largely determined by R/2f,L. The
quantity R/2f,L is usually referred to
as the decrement of the tuned circuit
which may be derived as follows:
27fol. — Y4afl = R
27fil. — Bwf,C = R

R L
E C
Figure 4
Therefore:
R TAf —
Decrement — = =i RN C/E
2fL fo
R IR f
—— = AL andUAR— —
2L 27 fL Q

EMPIRICAL FORMULAE
In Radio Design Worksheet No. 234,
some of the more or less common
methods of relating data to curves and
of evaluating the formulae to best
represent the data was shown. It is
sometimes desirable to use the differ-
ential calculus to determine slope;
maxima, and minima from the formu-
lae. This can be simply illustrated by
Fig. 5. In this case, y = x
8/8x (y =) =1
That is, the slope of the curve is
unity. Whence the curve may be drawn
if one point is known. Thus, if + =
l,then y = 1l and §/3x (y = x) = 1
defines the curve. when §/8a [f(x)]

- y=x

Figure 5

= 0, the curve will be a maximum or
a minimum, since the slope would be
zero (i.e., the curve at that point would
be parellel to the x axis). In the case
of y=x the maximum is infinity.

In Fig. 6 this is illustrated some-

what better. Here the equation 1s:
y=4x — a1*
ofdx (v =7(x) =4 — 2
lf: 8/6x vy=10

Then: 4 — 2 =0
2y =4
4
e
2
Since §/8x y = 4—2r we can deter

mine the slope for any value of # by
substitution.

x v [8/84 —= 4—2¢
0 it 4
1 3 2
2 4 [ 0
3 3 —2
- 0 -4
3 —5 —b6 f
(5] —12 | —S
5
Bx
- 5—6)‘- y=4-2x [
t t—t—tt X
Figure 7

[t is usually a simple matter to de-
termine whether §/8x = 0 is a maxi-
mum or a minimum. It is not evident
from inspection, it can be accomplished
by computing y for values of x slightly
greater and slightly less than the value

of x at §/8x = 0.

' Rapro, March 1944,
G.-R:

Nelson

SERIES RESONANT FREQUENCY

The standard formula for resonant
frequency (Thomson’s Approxima-
tion), must be used with caution when
low-Q circuits are under analysis;

1
f e
2w yLC

Multiplying by 2xf,C is strictly true only when multiplied by
and 2xf,C re- the factor
spectively : L
47fELC — 1 = 2af.CR, or RC
CUTfAL — 2Tf.R) = 1 k= ‘/ b=
S 27f,.CR, or 4L
, "L —27HR) =1 when square wave excitation is em-
Whence : ployed, so that the true series resonant
AT fEL2m R = 47 fSL 27 R frequency = kf, as originally demon-
R (27fs - 2mfy) = 2L (27 — 27%F%) strated by Thomson.
R T(fs— 1) ‘ ) The correction factor is required
= — i("'.,r..—.fi) =7(fs — fr) when the term R2C/4L is sensibly dif-
= /i,' ',.‘_(,- ) ferent from one, under the conditions
L= TR of the analysis.
2f L fo Figure 6 R. G. Middleton, Engineer,
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This Month

Edmund A. Laport

LAPORT AND KNOX
RECEIVES NEW POST

Edmund A. Laport, widely-known for
his installations of broadcasting transmit-
ters both here and abroad, has been ap-
pointed staff engineer for international
communications systems and special appa-
ratus at Camden, N. T., it was announced
by Dr. C. B. Jolliffe, chief engineer of the
RCA Victor Division, Radio Corporation
of America, At the same time announce-
ment was made of the appointment of
James B. Knox to succeed Mr. Laport as
chief engineer for engineering products at
RCA’s Canadian subsidiary, RCA Victor,
Ltd.

In his new position, Mr. Laport will be
responsible for the company's engineering
in connection with international communi-
cations systems and engineering products
for sale in the international field.

WESTINGHOUSE ACQUIRES
HAZELTINE LICENSE

The acquisition of a Hazeltine license
for home receiver manufacture was an-
nounced recently by Mr. Walter Evans,
Vice President in charge of the Radio Di-
vision of the Westinghouse Electric and
Manufacturing Company:.

“This action, in addition to-other licens-
ing agreements signed by Westinghouse,”
Mr. Evans asserted, “is another step taken
in our preparations for production of
home receivers after present restrictions
are lifted, The Hazeltine engineering and
research organization now becomes avail-
able to us for consultation and other
services.”

Organization within the Westinghouse
Receiver Division for manufacture and
distribution is progressing rapidly, Mr.
Evans made known, with plans now com-
pleted for having ready a comprehensive

[RADIO]
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line of home receivers and phonograph
combinations for its distributors and deal-
ers as soon as possible after the “go
ahead” signal comes from the government.

A war plant of Westinghouse in Sun-
bury, Pa., will be reconverted for manu-
facture of home sets. Teadquarters of
the new division will also be located there,

HALLICRAFTERS POSTWAR
POLICIES

The initial outline of the general post-
war policies of the Hallicrafters Company,
Chicago, was presented last week to more
than 50 company sales representatives and
heads of the firm’s export departments by
William J. Halligan, president,

The company planning was discussed at
a meeting held in the Stevens Hotel, Chi-
cago, prior to the opening of the Electronic
Parts and Equipment Industry Conference
on Oct. 19.

:’?\S‘W

James B, Knox

Major points in the policies to be fol-
lowed by the company include:

1. The continued exclusive manufacture
of high frequency communications equip-
ment,

2. Use of the same type of distributors
as has always handled Hallicrafters prod-
ucts.

3. Particular sales emphasis on the ama-
teur radio market.

Indications m the Halligan outline of
company policies were that for the imme-
diate postwar period, at least, the company
has no plans for home radio receivers
bearing the Hallicrafters name.

The firm’s proposed emphasis on the
postwar amateur radio market is already
the theme of much of the Hallicrafters
advertising. Halligan reiterated that “all
of our attention and the best of our efforts
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will continue to be focused on the amateur
—the ham, the fellow who actually helped
us develop Hallicrafters equipment to the
high pitch of perfection it enjoys today.”

TUBE PRODUCTION

Combined military and civilian require-
ments for radio receiving tubes after Ger-
many's defeat will be about 60 to 70 per
cent above present maximum production
rates, Government officials told the Radio
Receiver Vacuum Tube Industry Advisory
Committee recently, the War Production
Board reported. The total production in
August was about 10,000,000 tubes.

Committee members said their ability to
meet these requirements will be almost
wholly dependent upon an increase of man-
power in the industry. Cutbacks occurring
in other industries should substantially in-
crease the supply of labor available for
radio tube production, they said.

Military requirements for receiving
tubes now average approximately 10,000,000
tubes a month. The end of the European
war will reduce military requirements
slightly, but not until one year after Ger-
many’s defeat is a 45 per cent cut in such
requirements expected, WPB officials said.

Because of the nature of the work and
the assurance of continuous employment
after the war, large numbers of women
are expected to be attracted to this field
when cutbacks in other industries occur,
WPB officials said.

At present, approximately 13 per cent
of total radio receiver tube production is
available to civilians for replacement pur-
poses only. Tube production came under
WPB control in May, 1942.

G-E RADIO SURVEY

Nine out of every ten General Electric
stockholders and radio dealers who re-
plied to a recent post-war radio survey
conducted by the company would like to
buy an FM (frequency modulation) radio
receiver,

This interest in FM radio reception was
indicated in replies to a questionnaire re-
turned by 16,635 stockholders and 1,538
radio dealers.

Almost half of those who replied were
undecided as to when they would buy their
new radios, which was interpreted by H. A.
Crossland, Manager of Sales, Receiver Di-
vision, as.an indication that many, post-war
receiver customers are awaiting. the ap-
pearance of FM stations in their localities
before they make a selection. As soon as
receivers become available, 26.9 per cent
of those answering stated that they will
buy a new set.

The replies to the questionnaire also
showed that 80 per cent knew about FM
and that one out of every 10 had already
bought an FM receiver.

Another phase of the survey disclosed
that about 15 per cent of all the radios
owned by those making replies were out

[Continued on page 38]
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[Continwed from page 37|

of order because of war shortages on
parts and tubes. Twenty per cent stated
that they have one set currently out of
order, while 10 per cent showed that they

had two or more sets idle for lack of
service.
The replies also revealed a distinct

change in trend in the selection of models.
They pointed out that 38.9 per cent now
owned table sets while 13.5 per cent said
they had floor radio-phonograph combina-
tions. However, in giving their prefer-
ences as to post-war sets, the table sets
were listed first by only 222 per cent,
while the floor radio-phonograph combina-
tion claimed the choice of 33.8 of the
respondents,

Almost 85 per cent of those replying
stated that they plan to buy a portable
radio after the war. The popularity of
this type of receiver was seen in the re-
sponses of 2,268 stockholders who stated
that they use a portable 75 per cent of the
time indoors.

POSTWAR TELEVISION
CHANNEL ALLOCATION

For some time engineers at Emerson
Radio have felt that, from a technical
point of view, there are three important
phases of television presentation when car-
rier frequency is considered. They have
to do with the width of band required.
Present 525-line television pictures require
a band width of 6 megacycles for com-
bined sight and sound. To transmit this, a
carrier frequency of at least 40 mega-
cycles must be used. Since other condi-
tions of transmission make it desirable to
use the lowest possible carrier frequency,
the present 525-line system is operating
in the region of 50-90 megacycles.

We believe that a 525-line picture will
give excellent general-purpose perform-
ance. Its relative simplicity and present
high state of development make possible
a setting up of definite post-war tele-
vision plans. While it may not be justi-
fied to consume an entire series of alloca-
tions from 50-200 for this present system,
we believe nevertheless, that a substantial
portion of this band should be allocated
for 525-line general-purpose television.

Two other classes of television presen-
tation should also be considered and pro-
vision made for their future allocation,
First, it has been determined that an 1800
to 2000-line picture is the maximum defi-
nition under any and all conditions, Such
a picture requires a greatly expanded band.
The carrier frequency should, therefore,
be above 200 megacycles. We suggest that
suitable plans for allocation be made for
such a high definition system in the region
of 500-1000 megacycles. At present, the
art has not progressed to a point where
high power transmission is possible at these
frequencies. There are many other highly
technical problems, the solution for whic}
is not at all apparent. Such a system, if
indeed possible, may require a minimum
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Rock Island Railway’s Electronic Field Laboratory with
insets showing Hallicrafters Model S-36 receiver which

is wused fto maintain

of two years of development work in the
post-war period before it could be made
available to the public. Equipment cost
will naturally be much higher than the now
practical general-purpose 525-line svstem,

The second television presentation re-
quiring consideration and planning is full-
color video. To date, there has been
demonstrated no full-color system capable
of high definition and unlimited motion of
the subject. Undoubtedly, such systems
can and will be developed. It is quite
generally agreed that color television re-
quires a wider band than a similar black
and white system with the same definition.
A general-purpose color television system
could operate in the 500-1000 megacycle
band of the high definition black and white
system indicated above. However, a high
definition color television system will re-
quire a band of even greater width and it
will, therefore, be necessary to consider
high definition color allocations perhaps
in the region of 3000-10,000 megacycles.
The art, in this band, is even less developed
than in the 1000 megacycle region. It
follows, therefore, that both general-pur-
pose and high definition color television
will require considerably more time for
development and receivers will cost corre-
spondingly more.

To summarize, engineers of Emerson
Radio feel that the following television
allocation program is the most logical and
equitable solution :

1, Recognize that there are three fun-
damental classes of television: (a) general
purpose—black and white 525-line; (b)
high definition—Dblack and white 1800-2000
line; and/or general purpose color televi-
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sion; (¢) high dennition color television.

2. Provision should be made for alloca-
tion of a reasonable but not excessive
number of bands in the 50-200 megacycle
region for general purpose television, the
development and promotion of which can
start as soon as the war program permits
of the release of engineering and manu-
facturing facilities.

3. Provision should also be made for
allocations to be used by high definition
black and white and general purpose color
television in the 300-1000 megacycle region.

4. Additionally, it is to be remembered
and considered that there may ultimately
be a system of high definition color tele-

vision which will operate in some even
higher frequency region.
Hi defimition black and white tele-

vision and color television will not obso-
lete general-purpose black and white tele-
vision. A market will exist for all types
of equipment and the sponsors will benefit
accordingly.  When the high definition
television band is ultimately standardized
it probably will be possible to coordinate
it with an acceptable general purpose color
television syvstem. In this manner both
can operate in the same frequency band
and on their respective receivers. Thus a
station can broadcast in color while re-
ceivers can receive the program either in
celor or black and white, depending on the
desien of the receiver.

This is a logical solution to the tele-
vision allocation preoblem and the answer
tu the many conflicting and often preju-
diced statements which have appeared
vecently.
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PM Lamps Offer Easy
Way of Measuring
RF Power Output

The group of Power Measurement Lamps
.troduced by Sylvania a little over a year

.0 have fully demonstrated their merits as
simple, accurate means of measuring the
izh-frequency power output of radio
juipment.

3 of the 6 Sylvania PM Lanps
['he present series consist of 6 lamps, with
which power outputs ranging from 0.05 to
25 watts can be measured directly. with the
aid of ordinary meters. Accuracy of the
measurements is within 5%, without any
special calibration of the lamps.
Fullinformation on the principle of opera-
tion of these lamps, and on their ratings and
characteristics, is available from Sylvania.

Dip You KNOow...

That fluorescent lights are now helping with
the job of guiding Pan American Clippers
to port? They illuminate scadrome landing
strips which were developed by Sylvania
in cooperation with Pan American.

x kK

That 7%-watt ruby lamps have been devel-
oped by Sylvania for use in Army photo-
graphic printing equipment? Smaller than
most lamps of its type. the 7ig-watt size is
easily mstalled in portable printers.

x kX

The he Army Medical Corps’ new ten-car
hospital train is fluorescent lighted through-
out? Patients in the tropics will be more
comfortable under these lights, which radi-
ate little heat.

SYLVANIA N ELECTRIC

Regulator Tube Maintains

Voltage within Narrow Limats
Maximum Regulation of Type OC3|VRIO5
Is 4 Volts over Operating Current Range

A voltage regulator tube, for applications where practically constant voltages

must be delivered to a load, was recently placed on the market by Sylvania,
Like previous tubes in the Sylvania line of voltage regulators, the new
tube, designated as Type OC3/VRI105, is of the gas filled, cold cathode type.

