HIGHLIGHTS
FROM THIS ISSUE

A Terrain Clearance lndicator
—Bell System Technical Jaurnal

The Transitron Oscillator
—IL.R.E. Procecdings

Transmiuter Safcty Technique
—QST

Transmission Lines as Circuit
Elements -RADIO

Demonstration of Frequency
Madulation Electronics

Inducuve Tuning Theory and
Applicatinn  —Communications




ONE OF A KIND!

The “new” RADIO ANTENNA HANDBOOK is the first—foremost—and ONLY boaok
written exclusively on the subject of Antennos. Contoining everything thot is worth
telling obout this importont subject, it is involuoble to you regordiess of what books
you olreody possess.

75¢c In U.S. A. Elsewhere 85¢c or 3s. 6d.

RADIO. Ltp.

7460 Beverly Blvd. Los Angeles, Colif.




ORDER YOUR COPY . . . TODAY!

The new, 1939 “"RADIO HANDBOOK with over 550 poges, profusely illustroted,
is the forcmost ond most outhoritotive text ond reference work on Construction . . .
Equipment . . . Operotion . . . Theory of high- ond ultro-high frequency rodio
obtoinoble. Get it from your locol rodio ports deoler, or order direct from us.

$1.50 In Continental U.S. A. $1.65 Elsewhere

RADIO, LTD.

TECHNICAL PUBLISHERS
7460 Beverly Bivd. Los Angcles, Calif.




RADIO

® MAY - JUNE, 1939

Fuckuical :7%@41

Selections from the World Technical Radio Press

A Terrain Clearance Indicator—Bell System Technical Journal...... ... .4
The Square-Corner Reflector—Radio .13
Pedro the Voder—Bell Laboratories Record.......... .22
Demonstration of Frequency Modulation—Electronics .24
Broadcasting Business Expands....... 31
F.C.C. Watches Sunspots................. .32
The Transitron Oscillator—I.R.E. Proceedings. 34
Microphone Ratings—Service....... 47
Pictorial Section..................... ) S
Inductive Tuning Theory and Appllcanon—Commumrauorr .55
Transmitter Safety Technique—QST.... I .60
London Exhibit of Scientific Apparntus—Elertromu .70
Strays........... 23, 33, 46, 50, 59, 69. 71, 81, 92
Transmission Lmes as Circuit Elements—Radio....... 72
Static Suppressor.. .78
Photographing Radio Apparatus—T & R Bullelm 79
Television Debut............ .82
‘Hams™ Number 51,000..... .83
It's a Small World—Service..._........ .84
U.H.F. Radio Telephone.................cooooiiiiieee. 93
New Transmission System.. .94
The Technical Fieldo ... e 95

orders occepted.)

RADIO TECHNICAL DIGEST ] A. McMullen, Managing Editor
Editors: W. W. Smith, Ray L. Dawley, B. A, Ontiveres

25¢ per copy. By subscription: 12 issues, $2.50 in U.S.A., Conada, Newfoundland,
Spoin, and oll Pan-American countries; clsewhere, $3.00 or 12s. 6d. (British postol

Published every two months by Radio, Ltd., 7460 Beverly Blvd., Los Angeles, Calif.
Entered as second-class matter Jonuory 25, 1939, at the Dost office at Los An
geles, Californio, under the Act of March 3, 1879, Copyright, 1939, by Radio, Ltd.

PRINTED IN U.8.A.




6 Rabpio TECHNICAL DIGEST

May

continuously a visual indication of
the altitude.

At that time, however, a really
practical terrain clearance indicator
could not be built due in large part
to the lack of suitable radio in-
strumentalities. Vacuum tubes capa-
ble of operating on frequencies ap-
proximately ffty times higher than
those generally available were in-
dicated as necessary before a satis-
factory system could be built.

A long-range program, however,
of vacuum tube development for
high frequencies was under way in
Bell Telephone Laboratories. This
resulted in the production of suit-
able tubes, and they were described
by A. L. Samuel to the Institute of
Radio Engineers in October, 1937.
One of these was capable of pro-
viding a stable output of between
five and ten watts at a frequency of
approximately 500 megacycles, so
it became feasible to undertake the
development of a practical terrain
clearance meter.

The Japanese have been experi-
menting recently with apparatus
operating upon the same basic theo-
ry and a paper was published in
Japanese in 1936. A later paper
was published in English in 1938
by the same author, which describes
the apparatus and the results of
tests made on the ground over short
distances with the equipment at rest.

® Technical Problems

At the time this development was
undertaken a number of questions
presented themselves as to what the
earth’s surface would do to the
incident wave in reflecting it. It

seemed possible that the signal
might be so scattered and broken in
reflection by small irregularities that
the echo would be more like static
than a useful signal.

Even if the reflected signal proved
satisfactory over the smoother sur-
faces, it was hard to predict what
would happen when flying over
timber land or over very irregular
mountainous terrain. There was
also the question of what would
happen when the surface happened
to be that of a city where an air-
plane flying at 250 to 300 feet per
second passes over several buildings
and streets with abrupt altitude
changes of possibly hundreds of feet
several times in the course of one
second. Even with the most directive
systems that can be devised, the
beam radiated from the airplane is
so spread that echoes can be ex-
pected to arrive simultaneously
from several surfaces, for instance
from both the leaves on the trees
and the ground between the trees,
or from the top of a building and
from the adjacent street.

Several problems were anticipated
in the apparatus itself. The theory
is based upon a frequency-modu-
lated signal free from any ampli-
tude modulation, and it was ques-
tioned whether a transmitter could
be built to operate on ultra-high
frequencies which would be suff-
ciently free from amplitude modu-
lation, when subjected to the vibra-
tion of the airplane, to be satis-
factory. Since the receiver utilizes
both the direct and reflected signals
in making the altitude measure-
ment, it is necessary that some sig-
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nal be picked up directly from the
transmitting antenna but not enough
to overload the receiver and thus
prevent rececrtion of the echo. It
was expected that difficulty would
be encountered in sufficiently re-
ducing the direct signal.

After considering all these prob-
lems, it was decided that the cgeap-
est and easiest way of determining
the answers was to build the appa-
ratus and try it out to see if correct
operation could be obtained, first,
under the more or less ideal con-
ditions of flying over smooth water
and, then, over less favorable sut-
faces.

Most of the measuring equip-
ment available for radio frequency
test work is useless at ultra-high
frequencies. Hence, it was necessary
to get the system functioning as a
whole before any means were avail-
able for determining the best adjust-
ment of the radio-frequency parts
of the system. Because of the difh-
culty of providing, while on the
ground, an adequate reflector at
distances of from a few feet to
thousands of feet from the ap-
paratus, it was necessary to install
the equipment in an airplane very
early in the development and make
most of the tests during flights.
Nearly a hundred airplane flights
were made in one of the Bell Tele-
phone Laboratories’ airplanes dur-
ing the development period of sev-
en months which preceded the pub-
lic demonstrations made in the
United Air Lines Flight Research
Airplane.

® Operation ond Theory

The fundamental parts of the
altimeter in relation to their ap-
plication are shown in figure 1. An
ultra-high frequency oscillator is
provided, whose frequency is varied
up and down by a modulator which
consists of a small rotating variable
condenser driven by a motor. The
oscillator is connected through a
coaxial transmission line to a trans-
mitting antenna which is located
on one of the lower surfaces of the
airplane. The signal is radiated
downward by this antenna. A radio
receiver is connected through a
similar coaxial line to a second an-
tenna similarly located but arranged
in such a way that a minimum of
direct signal is received from the
transmitting antenna and as much
echo as possible from the ground.
The direct and reflected signals are
applied to a detector circuit in the
receiver. The output of this de-
tector is a signal of a frequency
equal to the instantaneous difference
existing between the direct and the
reflected signals and is proportional
to the height of the plane above the
terrain. This signal is amplified by
the receiver and applied to a fre-
quency meter or counter circuit
which is so designed that a current
proportional to the frequency and,
hence, to the height flows through a
meter calibrated in feet and located
on the airplane’s instrument panel.
A number of types of indicating
frequency meter circuits of the
condenser charge and discharge
variety have been described in the
technical literature.
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Figure 1. Overall system.

The operation of the system can
be understood more easily by refer-
ence to figure 2. The variation of
the transmitter frequency with time
is indicated by the solid sawtooth
line.* The value of the ordinate
of this curve at any point is the
transmitter frequency for the corre-
sponding time. The frequency is

* A simple harmonic wave that changes
in frequency from instant to instant is
no longer a single frequency but a series
of discrete frequency components. In the
present instance, the number of cycles
of frequency modulation per second is
small compared to the transmitter fre-
quency swing, so the spectrum occupied
by the signal is substantially that of the
swing itself.
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Figure 2. Operating theory.

varied from Fypx. up to Fy,x. and
back F, times per second, so the
rate of change of frequency is 2AF
F. when AF is substituted for
Fuax. — Fumv. The linear fre-
quency variation shown, while ideal,
is not essential for the successful
functioning of the apparatus. The
dashed sawtooth line represents the
variation with time of the frequency
of the echo signal from the earth’s
surface. This curve is displaced to
the right by a time equal to twice
the height divided by the velocity
of propagation, or, in other words,

the time it took the radio signal to
go down to the earth and return.
This results in a frequency differ-
ence between the direct and reflected
signals which is ejual to the prod-
uct of the time delay 2H/C and
the rate of change of frequency, and
is given by the equation,
Fa=—4AF FaH/C cycles per second.

The difference is plotted again at
the bottom of the giagram and ap-
pears as a series of trapezoids of
height Fq. The time delay, 2H/C,
has been greatly exaggerated in
comparison with 1/F, the time
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varied from Fyx. up to Fy.x. and
back Fy times per second, so the
rate of change of frequency is 2AF
F, when AF is substituted for
Fuax. — Fumw. The linear fre-
quency variation shown, while ideal,
is not essential for the successful
functioning of the apparatus. The
dashed sawtooth line represents the
variation with time of the frequency
of the echo signal from the earth’s
surface. This curve is displaced to
the right by a time equal to twice
the height divided by the velocity
of propagation, or, in other words,

the time it took the radio signal to
go down to the earth and return.
This results in a frequency differ-
ence between the direct and reflected
signals which is equal to the prod-
uct of the time delay 2H/C and
the rate of change of frequency, and
is given by the equation,
Fa—4AF FoH/C cycles per second.

The difference is plotted again at
the bottom of the diagram and ap-
pears as a series of trapezoids of
height Fy. The time delay, 2H/C,
has been greatly exaggerated in
comparison with 1/F,, the time
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interval corresponding to one cycle
of frequency modulation, in order
to make the difference, F,, large
enough to show on the diagram. F,
is actually only a few cycles in hun-
dreds of millions. It will be noted
that F, drops momentarily to zero
twice for each complete sawtooth
variation of the transmitter fre-
quency. This is due to the necessity
of varying the transmitter frequency
first up and then down, instead of
forever in one direction. Hence the
theory must be considered from the
standpoint that one altitude meas-
urement is made for each upward
and another for each downward
sweep, AF, of transmitter fre-
quency so that a total of 2F,, meas-
urements are made per second. The
number of cycles of frequency F,,
occurring during one frequency
sweep, is

1
F.—F,X —=2AF H/C,
2Fa

1

since——is the time of one sweep,

2F,

AF. F, is directly proportional to
both the height and to the amount
of transmitter frequency change,
AF. .

The fact that 2F,, separate meas-
urements are made per second is
important only when considering
small altitudes. The height which
gives a value of unity for F, corre-
sponding to a frequency meter sig-
nal of 2F, cycles per second is the
minimum height which can be in-
dicated since lower altitudes give

the same reading. Lower altitudes
cause only a fraction of a cycle of
frequency, F,, to be generated per
sweep but since this fraction is re-
peated 2F, times per second, it
constitutes a signal of the same fre-
quency 2F, and is so counted by
the frequency meter. In order to
make this minimum altitude small,
it 1s necessary that AF be large,
since they are inversely proportional
to each other. A frequency sweep of
aproximately 25 megacycles is re-
juired to provide measurements
own to the present minimum of
about twenty feet. If a high an-
tenna efficiency is to be obtained
over a band 25 megacycles wide, it
is necessary that the percentage vari-
ation from the average frequency
during the modulation cycle be
small. This percentage vanation is
made small by the use of an average
frequency of approximately 450
megacycles. The use of this ultra-
high frequency has the additional
advantage that the antennas can
be both small and efficient and
cause little drag™upon the airplane.

The indicating meter has two
scales, the upper extending from 0
to 5000 feet and the lower O to
1000 feet. The position of the
range switch determines the scale
to be used in reading the meter.

The transmitter, power unit, re-
ceiver and a junction box are in-
stalled in the baggage compart-
ment just aft of the cockpit with
cable connections to the airplanc
battery and to the meter and range
switch on the instrument panel. The
transmitting antenna is below the
wing to the left of the engine na-
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celle and the receiving antenna to
the right of the other engine nacelle.
Coaxial transmission lines connect
the antennas to the transmitter and
receiver.