98D7 USEFUL AS
VOLTAGE BOOSTER

With 28-volt operation of radio equipment
attracting increasing interest in its current
aircraft applications, and in its commercial
potentialities, the Sylvania Type 28D7 is
finding new ficlds of usefulness.

The 28D7 is a Lock-In output tube spec-
ifically developed for operation direct from
a 28-volt source. The 28D7 can be used as a
convenient voltage booster, This feature is
particularly important where the 28-volt
supply may drop too low to operate tubes
haying a eritical minimum voltage.

For voltage bousting, the 28D7 is coupled
as an oscillator to a load coil of the re-
quired characteristics, and the output rec-
tificd by a diode. Output voltages up to 500
to 600 volts can be obtained in this way.

“Car 54 go to 8th and Main— Signal

17 and doesw’t the transmitler sound

swell since I pul in those Sylvania
tubes? Thet is all.”

Is outstanding difference from earlicr
types lies in its lower voltage regulation.
With a design center operating voltage of
105, the OC3/ VR105 has a maximum
regulation of 4 volts over the operating cur-
rent range from 5 milliamperes minimum
to 40 milliamperes maximum. Character-
istics of the new tube are compared with
those of the OB3/VR90 and OD3/VR150
in the accompanying curves.

TYPICAL REGULATION
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Comparalive regulation characteristics
of Sylvania voltage regulator tubes.

It should be noted that iudividual tubes
may not deliver identical voltages to the
load. Flowever, the voltage will be within
the specified operating limits of 105-112
volts, and the regulation
4 volts or less for any
tube.

The tube is mounted
in an ST-12 buib with
a standard small G-pin
octal base.

A current-limiting re-
sistor should always be
used in series with the
OC3 /VR105. to keep the operating current
through the tube down to 40 milliamperes
if the load should be disconnected.

PRODUCTS INC.

Radio Division - Emporium, Pa.

Buase diagram of
OC3/VRI0O5

MAKERS OF FLUORESCENT LAMPS, FIXTURES, ACCESSORIES, INCANDESCENT LAMPS, RADIO TUBES, CATHODE RAY TUBES, ELECTRONIC DEVICES
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The Terminology of
ELECTROMAGNETIC THEORY

Because recent developments in the field of microwave radiation and generation have greatly
widened the engineer’s interest in electromagnetic theory, the following alphabetical list of terms,
ideas, and theorems is presented. It is not so much intended that the discussions be rigorous
definitions as that they shall give interesting ideas and serve as an introduction to the concepts.

Nepers-N— The neper, like the deci-
bel, is a ratio unit which measures the
gain or loss of a signal in terms of a
logarithmic scale. Also, like the decibel,
it is primarily useful to us because certain
physical apparatus responds logarithmically,
For example, the losses in a transmission
line are that way. In each unit length of
the line, the loss is not a fixed amount as
it would have to be if linear variables were
to be an adequate measure of its operation,
but instead the loss is a certain percentage
of the amount entering that unit length.
Strictly, this is exactly the type of phe-
nomenon that gives rise to Naperian loga-
rithms to the base &. While decibels are
based on logarithms to the base 10, the
neper uses logarithms to the base 2. This
would seem to make the neper the more
logical unit for many calculations but,
since the difference between the neper and
the decibel is only a numerical constant, its
advantage is really trivial.

If two quantities Wx and W are said
to differ by N nepers then

N =1 log. (W+/Ws).
To convert nepers to decibels, multiply by
8.686. To convert decibels to nepers, mul-
tiply by 0.1151.

Newton— Just as the dyne is the unit
of force in the centimeter-gram-second sys-
tem of units, so the newton is the unit of
force in the meter-kilogram-second system,
A newton is that force which can just ac-
celerate one kilogram of mass at the rate
of one meier per second per second.

In either of these metric systems the
distinction between force and mass is much
more clear than it is in the English units
of mechanical engineering where we use
the pound to measure both the quantity of
a commodity that can be purchased for a
given price (i.e., mass) and the tension or
compression that a mechanical member
must withstand (i.e., force).

Fortunately, the electrical engineer and
the physicist have almost universally
avoided using English units. In expres-

PART £

0 0 T e

sions such as F = BIL, which gives the
force on a conductor of length L carrying
a current [ through a field B, units are
arranged so that F comes out either in
dynes or newtons. In the MKS or Giorgi
system of units, F is in newtons if B is in
webers per square meter, I in amperes, and
L in meters.

A watt of power is equivalent to one
newton of force acting through a distance
of one meter each second. One newton is
equivalent to 10° dynes and is of a con-
venient size for practical measurements.
Roughly, a newton is about equal to 0.22
Ibs. of force while a dyne is the equiva-
lent of only about .35 ounces.

Oersted-H—Oersteds are used in the
gaussian system of units as a measure of
the magnetic field, H. One oersted of mag-
netic induction exists at the center of a
long solenoid when H — 4wNI1/10 is equal
to wnity. [ is measured in amperes and N
is the number of lurns per cm wound on
the solenoid.

In the MKS or Giorgi system of units,
the quantity corresponding to the oersted
has no special name and H is measured in
terms of amperes per meter. The reason-
ing is that if a current flows in a device
such as a coaxial line, the H field is en-
tirely restricted to the space between the
conductors and for that device depends
only upon the current densities in the inner
and outer conductors. These current:densi-
ties may be measured in terms of amperes
per meter of conducting surface. Thus, if
the outer conductor has an inside diameter
of 3 e¢m and carries a current of 10 am-
peres, it has a current density of 10/(.037)
amperes per meter because the 10 ampere
current is effectively spread over a con-
ducting surface whose width is equal to
the inner circumference of the outer con-
ductor.

The unit of H in the Giorgi system is
best defined in terms of the field between
two infinite, but parallel, plane current
sheets carrying charge in opposite direc-
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tions. The field there in Giorgi units 1s
just equal to the current density and is ex-
pressed in the same units, It is reason-
able to use these units because the induc-
tion field for such a pair of infinite plane
conductors is completely independent of
evervthing else such as the spacing between
s and the nature of the medium.
ed 1s a much smaller unit than
re per meter.

Permeability-z— [i currents flow in
conductors located in a certain region, the
nagnetic field at a point in that neighbor-
hood can be measured in terms of the mag-
netic field, H, or in terms of the magnetic
induction, B. The ratio, B/H, may be
lefined as permeability and is usually repre-
sented by p. Since H depends only upon
the currents and not at all upon the me-
dium. while B is generally larger than H
by an amount dependent upon the medium
and its condition, it follows that z is a
quantity which describes the medium,

Iron materials may have very large per-
meabilities; some other materials such as
pure nickel and certain alloys also cause B
to be much larger than H ; most other ma-
terials have a permeability approximately
equal to that of free space.

It is very important to understand that
permeability is not a constant of a mate-
rial.  With a certain iron, for example, it
is not safe to say that the permeability is
2560 gauss per-oersted. 1f a B-H curve-s
drawn for such a piece of iron the familiar
hysteresis curve showing saturation of B
for large values of H is obtained.

Thus although, for small values of H, #
may be 2500, for larger /H values it drops
off and eventually may become very small.

The permeability of a given material
may also be affected by grain orientation
or by cold working of the iron.

Permeability in Free Space-y,—
There are two numerical constants in the
Giorgi system of units which must be re-

[Continued on page 50]
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oo ¢ “Among their Latest

Triumphs is an inter-com-

municating ‘telephone for

interior use in buildings,
which furnishes in itself, by
pressing buttons, complete
exchange connections, with
all parts of the building, and
releases the same auto-
matically and comprises the
only successful system of

its kind of the present age.”’

The glowing phrases above, written not long after
the turn of the century, describe a Connecticut Tele-
phone and Electric “"First” which doubtless caused
grandpa to wonder, "What won't they think of next!”
The things our engineers are thinking up today in
cooperation with U.S. Army engineers are full of
interest and promise, but they can’t be talked about
now. You can count on better communications...in fact, »
you can confidently expect war-born improvements {
in all branches of electrical and electronic science.
If your product-development plans involve a prob-
lem of electrical or electronic engineering and manu-
facturing, perhaps we can be of assistance. We also
invite preliminary inquiries connected with inter-com-
municating and signalling systems for postwar build-
ings now in the design stage.

CONNECTICUT TELEPHONE
& ELECTRIC DIVISION

GREAT AMERICAN INDUSTRIES, INC,
MERIDEN, CONNECTICUT

TELEPHONIC SYSTEMS ® SIGNALLING EQUIPMENT ® ELECTRONIC
DEVICES ® ELECTRICAL EQUIPMENT @ HOSPITAL AND SCHOOL COM-
MUNICATIONS AND SIGNALLING SYSTEMS e IGNITION SYSTEMS
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MULTI-OUTPUT DYNAMOTOR

The heavy drain on storage batteries by
the use of several electric motor-generators
in mobile equipment has been reduced by
the development of the Multi-Output
Dynamotor produced by the Carter Motor
Company, 1608 Milwaukee Avenue, Chi-
cago.

“Wherever a transmitter and receiver
have been used—especially in police and
aviation radio work—there has always
been the condition of excessive battery
drain,” said Robert W. Carter, Managing
Director of the firm. “We have developed
a new type of multi-output dynamotor
which will deliver as many as three sepa-
rate outputs simultaneously from the same
unit. We have found that the Multi-
Output Dynamotor answers the require-
ment for different power supplies from
the same unit, and hence the same space.
It is possible, for instance, to use 6.3 volts
A.C,, as well as “B” power for the receiver
and also have the high-voltage for the
transmitter available at the flick of a
switch—all from the same generator,” he
claimed.

A complete brochure on this advanced
unit is being prepared and will be made
available to all radio engineers request-
ing it.

TUBE INTERCHANGEABILITY
CHART

With the tube situation becoming rap-
idly worse, and some types becoming un-
obtainable, Lafayette Radio Corporation,
901 West Jackson Blyd, Chicago, an-
nounces that there is an excellent substi-
tution tube chart on pages 2 and 3 of their
current free catalog No. 94.

While there are many more complete
charts on the market, it is felt that the
Lafayette chart will more than fill the bill
for the serviceman whose customers have
the usual radios. Of course, there are
many tubes for which there is no substi-
tute; but on the whole, the most often
found types are described together with
suitable connections which will enable the
use of some of the less scarce tubes now
on the market, or available without high
priorities.

MULTI-RECTIFIER

Research and development laboratories
which have heretofore faced diverse and
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difficult problems with regard to d-¢ power
supplies have a distinct asset in the newly
developed Multi-Rectifier by the Green
Electric Laboratories, 130 Cedar Street,
New York 6, N Y.

This new multi-rectifier incorporates six
selenium rectifier sections which may be
interconnected by external links to provide
four ranges of d-c power:

0-8 volts, maximum capacity 100 amperes
0-16 volts, maximum capacity 50 amperes
0-24 volts, maximum capacity 35 amperes
0-48 volts, maximum capacity 18 amperes
Thus it is possible for the two panel-
mounted voltage control switches to pro-
vide a range of control in 49 steps, from
zero to maximum, on any range. The

built-in voltmeter and ammeter indicate the
d-c output voltage and current at all times,
and red line calibrations indicate the maxi-
mum current limitation on each range,

RADIO AND ELECTRONIC
BOOK GUIDE

Under the stimulus of World War 1I
the science of radio and electronics has
rapidly developed over widely divergent
fields, and its literature has mushroomed
in the last few years. As a guide to this
literature, to permit rapid selection of
books by title, author, publisher, subject,
or application, Allied Radio Corp., Chi-
cago, has released for free distribution a
booklet containing a wide selection of pub-
lications on radio, electronics, and related
subjects.

Listings cover simplest fundamentals to
advanced practices for beginner, student,
radio amateur, instructor, technician, serv-
ice and maintenance man, and engineer.

The listings are divided into two major
parts: (1) A classified directory by sub-
ject (Aeronautics, Electricity, Engineer-
ing, Basic Training, etc.); (2) A listing
under publisher, by author and title, with
a brief summary of contents, size, num-
ber of pages, price, etc.
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To obtain this booklet without charge
write to Allied Radio Corp., 833 We=
Jackson Boulevard, Chicago 7, Illinois.

NEW DYNAMIC MIKE

Universal Microphone Co., Inglewood
Cal., has brought out its first new modg
since 1940 with the presentation to the
trade of the new D-20 series.

The new Universal dynamic microphone
has a response of 50 to 8,000 cycles. Ultra-
streamlined in appearance, the D-20 will
be modeled in brushed satin chrome finish
case with Universal's new “micro adjust”
swivel. Dust proof hood and twenty-five
feet of cord will be included in the at
tractively packed unit.

D-20 will be manufactured in four im-
pedances, according to James L. Fouch.
president.

Universal will also resume production
on some of its microphone models includ-
ing the KD and 15MM, both of which are
dynamics; 200 series, a dynamic handi-
mike model; and X-1 and XX, both
carbons.

Distribution will be through the usual
trade channels of Universal's factory rep-
resentatives and the parts jobbers, accord-
ing to Cecil L. Sly, vice-president and
sales manager.

VACUUM TUBE VOLTMETER

A new development offered by the Reiner
Electronics Company, Inc, is their Model
450 Vacuum Tube Volt-Ohm-Milliameter.
This new instrument incorporates many
features which simplify operation and save
time in production testing. Of particular

importance is the wide frequency range
a-c Voltmeter which measures from 50
cps. to 50 megacycles; also the six d-c
voltage ranges, with input capacitance of
less than 2 ppi and input resistance of
11 megohms on all ranges; d-c current
ranges from 50 microamperes to 1 ampere
in six ranges.

Features of Model 450 Voltmeter in de-
tail are: Wide Frequency range a-c Volt-
meter ; one linear scale for all voltage and
current scales; freedom from the effects
of temperature and humidity; single zero
adjust for all a-c and d-c ranges. Meas-
ures 100 ohms to 1,000 megohms without

[Continued on page 44]
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First exclusive manufacturer of
short wave radio equipment to
receive the coveted Army-Navy
“E” Award for the fifth time. ..
the result of the continued and
untiring devotion to duty of the

company’s 1,500 employees.

hallicrafters

THE HALLICRAFTERS COMPANY + MAND.
FACTURERS OF RADIO AND ELECTRORIC
EQUIPMENT - CHICAGDOD 16, U. S, A.
-

Builders of Ihe famous SCR-299
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New Products

[Continued from page 42]

battery. The battery is used only for
measurements below 100 ohms. Voltage
regulated supply provides stable operation.

Ohmmeter Ranges—.1 ohm to 1,000 meg-
ohms. Center scale resistance: 10, 10°,
10°, 10°, 10%, 10°, 107 ohms. Center scale
accuracy, 2%. Three low ranges battery
operated. Three high resistance ranges
internally powered.

Further information or descriptive bulle-
tin may be had on request to Reiner Elec-
tronics Company, Inc, 152 West 25th St.,
New York 1, N. Y.

AUTOMATIC SELECTOR

Smaller, lighter electrical equipment is
made possible by a compact FTR 800 auto-
matic selector now being manufactured by
Federal Telephone and Radio Corporation,
Newark, N. J., associate of International
Telephone and Telegraph Corporation. Oc-
cupying approximately half the space re-
quired by other selectors of a comparable
range, this high-speed, multi-contact switch
is adaptable for use as an automatic or
remote control device for railroad, radio,
airport and many industrial applications.

This unit will make connection between
a number of given circuits and a similar
number of other circuits, each pre-selected
from a group; control and perform various
operations among a group of circuits by
making consecutive individual connections :
act as a timing device or switch when it is
used in connection with time-pulsing appa-
ratus. It may also be used in telegraph
or electronic equipment, remote control and
signaling systems, testing and radio control.

SYLVANIA BULLETIN

Nine types of electronic tubes for spe-
cialized applications are described in a
new 24-page bulletin published by Sylvania
Electric Products, Inc.

Products described include strobotrons
for the study of reciprocating and rotating
motion ; Pirani and thermocouple tubes for
measuring vacuum; voltage regulator
tubes; facsimile tubes; germicidal tubes;
black light and near ultraviolet lamps,

Technical sections of the bulletin give spe-
cifications, basic circuit diagrams and sug-
gested applications for products and ac-
cessories. Fluorescent lamp characteristics
are given in tabular form and curves.

Copies of Bulletin 202 are available on
request to Sylvania Electric Products, Inc.,
Special Products Division, 60 Boston St.,
Salem, Mass.

NEW ALIGNING TOOL

A new tool for precision alignment of
padding condensers in radio receivers and
transmitters is announced by General Ce-
ment Mfg. Co. of Rockford, Illinois. The
new TL-207 alignment tool is constructed
of two basic parts molded from Durez
Plastic. A scientifically designed barrel
with small knurled head accommodates a
spring controlled plunger with a larger
control knob. The barrel is hexagonal
shaped in its working end to accommodate
the condenser adjustment lock nut. The
plunger has a metal insert in its lower
end resembling a screw driver tip. The
spring prevents plunger tip from protrud-
ing beyond #he hexagonal end of the tubu-
lar barrefifs e, :

M'mp_;g “adjustmentiiis made by . the
plunger“when it pushed forward to mate
itself into the cloven pin end of the con-
denser adjusting screw. Movement of the
barrel quickly loosens or tightens the
hexagonal locking nut which collars the
condenser adjusting pin. Movements of
magnitude and direction are indicated by
the arrow engraved on the control knob
end, '

NEW ATTENUATOR

The Daven Company of 191 Central
Avenue, Newark, New Jersey, announces
a newly improved ‘model for Dual-Unit
Attenuators. Engineers at Daven have in-
corporated into the improved Dual-Unit,
all the developments and advances of

former Daven standard single unit attenu-
ators, plus many neéw essential features.
The dual-unit construction finds most
important application in balanced “H” At-
tenuators, as well as in special multi-circuit
controls of the Potentiometer, “T,” Lad-
der, “L,” and Rheostat types. Comprised
of two units, one mounted behind the
other, the respective shafts of each meet
in a lap joint within a long snug bushing,
providing quick and easy separation of the
units. This is done by simply loosening a
knurled nut and releasing a snap-on fitting,

NOVEMBER,

without dismounting the front unit from
the instrument panel,

The new model is electrically the same
as previous models. In addition it has
fungus and mildew resisting varnish on all
bakelite parts and resistive windings. Con-
tact and switch blades are of tarnish re-
sistant, improved silver alloy. Other metals
are optional. The means of coupling front
and rear attenuator shafts is simple, posi-
tive, durable and foolproof.

METAL PLATING ON GLASS

The unusual adhesion obtained by Elec-
tro Plastic Processes in plating on plastic
materials has been further adapted for
application to glass and ceramics. Labora-
tory and field tests indicate greatly im-
proved hermetic sealing, Tests on pyrex
glass have been conducted by heating the
solder sealed piece to 350° F. and immers-
ing it immediately into dry ice, indicating
the adaptability of the new process for all
temperature ranges. Adhesion obtained is

much better than that of other commonly
used methods.

Any normal soldering method is satis-
factory—hot iron, oven soldering or elec-
tronic, and no special solders are required.
is adaptable to the her-

The process

metic sealing of such electrical compo-
nents as resistors, condensers, small relays,
transformers, instruments, etc. Either
glass or ceramic cases can be plated with
a metallic band for soldering to metallic
end caps or insulators plated for solder
sealing to metallic containers,

Details may be had by addressing Elec-
tro Plastic Processes, 2035 West Charles-
ton Street, Chicago 47, Illinois.

MIDGET RELAY

A new, light weight, midget relay, prod-
uct of Guardian Electric Manufacturing
Company, is said to be engineered for ap-
plications where weight and space are at a
premium. Weighs only 1.2 oz., and meas-
ures 1 9/32" x 1 5/32” x 29/32", single
pole, single throw.

For further information, write Guardian
Electric Manufacturing Company, Dept.
M-R, 1605 West Walnut Street, Chicago
12, Illinois.. Ask for bulletin 295.
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Vibration, humidity and extremes of
temperature can be bitter enemies
of relay dependability. That is why
the contact springs on Automatic
Electric relays are clamped by spe-
cial screws, which exert the neces-
sary pressure without breaking or
stretching. Such screws must meet
the exacting tensile tests prescribed
by our designers.

These tests, and scores of others
like them, are vital contributions to
the long life and dependability for
which Automatic Electric relays are
famed.

When you need relays or other
electrical control devices, take ad-
vantage of our unique fund of design
data and experience. First step is to
write for the Automatic Electric cata-
log. Then, if you need sound tech-
nical advice on your problem, call
in our field engineer. He will be glad
to put his knowledgetowork foryou.

AUTOMATIC ELECTRIC SALES CORPORATION
1033 WEST VAN BUREN STREET ¢ CHICAGO 7, ILLINOIS
Is Canoda: Aufomatic Electric (Canada) Limited, Toronto

PARTS AND ASSEMBLIES FOR EVERY ELECTRICAL CONTROL NEED
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topics, frequency response of the human ear, the influence of en¥i-
ronment on frequency response, the practical aspects of frequency-
response measurements. Amply: illustrated with charts and graphs.
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volume control, design of efficient trgnémission lines, and conversion
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twenty-eight drawings and tables, More than a score of questions
are described, illustrated and solved, including a comprehensive
sound system for a military installation.

MONOGRAPH No. 3: “Frequency Range in Music Repro-
duction.” What frequency range is needed for high fidelity repro-
duction? What are the maximum, useful audio frequency ranges
under actual listening conditions? What are the practical limitations
on high fidelity reproduction even if perfect transmission, reception
and reproduction were possible? How much change in high frequency
cut-off is required to be just noticeable to the listener? All these
and many more questions are answered in this Jensen Monograph.

MONOGRAPH No. 4: “The Effective Reproduction of Speech.”
Explains why faithful speech reproduction requires a frequency
band almost as wide as for music, while amplified speech for
strictly communication purposes may be reproduced satisfactorily
within a narrower band because in this case the principal emphasis
is on such things as articulation, loudness, masking, and power
requirements. Presents useful conclusions and practical information
for everyone interested in speech reproduction.

Get any or dll of these Monographs today from your Jensen job-
ber or dealer. Fill in the coupon and send with it 25¢ for each
copy desired, or clip a dollar bill to the coupon and get all four.
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TERMINOLOGY OF ELECTROMAGNETIC THEORY

membered. One is the dielectric constant
in free space and the other the permea-
bility. The permeability is especially im-
portant to remember because it is approxi-
mately the same in free space and in all
media except magnetic materials. In Giorgi
units #, = 47 X 107 henry per meter; in
the gaussian system g, = 1.

The simpler value obtained in (Gaussian
units is a great advantage of that system
but not always one that outweighs the use
of powers of 10 and ¢ which must be used
in changing to practical units. By defini-
tion we = Bo/H. where H, and B, are re-
spectively the walues of the magnetic in-
duction B and the magnetic field H at a
pownt tn free space.

With rationalized Giorgi units it is in-
teresting to notice that expressions for
wave velocity and impedance in free space
are expressed very simply in terms of po
and &, Starting with Maxwell's equations
we may derive wave equations for £ and

H as

b S‘JE

VE —ep — =10
S
8*H

VH —ep — =0
8t

For a plane wave traveling along the
z-axis of a cartesian coordinate system we
may arrange to have the E vector point
along the w-axis and the H vector along
the y-axis. In that case we have only
E: and Hy for which to solve these differ-
ential équations. Furthermore, we may an-
ticipate that our solutions for E. and H,
will be of the form of a sinusoidal travel-
ing wave. If we assume such a form and
use an arbitrary constant for the velocity
we may substitute the tentative solutions
back in the differential equations and not
only show that they are indeed solutions
but also that the wave velocity is given

by 1/vew. In free space, therefore,

1/\/ &apte = ¢ == 3 X 10" meters per second.
Also having found E and H for a plane
wave we can form the quotient as the im-
pedance and show that the impedance of
free space is given by Eo/H, = V lto/t0 =
376.6 ohms.

Phase Velocity-V— The wave or
phase velocily of a traveling wave is just
what the name wmplies. It is the welocity
with which « point of giwen phase moves
in a traveling wave contatning a single
frequency.

The most important consideration in un-
derstanding the distinction between phase
and group velocity has to do with the
flow of energy. Energy always moves in
accordance with the group velocity of the
wave and never at a speed dictated by the
phase velocity, The phase velocity is es-
sentially a phenomenon of a steady state
in which the wave has no beginning nor
end, other than in the source or load.

When the source is first energized and
the beginning of the wave train travels to
the load, the situation is such that we must
consider that begimning as traveling with
the group velocity because its frequency
is not single valued even though the source
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oscillates at only one frequency. Only if
the wave extends indefinitely in both di-
rections can it be exactly measured, even
in principle, and thus be said to have only
a single frequency component.

Another way of saying the same thing is
that the beginning of the wave is the
equivalent of a 100% modulation and
modulation by definition travels with group
velocity.

When a wave motion is traveling in a
steady state, however, phase velocity is a
very real concept and subject to measure-
ment and calculation. If, for example, a
length of wave guide is imagined to be
perfectly matched to a source and load and
to have a unity swr, we can at least
imagine measuring the phase velocity by
using a very agile probe which will move
along the guide in coincidence with a point
of maximum electric field. Since such a
probe would be moving with a velocity
equal to that of a phase point (the point
of maximum E), it must be moving with
a speed equal to the phase velocity.

Phase velocity is numerically different
from group velocity only when the phase
velocity changes with frequency. Under
certain conditions the phase velocity of a
wave may be greater than the velocity of
light. This does not contradict the princi-
ples of special relativity because energy
is not transported at that velocity.

Point Impedance— The concept of
impedance, like that of many other physi-
cally measurable quantities, is one which
has more or less grown with time. The
term was first used to allow us to write an
alternating current analogy of Ohm's law
as applied to a direct current through a
resistance. Gradually the term impedance
has been applied to more complex situ-
ations until now its meaning is not always
clear except in the context with which it is
used. Especially since it has proven con-
venient to define certain impedances in
terms of electric and magnetic fields in a
wave guide as well as in terms of the cur-
rents and voltages that are involved, it is
usual to refer to several sorts of impedance
which, although closely related in meaning,
still indicate somewhat different measuring
techniques.

There is not complete agreement on the
exact terminology used but at least charac-
teristic impedance, input impedance, intrin-
sic impedance, surface impedance, equiva-
lent impedance, and point impedance may
be found in various books on the subject
and serve a useful purpose, at least so far
as their names are self-explanatory,

Of them all, point impedance is the
easiest to define. It is the ratio of the
maximum E o the maximwom H field that
is observed at a given point in a wave
quide or transmission line due to the
energy floww under consideration. The
point impedance of a given point in a wave
guide system will in general depend upon
the geometry of the whole system but its
measurement may be made by considering
the situation of the single point alone.

When the impedance of free space is
said to be 376 ohms, there car be no ques-
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tion of the measurement of current o.
voltage. What is meant is that the point
impedance of any point in free space is
376 ohms. The E vector at any such point
is in proper units 376 times larger than
the H vector.

On the other hand, when the task is one
of matching two wave guides of different
size by the use of some sort of coupling
section, it is certainly not enough merely
to arrange to match point impedances.
Rather it is a matter of smoothly trans-
ferring the electric field from one wave
euide to the other over the whole area of
cross section, This is accomplished when
the currents and voltages generated in the
walls of the guide are matched. Such an
impedance based on current and voltage is
frequently referred to as an equivalent
impedance. For practical reasons of meas-
urement it is normally estimated or caleu-
lated from measured values of point im-
pedance.

Poisson’s Equation— 7/ie differen-
tial equation which may be conveniently
written in the form

AP + 4mp = 0

is one of especially wide application and
hence well knotwn in the fields of hydro-
dynamics, astronomy, and aerodynamics, as
well as in the study of electromagnetic
theory. Its most important use in the elec-
trical case is occasioned by its ability to
describe the electric potential arising from
electric charge, no matter how that charge
is distributed throughout the neighborhood
of the space in which we are interested.
It is only necessary that the position of
all the charge be known and specified by
an equation involving p (the charge
density) and the coordinates of a coordi-
nate system.

\When such an expression is available, it
is only necessary to solve it for p, substi-
tute for p in Poisson's equation, and solve
the differential equation for J/ subject to
whatever boundary conditions are in force.
The resulting expression for F/ will give
the potential as a function of the coordi-
nates and, upon substituting numbers cor-
vesponding to the coordinates of any point,
a numerical value of I/ is obtained which
is the potential of that point.