The installation with apparatus
as described weighs complete with
all cables and connections about
seventy pounds. Since this equip-
ment represents a working model
built with the idea of attaining per-
formance rather than minimum
weight, undoubtedly some reduction
in weight will be obtained in future
models.

The antenna installation shown
in figure 1 when utilizing half-
wave dipole type antennas apgroxi-
mately a quarter wavelength below
the reflecting surface of the wing is
not particularly directional. The
signal is radiated over approximate-
ly the whole hemisphere below the
wing centered on the transmitting
antenna. The strength of the signal
is greatest in the downward di-
rection but does not fall off rapidly
in other directions. The advantage
of this antenna arrangement is that
the distance to the nearest reflecting
surface is measured regardless of
whether it is directly beneath, or to
the front or side. As a result very
little change in reading occurs when
the airplane banks steeply. Some
advance indication also is given
when the airplane in level flight
approaches higher terrain.

® Performance

The terrain clearance indicator
in its present experimental form
indicates altitudes between approxi-
mately twenty and five thousand

feet. When over smooth water or
land, it is subject to errors as in-
dicated by a consideration of the
fundamental equation upon which
the altimeter is based,

Fy — 40 FF, H/C.

Since F, is directly proportional to
both AF and F,, any variation of
a given percentage in either will re-
sult in a corresponding percentage
error in the reading of the meter. It
is believed from the data available
that the errors due to variation of
either AF or F,, do not exceed *1
per cent.

Additional errors can also occur
in the frequency meter circuit. These
errors are believed to be less than
+7 per cent, so that a total error
of *9 per cent might occcur if all
the errors were simultaneously in
the same direction. Fortunately, all
these are of a percentage nature,
so that the error in feet becomes
smaller as the ground is approached.
An absolute error in the indication
is still possible because of the limi-
tations of the milliammeter used
on the instrument panel. The West-
on aircraft meter used is guar-
anteed to be correct to within one
per cent of its full scale reading at
any point on its scale, which per-
mits maximum errors of ten feet
on the 1000-foot scale and fifty
feet on the 5000-foot scale.

When flying over rough water,
wooded terrain or cities, reflected
signal is received from surfaces at
different distances simultaneously,
resulting in addition and subtraction
interference effects, thus sometimes
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momentarily reducing the echo sig
nal below the minmum required
for sccurate indication  In such a
case, the meter hand may swing
down momentarily as much as 10
per cent. For the present himited
transmitter  power and recaiver
sensitavity, at altitudes above 2500
feet, these momentary signal re-
duction cffects become  progres-
sively more serious when flying
over irregular surfaces so that for
a substantial part of the total time
the echo signal may be below the
minimum required for correct metet
reading. This is induated by a read-
ing fluctuating between 3000 and
5000 feet when flying at 5000 feet
over a surface dotted by buildings,
timber, et¢ The meter swings up
to the correct reading every time
the arplane passes over a smooth
field or body of water of any size
Up to 2500 fect the echo signal has
proved to be sufficient for steady
operation over all kinds of terrain
Tests have been made over New
York, Raritan, Newark and San
Francisco Bays, Great Salt Lake,
Lakes Erie and Michigan, the tm-
beted mountains of Washington
and Oregon, the deserts and moun-
tains of the southwest and the
cultivated arcas of the midwest dur-
ing the SWOd of the recent demon
stration flights made with the equip
ment msullcd in the United Aur
Lines Flight Rescatch Airplane
An indication of the c&rm« of
the surface over which the airplane
is flying 1s given by the vanations
in the meter reading A a(g usually
causes rapid fluctuations of the or

der of ffty feet, depending of
course, run the hewght the
spacing of the bunldmp Culuvated
farmland causes fluctuations of low
er fr I and amplitude An
1solat 1 object such as & sky
scraper of a (humney v indicated
only by a slight meter huk as the
airplanc passes over it, which may
not be noticed by the observer !
the airplanc passes over only a few
fect above the abject and the twop 1
large enough tu contribute momen
tanly most of the ccho signal 1e
caved by the airplane the indi
cation 1s unmistahable and the cos
rect distance to the object 15 nds
ated by the mcter For instance
the gas storage tank near the Chu
cago airport is an excellent object
upon which to demonstrate the alts
meter rfurmu\cc The instrument
15 uscful as a posinon indicator
when np{:roulung an air on a
course which crosses an obstruction
of appreciable height and size snce
the moment of passage over the ob
struction 13 clearly indicated  In
fact, use as a position indicatod
may be one of the alumeter s most
valuable applications

A study of the arcumstances in
connection  with a2 number  of
crashes 1in the west dunng recent
ycars has revealed that in most of
the cases the airplanes crashed after
having been within s few feet of
the ground without the pilot know
ing it for several minutes before
they struck In such a situation the
terrain clesrance indwator  should
be capable of warning the pilot 1n
ample time to avert a crash
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THE SQUARE-CORNER REFLECTOR

BY JOHN D.

THE use of parabolic reflectors in
directional antenna systems is well
known. The antenna is placed at
the focus, and it has been custom-
ary to construct the parabolic re-
flector so that the distance from the
focus to the vertex is about one-
quarter wavelength. This is indi-
cated in figure 1-A, which is an end
view of a long sheet reflector of
parabolic cross section with a half-
wave antenna at the focus. The re-
flector of figure 1-A has an aper-
ture of one wavelength. The gain
of a perfectly conducting para-
bolic sheet of this aperture is ap-
proximately 9 db over a single half-
wave antenna. Improvements of this
order can also be obtained readily
by rather simple configurations of
half-wave elements. These are more
gractical on the lower frequencies
ut on the ultra-high frequencies
the dimensions of a parabolic re-
flector become small enough to
make it practical also.

KRAUS,

weJK

Other types of sheet reflectors are
likewise possible.  For example,
figure 1-B shows a half-wave an-
tenna in end view located at a dis-
tance, D, from a large flat perfectly
conducting sheet. This arrangement
has been treated by Brown! and
was shown to be capable of a gain
of about 7 db when the sheet is
considered to be infinite in extent.

® The Corner Reflector

Another possible configuration,
which has not been previously dis-
cussed, consists of two flat perfectly
conducting sheets which intersect at
some angle, forming a corner. Let
us first consider the case when the
corner angle is 90°. The antenna is
located parallel to the corner and at
a distance, S, from it. This arrange-
ment is illustrated in figure 2. The
antenna is equi-distant from both

!G. H. Brown, "Directional Antennas,"
Proc. I.R.E., Jan., 1937, p. 122.

© 1938, RACIO LTO., TECHNICAL PUBLISHERS, 7460 BEVERLY BLVO., LOS ANGELES
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planes or sheets. The maximum
radiation is in the direction of a line
bisecting the angle between the
planes as indicated. This is taken as
the direction for which ¢ = 0°.

When the two planes are con-
sidered to be infinite in extent the
gain of the system over a single
half-wave antenna for various val-
ues of S is given by figure 3. The
analysis and equations for obtaining
these gain-spacing curves are treat-
ed in the appendix. The upper
curve of figure 3 shows the gain
of the beam system when zero
loss resistance is assumed. This
case is of theoretical interest only,
since in all practical cases some loss
resistance is present. The lower
curve gives the gain when a loss
resistance of 1 ohm is assumed for
the half-wave radiator. It is ap-
parent in this case that the gain de-
creases rapidly for antenna-to-corner
spacings of less than about 0.15
wavelength. A suitable range of
spacings is from about 0.15 to 0.30
wavelength. The gain over this
range is about 10 db. Larger spac-
ings can be used but to no particular
advantage.

Flat sheets which are infinite in
extent are a fiction which is helpul
in the analysis. In practice it is de
sirable to make the planes as small
as possible without involving much
sacrifice in gain. Thus, the width
and length of the sides should be
such that the performance ap-
proaches as nearly as is practical to
that with infinite planes. As a fizst
trial, it was decided to use a sidc
width of about 0.35 and a corner or
side length of about 0.6 wavelength,
and a spacing, S, of 0.15 wave-
length.

® Five-Meter Square-Corner Reflector

To test this type of antenna, con-
struction of a 56-Mc. square-corner
reflector with these dimensions was
undertaken. The problem of the
material for the reflector at once
presented itself. The ideal material
is, of course, a perfect conductor.
Copper sheets approach closely to
this ideal. Such sheets are economi-
cal to use with microwaves. How-
ever, a 56-Mc. reflector requires
about 12 square yards of sheet and
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Figure 2. Square-corner
reflector,

the cost of this amount is very high.
Copper screen is a possibility but
this is also quite ex{)ensive. A prac-
tical and economical solution to the
reflector problem for a 56-Mc. an-
tenna apfcars to be a curtain con-
sisting of a large number of parallel
copper wires. This construction is
light, of moderate cost, and has
very little wind resistance. Ac-
cordingly, this type of reflector was
built.

The dimensions used are given in
figures 4-A and 4-B. The corner
length is 10 feet 6 inches and the
side width is 6 feet. The wires are
supported on a light framework of
white pine (17 x 17). Coating the
frame with spar varnish or lacquer
is desirable. The reflector is made
from a continuous piece of copper
wire woven back and forth over the
frame. The wire is hooked over
small nails on the top and bottom
side members. Wire jumpers con-
nect the parallel reflector wires to-
gether at the top and bottom. A
jumper at the center of the reflector
is also used. This is especially help-
ful in keeping the reflector wires

lined up. The “wiring diagram”
for the reflector is given in figure
4-A. A spacing of 6 inches between
the wires can be employed. On this
basis a total of 24 reflector wires is
required, 12 on each side. The re-
flector at W8JK was designed to
use an antenna-to-corner spacing of
0.15 wavelength and the reflector
wires were spaced 3 inches apart for
a distance of 3 feet out either side
and 6 inches for the remaining dis-
tance. See figure 4-B. This closer
spacing is probably not essential, es-
pecially if larger values of S are
used. No. 12 wire or larﬁer should
be satisfactory for the reflector and
antenna. It i1s an advantage to use
bare or tinned copper wire in the
reflector. With enameled wire much
effort must be expended in re-
moving the insulation for the large
number of connections necessary
along the top, bottom and middle
of the reflector.

The antenna at W8JK is fed
from the lower end, the transmitter
being supported on the bottom cross
members of the reflector structure.
Other feed arrangements are shown



14 RADIO TECHNICAL DIGEST May
8 REPLECTOR'
Figure 1. Cylindricol
AXIS OF MAXIMUM MAXIMUM
PARABOCA] S ‘_\4“_“"’2"’" S ADIATION porabolic and flat sheet
vurt( S AnTENNA 3 ANTENNA reflectors.
AT FOCUS
]
mess \{ @ ®

planes or sheets. The maximum
radiation is in the direction of a line
bisecting the angle between the
planes as indicated. This is taken as
the direction for which ¢ =— 0°.

When the two planes are con-
sidered to be infinite in extent the
gain of the system over a single
half-wave antenna for various val-
ues of S is given by figure 3. The
analysis and equations for obtaining
these gain-spacing curves are treat-
ed in the appendix. The upper
curve of fgure 3 shows the gain
of the beam system when zero
loss resistance is assumed. This
case is of theoretical interest only,
since in all practical cases some loss
resistance is present. The lower
curve gives the gain when a loss
resistance of 1 ohm is assumed for
the half-wave radiator. It is ap-
parent in this case that the gain de-
creases rapidly for antenna-to-corner
spacings of less than about 0.15
wavelength. A suitable range of
spacings is from about 0.15 to 0.30
wavelength. The gain over this
range is about 10 db. Larger spac-
ings can be used but to no particular
advantage.

Flat sheets which are infinite in
extent are a fiction which is helpful
in the analysis. In practice it is de
sirable to make the planes as smail
as possible without involving much
sacrifice in gain. Thus, the width
and length of the sides should be
such that the performance ap-
proaches as nearly as is practical to
that with infinite planes. As a first
trial, it was decided to use a sidc
width of about 0.35 and a corner or
side length of about 0.6 wavelength,
and a spacing, S, of 0.15 wave-
length. )

® Five-Meter Square-Corner Reflector

To test this type of antenna, con-
struction of a 56-Mc. square-corner
reflector with these dimensions was
undertaken. The problem of the
material for the reflector at once
presented itself. The ideal material
is, of course, a perfect conductor.
Copper sheets approach closely to
this ideal. Such sheets are economi-
cal to use with microwaves. How-
ever, a 56-Mc. reflector requires
about 12 square yards of sheet and
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Figure 2. Squore-corner
reflector.

the cost of this amount is very high.
Copper screen is a possibility but
this is also quite expensive. A prac-
tical and economical solution to the
reflector problem for a 56-Mc. an-
tenna appears to be a curtain con-
sisting of a large number of parallel
copper wires. This construction is
light, of moderate cost, and has
very little wind resistance. Ac-
cordingly, this type of reflector was
built.

The dimensions used are given in
figures 4-A and 4-B. The corner
length is 10 feet 6 inches and the
side width is 6 feet. The wires are
supported on a light framework of
white pine (17 x 17). Coating the
frame with spar varnish or lacquer
is desirable. The reflector is made
from a continuous piece of copper
wire woven back and forth over the
frame. The wire is hooked over
small nails on the top and bottom
side members. Wire jumpers con-
nect the parallel reflector wires to-
gether at the top and bottom. A
jumper at the center of the reflector
is also used. This is especially help-
ful in keeping the reflector wires
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lined up. The “wiring diagram”
for the reflector is given in figure
4-A. A spacing of 6 inches between
the wires can be employed. On this
basis a total of 24 reflector wires is
required, 12 on each side. The re-
flector at W8JK was designed to
use an antenna-to-corner spacing of
0.15 wavelength and the reflector
wires were spaced 3 inches apart for
a distance of 3 feet out either side
and 6 inches for the remaining dis-
tance. See figure 4-B. This closer
spacing is probably not essential, es-
pecially if larger values of S are
used. No. 12 wire or larger should
be satisfactory for the reﬁector and
antenna. It is an advantage to use
bare or tinned copper wire in the
reflector. With enameled wire much
effort must be expended in re-
moving the insulation for the large
number of connections necessary
along the top, bottom and middle
of the reflector.

The antenna at WS8JK is fed
from the lower end, the transmitter
being supported on the bottom cross
members of the reflector structure.
Other feed arrangements are shown
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in figures 5-A and 5-B. In figure
5-A the antenna is series tuned at
the middle and coupled to the
transmitter situated at this point.
Probably the most practical arrange-
ment is shown in figure 5-B, the an-
tenna being fed by means of a half-
wave stub and 600-ohm transmis-
sion line. Zepp feeders could also
be used. In adjusting this arrange-
ment, the antenna is shock excited
and the shorting wire located for
maximum curfent of antenna reso-
nance. The 600-ohm line is then
connected at the point which gives
minimum standing waves on the
transmission line.

Tuning up the antenna with
square-corner reflector consists only
in making feeder and transmitter
adjustments to get maximum power
in the driven half-wave radiator.
No adjustments are made on the re-
flector. During the tune-up, a cur-
rent indicating device at the center
of the half-wave antenna is useful
in determining when the antenna
current is maximum. The length of
the half-wave radiator can be de-
termined from the usual antenna

.3

formulas. A length of about 8 feet
was used for the antenna at W8JK.

Nothing in the antenna appears
to be critical. The dimensions of the
reflector, spacing of the wires, and
the value of S all can be varied
slightly with little change in per-
formance. The angle of the corner

FOR
56-60 MC. TN

wiies é;"

Figure 4, Dimensions and wiring of
the 56-Mc. squore-corner reflector.
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Figure 5. Methods of feed-
ing the driven radiator. The
arrangement at C is a single-
section flat-top beam with
square-corner reflector,

is also not at all critical. It is not
known if the corner length of 10
feet G inches, used in the tests, is
the optimum value. However, satis-
factory results were obtained with
this length.

Figure 5-C shows a single-section
flat-top beam? with square-corner
reflector. Although such an arrange-
ment might appear promising, each
element of the flat top must be
tuned individually. This results from
the fact that the inner flat-top ele-
ment is closer to the reflector and
has a considerably lower radiation
resistance and a different reactance
than the outer element. By spacing
both flat-top elements sufficiently far
from the corner this differential can
be reduced, but a reflector with
wider sides is then necessary.

® Field Tests

The results of a field test on
the antenna at W8JK are shown
by the solid curve in figure 6.

*J. D. Kraus, “New Design Data on
the Flat-Top Beam,” Rapio, June 1938,
p. 15.
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The dashed curve is computed for
the case of a square-corner re-
flector with infinite sides. Both
curves are adjusted to the same
maximum. A calibrated field in-
tensity meter was used and was lo-
cated about 4 wavelengths from the
antenna. The antenna was then ro-
tated through 180°.

The beam has a measured front-
to-back power ratio of about GO to
1 or about 18 db. The measured
pattern is not as sharp as the com-
puted one. This is due to a number
of causes. First, the sides of the an-
tenna are not infinitely large; sec-
ond, the reflector is not a solid per-
fectly conducting sheet so that some
radiation may “filter”” through; and
third, some of the radiation picked
up with the beam turned in the
180° position may have come from
the leads to the power supply. The
gain of the actual reflector is prob-
ably a couple of db less than the
value computed for infinite sides.

A spacing, S, of 0.15 wavelength
was used in this test. With this
spacing, the radiation resistance of
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Figure 6. Measured radia-

tion pattern of the 56-Mc.

square-corner reflector (solid

curve). The antenna-to-

o corner spacing is 0.15 wave-

length., The dashed curve is

computed for o square-

corner reflector with in-
finitely lorge sides.

the half-wave radiator is quite small,
and any loss resistance present tends
to have a marked effect on the gain
(see figure 3). More spacing is
therefore desirable if it can be used
conveniently. Spacings of 0.2 to 0.3
are recommended. Table 1 gives
dimensions for the reflector accord-
ing to the value of S chosen. In
each case, a range of side widths is
given. The largest value which is
convenient should be employed. The
smallest values of side width listed
result in a slight sacrifice in gain.
If directivity and not gain is de-
sired, as with the antenna used ex-
clusively for receiving, a value of S
of 0.15 wavelength or somewhat
less could be employed to advan-
tage.

In another test with the reflector
at W8JK an antenna-to-corner
spacing of 0.3 wavelength was
tried. This arrangement gave a
measured gain of about 7.5 db over
a single half-wave antenna, This
gain was somewhat more than when
S was 0.15 wavelength.

TABLE |

Dimensions of Square-Corner Reflector
For 56 to 60 Mc.

“$* in “s" in | Width of
wavelengths feet sides
0.15 2’ 717 4’ to 6'
0.20 3 57 5’ to 8’
0.25 4 37 |6 to 10
0.30 5 17 |7 to 12

Corner or side length = 10’ 67

Aperture — Width of side x 1.41

Reflector wire spacing = 67

For 112 Mc. (25 meters) divide
the above dimensions by 2

The square-corner reflector de-
scribed is used with the corner and
half-wave antenna oriented verti-
cally, giving vertically polarized
radiation. If desired, the corner and
antenna can, of course, be turned
horizontal to produce horizontally
polarized radiation.

Another possibility is to make the
reflector twice as long and use a
double zepp antenna as the radiator.
This woulcrgive slightly more gain.

® Corners of Less Than 90°

Two flat sheets intersecting at
angles of less than 90° are also
possible. Figure 7-A shows a re-
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flector with an angle of 60° and 7-B
shows one with an angle of 45°.
Assuming infinite planes, the gain
of the 60° corner reflector is over
12 db and the gain of the 45° corner
even more. Intermediate angles can
also be used but these are not as
simple to analyze by means of the
method used in the appendix. As
the angle between the planes is de-
creased, the gain of the system can
theoretically be increased to any de-
sired amount. There is, however, a
real objection to the use of corners
of less than 90° unless the value of
S is at least about 0.5 wavelength.
This is so because the radiation re-
sistance of the half-wave radiator
becomes very small as the angle be-
tween the planes is decreased, when
small values of S are employed. If
the value of S is about 0.5 wave-
length, corners of less than 90° can

N F
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be used advantageously. For ex-
ample, a 60° corner reflector with
S equal to 0.5 wavelength gives a
computed gain of about 12.5 db
even with considerable loss-
resistance present. This is for in-
finite sides. If the sides are of such
width that the aperture of the 60°
corner reflector is about one wave-
length, the gain should still ap-
proach 12 db.

Corners of more than 90° can
also be used if desired. The limiting
case would be a 180° ‘“corner” or
flat sheet.

® Conclusion

The corner reflector is a type
which appears to have excellent
possibilities. The simplicity of its
construction when compared with a
parabolic reflector is of considerable
advantage. The corner reflector pro-

Figure 8. Imoage oantenno

configuration ond pottern

for analysis of the square-
corner reflector,
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duces a highly directional beam sys-
tem with a relatively small structure.
The gain is substantial. For ex-
ample, a square-corner reflector
with an aperture of one-half wave-
length can give a gain of about 8
db. An aperture of twice this value,
or one wavelength, is necessary with
a conventional parabolic reflector to
obtain a gain of this order. This
applies to parabolas with a focus-to-
vertex spacing of about one-quarter
wavelength. Smaller spacings with
correspondingly smaller apertures
could be used with the parabola, but
for a given size of aperture the cor-
ner reflector would still compare
very favorably in performance.

APPENDIX

The method of images is used in
the analysis of the corner reflector.
This method can be applied in all
cases where the angle between the
planes is 180°/n, where n is any
positive integer. Thus, corners of
180° (flat sheet), 90°,60°, 45°, and
so forth, can be treated. This fact
is well known in electrostatics.® It
is assumed that the planes are in-
finite in extent.

*Sir James Jeans, "Mathematical
Theory of Electricity and Magnetism,”
sth edition, Cambridge University Press
(London), p. 188.

Figure 9. Arrangement aof im-
ages far onalysis of 60° ond
carners.

In the case of the square-corner
reflector, there are three images, 2,
3, and 4, as indicated in figure 8-A.
At first glance, only two images, 2
and 3, would seem to be required,
but actually the planes forming the
corner must be extended as indicated
by the dotted lines. Element 4 is
then the image of 2 and 3. The plus
and minus signs show the relative
phases of the currents in the cle-
ments. The currents in the four ele-
ments are equal in magnitude.

The gain of the beam over a half-
wave antenna at a distant point is
the product of the vector sum of
the fields from the four elements
and the current in each element ex-
pressed in terms of the current in a
half-wave antenna having the same
power 1nput.

The voltage V,, at the terminals
of element 1 is by Kirchhoff's law,

Vi=1LZ, + LZ. + LZy — Zl;Zu,
where,

Z,, — the self-impedence of element 1,

Z.1. — the loss impedance of element 1,

Z,,=—th¢ mutual impedance of ele-
ments 1 and 4, etc.

There are three similar expres-
sions for the image elements. The
power in each element is the pro-
duct of the square of the current
in the element and the resistive part
of its impedance. Then, due to
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symmetry, we may write for the
tota] power in the four elements,

P=12 4 [Ru “+ R 4 Ru — 2R},
where,

Ry = the self-resistance of element 1,

Ri.=—the loss resistance of element 1,

Ric—=the mutual resistance of ele-
ments 1 and 4, etc.

The current in element 1 is then,
/ P

11 = 'J .
R11+R1L+ Ru - 2R12

The current in a half-wave an-

tenna with the same power input,
P, is

/' P
Io = ——, where,
ROO + ROL!

Roo = the self-resistance of the
half-wave antenna and

Ror, = the loss resistance of the
half-wave antenna.

The current factor thus becomes,
L Roo +RoL o

Io R11+R1L+ Ru—ZRlz

The expression for the gain in field
intensity of the square-corner re-
flector over a single half-wave an-
tenna is then,

| Roo +Row
4 R11+R1L+R14—'2R12

Gain —

| {1+1 < 28° cos ¢ —1 < S°
(cos ¢ + sin $) — 1< S° (cos
¢ —sing)l],

where,

S° — antenna-to-corner spacing in
electrical degrees or

§° = 360° X antenna - to - corner

spacing in wavelengths.

The factor in the brackets is the
vector sum of the fields of the four
elements at a distant point in a di-
rection making an angle, ¢, with an
axis through elements 1 and 4. The
distant point is in a plane which is
perpendicular to the elements. This
equation was evaluated for various
values of S to obtain the curves of
figure 3 and for various values of
¢ to obtain the dashed pattern of
figure 6.

The four-element system used in
the analysis has four lobes of radia-
tion as shown in figure 9-B. When
the corner is present, however, lobes
2, 3, and 4 are absent and all of
the power is concentrated in lobe 1.

A corner reflector with a 60°
angle can be replaced for analysis
by five images, 2, 3, 4, 5, and 6,
as illustrataed in figure 9-A. Like-
wise, a 45° corner can be replaced
by seven images as in figure 9-B.
The gain expressions for these re-
flectors can then be developed by
the method outlined above for the
square-corner reflector.
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PEDRO THE VODER

A Machine Thal Talki

WHEN the Emperor of Brazil
after listening to Bell's telephone at
the Philadelphia Centennial Ex-
position exclaimed, "My God, it
talks!” he somewhat overstated the
facts; for the telephone didn't talk,
it carried talk. But there is a machine
that does talk which will be ex-
hibited by the Bell System at the
San Francisco Exposition and at the
World's Fair in New York. It
creates speech. It is the first machine
in the world to do this. It looks
like a little old-fashioned organ
with a small keyboard and a pedal.
It is played by a girl operator. It
takes a good deal of practice and
some time to learn-—not as much
time as it takes the human to learn
the mechanisms he is born with,
but still quite a while. And it talks
with what might be called a slight
electrical accent. Nevertheless a
skilled operator can make it say
what she wants.