Polarization, Dielectric-p — A
conductor differs from a dielectric inas-
much as it contains free electrons as well
as positive and negative charges that are
bound together. These free charges are
ahle to move about through the conductor,
and when they do so under the influence
of a voltage, they constitute the flow of an
electric current. A dielectric, on the other
hand, contains only bound charges which
are not free to move away from each other,
although there is some elasticity in their
binding which allows their relative posi-
tions to be somewhat distorted under the
influence of an electric field. The distor-
tion tn the positional relations of groups
of bound charges in a dielectric is referred
to as polarization.

[Continued on page 52)
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MILITARY COMMUNICATIONS BY TELEPHONE

During the Spanish-American War the telephone as a means of elec-
tronic voice communication met with favor and played a vital part in
military action for the first time. Replacing men and horses, a telephone
message could cross and recross enemy territory by wire without delay
and cost of life.

Today, telephones in the office and home life of the average American
have been an instrumental force in our higher standard of living.

Universal, manufacturing microphones and other voice communication
components for the allied forces, will again after Victory is ours, stock
dealers’ shelves with the Universal components you have been waiting
for. Until then — Buy War Bonds,

Model T-45, illustrated at left, is the new Lip Micro-
phone being manufactured by Universal for the U. S.
Army Signal Corps. Shortly, these microphones will be
available to priority users through local Radio Jobbers.

MODEL T-45
LIP MICROPHONE

INGLEWOOD, CALIFORNIA

FOREIGN DIVISION: 301 CLAY STREET, SAN FRANCISCO 11, CALIFORNIA :- CANADIAN DIVISION: 560 KING STREET WEST, TORONTO 1, ONTARIO, CANADA
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TERMINOLOGY OF ELECTROMAGNETIC

If there are equal quantities of positive
and negative charge oriented at random in
every small volume of a dielectric then,
bacause the atomic charge unit is so very
sraall, the net charge density of the dielec-
tric is zero and no external field or poten-
tial is occasioned by the presence of the
bound charge.

If, however, an external field is applied
to the dielectric, polarization takes place
and the bound charges are no longer
oriented at random. Instead, the pairs or
groups of bound charges tend to line up
so as to allow the positive bound charges
to move with the applied field and the
;negative bound charges against it. If, in
'such a situation, a small flat cavity is cut
into the dielectric and the field measured
in that cavity, it will be found to be
greater than the applied field because posi-
tive bound charges, in trying to move with
the field, will distort their bounds so as to
pile up against the up field side of the
cavity, and negative charges will do the
same on, the down field side. The charge
appearing on the walls of the cavity in this
manner is called polarization charge and
is the reason why the dielectric field D
is larger than the electric field E. The
relation between the two in Gausian units is

D=E-4 47 p
where p is the polarization of the dielectric.

Polarization, Wave— The polariza-
tion of electromagnetic waves is a phe-
nomenon which is well known in the study
of optics as well as of radio waves. The
direction of propagation of electromagnetic
energy, the electric field vector, and the
magnetic field vector are generally all per-
pendicular to each other. But as may be
seen in the accompanying sketch, this still
makes it quite possible for the E and H
vectors together to be rotated to either of
the positions shown or to any position in
between. When the mutually perpendicular
E and H wvectors are governed in this rota-
tion by some simple lazo the electromagnetic
beam is polarized.

When the rotational orientation is ran-
dom, or when E and H fields exist simul-
taneously with various angular orientations,
the beam is said to be unpolarized. The
simplest type of polarization is called plane
polarization. In this case the rule is
simply that the E vector shall always point
in a certain direction and the H vector
shall indicate a direction 90 degrees away.

For example, if we are considering a
horizontal radio beam traveling from east
to west and the E vector points only up-
ward or downward as the H vector is re-
spectively directed northward or southward,
we have a plane polarized beam which is
said to have vertical E polarization. Simi-
larly a horizontally plane polarized beam is
one in which the E vector is always hori-
zontal. Circularly polarized beams are
ones in which the E and H vectors at a
given point in space rotate together with a
constant amplitude. Elliptically polarized
beams are those in which the E and H
vectors rotate and change their magnitude
s¢ as to trace out an ellipse.
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Rotation of E and H Vectors

Ground wave signals received from a
vertical transmitting antenna are generally
plane polarized and are best detected by a
vertical receiving antenna. Frequently,
under such conditions, the signal strength
may even be zero for a horizontal antenna.
The sky wave which is reflected from the
ionosphere will, on the other hand, be gen-
erally elliptically or circularly polarized.
In certain cases the sky wave may even be
nearly plane polarized in the horizontal
direction.

With microwaves where no sky wave is
ever encountered the polarization is more
completely under the control of the de-
signer. The merits of vertical versus hori-
zontal polarization for all applications have
not been entirely settled as yet.

Poynting's Theorem— I/n Gaussian
units, Poynting's theorem may be written
mathematically as

div ¢
[ o)
47

) 1
+ —[ — (B + pH?) ] = —E*u
8t | 8w

Its meaning is, in general, the same as the
principle of the conservation of energy.
Electrical energy like energy in any other
form is indestructible. The theorem says
specifically that in any small space during
any very short length of time, the net
energy carried out of that space per unit
time plus the amount of energy stored in
the space per unit of time must be equal
to the net rate of production of electro-
magnetic energy within the space.

In the first term of the equation which
states the theorem, (¢/47) (E*H) is the
familiar expression for Poynting’s vector
which describes the flow of energy in the
small space in which we are interested as
well as in the neighborhood of that space.
Wherever E and H have components per-
pendicular to each other, Poynting's vector
is perpendicular to both and indicates by
its magnitude the amount of energy flow-
ing in the direction in which it points.
Taking the divergence of Poynting’s vector
makes the first term of Poynting’s theorem
tell the excess of the outward flow of
energy over that which enters the volume.
If more energy is entering the space than is
leaving the term becomes negative.

It is well known that it takes energy to
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build up electric or magnetic fields. T=
charge a condenser, voltage and curress
must be applied to the condenser. Like-
wise an electromagnet obtains its magnetic
properties only after a current has flows
long enough to overcome the inductive
effect which at first causes a voltage dreog
to also be present. The amount of energs
necessary to build up these fields is re-
spectively given by (1/8m) (eE?) and
(1/87) (#H?). The partial time derivative
of the sum of these tells the rate at which
energy is being stored in the space.

The right member of the equation whick
states Poynting’s theorem gives the energy
produced in the volume. Here % is the
current density (statamperes per cm®)
flowing in the space under consideration.
If, for example, the space contains no bat-
teries but only resistance material of re-
sistivity o (statohms per unit cube) then
by Ohm'’s law # = ¢FE and the right mem-
ber of the equation becomes —aE? repre-
senting a negative amount of power gener-
ated or a positive dissipation into heat,

On the other hand, if a battery is pres-
ent, the electric field there is opposite in
direction to that appearing across a re-
sistance, since it is the cause rather than
the result of the motion of the charge.
Thus the force on a charge in a battery
is —FE and the rate of working of the
force on unit charge is —E times the
velocity of the charge. To change this rate
of doing work on a single charge to the
rate at which work is done by the battery
per unit volume of space, we multiply by
the charge per unit volume. Since the
charge per unit volume times the charge
velocity is just %, this again gives —E sy,
with the minus sign combining with the in-
herent negative value of the field of the
battery to cause the whole expression to
invariably come out as a positive quantity
when electrical energy is being manufac-
tured by a source.

Poynting’s Vector-S— As radio
waves travel through space they can carry
energy with them. Poynting’s vector is a
quantity which may be calculated for every
point in the wave at every instant of time.
Its value at a certain point and time gives
the direction of the energy flow and the
rate of that flow.

It is a wector whose magnitude is the
product of E and H and whose direction s
that of a right hand screw placed and ro-
lated as if to turn E into H.

If H is in oersteds and E in electro-
static volts per cm, Poynting’s vector is
(C/47) (EXH) ergs per square cm per
sec; if A is in amperes per meter, and E
in volts per meter, Poynting’s vector is
E X H watts per square meter.

A certain amount of arbitrariness is in-
herent in the interpretation of Poynting’s
vector as a flow vector. For example, if
an electric charge is isolated and placed at
the center of a small permanent bar mag-
net, the radial electric field is at right
angles to the well known magnetic field
distribution and Poynting’s vector calls for

[Continued on page 54)
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WADSWORTH SKILLN

WADSWORTH
FACILITIES

Die Making
Jigs & Fixtures
Gage Making
Model Building

Milling
Drilling
Turning
Stamping
Screw Machining
Hard Soldering
Heat Treating
Line Assembly
Polishing

Lacquering
Photo Etching
Silk Screening

Product Decorating

Metals Laboratory

Engineering Design
Product Design

CURRENTLY
SERVING THESE
INDUSTRIES

Aircraft
Automotive
Bearing
Electronics
Instruments
Machine Tool
Small Arms
Refrigeration
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« « « built up through half a
century of leadership in the ex-
acting Watch Case Industry will
be available soon to many man-
ufacturers who will require large
quantities of small precision
parts for their postwar assemblies.

Work of this character is now
being supplied to many leading
companies which normally pro-
duce radio equipment, refrigera-
tors, automotive parts, precision
instruments.

Ilustrated are nine small com-
ponents of an Ordnance assembly
which Wadsworth furnishes in
great numbers. The production
of these pieces, which are held to
very close tolerances, brings a
score of special Wadsworth
facilities into play.

Wadsworth workers’ feeling
for precision and their ability
to get work out on time will
ease postwar headaches for many
producerts.

SMALL PARTS DIVISION

*

T% W 5 % WATCH CASE CO., Inc.

DAYTON, KENTUCKY, SUBURB OF CINCINNATI, OHIO
PHONE COLONIAL 8194 o (CINCINNATI EXCHANGE)
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TERMINOLOGY OF ELECTROMAGNETIC THEORY

a continual circulation of energy around
che magnet.

This situation, although certainly pos-
sible, does not particularly appeal to our
reason. On the other hand, the energy
flow interpretation of S is very helpful in
many places and 1s not known to ever lead
to contradictions. It is therefore worthy
of use.

Propagation Constant-y — The
wave length of a traveling wave is a sim-
ple concept and, as long as there is neg-
ligible attenuation in the wave, it is easy
to measure. But when the wave is damped
rapidly, it becomes more difficult to talk
of wave length and frequency. Indeed, if
by a wave of a certain length we mean
one which is like a sine curve that makes
a complete oscillation in that distance, we
will find that sine waves of many wave
lengths must be added up to get a sum
equal to the damped wave we have in mind.
This is the same as saying that a damped
wave contains many wave lengths. For
this reason and because the form in which
the propagation constant is written allows
a very simple expression to portray a wave
with or without damping, it is common
to omit direct reference to wave length in
symbolizing traveling waves.

In writing a mathematical expression to
represent a traveling wave we need, in
general, to provide for three things. We
wish to indicate that the wave position will
progress along its line of action with time;
we want to show that at any given value
of time the wave disturbance will extend
with oscillating values along its line of
travel; and we want to show the effect
of damping by indicating a lessening of
strength with greater distance along the
path of travel. These three properties are
shown by three factors of the expression.
The variation with time factor is taken
care of by sin wt or e#f, If the propa-
gation direction is called the » axis of a
coordinate system, the oscillation with z
and the damping may be respectively ex-
pressed by sin (27x/N) or '** and ¢
Choosing the exponential form of writing
the sinusoidal variation with #, these last
two factors may be combined and written
as e "% 1f now we choose to replace
the complex number @ - ib with a single
symbol ¥, then that symbol is the propaga-
tion constant. The propagation constant is,
in general, a complex number whose real
part measures the damping of a wave and
whose imaginary part describes the wave
length that wave would have without
damping.

Q of a Resonant Cavity—A con-
ventent definition for the Q of a resonant
cavity is

Energy stored
0=27

Energy loss per cycle

This definition indicates that Q is an in-
verse loss factor just as when it is ap-
plied to wired resonant circuits. The usual
definition which is given as Q = («L)/R,
is not used with cavities because the mean-
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ing of L for a cavity is rather indetermi
nate and at best only a derived property
of no direct interest. For either the cavity
or the wired tank circuit, O is a factor
of merit which is large in proportion to
how small the losses of energy from the
cavity can be made.

Shape and size determine the frequency
of a resonant cavity. The resistance of
the walls, with due reference to the skin
effect, influences the Q. In general, there-
fore, the cavity of the greatest volume and
with the most surface area is the one of
highest 0. This is because the greater
area will generally allow the current flow-
ing through any one part of the wall to
be smaller and yet cause the same total
energy storage in the cavity. Since the
power used up by the need of overcoming
resistance is given by #7 this can be quite
important. By the same token, reéntrant
cavities which by their nature call for high
current densities at corners or bends, are
to be avoided if a high Q is desired.

Silver and copper are the best materials
for the construction of cavities since they
keep the losses to a minimum. Since the
skin depth for microwave frequencies is
very small indeed, silver plating of any
material makes it satisfactory for the con-
struction of high O cavities. Soldered
joints must be watched with great care and
should preferably be plated after assembly.
In certain cases it is possible to make de-
signs which allow the soldered joints to
come at points where there is no current
flow.

In actual practice there is very little
choice in the (’s which are possible in
cylindrical, spherical, and rectangular cavi-
ties, although the first type is most used
for practical reasons. The higher modes
of the cavity usually give the best O be-
cause they allow for larger dimensions.
The extent to which one can go in this
direction, however, is generally limited by
the practical necessity of limiting operation
to a single mode.

Quarter Wave Attenuator—
Microwave wattmeters are usually built in
accord with thermodynamic principles.
Either a medium such as water is circu-
lated through the instrument so as to di-
rectly absorb the energy, or a device such
as a thermocouple is heated by a portion
of the energy flowing into the meter.

In any event, the amount of radio-fre-
quency power present is usually measured
in terms of temperatures or temperature
differences. Because of this it is not con-
venient to have extended ranges of meas-
urement and it is usually considered better
to use calibrated attenuators.

When very high powers are to be meas-
ured the energy is first run through an
attenuator which is known to remove a
certain high percentage of the power and
then a measurement on the remainder
makes it possible to calculate the actual
power. Likewise, when a very weak signal
of known strength is desired in order to
calibrate a receiver, it is usually con-
venient to measure a power of medium
magnitude and then use an attenuator to
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reduce that power by a known fraction.