The device is an electrical ar-
rangement which corresponds to the
mechanism of human speech in all

© 1930, BaLL LABORAYORIES InC
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the essentials of kinds of sound and
of the completeness of their control
It was designed in Bell Telephone
Laboratories as a saentific novelty
to make an interesting educational
exhibit, and 1t 1s built entirely, ex
cept for its keys, of apparatus used
in everyday telephone service

The last part of the name, Pedro
the Voder, comes from the key
letters of the words, “Voice Or-cr
ation DEmonstratoR,” because 1t s
a device which shows electrically
the operation of the human voice.
The first part is wken from the
name of Dom Pedro, the emperor
who so promptly recogni the
marvels of Bell's “speaking tele
phone

In human :r«ch there are two
kinds of sound and the Voder has
electrical equipment corresponding
to cach of these One kind of sound
is made by forcing the breath
through the mouth, tongue and
tecth and hips, while shaping the
mouth cavity That is the way in
which are made consonant sounds

463 wWasY BT N Y C
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like “s,” “th" and “f.” And that is
the way in which are made all the
sounds of speech when one whis-
pers. In the Voder there is an
electrical source which contains all
the sounds which enter into whis-
pered speech. By choosing the
proper combination of keys the
operator can let through to the loud-
speaker an electrical current to make
any of them.

The other kind of sound which
enters into human speech comes
from the vocal cords. The most im-
portant of these sounds are those of
the vowels like “'a,”" “0" and “u."
The human vocal cords give off a
very complex and somewhat mus-
ical sound. When one talks one
shapes his mouth cavity so that
some particular parts of this com-
plex sound come through clearly,
while other parts are suppressed
and unheard. In the Voder, there-
fore, there is an electrical source of
sound corresponding to the vocal
cords; this is a “relaxation oscilla-
tor”” which gives a saw-tooth wave
of definite pitch. There is a pedal
for changing this pitch and for giv-
ing to speech a rising or falling in-
flection as desired. When the op-
erator wants the sounds made gy
the vocal cords, instead of whis-
pered sounds or consonants, a

A

switch is depressed by her wrist
to bring this oscillator into play.
Then the particular parts of the
sound which are wanted are selected
by playing the proper keys. Each
key operates a variable attenuator to
control the current in a definite fre-
uency range. The source of current
or each attenuator is an electrical
filter which picks from the saw-
tooth wave one particular group of
its overtones.

The Voder, an outgrowth of fun-
damental researches, is based on a
development by Homer W. Dudley
of a speech synthesizer which is
controlled electrically by a speech
analyzer. (This was described in
the Record for December, 1936.)
It is an adaptation of that synthesizer
with manual instead of automatic
electrical controls. The first model
was built in the Research Depart-
ment by Messrs. Dudley, R. R.
Riesz, R. L. Miller, and C. W.
Vaderson. Its further development
was carried out by F. A. Coles and
E. H. Jones of the Apparatus De-
velopment Department. Meanwhile
the difficult task of working out its
linguistic possibilities and its tech-
nique of operation was undertaken
by S. S. A. Watkins, who also de-
veloped a course of training for its
operators.

PORTABLE transmitter, with an induction heating coil
attached in place of the antenna, was used to heat the

last rivet in the steel work of the RCA Exhibit Building at the
New York World’s Fair Grounds. The rivet, suspended in the
induction coil, became white hot in less than a minute.

—Electronics.
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tREQUENCY MODULATION

ON FEBRUARY 9, the editors
of Electronics were given a con-
vincing demonstration of the wide-
band frequency modulation system
invented by Major E. H. Arm-
strong. The demonstration was
made over a fifty-mile path from
transmitter to receiver, on each of
two frequencies, on 42.8 Mc. and
also on 110 Mc. The program
material consisted for most part of
high-fidelity vertical-cut recordings,
together with a few studio pre-
sentations, involving piano music
and hard-to-reproduce noise effects.
The quality of the reproduction was
of the highest excellence. Measure-
ments indicate that the system is
“flat” within one db from 40 to
15,000 c.p.s. and there was nothing
to gainsay the measurements so far
as the ear could detect. The ab-
sence of noise in the circuit, even
over the 50-mile path with the low
power transmitter, was the most
startling aspect of the demon-
stration. The background needle-
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hiss of the records was definitely
audible, of course, but between
records the circuit displayed virtual-
ly no noise at all. The effect was,
in fact, as if the set had been turned
off altogether. The only interfering
noise was an occasional flash of
ignition interfcrence, arising from
motor cars on the street directly in
front of the receiver antenna. The
level of this interference was low
and it could not be heard except
when the circuit was not modulated
(in the absence of music or speech).

Behind this demonstration lies a
long period of development. Previ-
ous articles in Electronicst.2.3.¢ have

'Frequency Modulation Advances,
Electronics, June 1935, page 188.

*Phase-Frequency Modulation, Elec-
tronics, November 1935, page 17.

’High-Power Frequency Modulation,
Electronics, May 1936, page 25.

‘Noise in Frequency Modulation,
Electronics, May 1937, page 22.

See also the brief comment in Tubes
At Work, Electronics, February 1939,
page 36.
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covered in detail the development
of the system. Frequency modu-
lation was considered, prior to 1935,
to have little virtue and in fact was
thought to have inherent distorting
qualities. In 1935 Major Armstrong
announced before the New York
Section of the LR.E. that he had
developed a method of frequency
modulation which was not only free
from distortion but which possessed
marked advantages in respect to the
signal-to-noise ratio. The success
of the system resides in the dis-
covery that by introducing into the
transmitted wave a swing greater
than can exist in natural dis-
turbances and by designing a re-
ceiver which is substantially not
responsive to amplitude changes or
small frequency changes, but only to
the wide frequency changes of the
signal, noise can be discriminated
against. A high signal-to-noise
ratio results. Furthermore, the wider
the frequency swing used, the high-
er the signal relative to the noise,
contrary to previous theory. In
practice, the signal-to-noise ratio
may be improved by a factor of
1000-to-1, relative to conventional
amplitude-modulated transmission,
when the noise is of the "fluctuation”
type which arises in tubes and cir-
cuits. The available improvement
is not so great when the noise is of
the impulse variety associated with
ignition systems, but the ratio is
substantially bettered even in this
case. Direct comparisons between
amplitude-modulation and fre-
quency-modulation transmissions on
the same wavelength, cited in a pre-
vious article?, show that an improve-

ment of 50-to-1 (35 db) in the
signal-to-noise voltage ratio occurs
in the absence of impulse noise, and
an improvement of 20-to-1 or high-
er in the presence of impulse noise.
Comparisons with amplitude modu-
lation on broadcast frequencies
show an even greater advantage in
favor of frequency modulation since
the frequencies from 2000 kc. to
500 kc. are much more infested
with atmospheric static, especially
in summer.

® The High-Power Instollotion in
Alpine, N. Y.

To show conclusively the advan-
tage of his system over that of con-
ventional broadcasting, Major Arm-
strong in 1936 began the con-
struction of a frequency modulation
station of a power commensurate
with that of existing broadcasting
stations. A permit was issued by
the FCC to allow the construction
of a transmitter of 40 kw. output
power, under the call letters
W2XMN, at a site on the Palisades,
in Alpine, N. J., about 10 miles
north of the upper tip of Manhattan
Island, New York. The construction
was, completed in all essentials in
the summer of 1938, but the high
power was not used until near the
end of the year. Since then demon-
strations have been given to vari-
ous groups, notably to an IR.E.
section meeting at Bridgeport,
Conn., some 40 miles distant. Tests
were also conducted in the house
of George Burghard at Westhamp-
ton, Long Island, about 70 miles
distant, until this house was de-
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stroyed by the 1938 hurricane.
Since then the receiving headquar-
ters have been located at Sayville,
Long Island, some 50 miles airline
from the transmitter. The signals
are heard at this point with sub-
stantially perfect performance, i.e.
very low (actually inaudible) noisc
level and no fading. The trans-
mitter has been heard consistently
on a receiver located at the top
of Mount Washington in New
Hampshire, at an airline distance
of 275 miles. At this distance, fad-
ing is experienced, but without dis-
tortion so that a.v.c. action can be
employed profitably.

The transmitter is remarkable in
that it produces by far the highest
power ever developed for any pur-
pose on the ultra-high frequencies,
whether for frequency modulation
or otherwise. At present the output
power of the final stage is limited
to 20 kilowatts, since at higher
levels the grid seals of the amplifier
tubes become hotter than is per-
missible. However, the full 40 kilo-
watts output (85 kilowatts input)
has been developed for periods of
a few minutes. At present special
air blowers are being installed for
cooling the grid seals, after which
the full power of 40 kilowatts will
be employed regularly. The effective
signal level along the ground is in-
creased by the use of a turnstile
antenna system which has a power
gain, in all directions, of at least
two.

The transmitter building is lo-
cated on cliffs which are approxi-
mately 500 feet above sea level. The
antenna is supported on a massive

400-foot stecl tower. The antenna
proper 1s mounted on a vertical
mast supported at the ends of two
side arms on the tower. The turn-
stile antenna is based on the design
given by G. H. Brown’. Unfortu-
nately the theoretical design does
not coincide exactly with the actual
design, aparently due to the effect
of the metal support mast. As a
result it was necessary for Major
Armstrong to spend many hours
daily for a period of over two
months suspended on a boatswain’s
chair while adjusting the position
of the dipoles and feeder wires. At
present the turnstile consists of two
sets of four horizontal dipoles each,
the two groups being supported
from a single mast but fed separate-
ly from each end of the mast. The
power gain of this arrangement,
compared to a single dipole of the
same dimensions, is roughly 4 times.
Further adjustments are expected
to raise the ratio to 5 times. The
height of the cliffs plus the tower
puts the antenna about 900 feet
above sea level; consequently the
antenna commands within its hori-
zon virtually the entire metropol:-
tan area for some 35 miles in all
directions. However, the limit of
the station's primary service area
is definitely not the horizon dis-
tance. Acceptably high field
strengths are obtained in almost any
location within 100 miles of the
transmitter.

The operation of the transmitter
itself is essentially as follows: The

*The “Turnstile” Antenna, by G. H.
Brown, Elecrronics, April 1936, page 14.
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program starts in a conventional
high quality telephone amplifier,
and is given to a fpredistorlrer which
accentuates all frequencies above
1000 cycles. The signal is then
passed through a correction ampli-
fier which introduces an amplifi-
cation inversely proportional to fre-
quency. The output of this am-
plifier is then used to control the
hase angle of the output of a low
?requency (200 kc.) crystal-con-
trolled oscillator. Subsequent fre-
quency multiplier stages multiply
the oscillator frequency, and its at-
tendant variable phase shift, by
several thousand times. The multi-
plied phase shift, with the ampli-
tude inversely proportional to fre-
quency, is equivalent to a frequency
modulation, i.e. the amount of fre-
quency deviation corresponds to the
amplitude of the original program.
The frequency-modulated signal is
then heterodyned to a submultitple
of the carrier (middle-value) fre-
uency. Thereafter the signal is
?requency-multiplied to the carrier
frequency of 42.8 Mc. All this
signal manipulation consumes a
great number of tubes (about 50 in
all) but the tubes are of small size.
When the central frequency and its
deviations appear at the carrier val-
ues they are at low level. There-
after three class-C amplifier stages
increase the power level to the final
value of 40 kw.

The input to the first of these
stages uses conventional coil-and-
condenser tuned circuits, but the
plate circuits and all the circuits in
the last two employ resonant-line
circuits. The intermediate power

amplifier (driver of the final stage)
employs two type 858 tubes in
push-pull, with four coaxial-line
tuned circuits, two in the grid cir-
cuits and two in the plate circuits.
The final stage employs two type
AW-200 tubes, with coaxial lines
in the grids and an open-wire cir-
cuit in the plate. Neutralization of
the final stage is accomplished in
the plate circuits. The total length
of the tuned circuit in the final out-
put is roughly 24 inches. From the
output tank, an open wire balanced
feeder line is used to convey the
energy to the tower and thence to
the two sets of dipoles in the turn-
stile antenna.

The efficiency of the final stage is
between 45 and 50 per cent. This
is remarkable performance at 42
Mc., but the explanation lies in the
fact the stage acts as a class-C (tele-
graph) amplifier. It is a characteris-
tic of frequency modulation trans-
mission that no variation in ampli-
tude occurs, and consequently the
class of amplifier operation is of
little moment, so far as distortion
is concerned. Class C is used be-
cause it is the most efficient. Further-
more the power input and output
remain constant, regardless of modu-
lation level or frequency. The re-
sult is that the carrier level of the
transmitter corresponds to the peak
level, rather than to one-fourth the
peak level as in amplitude modu-
lation. An antenna meter in the
feeder line showed no movement
whatever when the transmitter
modulation was increased from zero
to full level (the latter point corre-
sponding to a frequency swing of
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roughly 120 kc., or 60 kc. each side
of the center frequency).

The three class-C amplifiers are
required, of course, to pass a fre-
quency bandwith of at least 120,000
kc. (actually the sidebands extend
somewhat beyond the region of fre-
quency swing). This bandwidth
constitutes a very small fraction of
the carrier frequency, and for this
reason no loading is required in the
tuned circuits of the last three stages,
since the tubes themselves introduce
the necessary damping.