For these applications it is therefors
clear that ideally we want an attenuatcs
to be a device which, when inserted in =
transmission line, absorbs power withcus
introducing reflections. The simplest, -
though somewhat idealized, form of suc:
a device is one which is known as a quar-
ter-wave attenuator. It comsists of twes
energy absorbing grids or other structure:
placed in the transmission line. These are
separated by an odd nwmber of quarter
wave lengths and are not only designed s:
as to absorb energy but also fived so t.ha:
reflected energy from the second grid jus:
cancels that which is reflected from the
first. To accomplish this it is only neces-
sary that a certain numerical relation exis:
between the impedance of the two grids
and the impedance of the wave guide trans-
mission line, This causes the two reflec-
tions to be equal in magnitude and, since
one has twice traveled the quarter wave
section, they are out of phase and com-
pletely cancel each other. In this form
the attenuator works only for waves travel-
ing along the guide in one direction. By
the addition of a third grid it is possible
to remove this restriction.

Quarter Wave Termination—
It is frequently desirable to terminate a
wave guide transmission line so as to ab-
sorb all the energy traveling through it
without reflection. To do so is to accom-

WAVE GUIDE\ * FILM suoni

L&
INGIDENT
WAVE A

8 <«—mmm—
B
Bre————y

Effects of Shorted Termin-
ation — Quarter Wave Line

plish the same thing as is done in circuit
theory when a line is terminated with its
characteristic impedance. The wave guide
or transmission line then acts as if it were
infinite in length.

One way of accomplishing this is by the
use of the so-called quarter wave termina-
tion. When it is used an energy absorbing
grid or film is sirelched across the wave
guide at a distance of Y4 wave length
from the shorted end and arranged so that
the reflection from it is just canceled by
the multiple reflections from the shorted
end. When this is arranged properly we
say that the impedance of the grid is
matched so as to give a perfectly absorbing
termination.

Referring to the sketch, we can see
qualitatively how the scheme works. Sup-
pose a wave of strength unity is incident
upon the film. A certain fraction of it
will be absorbed, another part reflected,
and a third part transmitted. The trans-

[Continued on page 56]
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DON'T LET OLD-FASHIONED RESISTORS
CRAMP YOUR ENGINEERING STYLE!

Resistors

wound with

CERAMIC-INSULATED
WIRE

INSULATION APPLIED
BEFORE WIRE IS WOUND

A Major Resistor Improvement—Not just a minor change

Don’t waste time engineering “‘around”
the handicaps imposed by conventional
resistors! Use Sprague Koolohms and get
exactly what you waant.

No power resistor can be one whit better
than the insulation given its windings—
and Koolohm ceramic insulation applied
to the wire before it is wound gives you
the maximum in this respect. Koolohms
can be used safely up to their full rated
wattage values. Their use of insulated
wire permits larger wire sizes to be used,

SPRAGUE ELECTRIC COMPANY, Resistor Division 2

(Formerly Sprague Specialties Co.)
North Adams, Mass.

and guards against shorts and changed
values. They give more resistance in
smaller size, and are readily adaptable to
almost any mounting style best suited to
your production.

Standard Sprague Koolohms include
5-to 120-watt power types.Other Sprague
Resistors include bobbin types, hermeti-
cally sealed power resistors, 5- to 150-
watts, and meter multipliers. Write for
new catalog—just off the press.

»

A
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)
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SPRAGUE"KOOLORMS

Totally Different...Outstandingly Superior

RADIO]

*Trademark Rep. U. S. Pat, Off.
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[Continued from page 54]

mitted portion after reflection from the
shorted end of the guide will again be
incident upon the film although this time
from the opposite side, As is indicated in
the diagram, this will again cause absorp-
tion, transmission, and reflection, and
moreover from the reflected wave the
whole thing will repeat not just the three
times as shown but an indefinitely large
number of times. Each time the waves
involved become weaker because of the
absorption.

If the impedance of the film is properly

arranged, the waves marked 4 and B will
completely cancel each other so as to give
the perfect termination we desire. This
is possible because the quarter wave section
causes those marked 4 to be out of phase
with those marked B, and because the film
can be adjusted to transmit a prearranged
amount more than it reflects so that the
first reflection need not outweigh the net
effect of the latter transmissions but only
balance them out.

Quarter Wave Transformer—
In much the same way that an output
matching transformer may be used to
couple the plate of a vacuum tube and the
voice coil of a loud speaker, so may devices
be used at microwave frequencies to couple

Ingenious New
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No Vibration in New “Orbital Action” Port-
able Electric Sander; Relieves Workers’ Fatigue

A boon to workers” nerves and health, this new
“Orbital Motion” electric sander is actually vibra-
tionless. A great saver of workers’ energy as well
as man-production hours, the sander can be oper-
ated easily in horizontal, vertical or inverted
position with one hand. Compared to manual
sanding, this machine achieves superior results
at least eight times faster. It performs equally well
on wood, metal or plastics.

Developed for war industry, this revolutionary
new sander has done yeoman duty in this coun-
try’s manufacturing plants and in allied mainte-
nance and repair depots all over the world.

Wrigley's Spearmint Gum renders a real service
to workers too—eases dry throat and relieves
tension that brings on fatigue, leaving both hands
free to stay on the job. The Army and Navy were
quick to appreciate these benefits, that's why they
are now shipping to our fighting forces overseas
only, our entire limited production of Wrigley’s
Spearmint. Just as soon as we can supply the
home front, too, industry will again enjoy the
benefits of Wrigley’s Spearmint Gum now proving
so important on the battle fronts.

You can pet complete information ‘rom Sterling Tool Prod-
scts Company, 155 East Obio Street, Chicago 11, Wlinois

56

Technical Methods

Presented in the hope that they will
prove interesting and useful to you.

Easily-removed fllter cleans air that
cools motor—prolongs motor life
and reduces maintenance costs.

Dustproof transmission synchro-
nized to eliminate vibration. Oil sup-
ply lubricates for100 operating hours.

¥-160
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a high impedance source and a low impe-
dance load. By analogy such devices are
called transformers even though they bear
no physical resemblance whatever to the
sort of transformer which has an iron core
and primary and secondary windings of
wire. Nevertheless, the fundamental func-
tions of these transmission line devices is
the same as that of the more familiar sort
of transformer. In either case a large
current at a small voltage is made into a
smaller current at a larger voltage or
vice versa.

An important case of a transmission line
transformer is the quarter wave trans-
former which, however, is limited to use
in matching two dissimilar impedances that
have no imaginary components. Said in
another way, a quarter wave transformer
is useful for matching a source to a load
of different impedance, provided the load is
capable of presenting a unity standing
wave ratio and the source is capable of
delivering maximum power into a matched
load which does present a unity standing
wave ratio.

A quarter wave transformer is a length
of lossless transmission line which is an
odd number of quarter wave lengths long
and which has a characteristic 1mpedance
that is a geometrical mean between the real
impedance of the sowrce and the real im-
pedance of the load.

The simplest method of giving a quali-
tative explanation of such a transformer
is the one involving traveling waves, A
traveling wave from the source is normally
transmitted in part and reflected in part as
it encounters the different impedance of the
transformer. As the portion which is
transmitted reaches the still different impe-
dance of the load, it is again reflected in
part. The wave from the second reflec-
tion, however, travels the length of the
quarter wave transformer twice and hence
is just a half wave behind the wave from
the first reflection. If the impedances are
correctly arranged, these two reflections
are equal and because they are out of phase
they entirely cancel each other and only a
continuous flow of energy from the source
to the load remains.

Standing Wave— [hen two equal
sinusoidal traveling waves move through a
medium tn opposite directions the medium
is said to be supporting a standing wave.

As the waves move past each other, the
disturbance felt at each point in the me-
dium is the algebraic sum of the disturb-
ances that would be felt because of the
presence of each wave alone. This sum
may be anything from zero to twice the
amplitude of one of the waves. It turns
out, however, that certain points spaced a
half wavelength apart along the propaga-
tion direction are always disturbed by zero
amount. Excitation of those points by one
wave is always just canccled by that of
the other.

Such points are called nodes. Midway
between these nodal points are other places
which are subject to very viclent oscilla-
tions because there the two waves con-
tinually cooperate in disturbing the me-
dium. These points of maximumw activity
are called loops.

Standing waves are usually obtained by

[Continued on page 58]
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POPULAR RCA INSTRUMENTS

for high-precision measurement work

RCA High-Frequency Wide-Band - RBA ':U.‘t'a‘High '_Ffell“.ﬂ“cY o
'.Sw_eep »Ge-nerator'.. . 70;5 . -‘vsi.gngl;i(i»enerato;r . 7/04 .

THEhigjob is done—valuable development, produc- smooth and complete attenuation throughout its

tion and field test experience are combined in two range, plus precision frequency control.

qua!_lvty prm.]ucls—thc 102 B Svesp Ceflcruu)r and Planning your postwar activity means planning
the 710 A Signal Generator. Here are two instruments R s :
Tel 2 FM 2 AT, Tobomtore can zél your laboratory facilities as well. Now is the time

rery Televis \ F. Laboratory can rely BT 5 e < >
SRR el e el CHNEEREEY to investigate the characteristics of these reliable
on for postwar design applications. REAGhetent

(L &7, S >NLS.

The 709 B Swe ne requenc

The 709 B '_“ b CCTITI‘&IOI‘ (_m' CI.S the flCTIU( ll(.y RCA bulletins containing complete descriptions and specifi-
ban(] of 5 to 65 megacycles (center frequency). It is cations of the 709 B Sweep Generator and the 710 A Signal
ideal for high frequency I. F. curve response study. Generator will be sent promptly or. request.

Its calibration marker permits constant checking of
band width characteristics.

The 710 A Signal Generator, with a frequency range
of 370 to 560 megacycles, is widely used for checking
high frequency devices. This instrument provides

Please note that deliveries of these
instruments are subject to regulations of
WPB General Scheduling Order M-293.
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reflecting a wave back on itseli. Under
such conditions, at least, a perfect stand-
ing wave is a practical impossibility. In a
really pure standing wave the nodes would
be absolutely stationary and no energy
could flow past them along the wave.

In practice, some flow is always neres-
sary to overcome friction and other types
of dissipative loss. Standing waves are
therefore usually accompanied by at least
a very small traveling wave which moves
away from the source.

Standing Wave Ratio-SWR—To

understand STPR measurements it is nec-

FOR SAFETY'S SAKE!

essary to understand the cause of standing
waves and the way in which traveling
sinusoidal waves, which are moving in the

with the same velocity,
The nature of standing
under the heading

same  direction
may be added.
waves 1s discussed
Standing W aves.
Briefly, a standing wave is obtained
when a medium supports two waves which
are equal but traveling in opposite direc-
tions. However, if fhe waves are not
equal, the larger of the two may be
thonght of as being made up of two
waves, one equal in magnitude to tht op-
nosing wave and the other of such size as
to take up the remainder of the amplitude.
A medium supporting two opposing trav-
¢ling waves may generally be equally well
<aid to be supporting a standing wave plus
a traveling wave. With only a traveling
wave present, a time average of the mag-

gec%%ﬁ:z Hand-Held Differential Microphone

Model 205-5

The Model 205-S may also be successfully used for
such -applications as aircraft, industrial, police and
emergency services.

If your preseni limited quantity needs ean be filled
by this Madel 2! or any of our other Standard
Model Mictophones, with or without minor modifi-
cations, please contact your nearest Electro-Voice
distributor.

w

The appalling number of
railroad accidents in recent
months has stimulated the
demand for installation of
radio communications on rail-
way lines. Eventually, all lines
will be thus equippad. Splen-
didly suited ''for safety’s
sake' is the Electro-Yoice
Differential Microphone
Model 205-S, A noise-cancel-
ling microphone, it enables
the transmission of voice
clearly ond distinctly, unaf-
fected by shrieking whistles |
or grinding wheels. Ruggedly
constructed, it can ''take the
punishment of a hard-riding
locomotive.

FREQUENCY RESPONSE:
gubstantially flat from 100-4000
C.D.5,
LEVEL: —20 DB (0 DB = 1
volt/dyne/cm?)
ARTICULATION PERCENT-
GE: 979 under quiet. 88%
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TEMPERATURE RANGE:
—40°¢ to +185°F
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INPUT REQUIREMENT: stand- |
ard single button input |
BUTTON CURRENT : 10-50 mil-
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molded, high impact phenolic
housing. Minimum wall thickness,
387, Vinylite carbon retainer.
SWITCH : press-to-talk, with or
without hoid-down lock. Double
pole double throw contacts pro=-
vide an optional wide assort-
ment of switch eircuits, Stand-
ard circuit provides closing of
button eircuit and relay simul-
taneously.
THERMAL NOISE: Less than
1 millivolt with 50 milliamperes
through button
IMPACT RESISTANCE: capa-
ble of withstanding more than
10,000 drops
POSITIONAL RESPONSE: plus
or minus 5 DB of horizontal
CABLE: 5’ three conductor,
overall synthetic rubber jacketed
BACKGROUND NOISE RE-
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nitude will be the same anywhere in the
medium since all parts of the wave travel
by every point: with a pure standing was

nodal points in the medium can be foun
at which no amplitude ever exists, am
loop points can be found where the oscil-
lation is a maximum. Since SIVR may be
defined as the ratio of the maximun to the
st wave strengths to be found along
the propagation of a wave, it follows that
a pure standing wave corresponds to infi-
site SIZR while a single traveling wave
indicates unity SWR.

SJ/R  measurements are particularly
useful in wave guides, where dissipative
losses of energy may well be less impor-
tant than reactive losses.

Reactive losses are really just a reflec-
tion of energy back along the guide toward
the source. Hence, a large SWR marks
the presence of a standing wave and re-
flection due to reactive mismatching in the
waveguide. An SR measurement, if
made near the source, will show the net
reflections from the overall system. It will
not show losses due to radiation or dissi-
pation.

Velocity of Light-C— The velocity
of light in free space is usually taken as
3 X 10" cm per sec.

This is equivalent to 3 X 10° meters per
second, or 186,000 miles per second. Al-
though C is usually referred to as the ve-
locity of light, it is actually the velocity
with which all electromagnetic radiation
travels in free space quite independent of
frequency.

Fcho sounding devices using electro-
magnetic waves can, for example, deter-
mine range by multiplying one-half the
transmission time by C.

In accordance with the theory of special
relativity (not to be confused with general
relativity, which is a rather complicated
subject), neither matter nor energy can
trayel faster than this. Special relativity
has had ample experimental verification by
many people.

Naively, phase velocities in wave guides
may seem to be an exception. They do
often involve velocities greater than C.
Close examination, however, shows that no
energy moves with the phase velocity.
Group velocity is the velocity of the energy
motion and that is always less than C.