The station itself is arranged with
the low level modulating stages
inclosed in a doubly shiclded room,
containing a high quality phono-
gr?h turntable for both vertically-
and laterally-cut recordings. The
last two or three frequency-multiply-
ing stages are outside this room,
and feed the first class-C amplifier.
The last two amplifiers, which em-
ploy the resonant lines, are mounted
on a table and completely surround-
ed with a wire shield. The high
voltage power supply is located
across the room from the final
amplifier. The station, despite the
large number of small tubes used,
is extremely stable and simple to
operate. “Cranking up” the trans-
mitter consists simply in lighting
the filaments, starting the air blow-
ers, and bringing up the high volt-
age power to the desired level.
Virtually no supervision is re-
quired after the station is on the
air, since there are no peaks of
Eower. As a result rectifier arc

acks are extremely rare, and the
station has thus far never been
forced off the air for any reason

other than a momentary loss of
power from the incoming 60-cycle
lines. The operators do not “ride
gain” in any _sense, since over-
modulation cannot occur, in the
usual meaning, and since the peak
frequency swing (corresponding to
maximum audio level) can be read-
ily adjusted to the limits allowed
by the channel.

® The 110-Mc. Transmitter at
Yonkers, N. Y.

The other transmitter used in the
tests was W2XCR, at the home of
C. R. Runyon of Yonkers, N. Y.,
who has been associated with Major
Armstrong throughout the develop-
ment of the system. The modu-
lating equipment is essentially the
same as that used at Alpine, but
the carrier frequency is 110 Mc,,
and the output of the final linear
amplifier is only 600 watts. This
station was originally an amateur
station (call W2AG) operating
above 110 Mc. However, in order
to transmit music® after the De-
cember 1 amateur regulations went
into effect, an experimental license
was obtained. The antenna is a
7-element turnstile array supported
on the top of a 100-foot steel tower.
This tower is 700 or 800 feet be-
low the line of sight to the re-
ceiving location at Sayville, but this
circumstance appears to have litde
effect on the strength and quality
of the reception. The antenna power
gain (non-directional) is five, mak-
ing an effective power of three kw.

The receivers employed (except
the 110-Mc. receiver) were con-
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structed by the General Electric
Company to specifications laid down
by Major Armstrong. These re-
ceivers contain 15 tubes (1 rectifier,
4 audio, 10 r.f.), and will deliver
a recognizable program with but 1
microvolt input. However, proper
limiter action is obtained only with
a signal of perhais 2 to 5 micro-
volts, which can be obtained well
beyond the horizon distance, up to
100 miles if the effective transmitter
power is of the order of three kilo-
watts or greater, at reasonable an-
tenna heights.

® Details of the Test Demonstration

The following brief resume of
the impressions gained during the
demonstration indicate the quality
of the system as a whole. The first
demonstration was at the apartment
of Major Armstrong, on the east
side of Manhattan Island, roughly
14 miles air line from the trans-
mitter. The receiver was mounted
in a conventional but massive con-
sole located in a room on the south
side of the building and had but
three controls, tuning, volume and
tone. When the Alpine station
came on the air, exact tuning was
accomplished by listening to the
noise level, since no tuning meter
was provided on the set. Tuning
was not at all critical, and required
no readjustment, once set. The
quality of the system, as previously
stated, leaves nothing whatever to
be desired. The background noise
was, so far as the ear could detect
even within a foot of the speaker,
cor;x;letely inaudible. The antenna
used was a G-foot length of twisted

- = - -

lamp cord, with the outer ends
unraveled for a few feet to produce
a dipole. Moving the antenna about
in the room had no noticeable effect.
One noticeable fact was the high
audio level at which the receiver
could be operated without any ap-
parent distress to the ear. The lack
of distortion and of background
noise probably accounts for this.

One interesting comparison was
made at the alpine station, to which
the editors traveled before going to
Sayville. At the station, a loud-
speaker was so connected that it
could be switched rapidly from the
ingoing audio line (from the turn-
table pickup amplifier) to the out-
put of a monitor receiver which
picked up the frequency-modulated
signals from the output of the sta-
tion. Thus a direct side-by-side
comparison of the distortion and
noise introduced by the frequency-
modulation system could be made,
relative to the original audio-fre-
quency signal. It was literally im-
possible to tell the difference be-
tween the two switch positions. In
response to a request for a demon-
stration of “‘over-modulation’, Ma-
jor Armstrong increased the audio
level .gradually to 15 db above nor-
mal, thus increasing the frequency
swing greatlcr beyond its normal
limits. No distortion could be no-
ticed in the monitor receiver until
roughly 10 db above normal range
was reached.

At Sayville, the results were sub-
stantially the same as in New York
City, although the receiver was ap-
proximately 40 miles farther from
the transmitting station. As previ-
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ously mentioned, the only sources of
noise were needle-hiss on the rec-
ords, and very occasional ignition
interference, the latter being of such
low level that it could not be heard
when music was being received.
After several recordings were re-
ceived from the Alpine station a
relay was arranged whereby the
110-Mc. station at Yonkers was
picked up at Alpine (about one mile
from Yonkers) and rebroadcast on
42.8 Mc. to Sayville. As was to be
expected, the results in this case
were the same as when recordings
originated at Alpine. However,
M. Runyon’s home at Yonkers pro-
vided a studio (actually a living
room) for some piano music, and
for several sound effects. The piano
music was extremely good, since
there was no background noise
whatever. The sound effects con-
sisted of tearing a piece of paper,
lighting a match and a cigarette,
pouring water from a bottle into a
glass, and similar noises in which
high frequencies predominate. This
was the most perfect example of
sound reproduction the writer has
ever witnessed, no doubt due to the
fact that 15,000 c.p.s. was actually
reproduced. But if the slightest
background noise had existed the
crispness of the reproduction would
have suffered. The absence of dis-
tortion was shown by the ringing of
a bell and of a set of chimes. The
disonant upper partials in the bell
tone were correctly reproduced with-
out “overhang’’ or blurring. This
was a most effective demonstration
of what truly high fidelity, coupled
with low background noise, can

mean to a sound reproduction sys-
tem. The antenna used was a G-
foot partially unraveled lamp cord,
tied to the curtain rods near the set.
As a final test, a 110-Mc. receiver
was used to receive the signals from
the Yonkers location directly over
the 50-mile path. A dipole and sin-
gle reflector were mounted on the
roof as a semi-directional receiving
antenna. Despite the fact that the
effective power of the 110-Mc. Sta-
tion was 3000 watts, or roughly
1/30th of the Alpine transmitter,
and that the frequency was 21,
times as high, the 110-Mc. recep-
tion was virtually the equal of the
42.8-Mc. case. The only difference
was that a slight background hiss
could be heard, but only if the audio
output level of the receiver was
raised to its highest point. A switch
was arranged for transferring from
42.8- to 110-Mc. reception, on the
same program, and no difference
whatever could be detected, except
the almost imperceptible increase in
background noise in the 110-Mc.
case. The test showed that a fre-
quency modulated transmitter of
moderate power (600 watts output
at the final amplifier) and a simple
antenna can cover a radius of 45 or
50 miles with a completely satisfac-
tory signal. Other tests not wit-
nessed by the editors indicate that
the useful range of the low power
transmitter is nearer 100 miles.
Plans are now underway to pro-
vide demonstrations of the system
to interested persons, such as own-
ers and operators of conventional
broadcasting stations, during the
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coming summer. Studio as well as
recorded programs will be made
available from station WQXR, local
high fidelity station in New York,

as soon as telephone repeaters hav-
ing a low enough noise level are in-
stalled in the line from the WQXR
studio.

(See poges 51, 52 ond 53 for photogrophs.)

Broadcasting Business Expands

THE gross volume of ‘‘time sales’” by broadcasting stations
and networks in the United Stotes during 1938 omounted to
$150,118,400, as compared to $144,142,482 during the pre-
ceding year, according to the 1939 Yearbook published by
Broadcasting Magazine, trade journal of the industry.

The Yearbook, listing all United States and Canadian broad-
casting stations by stotes, call letters and wavelengths, and
showing the executive personnel, equipment, etc. of each sta-
tion, discloses that there were exactly 764 stations in oper-
ation or authorized for construction as of Jan. 1, 1939. Of
these, 52 had been authorized during 1938 by the Federal
Communications Commission; 29 of these remain to be built.

In addition to the national networks, the Yearbook lists
35 state and regional networks or group-operated stations in
the United States.

Among the 764 stations, the Yearbook discloses that 238
are owned in whole or part by newspaper or other publishing
interests, this number comparing with 211 the yeor before.
Twenty-five stations in Conada are newspaper owned. That
the trend toward newspaper acquisition of stations noted in
recent years is continuing, is evidenced not only by the in-
crease during 1938 but by the fact that at least 10 appli-
cations are pending before the FCC for approval of purchases
or transfers of that many stations to newspaper interests. All
but 56 of the country’s stations are privately owned ond all
but 36 derive their revenue from the sale of advertising time.

As of Jan. 1, 1938, the Yearbook discloses, there were
26,666,500 homes in the United States equipped with one
or more radios, or 829 of all homes in the country. Urban
homes with radios numbered 17,195,600, representing 919%
of all such homes, while 9,470,900 rural homes, or 69%, had
radios. These figures are given in the 1938 survey of the
Joint Committee on Radio Research of the American Associ-
ation of Advertising Agencies, Association of National Adver-
tisers and National Association of Broadcasters. Later esti-
mates, however, indicate that 6,000,000 additional home
radios and 800,000 auto radios were sold during 1938, which
would substantially increase the Joint Committee’s count.
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AS the radio services grow and
congestion increases, due to the
limited frequencies available, studies
of the sunspot cycle offer great
hope for the improvement of all
radio service in the near future.
This view was expressed recently by
engineers of the Federal Communi-
cations Commission in reporting
upon “sunspots’” and their effect on
radio wave transmission.

Sunspot activity constitutes one
of the most interesting and at the
same time troublesome phases of
radio today. The National Bureau
of Standards, the Army, the Navy,
and the Coast Guard are cooper-
ating with the Commission in a con-
tinuous study on land and sea of
the effect of the solar sunspot cycle
on radio.

Sunspots are no more than the
name implies — dark spots on the
surface of the sun which come and
go. The number of these spots has
been found to vary periodically over
a period of 11 years. It is believed
that these spots are the centers of
violent electromagnetic eruptions or
disturbances on the sun’s surface.
With the coming of radio, it was
found that these periods within
which violent outbreaks of sun-
spots occurred on the sun — often
called magnetic storms—had a pro-
nounced effect on radio transmis-
sion. In addition it was also deter-
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mined that a certain correlation
could be made between the general
trend of radio transmission and the
number of sunspots occurring
throughout the 11-year period. It is
this period which is called the solar
sunspot cycle.

High-frequency waves such as
those used for international broad-
casting are always weakened, and
sometimes blotted out completely
for many hours or even days during
the course of one of these magnetic
storms. Radio engineers and the
managers of radio stations are thus
able, with the knowledge of the
cycle or period of activity of mag-
netic storms, to choose their pro-
gram time in advance in the case of
international broadcasts, in such
manner as to avoid, whenever pos-
sible, those times when interrup-
tions to their service appear to be
most likely. ~

As the average number of sun-
spots varies in a regular manner
over this period of 11 years and
since there is a definite relationship
between them and the transmission
of radio waves, the importance and
nccessity of continuous experi-
mental observations is readily un-
derstandable.

The magnitude of the work in-
volved is not so generally appreci-
ated, however. In a survey made
for broadcasting by the Federal
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Communications Commission in
1935, in which the radio industry
cooperated, 58 field intensity meters
were operated at 11 different loca-
tions in the United States for a
period of six months. Over 4000
continuous 24-hour records of the
field intensity of clear channel sta-
tions in the United States were ob-
tained over some 500 different
paths, varying in distance from 60
to 2700 miles. It took a staff of the
Commission’s engineering deEart-
ment over six months to make a
statistical analysis of the most im-
portant part of this data. In a more
recent survey, made by the Commis-,
sion for the marine service, data
were secured on somewhat more
than 100 vessels, and measurements
of field intensity and noise covering
another period of six months were
made on a number of vessels on
voyages throughout the world.

The information obtained in this
way is used by the Commission in
assigning the frequencies and
powers of broadcast stations and in
fixing the minimum distances be-
tween stations operating on the
same or adjacent frequencies. It is
also used in prescribing the power
of stations in the marine service in
order that the statutes of law, en-
acted by Congress with respect to
safety of life and property, will be
observed by American vessels.

This information is essential in
formulating the standards of good
engineering practice for all radio
services and is of particular impor-
tance in the regulation of broad-
casting and the safety services, such
as marine, aviation, and police,
where the interest and safety of the
public are the Commission’s chief
concern.

A LITTLE girl in the Bronx, New York, who is studying
"'Georgraphy,’’ confronted the biggest electrical company
in the world with a new problem today. She wants “‘a little

sample of electricity.”