In fact, in any medium or under the re-
straint of any boundary condition, electro-
magnetic energy is always slower than in
free space.

[To be continued]
ASTATIC APPOINTMENTS

Mr. Ray T. Schottenberg, Mr. Wil-
liam J. Doyle and Mr. Allen J. Stark
will direct sales for The Asiatic Cor-
poration of Conneaut and Youngstown,
Ohio, during the ensuing year, accord-
ing to an announcement just made by
Mr. Floyd H. Woodworth, head of the
corporation.

Mr. Schottenberg, long known to the
trade, will continue as Sales Manager
of the Jobber and Public Address Parts
Division. Mr. Doyle will be in charge
of sales to radio set manufacturers,
and Mr. Stark will direct sales in the
Radio Cable Connector Division.
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HIGH PRECISION! Here you have hun-
dreds of workers skilled in making deli-
cate radionic equipment surpassing the
most rigid military specifications. This
experience will be invaluable to you and
your company in days to come.

-
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CARLOAD SHIPMENTS of highly impor-
tant search coils and variometers for the
world’'s war fronts are now moving regu-
larly from Bridgeport to tidewater, When
you want a big job done well. . . think of
Bridgeport Manufacturing Company!

CENTRAL LOCATION: Bridgeport, Illi- .
nois, is almost exactly on the geographer’s
star indicating the population center of
America, Fast, trunk line service to every
part of America. For earliest possible
delivery, get in touch with us NOW.

BRIDGEPORT

MANUFACTURING

R. F. Coils

Transmitting Coils «

1944

COMPANY
Bridgeport, Illinois

R. F. Chokes « I. F. Transformers
Transmitting Chokes




Send Only 10¢

For This

TUBE AND CIRCUIT

devoted
tubes and ecircuits.

time and again, You can’t affor

Send for your copy today

ence book that meets the
§ demand for simple, easy-
i to-understand
substitution of radio tubes.
Contains a special section
to valuable technical
it's a guide you'll refer tc

‘Handy

OUR NEWEST
GET-ACQUAINTED
OFFER!

Here’s a handy refer-
data on

information on
d to be without it.

1 Only 10¢ postpaid.

TUBE-BASE
CALCULATOR
ONLY 25¢

Here's just the calculator vou've been looking
v, tube characteristics that
enable you to substitute available tubes for those
hard to get. Send for one today. Only 25¢. We pay

for! Tells you quickly,

the shipping expense.

FREE!

Reference Map

X ESAL ¢
~ WADI LARCRATORIEY

Giant Radio

Time zones, amateur
zones, short wave sta-
tions and loads of
other valuable infor-
mation. Printed in col-
ors; size 3% x 4% ft.
It's yours free! Send
15¢ to help with pack-

WE'VE GOT THOSE
HARD-TO-GET
RADIO PARTS

You'll be surprised at
the many hard-to-get
parts we've been able to
ﬁ]et for you fellows.

ikes, pickups, multi-
testers, meters and many
other items. They're
yours as long as they
last. Send today for our
jatest flyer. It’s full of
merchandise you've been
trying to get! Stocks
won't last long, so send
today!

HALLICRAFTERS

For many vears we have been one of the coun-
try's largest  distributors of Hallicrafter equip-
ment, W% have Hallicrafters available for im-
mediate delivery on priority. For full particulars,

write.

WHOLESALE
RADIO LABORATORIES

744 W. BROADWAY
COUNCIL BLUFFS, IOWA

744 West Broadway
Council Bluffs, Iowa.

Circuits’’. Here's
25¢ is enclosed.

O

arts,

Town.....

-
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e e s st s MAH] COUPON TOTRY s st e e
Wholesale Radio Laboratories
Send your reference Book ‘‘Tubes and
You bet T want a Tube-Base Calculator.
Ship me your {ree radio map. 15¢ is en-

closed for packing and mailing.
D Send your free fiyer of hard-to-get radio
ol

" T am [] an-amateur; [] experimenter;
[] service man.
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ing and malling.

Radio Labora[ones

[
PUNCIL BLUrrs (ou,

my 10¢.

PICKUPS

[Continued from page 25]

a portion of the material is necessarily
carried with the armature, and thus
adds to the mass and weight of the
moving System. This in spite of the
fact that damping in shear is more
effective.

Much research has been done in at-
tempting to obtain better damping ma-
terials. Many compositions have been
tried. some borrowed from other in-
dustries, and a few satisfactory com-
promises have been found. It 1S pos-
sible to both center and damp with one
material, but such material never has
both properties to a satisfactory degree,
and failure can result if precautions
are not taken from a mechanical stand-
point. In addition, materials having
good damping qualities are invariably
subject to severe changes in character-
istics with changes of temperature. In-
creased temperature results in de-
creased damping efficiency, and reson-
ant peaks appear in the pickup re-
sponse.

It is to be hoped that among the
many new materials being produced
today, a more suitable damping medium
will be found, particularly with re-
spect to temperature effects.

Bearings

There is little to be said about bear-
ing systems. Rubber has been used in
the majority of designs, being simple,
effective, and inexpensive. Knife-edge
bearings have been used successfully,
and result in long operating life, but
have the disadvantages of added cost,
mechanical noise, and aggravation of
resonance problems. A combination of
rubber and knife edge has also been
used, but with little success. If a rub-
ber bearing system is to be utilized,
precautions should be taken to see that
pure gum stock or its equivalent is
used, and that the walls of the tubing
or sheet be as thin as practical. Ex-
cessive wall thickness will result in
loose play of the armature at the bear-
ings, becoming more pronounced in ef-
fect as the frequency increases, low
efficiency and distortion can only re-
sult.

The magnetic pickup differs from a
crystal device in that the voltage out-
put is proportional to velocity. Refer-
ence to Fig. 2 illustrates the compari-
son between theoretically perfect cry-
stal and magnetic pickups. A perfect
magnetic pickup would reproduce the
magnetic recording head characteris-
tic, since both are proportional to ve-

State. ...........
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|
|
|
|
|
I
|
|
|
|
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locity. The loss of bass response below

[Continued on page 66]
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PATS. APP. FOR

TECH LAB MICROHMMETER

. . . gives direct and instantaneous
readings of resistance values down to
5 microhms and up to 1,000,000 me-
gohms. Accuracy in all measurements to
better than 2%. Output is sufficient ta
drive recorder. Entirely AC operated.
Furnished in two modsls, Reasonably-
prompt deliveries, For complete data
regarding other applications write for
Bulletin No. 432, ; - .

437
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13 LINCOLN STREET
JERSEY CITY 7, N. J.
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Alloy flows easily and weld is quickly completed under arc.

The Science Behind the Science of Electronics

is the focusing of all branches of science upan the development and improvement of electron vacuum tubes,

L solve a difficult welding problem, Eimac laboratory
snicians compounded a welding alloy that could be
~lied with a paint brush.The alloy fiows easily under
:zc to complete the weld, yet subsequent heating to
= peratures as high as 2900 degrees Centigrade will
u= destroy the weld.
such is but an example of the application of the
nce of metallurgy in the “science behind the science
zlectronics.” The extent to which Eimac Engineers
e=t to solve this relatively small problem reveals two
ortant facts:—(1.) The rhorouggnuss of Eimac Engi-
ing, and (2.) The completeness of their engineering
bolities. The leadership which Eimac tubes enjoy
B-oughout the world in all phases of electronics is
-ibutable to the soundness of this engineering.
Performance of any electronic equipment is a direct

fection of the performance of its yacuum tubes. Hence ; A S

s advisable for users and prospective users of elec- SPECTROGRAPH...Analysis determines METALLURGY. .. Compounding special alloys
naics to look first to the vacuum tube requirements. exact charactevistics of metals to be joined. of metals,

-ause Eimac makes electron vacuum rubes exclusively i B e - :

R 8

beir advice to you is unbiased and can be of great value.
sote outlining your problem will bring such assist-
<z without cost or obligation.

-McCULLOUGH, INC., B70 San Mateo Ave., San Bruno, Calif. e e

+ located at: San Bruno, California ond Scit Loke City, Utch PP P
Export Agents: FRAZAR & HANSEN. 4 % %

301 Clay 5t., San Francisco 11, California, U. 5. A. & & % L

» A

=2¢ for your copy of Elee-
¢ Telesis—a 64 page book- a0
ully illustrated — covering,
Zamentals of Electronscs
many of its importantQ
scations. Written in lay-
s language.

Follow the leaders to

OPTICS... For studying the effects of processing. ELECTRONICS. .. Welded elements in electyon
vacuum tubes withstand tremendaous beat,
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SIGMA
RELAYS

ARE GOOD
MIXERS

Designed for great sensitiv-

ity and high speed, Sigma
Relays are capable of more
than

precise adjustment

most commercial relays.

When the job at hand re-
quires large current capac-
and

adjustment it’s a good idea

ity precise pick-up
to combine the Sigma Re-
lay with another type to

obtain these characteristics.

- This circuit breaker designed
by Hatton of Hartford pro-
~ vides instantaneous cut-o
. when current exceeds a pre-

- set value.

Our engineering staff
will gladly advise you
of the best combi-
nation to meet
your require-

ments.

Waﬁwe llELAYS

66 Ceylon St., Boston 21, Mass.

PI-NETWORKS

[Continwed from page 27)

Dividing and substi-

tuting,

through by R

R = Q(XC—XL)
Applying this to Fig. 3,

R: XC# R
= [
Rs* XC,

('\.L' RS tﬁ\'c‘?)]

R XC 0
R QR.XC: )

From (3),
R: XC,}

X
HE oS
R --XGo? (8] R+ XC*
or
l( XCo*+ QR XC&?
— =R
1\ 2 -1— \(—u
R: XC+ O’RXCo = RiR: - R XC?
\L Sl -~-()1€,—I(.) = RiR7

/
/ RiRé

A ==t =
Vzo+o—r
From (4),

R. X (:o: R]
RZLXCF  (Q*41)
R XCo RiRs
e e
RA4XC?  XCo(Q™+1)

AAAAAAAAAAAA AN

YIVVYYVYYYYYYYY

e U

—— XG4 XCo Ra
0000 ,
XL!
2
Figure 5
Then returning to (3)
OR, R.R:
NEr= — - —
(Q*4-1) (Q°--1)XC,
/\’1 (Q R‘.‘)
———— e (5)
(O*-1-1) XCo
[f O is large,
; R
XL, = XC, (1 + )
Q XC,

Referring to (4), as the denomina-
tor must at all times be real, (Q2 +
1) R, must be greater than R,, or in
other words R,/R, must be less than
0* 1. Consequently, for very high
ratios of transformation,
endec circuit with its higher O will
be somewhat more desirable.

Formulae (1), (4) and (5) hold
only for R, being purely resistive;

NOVEMBER,

however, for loads that are reactive a
good indication of circuit behavior
may be had by noting whether normal
loading (i.e., normal R, or input re-
sistance) occurs with the specified
value of XC,. This follows natuzrally
from the relation R, = QXC,.

Fig. 4 shows the pi-network feeding
antenna at other than a resistive point
and X, being inductive or capacitive
depending on the antenna length. The
portion inside the dotted line repre-
sents in itself a parallel resonant cir-
cuit. The reactive resultant of such a
circuit may be expressed as

R2 - Xi (XC ok Xa)

R+ (XCoXa)?
should the antenna be operating at or
near a half-wave point and swinging
in the wind, X, would be changing
from a very large inductive reactance
to a very large capacitive reactance
and vice versa. This would result in
profound changes in the value of (6)
and thus the amplifier tuning would be
very unstable. However this difficulty
is not experienced at the quarter-wave
points due to the fact that, while X,
may be changing in sign, its values are
small and would have negligible effect
on (6). Accordingly, antennae which
are integral multiples of one-half wave-

[Continued on page 64]

ADVANCED ENGINEERING
denconstnated by

THORDARSON

COMPACT, HERMETICALLY-SEALED

TRANSFORMER FOR AIRBORNE SERVICE

the single- |

High effci
oK g
higch
i

n for
uh!lu.uhlm usually caused
by climatic changen

600
of thy \nlnd L eult
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airborne application

| 7.9 THANsEORMtR BVISHON
THORDARSON ELECTRIC MFG. €O.
300 WEST MURON STAEET. CHICAGO, 1

| Pransformen Checerelests Siirce 1575

ORIGINATORS OF TRU-FIDELITY AMPLIFIERS

1944 *




FINEST PICTURE QUALITY IN BLACK AND WHITE

Sharper, more brilliant pictures
than ever before possible are now
a reality with Federal’s new broad-
band television technique . . .

In a revolutionary contribution to
the television art, Federal’s system
permits combining sight and sound
on one carrier frequency . . .

For the broadeaster—a single trans-
mitter, and consequently, lower
first cost, lower power consumption,
less space requirement. and fewer
high power tubes. . .

For the television audience — a

simpler, less expensive receiver,
more compact and efficient, and re-
quiring fewer tubes.

This great forward stride is the
logical outcome of Federal’s long
list of achievements in the field and
the contribution of Federal’s en-
gineers to the development of the
“Micro-ray” more than a decade
ago . . . the forerunner of modern
television technique.

And as aresult...Federal has been
selected by the Columbia Broad-
casting System for the construction

AND IN FULL COLOR!

of its new television transmitter
atop the Chrysler Tower in New

York.

Federal’s modern television tech-
nique will also be reflected in an
equally advanced Federal tele-
vision receiver for the home . . .
producing the finest picture quality.

Federal has the experience, the
facilities, the technique, needed to
build television equipment for any
broadcasting requirement. For the
best in television — see Federal first.
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Seud for it NOW!

CONCORD RADIO CORPORATION'S

¢ 16-page supplement!
HARD-TO-GET RADIO PARTS

m Resistors

® Condensers
B Switches

u Speakers

n Wire

® Volume Controls
® Rheostats

u Test Accessories
® Transformers

B Relays

nated by Concord customers as "urgently needed." All are from well-
known manufacturers. All are priced right. Remember, they'll go fasf
v —rush your request for this Special Supplement!

(%‘.!A - e
L LAF

Only the name has been changed! Just another reminder that
AYETTE RADIO CORPORATION is now known as

CONCORD RADIO CORPORATION

New, 16-page

For 22 years, the Lafayette Radio Corporation has dlo parts” by

been one of the great arsenals for radio and
slectronic equipment. Although we are now known

he
Ra

AY for t
MAIL COUPQN..;(:&.(‘)-GOQ

su”“gm!‘h:io CorDO“‘"""

as the Concord Radio Corporation, we assure you Concor PORATION

thot only the name has been changed. You \yvill CONCORD RAD&&&“EM“W 7, W

find the same personnel, the same high quality 901 W. Jackson ~gpecial Sup-
of merchandise, the same low prices, and the Dept. Folte e new 1“""“e(‘o§gg|-nnun.
same rellable services as herefofore. Shop by please Tust MEoip ra Radlo

mail or visit us personally . , . fully confident of plement B A R AR R
guaranteed satisfaction, Ec sure that your name SAME. nssaevan st SREESETARR
is on our mailing list for postwar catalogs. AN S0 iieeeeeseect

CONCORD RADIO CORPORATION

Lafayette Radio Corporation

901 W. Jackson Blvd.,, CHICAGO 7, ILLINOIS % 265 Peachtree St., ATLANTA 3, GEORGIA

Here's a real bonanza of radio parts, All items umJ have been desig-

Gyadatte i7e DX
Aoso-

During peacetime, as the World’s largest loop
aerial manufacturers, our job was to build the
highest “Q" loop for every size and kind of '
radio receiver. If you make midgets you get
the same DX Isoso-loop quality that goes into
the large consoles. All of our present day
efforts are devoted to making DX Xrals but we
would like to discuss your post war receiver

plans with you.

Cd

HIGH Q... MIDGETS

GENERAL OFFICES: 1200 N. CLAREMONT AVE., CHICAGO 22, ILL, US.A
aoe PP uans
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[Continued from page 62)
length should be avoided with this
type of coupler.

In push-pull circuits XL, is usually
split into two parts to provide equal
plate loading as shown in Fig. 5.

It is readily proved that to provide
proper “flywheel effect” the optimum
value of Q in single ended circuits is
12, and in push-pull circuits is 6, and
Figs. 6 and 7 are monographs of equa-
tions (1), (4) and (5) assuming these
values of O.

Knowing the input and output re-
sistances, the impedances for the var-
ious elements may be found and then
converted into actual values of induct-
ance and capacity for the frequency
used.

UNIVERSAL APPOINTS HALL

A. J. (Jack) Hall has been appointed
production and research engineer for the
Universal Microphone Co., Inglewood,
Cal,, according to announcement from
James L. Fouch, president of the organ-
ization. He will devote his time and
attention to current activities, as well as
to postwar planning and reconversion.

He joins the Inglewood company after
several years of service with the Kellogg
Switchboard and Supply Co., Chicago, as
engineer in charge of design, research and
development laboratories.

Previously he had been planning engi-
neer with Western Electric Co., Chicago,
over a long period of time, as well as
production manager for the Leich Electric
Co. in the same city.

SKELLETT JOINS N.U.

Dr. A. M. Skellett, formerly of Bell
Telephone Laboratories, has been appointed
Chief Engineer in Charge of Research for
National Union Radio Corporation, radio-
electronic tube manufacturer, according to
an announcement made by S. W. Mul-
downy, President,

Widely known in scientific circles, Dr.
Skellett has made many contributions to
the advancement of electronics during his
years of service with Bell Telephone Lab-
oratories. As a writer he has published
twenty-five scientific papers in Proceedings
of the National Academy of Science, Pro-
ceedings of the Institute of Radio Engi-
neers, Physical Review, Science, Review
of Scientific Instruments, Journal of Ap-
plied Physics, Journal of the Society of
Motion Picture Engineers, and Nature,
the oldest scientific journal known to scien-
tists throughout the world, which is pub-
lished in England.

As an inventor, Dr. Skellett has been
issued thirty patents, has twenty-five cur-
rently in process, principally on electronic
devices, ten of which are in the secret
category. World-wide recognition came to
him in the field of astronomy as a result
of his perfection of the coronavisor and
adaptation of television technique to as-
tronomy which made possible the study of
the sun’s corona without recourse to costly
expeditions at times of solar eclipse.
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Here in our laboratory on a test rack
these Utah Vibrators are placed in con-
tinuous operation against the time-
clock . until they finally break down.

Thus Utah engineers prove the worth
of design and the quality of materials
that give their product such an envi-
able record of long, trouble-free service.

object— longer Iife

Such tests as this have been the rea-
son for Utah reliability in war—and
are the Utah guarantee of industry and
consumer satisfaction in peace.

* * %

Every Product Made for the Trade, by
Utah, is Thoroughly Tested and Approved

itreous enamel resistors, wirewound controls,
, switches and small electric motors.

* Utah Radio Products Company, 846 Orleans Street, Chicage 10, Ill.
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50,000V
D.C.W.

® This typical Aerovox high-voli-
age oil capacitor is conservatively
rated at 50,000 volts D.C. working,
for intermittent service.

Special facilities account for the
large-scale production of these
huge capacitors for wartime needs.
Giant winding machines handle up
to several dozen “papers” at «
time; a battery of huge impregnat-
ing tanks permits long pumping
cycles and thorough vacuum treat-
ment and oil impregnation—these
and other exceptional production
facilities insure a superior product
—today, to win the war; tomor-
row. to win a better peace.

o Write For Literature

PICKUPS

|Continwed from page 60]

250 cycles is due to the constant ampli-
tude recording characteristic of com-
mercial home type records, made neces-
sary to avoid break through between
adjacent groove walls.

Unfortunately, the magnetic pickup
cannot be compensated so readily as
the crystal, as illustrated in the article®
on crystal pickups. Similar ade-
quate networks would require the use
of large iron-cored inductances and
large capacitors, whose cost and space
requirements would be prohibitive. It
is much simpler to make the necessary
compensations in the amplifier circuits,
wherein suitable bass compensation
may be had with little cost.

Moving Coil Types

Moving coil, or dynamic types of
pickups have been designed, with vary-
ing success. They differ essentially
from the armature type in that a coil
of wire is movably suspended in an air
gap and, when driven by the record
groove, cuts lines of force existing
through it, with a resultant generation
of current proportional to velocity. The
inherent drawback is reduction of
weight in the moving system, which
compels the use of very few turns of
wire, as few as one turn being used.
Since such a device would have very
low impedance, it must be coupled
through a suitable transformer for
maximum efficiency. The transformer,
in turn, is expensive and tends to ag-
gravate hum pickup problems since it
must be located closely to the pickup,
to avoid excessive losses.

A distinct advantage, however, Is
that there is no centering problem be-
cause, by use of proper materials, there
exists no magnetic attraction between
the moving system and the pole piece
assembly.

Suecessful moving coil systems have
been expensive, delicately made, and
suitable for use under exacting condi-
tions, where they give a splendid ac-
count of themselves. It is not at all
impossible, however, that the design
may be applied to routine phonograph
requirements with success.

The magnetic pickup has been neg-
lected to a large degree since the gen-
eral acceptance of the crystal types.
However, it has demonstrated its de-
pendability under
conditions where crystals are inade-
quate, and is by no means obsolete.
(General acceptance of low voltage out
puts could result in some startling im-
provements that might well place it at
the head of desired pickup types.
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’ EASTERN PUMPS

FOR VACUUM TUBE
i COOLING SYSTEMS

Five different models of small centrifugal
pumps designed for circulating water through
the cooling systems of communication and
X-ray tubes have heen successfully designed
by Eastern Engineering Company, long a

leading manuiacturer of small pumps for
hig ijobs. These pumps may be had for
either Jand, sea or airborne installations,
AIRBORNE MODELS
' (Desiguated as the AR Serics)
c in conformance with

arils, They haye the
features:

EXTREMELY LIGHT WEIGHT * COMPACT ¢
INTEGRAL PUMP AND MOTOR UNIT *
I EXPLOSION PRUOF ¢ VARIED PERFORM-
ANCES AVAILABLE ¢ OPTION AL VOLTAGES *
LIFE —CONTINUIOUS DUTY <« BDE-
OPERATION * UNIVERSAL
MOUNTING

The pump and
motor are one in-
tegral unit weigh:
ing but twe and
one-third pounds
and measuri

over-all %
147 x 237,

LUNG
PENDABLE

"

uty with the ex-
nder 8/ P S. T,

e the

linetion

it i< re ble to
sharacteristics antity

cquipped with a mechanical
ich positively seals against
is seal is adjusted at the
under excessive pressure.
s been released from the
ther attention or mainte-
for either motor or pump
ife o the unit,

LAND AND SEA MODELS
(Designated as E-1 and E-7)

|
% 1 2 3 4 53
CAL, PER MIN.

7 8 9

Both are

3 umps, powered by
General

Motors. Model
g . Vis H. P.. weighs

Maximum Pressure of 20
s, P. S. L. with a Maximum Carpacity of
. P. M. Model 15 O R4 R
14 H. P., weighs 8 Ibs. and fas a Maximum
Pressure of 30 Ibs, P. S, . and a Maximum
Capacity of 9 G, P, M. Performance curves
for both models are shown above. Both of
these models are designed for long life. They
are equipped with mechanical rotary seals
which completely seal the pumps against
leakage. While the curves shown are those
for which production is now standard, it is
readily possible to ohtain other character-
istics where quantity is involved. They
he obtained with motors to meet Navy
Specifications.

EASTERN ENGINEERING COMPANY
74 FOX STREET - NEW HAVEN 6, CONN.

is 77 x 3%Y x 3
6 Ibs. and has a

BER, 1944 * [R&Di9




OHMITE

RESISTORS and CHOKES _
ows =

Ohmite Dummy Antenna
Used in Testing Critical
Transmitting Equipment

Here’s what COLLINS RADIO CO.,
well-known transmitter manufac-
turer, says: “Within its power range

. the most convenient to use, the most
stable and the most accurate Dummy
Antenna we have encountered . . .
Used successfully for testing and meas-
uring power output . . . Gives long life
without detectable detervioration.”

Proved by use before war came . . . Ohmite R.F.
Units today are performing vital functions in
the production and operation of vital war equip-
ment. An interesting example is the use of
Ohmite hermetically-sealed, glass-enclosed gas-
filled dummy antenna resistors by Collins Radio
Company, and other well-known manufacturers
for testing and measuring power output.

Other Ohmite Units doing specialized jobs
in radio frequency applications are Vitreous
Enameled Non-Inductive Power-Size Resistors,
— Parasitic Suppressor and R.F. Plate Chokes.

OHMITE MANUFACTURING COMPANY
4867 Flournoy St., Chicago 44, Illinois
Foremost Manufacturers of Power Rbeostats, Resistors, Tap Switches

For complete data, write on

company letterbead for help-

Sul Catalog and Engineering

Manunal No. 40. Address 4867

Flournoy St., Chicago 44, 1/l RHEOSTATS e RESISTORS e« TAP SWITCHES

Ze Rightuwik O H M I T E
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TUBE TESTING

[Continued from page 32]

If a decade condenser box is avail-
able or a beat frequency oscillator,
either C or f may be varied until E,
is exactly 3 db below E,, or E;:E, =
1.0:0.707. The above expression then
simplifies to

Ry = 1/(«C — 1/R)
Once R, has been determined p may
be found from the expression for E,.
Disregarding the negative sign which
merely indicates the phase relationship,
we have
E.R

Re + R 2
— E./Eg(Re/R+1)

It is evident that the value of C must
not be comparable with that of the
stray capacitance of the circuit, and
the frequency should be chosen accord-
ingly. Either 60 c.p.s. or 1000 c.p.s.
will in general be found quite suitable
for the measurement.

The method may be extended 5 in-
ductive anode loads, but the resulting
expressions will then become more
complex. One application of the above
principle would consist in the provision
of suitable, push-button operated con-
densers in electronic devices, enabling

Ei=pEg— r

rapid checks on valve characteristics
to be made.

NEW VIBRATION MOUNT

Rexon, a radically new type of vibration
mount, characterized by extreme simplicity
in design and application, and by virtual
indestructibility in use, has just been an-
nounced by Hamilton Kent Manufacturing
Company, a unit of U. S. Stoneware,
Akron, O.

Determination of the proper type of
Rexon mount and its actual installation
requires neither engineering skill or alter-
ation of equipment, Only two standard
types of Rexon mountings are required
to effectively isolate all kinds of vibration.
All that an engineer need know is the
total weight, the weight distribution of the
machine to be insulated, and whether the
direction of the vibration is vertical or
horizontal. Loading is not critical—a tol-
erance of plus or minus 10% in computing
machine weight or weight distribution is
permissible.

Rexon utilizes the vibration dampening
properties of rubber in shear, but with no
possibility of overloading the shear ele-
ments. This unique property stems [rom
the use of a special “X” type design of
the rubber element which acts in shear at
the points of the “X" under normal load-
ing, but in compression when the load ex-
ceeds the rated capacity of the mount.
Rexon mounts cannot be damaged by tem-
porary or permanent overload. No rub-
ber-to-metal bonds, either mechanical or
chemical are used.

HERMETICALLY SEALED
TRANSFORMERS

FILAMENT
TRANSFORMERS

OIL-COOLED PLATE SUPPLY
TRANSFORMERS

PLATE MODULATION
TRANSFORMERS
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TROPICALIZATION

[Continued from puge 31]

The statement might well be made:
climination of moisture and corrosion
by the proper selection and treatment
of individual materials and compon-
ents and the elimination of confined
spaces will do most to eliminate fun-
gus. Additional help can be given by
protective coatings.

Certain protective coatings have
been approved by the Signal Corps in
connection with this subject. Basically,
these compounds represent a fungus-
inhibitor such as phenyl mercurial or
chlorinated phenol in solution. Certain
carriers such as phenolic varnish, vinyl
varnish, or the like have been em-
ployed.

This coating material is intended to
inhibit the growth of fungus by its
application in sprayed or brushed form.
It is to be expected, however, that this
material cannot be applied to all com-
ponents since moving contacts and
their respective contacting surfaces
may be damaged by the compounds.
Masking of certain parts will, there-
fore, be necessary.

[t is also intended that this treat-
ment should be renewed periodically
since its effectiveness is of relatively
short duration in terms of the total
life of the equipment.

Circuit Design

Since cach of the four above points
have left reasonable doubt as to the
complete preparation of the equipment
for tropical service, certain additional
ideas can be brought forth for the
radio designer’s use.

Critical, high-gain circuits perform
well in a laboratory setup but do not
perform satisfactorily in the field. The
nse of high resistance grid leaks in
high gain amplifiers is one of the best
examples of this: a five-megohm re-
sistor 1/2-watt in the laboratory will
measure and behave like a five-meg-
ohm resistor within the stated manu-
facturer's tolerance. Under high hu-
midity conditions with moisture form
ing a slightly conductive path across
the resistor's exterior, the resistor will
be more like a three-megohm resistor.