It was the first request of its kind within the memory of
officials of the General Electric Company, which for 60 years
has been applying electricity to everything from a miniature
light bulb slightly larger than a pinhead to a 208,000-kilowatt

turbine.

The request came on a pastcard which read:

""Dear Sirs:

Will you kindly send me some booklets and a little sample
of electricity, if you can spare it. We are studying about it

in Georgraphy.
Yours truly. . . .

.

. Officials of the company promised to find a means to
spare’’ samething—ijust as soon as they can figure out what

it will be.
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THE TRANSITRON OSCILLATOR

BY CLEDO BRUNETTI

INVESTIGATORS have agreed
that the negative-resistance oscil-
lator possesses good frcc}uency sta-
bility, excellent wave form, and
other advantages that make it su-
perior to other types of oscillators.
The dynatron has been the most
popular of the types displaying
these advantages. It has not been
made use of fully, owing to the fact
that the dynatron depends for its
operation on the phenomenon of
secondary emission, a property
much too variable with age. The
solution to this difficulty was sup-
plied with the introduction of the
double-grid tube employing nega-
tive transconductance *,? but it ap-
pears that not all are aware of this.
It is the logical tube to replace the

'E. W. Herold, "Negative Resistance
and Devices for Obtaining It.”” Pror.
LR.E.,, vol. 23, pp. 1201-1223; October,
(1935).

’K. C. Van Ryn, "The Numan's Os-
cillator,” Wireless Eng., vol. 2, pp.134-
136; December, (1924).

dynatron since it has all the ad-
vantages of the latter without the
disadvantages. It possesses essenti-
ally the same type of negative-resist-
ance characteristic as the dynatron
but has the advantage in that its
characteristic is independent of
secondary emission and remains
practically constant throughout the
life of the tube. To this similarity
may be added the convenience that
with only a slight modification of
the circuit any double-grid tube if
originally employed as a dynatron
may be converted to one displaying
negative transconductance. All theo-
ry and results deduced with the
dynatron may also be carried over.

For the sake of brevity it has
been found desirable to provide a
name for the retarding-field nega-
tive-transconductance  device.  As
one which offers a simple means of
identification, the name “‘Transi-
tron” is suggested. The theory and
mechanism of operation of the
transitron oscillator has been treated

© 1939, INSTITUTE OF RADIO ENGINEERS, INC., 330 W. 42ND ST., N.Y.C
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by the author in a previous article.?
It is the surpose of this paper to
present a discussion of the oscillator
from a more practical standpoint
setting forth some of the appli-
cations and discussing its limitations.
By so doing it is hoped that the
advantages of this oscillator will be
made avaliable to those who desire

1, .
Il

L
Tatly T

Figure 1. Transitron circuit.

an extremely simple and flexible
piece of laboratory or even com-
mercial apparatus.

® Transitron Action

A type 58 tube connected as a
transitron is shown in figure 1. The
voltage E;, is chosen so as to make
grid no. 3 negative with respect
to the cathode. Electrons attracted
by the high positive potential of
grid no. 2 (anode) are repelled by
the negative potential of grid no.
3. Thus grid no. 3 with its retard-
ing field acts as a virtual cathode.
A slight negative increment in volt-
age across ab is transmitted simul-
taneously to both the anode and
grid no. 3 causing the latter to repel

}C. Brunetti, “The Clarification of
Average Negative Resistance with Ex-
tensions of Its Use,” Proc. I.R.E., vol.
25, pp. 1595-1616; December, (1937).

more electrons and the net current
to the anode to increase. The
transconductance between grid no.
3 and the anode is, therefore, nega-
tive. A static current-voltage char-
acteristic for the circuit of figure 1
is shown in figure 2. If the direct
voltage E, is set at 86.5 volts a di-
rect current of 5 milliamperes will
flow. This is illustrated by point 0,
which is called an ‘‘operating
point.” About this point the slope
of the characteristic is fairly con-
stant and negative. A small alter-
nating voltage impressed across ab
(thus applied at point 0 in figure
2) will cause an alternating current
to flow 180 degrees out of phase
with the voltage. This indicates that
the voltage is working into a nega-
tive variational resistance.* The
magnitude of this resistance is
equal to the reciprocal of the slope
of the curve at the point 0. In
figure 2 it is approximately —3800

A

Iy r0a £, vy
@ % 8 ™ oo 1o
Neearive SrarTic
Cranacremoric
Figure 2. Negative static character-
istic showing operating point 0,
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ohms. If the alternating voltage is
increased so as to swing past the
bends of the characteristic the aver-
age negative variational resistance
will change. The average (nega-
tive) resistance corresponding to
any amplitude of the alternating
voltage across terminals ab may be
found either by calculation from
the equation of the characteristics
or experimentally. This has been
treated rather extensively® and re-
sults have been obtained both theo-
retically and experimentally show-
ing the relation between R, and V.
(V is the effective value of the im-
pressed voltage. R, is the average
negative resistance.) The R,V
curve applicable to the conditions
of figure 2 is shown in figure 3.

The quantity —-R, is positive. As
the voltage V is increased the aver-
age negative resistance increases
accordingly.

By applying a small negative bias
to grid no. 1 the total current flow-
ing to the anode may be controlled
and the negative slope of the cur-
rent-voltage characteristic may be
varied. An increasc in negative
bias will cause a decrease in the
slope. This offers a flexible means
of varying the magnitude of the
negative resistance across terminals
ab. A more practical circuit than
that shown in figure 1 may be had
by replacing the bias between grids
nos. 2 and 3 with a large con-
denser as in figure 4. The bias for
grid no. 3 is then applied directly

- 1

140,000
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Figure 3. Transitron R., V curve. Type 58 tube. E,=24 volts,
E;=0, Ezo= — 93.7 volts, E-=86.5 volts.
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from the cathode through the high
resistance R,.

® The Transitron Oscillator

If a condenser C in parallel with
an inductance L and its associated
resistance R is connected across
terminals ab of figure 1 the circuit
will oscillate (figure 4). Oscil-
lations in the parallel “tank™ cir-
cuit will begin when the quantity
L/RC is just e?ual to the reciprocal
of the slope of the current-voltage
characteristic at the operating point.
The latter is usually chosen near
the center of the characteristic, as
point O in figure 2. If L/RC is in-
creased, the amplitude of oscillation
increases. L/RC is approximately
the parallel impedance of the
“tank” or tuned circuit at the fre-
quency of oscillation. This quantity
is a pure resistance.

The condition for oscillation? is

— R, = L/RC. (1)
As L/RC is increased, —R, must
also increase. Accordingly the am-
plitude of oscillation increases
(figure 3) to maintain this con-
dition. For large values of L/RC

the oscillation may swing way over
the bends of the current-voltage
characteristic in order to obtain a
sufficiently large R, to satisfy (1).
This is illustrated in figure 5 which
shows photographs of the character-
istics (traced out on a cathode-ray
oscillograph) for four different
values of L/RC.

If the resistance R is small the
swinging of the oscillation voltage
over the bends of the characteristic
will affect the wave form and fre-
quency stability only slightly. For
large swings over the bends of the
characteristic the tube current will
experience considerable distortion
but the voltage maintained across
the tuned circuit may still be very
pure. The harmonic components of
the latter will not in general be
more than two or three per cent
under these adverse conditions pro-
vided the ratio L/C is kept small.

Good wave form is accompanied
by good frequency stability. The
latter is important since when once
the tuned circuit parameters are ad-
justed it is desirable that the fre-
quency remain constant. Notable

1L C32
I

Figure 4. Transitron oscil-
lator. Type 58 tube.

E3; = — 10 volts

Ex = 11 volts

E2 = 100 volts

€;2=0.1 microfarad
R3=10" ohms

€ =0.02 microfarad

L =0.506 henry

R =30 ohms

¢ =1580 cycles per second
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Figure 5. Cathode-ray oscillograms showing oscilla-
tion over the tube characteristic as a function of the
quantity L/RC.

work on the frequency stability of
dynatron oscillators has been carried
on by Groszkowski,* Moullin,® van
der Pol,® and others. Their results
apply equally well to the transitron
oscillator. It has been shown that
variations in frequency depend di-
rectly on the amount of harmonics
present in the oscillation voltage.
If the voltage contains no harmonics
or if the amount of harmonics

*]. Groszkowski, “The Interdepend-
ence of Frequency Variation and Har-
monic Content, and the Problem of
Constant-Frequency Oscillators,”  Proc.
I.REE, vol. 21, pp. 958-981; July(1933).

°E. B. Moullin, “The Effect of Curva-
ture of the Characteristic on the Fre-
quency of the Dynatron Generator,
Jour, 1.LE.E. (London), vol. 73, no. 440,
pp. 186-195; August, (1933).

°B. van der Pol, “The Nonlinear
Theory of Electric Oscillations,” Proc
LRE., vol. 22, pp. 1051-1086; Sep-
tember (1934).

remains constant the frequency of the
system will also remain constant
irrespective of any changes in the
operating conditions such as changes
in the supply voltage. Under nor-
mal conditions the transitron oscil-
lator will not experience changes in
frequency of more than a few
hundredths of one per cent for
rclatively large variations in the
direct anode voltage if the change
in tube capacitance is negligible. In
these respects it may be compared to
a crystal oscillator without temper-
ature control. It may be safely
stated that in general the wave form
and frequency stability of the oscil-
lations are much better than those
of the ordinary back-coupled triode
oscillator operating under similar
circumstances. The same may also
be said for the amplitude of the
oscillations. It will be shown later
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that as the frequency is changed,
for example by varying the capaci-
tance C, the amplitude of oscilla-
tions will not vary greatly over a
wide range of frequency.

® Frequency of Oscillotion

For general use it is not necessary
to calibrate the oscillator, since the
frequency may be predicted fairly
accurately from the formula

1 1 R?
= — —-—. (2
2n LC L2

This expression, easily derived, 37
is based on the assumption that the
tuned circuit is connected to a con-
stant negative resistance satisfying
(1). Because of the excellent wave
form of the transitron oscillator,
equation (2) has been found to
hold closely even when operating
well over the bends of the tube
characteristic. The effect of the cur-
vature of the characteristic on the
frequency has been carefully studied
and reported in the literature. 58
As mentioned previously, the
change in frequency is caused by the
introduction of slight harmonics as
the bends of the characteristic are
traversed. The presence of the har-
monics causes the frequency to be
lower than that given by (2). In
extreme cases this correction may
amount to fifty cycles in one mil-
lion. In the audio-frequency range
the correction is ne?igible. For

'A. W. Hull, “The Dynatron, a Vacu-
um Tube Possessing Negative Resist-
ance,”” Proc. I.R.E., vol. 6, pp. 5-37;
February, (1918).

best results the coil resistance R
should be as low as possible. The
quantity R2/L? is then small in
comparison with 1/LC and (2) re-
duces to

1
feg — . (3)
2zV LC
Additional factors which in-

fluence the frequency may well be
noted here. Thus if the coil L con-
sists of an iron-cored choke, changes
in the direct anode current flowing
through it may change the induct-
ance of the coil two or three per
cent. This may be corrected by em-
ploying parallel feed for the direct
anode voltage or by using air-core
coils. The latter is to be preferred
if space and weight are not im-
portant since the choke required for
the paralle]l feed will still influence
the oscillation frequency to some
extent. If a variable inductance is
to be used to extend the frequency
range, short-circuiting out the un-
used portion of the inductance will
serve to cut down harmonics.® Any
variation in R, L, and C with tem-
perature will affect the frequency.
The tuned circuit should therefore
not be placed near other pieces of
apparatus which radiate heat such
as tubes and resistors. Proper
shielding is advisable at high fre-

uencies in order to maintain good
?requency stability. At extremely
high frequencies the tube capac-

*H. J. Reich, “A Low Distortion
Audio-Frequency Oscillator,” Proc.
L.R.E., vol. 25, pp. 1387-1398; No-
vember, (1937).
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itance may not be neglected. In ad-
dition the dependence of the latter
on space charge may require con-
sideration.®

® Automatic Control of Amplitude

Additional amplitude control
may be had by allowing the oscil-
lation voltage to regulate the bias
on grid no. 1. Circuits for accom-
plishing this are given in figure 6.

Any 3-grid tube may be used as
the diode rectifier by tying the grid
and plate together. The operation
is as follows: The diode fed from
the oscillating circuit produces a
direct voltage across the R,, C, com-
bination which is proportional to
the amplitude of the oscillation

°G. B. Baker, "The Inter-Electrode
Capacitance of the Dynatron, with Spe-
cial Reference to the Frequency Stability
of the Dynatron Generator,” Jour. LE.E.
(London), vol. 73, no. 440, pp. 196-
203; August, (1933).

}_

L
>

I

w
»

3

(b)

Figure 6. Two methods of opplying outomotic omplitude con-
trol to o tronsition oscillotor.