Again high-Q coils in r.f. circuits
will have a high Q only as long as
no conducting film shunts the coil
Then the Q will drop considerably.

This type of reasoning would out-
law some of our highly developed cir-
cuits of today, if it were carried to
its utmost. But the less critical the
circuit, the fewer the parts, the more
careful choice in the selection of parts
and materials—the longer the equip-
ment will last.
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Officlal U. S. Coast Cuard Photo

THE finest and most dependable air
column horns and speakers made . s
RACONS... are doing their bit to hasten
V-Day. In war plants, aboard Army and
. Navy vessels, on planes, at fraining
e ") camps and airports many different types
R o s 3 of RACON. each ideally suited for its
(Tomonl dmicie ' purpose, gives peak efficiency, regard-

Sy ] less of weather condition or climate.

Built into RACONS are exclusive patent-
ed features found in no other line of
sound reproducing equipment. Pioneers
in the making of horns and speakers,
with a type for every purpose, you can
: rely upon RACON regardless of your
4 need. Simply tell us what you have in
*This official U. S. Coast Guard mind.

Photo shows RACONS on the deck

of a transport approaching the

Normandy beach-head. A landing
barge approaches the transport.

RACON ELECTRIC C0. 52 EAST 19th ST.
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Send for our catalog

NEW YORK, N.'Y.
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Rélévements Radiogoniométriques a
Changhai—E. Gherzi—L’Onde Eléctrique
—Vol. 3, Nov. 1924, Pages 542-544.

But for the really precise and delicate calibrations required in

the Radio and Electronics Fields, instruments that guarantee

amazing precision must be brought into play. For many years,

MEASURING —TESTING — CALIBRATING EQUIPMENT

has been considered outstanding in helping to produce
and maintain the high standards of operation required

for both war ond peace.

When the requirements of war are satisfied to the degree thot we con produce for peace
.. we will be ready with new ideas ond new products to meet every occumulated need.

MONARCH MFG. CO.

2014 N. Major Ave.

Chicago, lil.
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READY TO

TRANSMIT

~yet standby current is zero!

To reduce drain on batteries specify
KAAR Jnstant-Heating RADIOTELEPHONES

One of the special features of
Kaar mobile transmitters is their
instant heating tubes. When the
“push-to-talk’” button on the mi-
crophone s pressed, the transmit-
ter immediately goes on the air...
but between transmissions stand-
by current is zero. By eliminating
battery drain during standby per-
iods, this 22-watt transmitter can
be operated from a vehicle’s 6-
volt ignition battery without re-
quiring frequent re-charging.

The PTS-22X shown above op-
erates on frequencies between 30

and 40 megacycles. (Available up
to 62-MC on special order.) Two
other Kaar transmitters, the PTL-
10X and PTL-22X, for operation
in the 1600-2900 KC band, are
likewise equipped throughout
with instant heating tubes.
Notice also how the dust cover
can be removed by releasing two
luggage type catches. Likewise
the entire chassis can be removed
for checking or servicing by re-
leasing four additional catches.
These are buttwo of the features
which make Kaar Radiotele-

phones so popular for military,
civil and commercial communi-
cation between mobile units and
a central station.

KAAR

ENGINEERING CO.

PALO ALTO, CALIFORNIA
A

ENSINEERING

=—Nlca. ~—

Export Agents: FRAZAR & HANSEN
301 Clay St., San Francisco 11, Calif., U.S. A,

MOBILE RECEIVERS —Crystal

controlled superheterodynes

for medium and high frequen-
cies, Easy to service,

CRYSTALS—Llow-drift quartz

plates.Fundamental and

harmonic types available in
various holders.

CONDENSERS—Many types
of small variable aircon-
densers available for tank
circuit and antenna tuning

MICROPHONES —Type 4-C
single button carbon. Superb
voice quality, high output,

POWER PACKS—Heavy
duty vibrators and power
supplies for transmitters

moisture proof. receivers. 6,12,32,voltDC.
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UNIVERSAL NOTE

Cecil L. Sly, vice president of the
Universal Microphone Co., Inglewood,
Cal., represented his company at the
October Electronics Parts Conference

Weat witl you

in Chicago.
M 0o

IN THE FIRST SIX POST-WAR MONTHS

POCKET TESTERS

TUBE TESTERS

VOLT-OHM-MILLIAMMETERS

¥ CHECK THE TYPES AND QUANTITY

Estimate your future equipment needs and place a fentative post-war order for
them with your jobber now. This foresight will enable him to stock the Triplett
instruments you will need, and will assure you quicker resumption of civilian
business. Give best priority you can obtain to facilitate deliveries as production

is available.

Cet the complete list of Triplett instruments and radio test equipment.

Triplett

ELECTRICAL INSTRUMENT (0. scurrron, onio
NOVEMBER,

Purchasing Agent's
time to minimum

0.. our shelves, we've got the merchan-
dise you need. At our fingertips, we have
the answers to questions you ask . . .
about priorities, about technical prob-
lems, about the effectiveness of substi-
tutes. And we DELIVER! Trained expe-
diters ship your orders by the fastest-
possible methods. And there's guaranteed
satisfaction on every purchase. HARYEY
is a "find" for harassed purchasing agents
«+.1ry us, and you'll know the reason why!

‘ 2. 5. HARVEY now dis-
? tributes AUDAX, the “royal
family" of Pickups, Cutters
and Jewel Points.

Telephone Orders to LOngacre 3-1800

1' T TYTTHY
(RADIO COMPANY)

laly

103 WEST 43rd ST., NEW YORK 18, N. Y.
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CROUP SUBSCRIBERS
SAVE UP TO 50%*

ancl ﬂerefd ’My .

OOK WHAT | SAVE--
A $3 SUBSCRIPTION
FOR ONLY HALF ..

41q

MEBBE THEY’LL LEAVE
MY RADIO MAG FOR
ME FROM NOW ON

| NEVER GOT AROUND
TO SUBSCRIBING - THIS
IS QUICK AND EASY

(&)

E-I'M BUILDING A
REFERENCE LIBRARY
DUT OF EACH ISSVE

I'LL BE ABLE To FOLLOW
PRESENT AND POST-WAR
DEVELOPMENTS

IF THEY'RE ALL GETTING
IT -1 WANT TO KNow
WHAT THEY'LL KNOW

most coming events.

FORM YOUR GROUP TODAY-

Every month, vital departments acquaint you with new-
est developments — editorial “ear-to-the-ground” re-
leases keep you abreast of trends, in fact, ahead of

Five

Here's what Group Subscriptions cost:

One 1 yr, subscription ......$3.00
Two 1 yr, subscriptions ..... 2.50 each
Three 1 yr, subscriptions ... 2.00 *

Four

* THE GROUP PLAN

1 yr. subscriptions .... 1,75 *

1 yr. subseriptions ..... 1.60 "

For a limited time only—save up to half the regular
cost of a RADIO subscription by using the Group
Plan. The more in a Group the more each saves, up

Six or more 1 yr. sabscriptions 1.50 "

Make a list giving each subscriber's name,
address, employer's name and their respec-
tive positions.

to 50%.*

12 MADISON AVENUE

RADIO MAGAZINES,

INC.
NEW YORK 17, N. Y.
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Weanted
ENGINEERS

* Radio

¢ Chemical

¢ Electrical

* Electronic

¢ Mechanical

* Metallurgical

e Factory Planning

¢ Materials Handling

* Manufacturing Planning

Work in connection with the manufac-
ture of a wide variety of new and ad-
vanced types of communications equip-
ment and special electronic products.

Apply l(or writel], giving
full qualifications, to:

R. L. D.
EMPLOYMENT DEPARTMENT

Wesrern Electric Co.
100 CENTRAL AV., KEARNY, N. J.

Applicants must comply with WMC requlations

ELECTRONIC EQUIPMENT
QUARTZ CRYSTALS |

MANUFACTURING
ENGINEERING
DESIGNING

REX BASSETT

FORT LAVUDE

RDALE
FLORIDA

14

MEASUREMENTS

|Continued from page 23]

Practically all oscilloscopes are now
supplied with these features, so it is
only necessary to select an instrument
which has a frequency characteristic
capable of handling the highest fre-
quency to be encountered. If the volt-
age to be studied is of sufficient magni-

tude to “drive” the plates of the oscil- |

loscope without the use of its internal
amplifier, the frequency range will be
satisfactory for practically all purposes.

Tests Required

Fig. 9 shows sections of typical test
data sheets used during the develop-
ment of a radio receiver. Many of
these tests may scem Lo unwar-
ranted, because the information can be
caleulated from other data, but by mak-
ing all of the tests it is possible to ob-
tain a double check on some character-
istics. For instance, knowing the sec-
ond detector sensitivity, the i-f gain
per stage, and the translation gain of
a superheterodyne, it should be pOssi-
ble to calculate the first detector sensi-
tivity.

To the uninitiated it might be sur-
prising that the first detector sensitivity
often does not check with the calcu-
lated value obtained by multiplying the
individual stage gains together. If the
measurements have been correctly
made, and the calculated and measured
sensitivities do not agree, the difference
can usually be found to be due to over-
all degeneration or regeneration. These
two effects can become very trouble-
some during production so it is to the
designers advantage to know their
magnitude and origin.

A discussion of these points will be
given later as each measurement is de-
scribed, particularly as to how the test
apparatus should be arranged. At the
same time, sample curves will be given
to show the effects of certain discrep-
ancies in measurement technique.

be

Normal Operating Conditions

As mentioned previously, in order
that receiver characteristics may be
more readily interpreted and compared,
it is important that measurements be
made under so-called Normal Test or
Operating Conditions. Table 1 has been
arranged to show these conditions in
a convenient, usable form. Note that
certain tests should be made at high
and low power line or battery supply
voltages. This is necessary to deter-
mine whether extremes in power sup-
ply veoltage will cause unstable operation
such as blocking, oscillation, oscillaltor
stoppage, microphonics, etc., to men-
tion a few. Also note that both high

NOVEMEER,

|

and low transconductance tubes should
be employved for the same reasons.
These checks, while time-consuming,
will often prevent trouble and com-
planits after the receiver is in the cus-
tomer's hands, where such operating
conditions are likely to be met.

[To be continued]

o VICTORY

for the duration

cornish

WIRE COMPANY, mc
15 Park Row, New York City, New York

AND

ELECTRONIC
DEVICES

World's Largest Manufacturer of
Wireless Telegraphic Apparatus
COMPLETE CENTRAL OFFICE EQUIPMENT

McElroy Manufacturing Corp.

82 Brookline Avemse < Bostom, Massachusetts
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Official U.S. Coass

Guura phuto

ET'S FINISH the fighting at the earliest possi- them the best supplied fighters in the world.

ble moment. Let’s back-up our fighting men
i : = ) g9 . By selling more War Bonds than before, you can
with a never-ending flow of supplies—supplies J .
. - help to build up the purchasing power needed to
purchased with your day-in and day-out sales of

‘War Bonds.

Retailers of America, you can do a twofold job

for the men who are fighting fo protect your
future. full share in post-war America. Earn yours. Drive

provide jobs for our fighters in the post-war
period.

Remember, our fighting men will have earned a

your War Bond Sales to an all-time high.
By selling more War Bonds than before, you can

help to save the lives of fighting men by making  Don't ease up—until the war is won/

The Treasury Department acknowledges with
appreciation the publication of this message by

% Buck the Atack!
SELL MORE THAN BEFORE! RADIO

This is an official U. S. Treasury advertisement—prepared under the auspices of Treasury Department and War Advertising Council.
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The result of 10 years of Acme Elec, & Mfg. Co. .......... Transformers .........o.«: 63
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\NTERESTING FACTS

_sour HYTRON

¥ Hytron is the oldest manufacturer in the United States specializing
on radio receiving tubes. The first Hytron tube was made by hand

in 1921.

o The now standard BANTAM GT receiving tube is a Hytron origina-
tion. Hytron designed and developed over 70 of the popular GT
types. These small glass receiving tubes contributed to the de-
velopment of the miniature table radio and to large scale production
of radio and radar equipment for the Services.

The tiny BANTAM JR. tubes originated by Hytron were the first sub-
miniatures. They made possible hearing aids and pocket radio sets.
Similar Hytron tubes serve in wartime electronic devices.

Hytron has pioneered transmitting and special purpose tubes for
the radio amateur and for police radio. Its very-high-frequency
tubes and its instant-heating r.f. beam tetrodes for mobile communi-
cations, have also become extremely popular with the Services.

Hytron combines long experience in high-speed receiving tube
techniques with the know-how of special purpose tube engineering.
The result is economical mass production of special tubes.

First of the receiving tube manufacturers to convert 10077 to war
production, Hytron will be just as alert in serving the post-war
market.

CONSULT HYTRON regarding your needs
for these tubes: receiving, ballast, hearing aid,
very-high-frequency triodes and pentodes,
miniatures, medium and low-power transmit-
ting triodes, r.f. beam tetrodes (particularly
instant-heating), r.f. pentodes, gaseous voltage
regulators, and rectifiers.

YUBES

(TryTREN

v
DO TUBES
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A TECHNICAL OPINION SUBVEY FOP RADIO ENGINEEPS FR0OM THE PRODUCT

RADIO DIVISION, BACTIMORE. MABYLAND

CALLING ALL RADIO ENGINEERS!

In the interest of better broadcasting...and as a check on the
features we are incorporating in our new transmitter designs...
Westinghouse would like to know what radio engineers think
about transmission equipment, feature by feature.

There’s more than one way to “skin a cat”, but there's one best

way. You men who are responsible for operating the equipment
are interested, we believe, in these factors:
HIGH FIDELITY SIGNALS . . . CONTINUITY OF SERVICE
SIMPLICITY OF CONTROL . , . LOW OPERATING COST
EASE OF MAINTENANCE

We will appreciate knowing what you consider the best way to
incorporate these advantages in postwar transmitters. To facili-
tate this, the questionnaire booklet pictured above will be
distributed to all stations in the near future. If you do not receive
your copy . . . write Westinghouse Electric & Manufacturing
Company, Dept. 7-N, East Pittsburgh, Pennsylvania. J-08075

Westinghouse RADIO DIVISION

PLANTS IN 25 CITIES ... OFFICES EVERYWHERE
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