1200 cycles per second
‘0.5 megohm
1.0 megohm

voltage. This negative bias is fed to
grid no. 1. If the oscillation am-
plitude tends to increase following
an increase in the quantity L/RC
the negative bias will increase. The
latter will produce the required in-
crease in —R, to satisfy (1) and
the necessity for swinging over the
bends of the tube characteristic is
climinated. Thus as the frequency
of oscillation is changed the am-
plitude may be restricted to oscil-
lation over the linear portion of the
tube characteristic angovery nearly
ideal conditions will obtain. The
automatic-amplitude-control circuit
starts to function as soon as any
oscillation voltage appears. Better
results may be had if the control
action is delayed'® until the oscilla-
tions reach a certain minimum am-

_F. E. Terman, “Measurements in Ra-
dio Engineering,” McGraw Hill Book
Company, p. 289, (1935).

|
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plitude. This is accomplished by
moving the diode cathode connec-
tion from x to y in figure 6. In this
manner a negative direct voltage is
applied to the diode plate and diode
current will not flow until the os-
cillation voltage exceeds the nega-
tive direct voltage, usually 5 or
more volts. Delay action will aid
considerably in keeping the output
level constant and will allow much
better control.

By restricting the oscillations to
the linear portion of the character-
istic a practically sinusoidal wave
form will be maintained and the
frequency stability improved ma-
terially. Changes in the audio-
frequency range resulting from a
33 per cent change in direct anode
voltage may be kept to within ten
parts in a million in this manner.
Additional frequency stability may
be provided if desired by connect-
ing special series filter circuits
across the tuned circuit and by other
slight circuit modifications.*.*

® Determination of Frequency Range

The circuit of figure 4 shows the
oscillator in its simple form. The
frequency of oscillation may be
calculated for any setting of the
parameters R, L, and C using (2).
In order to determine the frequency
range for satisfactory operation it is
necessary to know first the mini-
mum value of L/RC permissible
and, second, the amount of har-
monic distortion that may be toler-
ated. The former is equal to the
reciprocal of the slope of the cur-
rent-voltage characteristic at the
operating point or the lowest value

of —R, obtainable (equation (1))
with a given characteristic. It may
be found from a plot of the char-
acteristic. In figure 2 at point O
the minimum value is 3800 ohms.
A simple experimental method of
obtaining it is to have the circuit
oscillating. The capacitance C is
gradually increased until the oscil-
lations are on the point of being
extinguished. At this setting the
minimum value of L/RC consistent
with oscillation will obtain.? As
long as the operating point is not
changed this minimum value will
hold regardless of which of the
quantities R, L and C is varied. If
L and R are fixed and tuning is ac-
complished by varying C, the min-
imum value of L/RC fixes the max-
imum value of C and therefore the
lowest frequency obtainable. Since
the transitron will give much lower
values of —R,, than the dynatron it
will have a much larger frequency
range for any given value of L and
R than the latter.

The maximum frequency when
L and R are fixed will be set by the
harmonic distortion permissible.
This distortion is proportional to
the ratio of inductance to capac-
itance in the tuned circuit. 1112 If
L/C is small the wave form will be
very nearly sinusoidal, especially if
the resistance R is not unreasonably
large. Values of L/C less than 10°
will yield excellent wave form. If

M. G. Scroggie, "'Applications of the
Dynatron,” Wireless Eng. vol. 10, pp.
527-540; October, (1933).

*]. E. Houldin, ""The Dynatron Oscil-
lator,”” Wireless Eng., vol. 14, pp. 422-
426; August, (1937).




Rateo Teommear Daorsy

May

oscullatron 15 contined to the lineas
pert of e tabe charsctermn
a0 may be 83 Migh as 1% « 4
withowt any grest distoruon beng
notced For general purposes Uung
low resistanice cmuls very satisfacinry
wave form will be had o L/C o
kept below 80 % 10° o 1s eviden
that of L 1s ixed the munumum value
ot (, and hence the upper frequency
hmut, depends an baw great a rano
L/ C may be toletated It we let DD
represent this rauo then (o s
equal to L/D

A typical et of expenimental data
shuwing the aperation of the trans
itron osallator 1s given in Table |
These dats are abained using #
type S8 tube with | 11 vl
k, 100 vols, F, 10 volts
Cos 01 muicrotarad, and R,
10 ohms (as 10 hgure 4) by
chosen 0 that the operating pomnt
falls neas the center of the char
actentic  The na 1 gnd w ool
to the watbende  The anode and
plate direct cutrents do not excond
3 millamperes The mimimum value

K]

The upper tregoeecy Lzl dbaown
o Tebide | s fux reproe it
highest  frepuency atadialie L[
repersenits e Jughewt freummncy o
-L«f. p.»l wave form still wltesa
o showa by umpecuon oo s sk

oude -ty encblograph  In sl ey
the et 1] LiC s lese thee
Wi 10* I good weve (e wers
ot 8 preseguimte the wpyget e

quency st could be crernded worhy
the wmals of Tablt | by additeonal
resdon Tooesy @t € 1t peand waer dons
18 desired at Wl bagher Lrespaen ves
it necessdiy ody 10 dectesnse |
with C to keep the raten 1€ s
bevimng oo facge Wath ardnan
tubses the
'lu\lu-t bt [ Lathone tlmmagine (e

tranaitioe ol =
llcqun.-) specriwm {oom the lawrew
sudio  frequensy up 1o 3
micgacyies Wl the AN
sorn pentode ey rangy may b
extendod st losst 1w
1 rwnnetrom
tained  with
tulw lhl:-'u;h . ’f'-ﬂ“-‘( woll Al

i

alenut |

'\"-

v thirey ey
e Wb

{pond

SRl 1A%

sty o linary

slloe sUtinGate snpltiate clfol

of R, w3800 ohwry The agrex Same sanable pemmdes are the rypey
ment  between  this  value and STO98 Y9 g A0 60, sk HK
L/RC ., 1 very gowsd e agnaude o the cotdeties €
TARLE
OSCILLATOR DATA
1 tumt. T
Reonge of ] trwquend [
fl Beage cyrive L
Ceolt CAPim 1 poe socond C- .
8C. .
Cous | Cu 1 Low High |'<‘
1 900 000 : 199 | 2160 | 1sa
P 4 00 00lo o 1188 810 I
] 0%  00le 800 1193 2y00 ]
. 053¢ 0 001 1278 v o0 2av0 HUE )
Colls | and 2, iron gore Colls ) ond 4 oir iwre




1939

TRANSITRON OSCILLATOR 43

is governed only by the require-
ment that its reactance at the lowest
frequency be small in comparison
with R;. R, may be anything from
10* ohms upward although very
good results may be had if it is
kept less than 10® ohms. C;, may
also have any value from 1.0 to
0.0001 microfarad depending on
the frequency range of operation.
The circuit for which the data of
Table I were obtained will work
satisfactorily at any frequency up
to 20 megacycles with no change in
either C;,, R;, or the direct voltages
necessary.

® Additionol Focts on Performonce

In predicting the performance of
the oscillator one may be interested
in knowing the variation of ampli-
tude with frequency. If automatic
control is use% the amplitude can
be adjusted to a good degree of
constancy over the tuning range.
The variation of amplitude without
automatic control may be found
from an R,V curve (figure 3).
This curve which shows the relation
between amplitude V and —R,
may also be taken as the curve for
V as a function of L/RC (see (1) ).
If L and R are fixed the quantity
L/RC is proportional to :Le fre-
T:cncy squared (very nearly). Thus
the R,V curve may also be used
to show the variation of amplitude
with frequency squared. From figure
3 one may conclude that even with-
out automatic control the amplitude
remains fairly constant over the
greater portion of the frequency
range.

The direct voltages E,, E, and E,

are not critical. Small variations
from specified values will cause
little apparent change in the oper-
ation. In fact with a given setting
of L, R, and C and with E, — 100
volts, E; = — 10 volts, the plate
voltage E, may be varied from 2
volts to past 50 volts without
quenching the oscillations. With the
same tuned circuit and E, =100
volts, E,=—11 volts, the voltage
E, may be varied from 0 to —20
volts with the oscillations contin-
uing throughout. If E; is made
zero, E,—4 volts, it is possible to
vary E, from 2 volts to past 200
volts without stopping the oscil-
lations. Because of this versatility
the oscillator will function with a
great variety of direct voltages on
the tube elements. Thus any volt-
age from 2 volts to 50 volts may be
chosen for E,. E, should be made
larger than E; and may be any value
from a few volts to 250 volts. Hav-
ing selected E, and E, using a tuned
circuit having a sufficiently large
value of L/RC one may immedi-
ately start the oscillations by ad-
justing E,. If the oscillations should
stoi for any reason, other than
making L/RC too small, a slight
manipulation of E; will generally
start them again. E, may well serve
as an oscillation control.

The length of the negative slope
portion of the current-voltage char-
acteristic increases with both E,
and E,. An increase in these volt-
ages will therefore increase the
amplitude of the oscillation voltage.
A high value of E, may be ac-
companied by a direct current to
grid no. 2 as high as 8 milliam-
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peres. While this may be considered
excessive the author has operated a
57 tube at this value for well over
a year without any noticeable effect
on the tube. Oscillation voltages
across the tuned circuit may be ob-
tained from a fraction of a volt
to over 20 volts (root-mean-square)
using a single tube.

A suitable set of direct voltages
that will give fairly strong oscil-
lations is E, == 11 volts, E, = 100
volts, and E; = 0. The advantage
of having E,—0 is immediately
apparent. The required voltages
may be obtained from an ordinary
rectifier and voltage-divider combi-
nation if desired.

Since the problem of amplification
presents no difficulties one may pre-
fer to work the oscillator with much
smaller direct voltages. In this con-
nection it should be mentioned that
a very satisfactory oscillator may be
had with E,=4 volts, E, =2
volts, and E; == 0. With a suitable
tuned circuit these diminutive volt-
ages will yield an oscillator of very
good wave form and fairly constant
amplitude over the whole frequency
range of the tuned circuit. The
juantity —R, is higher at these low

irect voltages and the only requisite
is that a tuned circuit having a
sufficiently high value of L/RC be
used. This again presents no diffi-
culty. The fact that the oscillator
will function with such low voltages
and deliver an almost sinusoidal
voltage over a large range of fre-
quencies should appeal to many an
investigator.

The negative slope of the char-
acteristic may be varied by in-

troducing a small bias on grid no.
1 as described earlier. It is possible
to obtain tubes with the negative
slope part of the characteristic al-
most a straight line. This highly de-
sired trait is found in the types 57
and 58 tubes. These tubes may dis-
play negative resistances of as low
as 1300 ohms. This feature is valu-
able in cxtending the frequency
range of oscillation as was pointed
out previously.

An artificial means may be had
for extending the tuning range. It
may be used when the tuning con-
denser C is made so large that
L/RC becomes smaller than the
minimum tube ncgative resistance.
This practice is to insert a resistance
r in serics with the tube and tuned
circuit. If R, is the minimum tube
negative resistance the effect of in-
troducing r is to change the mini-
mum effective resistance into which
the tuned circuit is working from
Ryo to Ro+r. Since R, is negative
and r is positive a lower value of
L/RC may then be used (equation
(1) ). This will work satisfactorily
provided r is small in comparison
with —R,.

If r is made too large harmonics
will creep into the voltage causing
distortion and decreasing the fre-
quency stability. The resistance r
may be increased to the point where
relaxation oscillations take place.
These oscillations will also occur if
the tuned-circuit resistance R is
made too large or the tuning capa-
citance C is made very small.®2?
Thus if an oscillator is desired hav-
ing a sharply peaked voltage wave
form it may be had by a suitable
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variation of either r, C, or R, or all
three. As the quantity r is increased
there is a gra:llual transition from a
sine wave to an extremely distorted
wave. By introducing a small ex-
ternal electromotive force of fre-
quengy f in series with the tube and
tuned circuit, relaxation oscillations
of exactly f, or f/2, ., f/n
may be obtained with precision,
This process of frequency demulti-
plication has been treated theoreti-
cally by van der Pol® and others.
The sharply peaked wave forms
may be very valuable in precision
measurements of frequency.!® They
may also be applied to the strobo-
scope, to timing devices, and other
physical uses. The oscillator will
also act as a frequency multiplier.
Frequency multiplication and de-
multiplication may be obtained with
sinusoidal as well as relaxation os-
cillations.

® QOther Circuit Combinotions

At large amplitudes of oscillation
it is possible for grid no. 3 (figure
4) to draw a small direct current
during a portion of the cycle. This
direct current flowing through the
high resistance R, will produce a
voltage drop which will change the
bias on grid no. 3. This may be
avoided, if desired, by replacing R,
with a low resistance choke. If the
reactance of the choke is large the
oscillator will function as well with
the choke in the circuit as with R,.

L. M. Hull and J. K. Clapp, "A
Convenient Method for Referring Sec-
ondary Frequency Standards to a Stand-
ard Time Interval,” Proc. I.R.E., vol. 17,
pp- 252-271; February, (1929).

In addition a fairly constant bias
may be maintained on grid no. 3
at all amplitudes of oscillation with
a consequent improvement in wave
form and frequency stability.

The configuration of the circuit
may be changed without affecting
the mechanism of operation by
transferring the tuned parallel cir-
cuit to the no. 3 grid circuit in place
of the resistor Ry (figure 4) or the
choke mentioned above. The choke
is then connected in the no. 2 grid
circuit replacing the tuned circuit.
Since the purpose of the condenser
C;. is to keep the grids nos. 2 and
3 at the same alternating-current
potential in respect to the cathode,
it is seen that it is immaterial
whether the tuned circuit is located
in one grid circuit or the other.
The no. 2 grid circuit is still the
negative-resistance circuit. Thus as-
sume that grid no. 3 is biased nega-
tively and draws no current. The
alternating current then flows from
grid no. 2 through C;, to the
tuned circuit and back to the
cathode. This current is forced
through the tuned circuit by way of
C;, because the choke prevents it
from going the other way. The
same direct voltages may be used
with this arrangement as with the
original.

If one desires one may replace
the choke by another tuned circuit,
thus having two tuned circuits oscil-
lating simultaneously.¢

If a tuned circuit is placed in

“T. Hayasi, "The Inner-Grid Dyna-
tron and the Duodynatron,” Proc. L.R.E.,
vol. 22, pp. 751-770; June, (1934).
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series with the plate, (figure 4)
and properly adjusted, it will oscil-
late. The same holds for a tuned
citcuit connected in series with the
cathode. Finally if a second tuned
parallel circuit is connected in series
with the tuned parallel circuit of
figure 4 they can both be made to
oscillate.’> If one is tuned to a low
audio frequency and the other to a
radio frec}uency it is possible to ob-
tain satisfactory modulation of the
high frequency by the low.

®N. W. McLachlan, "On the Fre-

quencies of Double Circuit Screen Grid
Valve Oscillators, Wireless Eng., vol. 9,
pp. 439-444, August, (1932).

In its simplest form the transitron
oscillator will provide a much-
needed piece of laboratory appara-
tus. It should appeal to the many
investigators who are not versed in
radio engineering but find them-
selves confronted with the task of
providing an oscillator for a bridge
circuit or other use. The simplicity
of construction and operation and
the ease with which it can be made
to oscillate are much-desired fea-
tures. These factors coupled with
the added assurance of good wave
form, good frequency stability, and
consistent performance should make
it unusually attractive.

A PHILCO television caravon is making a cross-country tour
of the United States in what is believed to be the first
attempt to acquaint the country at large with both television
receiving and broadcasting at first-hand. The caravan will
carry a portable television transmitter that is completely mobile
and requires only a plug-in to a nearby electric outlet for its
operation either indoors or outdoors. A number of television
receivers are also being transported on the itinerary so thot
the broadcasts picked up from the tronsmitter may be shown
in the cities visited.

Within the six weeks of this tour ten of the country’s
lorgest cities will be visited. The schedule from April 18 to
Moy 9 includes Detroit, Chicago, Milwaukee, Minneopolis, ond
St. Louis in the order nomed. Following this series, on itinerory
is being contemploted which would toke the telewvision carovon
through the Western and Southern oreas of the U.S. with
jaurney’s end ot the Pocific Coost.




@ From Service
March, 1939

MICROPHONE  RATINGS

BY JOHN H.

IF YOU talk into a microphone, a
minute voltage results across its ter-
minals, which must be amplified to
actuate a speaker. If the voltage is
known, under specified conditions,
it is possible to determine not only
the amplifier gain required to pro-
duce a given electrical power out-
put, but also the equivalent sound
level which actuates the micro-
phone. In order to do this, it is
necessary to correlate microphone
ratings with both amplifier and
acoustical level ratings, all of which
are expressed in different terms. It
is the purpose of this article to
show just how this may be done.

® Microphone Rotings

Microphones are rated on the
basis of their electrical output for a
given sound input. When you talk
into the microphone in an average
conversational tone at a distance of
approximately 10 in., a sound pres-
sure of one bar (or one dyne per

© 1939, Bavan Davis PuBLISMING CO.. INC..
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sq. cm.) is exerted upon the micro-
phone. This standard level of sound
pressure causes the microphone to
produce a small voltage of an
amount depending upon its sen-
sitivity.  This sensitivity rating is
expressed in db below a reference
level of one volt per bar. This rat-
ing is therefore a voltage ratio as
follows:

Microphone sersitivity in db = 20 log Eo/1
(per bar)

in which E, is the output voltage
and 1 is the reference level of one
volt. If the output voltage for a
sound pressure of one bar is 10
volt (1 millivolt,) the microphone
rating is —60 db. Both souncf pres-
sure and voltage output are ex-
pressed in r.m.s. values. Most micro-
phones are rated from about —60
db to —100 db corresponding to
voltage outputs of 10-* and 103
respectively. These are generally
open-circuit output voltages, wheth-

19 E. 47TH ST., N.Y.C
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er or not the microphone is de-
signed to work into a low-im-
pedance line. A microphone with
a built-in transformer designed to
work into a 250-ohm line, for ex-
ample, will give only half this rated
output when the line is terminated
with a 250-ohm load, corresponding
to that of a suitable matching trans-
former. This reduces the level by
6 db.

Some microphones are rated on a
basis of a sound pressure of 10
bars. To convert such a rating to a
one-volt-per-bar rating, simply add
20 db to the latter. Thus a micro-
phone which delivers 1-millivolt
output for a sound pressure of 10
bars will produce 0.1 millivolt at a
1-bar level and its rating at the
lower level would be —80 db in-
stead of —60 db. The 10-bar level
corresponds to about four times the
sound pressure produced by the
average speaker before an average
audience.

® Amplifier Gain

In order to find the amplifier
gain required to produce a given
electrical power output, it is usually
necessary to convert the microphone
voltage output to a power output
level, since all amplifiers are rated
by the ratio output power delivered
to the speaker to the input power
required to produce this output.
The input power is that which is
dissipated in the input resistance
of the amplifier. When this resist-
ance 1s low, and matches that of the
microphone, no difficulty arises. But
when the microphone works di-
rectly into a high resistance, repre-
senting the grid load of the input
tube misleading results occur. For
example, a microphone of a high-
impedance type, designed to work
into a 2000-ohm line, would de-
liver substantially the same voltage
to an amplifier with an input re-
sistance of 1-meg as it would to
10-meg. There would, however, be
a 10-db variation in input power
while the output power of the am-
plifier would remain constant. Often,
too, the impedance of the cable
connecting the microphone to the
amplifier will be lower than that
of the input resistance of the ampli-
fier.

For practical purposes, it is custom-
ary to assume that the input re-
sistance of the amplifier is from
80,000 to 150,000 ohms for the
purpose of calculating gain. The
actual figure used is, or should be,
given by the amplifier manufacturer.
Even this artifice causes misleading
results when there is a wide dis-

—t
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crepancy between the microphone in-
ternal resistance and the figure used
for computing amplifier gain.

To avoid these complications, the
amplifier gain ratings should be
expressed in terms of its voltage
sensitivity, i.e., the voltage input
required to produce a given power
output. This can be done in the
following manner. Taking the usual
expression for amplifier gain in db:

output power
= 10 log ——— = 10 log
input power
{output voltage) 2/output load

(input voltage) 2/input load
output voltage input load
= 20 log ——————— plus 10 log
input voltage output toad

From this it is seen that the voltage
gain in db

output voltage
= 20 log —— ————— = rated power gain in
input-voltage
input load
db -10 log ——
Output load

For an amplifier to give its rated
output it is necessary that its voltage
gain in db be equal to the micro-
phone output voltage rating in db
across the amplifier input load.
When this load is very high in
comparison to the internal resist-
ance of the microphone, the open-
circuit voltage felivered by the
microphone, expressed in db, gives
the required information.

In a typical amplifier, for ex-
ample, the manufacturers rating is
120 db with an input resistance of
100,000 ohms. The output power
is developed across a 10-ohm load.
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Its voltage in db becomes:
120 — 10 log 100,000/10=120—40=80 db.

A voltage input of —80 (refer-
ence level 1 volt) will thus cause
the amplifier to deliver its rated
output. Since microphones are rated
on this basis, this formula and
method is most convenient. A
further advantage is its independ-
ence of the reference level used in
amplifier ratings.

When the input and output re-
sistances of the amplifier are the
same, the voltage gain and the
power gain, in db, are the same.
When the input resistance of the
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amplifier equals the internal re-
sistance of the microphone, only
half the microphone output voltage
appears across the input of the am-
plifier. In such cases, the amplifier
gain should be 6 db greater.

® |oudness

An amplifier and microphone
may be combined to indicate sound
pressure levels as picked up by the
microphone when the rating of each
is accurately known. Often it is
desired to know the loudness of
the sound in so far as it affects the
human ear. Loudness is a psycho-
logical effect which varies with fre-
quency and is expressed in db above
a reference level of 10-'¢ watts per
sq. cm.

Since microphones are rated on
a sound pressure basis representing
average conversational speech while
sound loudness is based on a refer-
ence level corresponding to the least
audible intensity of a given fre-
quency, to correlate the two we

must express the microphone sound
pressure level of one bar in terms
of the acoustical reference level of
10°'8 watts per sq. cm. By reference
to the chart (figure 1) it is seen
that a sound pressure of 1 bar
corresponds to plus 74 db in terms
of the relative loudness of a 1000-
cycle note in free air above the
threshold of audibility, 10-1¢ watts
per sq. cm. If the microphone rat-
ing is —60 db at a reference level
of 1 volt/bar its output for one bar
sound pressure is 10-* volt (1 milli-
volt). In terms of the acoustical
level of 107! watts, its output is
10-% volt for a 1000-cycle free wave
74 db above the threshold of au-
dibility. Assuming that the micro-
phone calibration curve is flat, the
microphone output would be the
same for a 50-cycle tone only 20 db
above the threshold of audibility
because the sensitivity of the ear
is far less at very low frequencies.
Figure 1 shows the relative loud-
ness of tones of different frequencies
at a sound pressure of one(Lar.

648 Tubes for Television Broadcasting

PITY the poor television studio technician if one of the tubes
in his transmitting equipment goes bad. General Electric’s
television station scheduled to go into operation this year will
have a total aof 648 vacuum tubes—all essential to putting a

broadcast on the air!

The 648 tubes are almast seven times the number used in
transmitters of mast radio broadcasting stations today. Sta-
tion WGY at Schenectady, for instance, only requires the ccm-
paratively small number of 94 tubes.
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Four-hundred -foot steel Radiating structure is

tower atop Palisades sup- supported between the

ports turnstile antenna two arms at the upper

900 feet above sea level. right of the tower.
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The transmitter building at Alpine, which hauses the 40-kilo-
watt statian and expcrimental facilitics.

W2XCR, the 110-Mc. 600-watt frcquency madulatian station of C. R, Runyon at
Yonkers, N. Y., which participated in the tests.
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The finol power stoge, showing plote seols of AW-200 tubes,
tonk condenser ond tronsmission line (foreground).

(Cuts used on pages 51, 52, 53, courtesy
"Electronics.”
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A continuously vorioble inductonce tuning unit.
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Coil only

Curve No.2

Coil with Le
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Fig.6
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Showing Q of coil with ond without L..

54



¢ From Communications
February, 1939

INDUGTIVE TUNING
‘7/teou/amfﬂpp&'cafian

THE method of tuning radio-fre-
gucncy circuits by variations in in-
uctance is far from new. In fact,
the earliest tuning device for com-
mercial receivers was an adjustable
inductance consisting of a cylin-
drical coil and a contactor sliding
along the coil parallel to its axis.
The contactor jumped from one turn
to another and picked up the re-
quired inductance for the tuned cir-
cuit. Progressively, the so-called
variocoupler was an elaboration of
the earlier arrangement and in-
cluded a tapped secondary winding
along with the mutual coupling be-
tween the two coils. The variometer
then appeared and following this
came the double roller type of
tuner involving a bare wire wound
from an insulated roller onto a bare
metallic roller for varying the in-
ductance of the insulated coil.
Since then the variable condenser
has taken the primary position in
the field of tuned circuits. Although
years of skillful development of the
variable condenser as a tuned circuit
component have brought many im-

© 1939, BRYAN DAvIs PUBLISHING CO., INC.,
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provements in this device, there is
still room for considerable improve-
ment and economy in meeting
stricter requirements for resonant
circuits, especially in the high-fre-
quency field. A new basic method
of inductive tuning was described
last year in the I.R.E. Proceedings
for March, 1938, under the heading
“A New System of Inductive Tun-
ing”. Since that time considerable
development work has been under-
taken * in adapting this principle to
actual production devices, especially
in the high-frequency tuning bands.
There are two basic advantages of
the inductive tuning system over the
condenser tuning system:

(1) Much broader frequency cover-
age is possible with the inductive
tuning system. Frequency ratios of
7 or 8-to-1 can be obtained as

*This work has been undertaken by
the Western Electrical Instrument Corp.
under its licenses,

19 E. 47TH ST., N.V.C,

A I R e - |



56 RADIO TECHNICAL DIGEST

May

e —

O L —

dll”,*

Fig.1

Circuit for coupling to input of vocuum
tube.

against ratios of 3 or 3l5-to-1 for
condenser tuning systems. This
has been verified in actual pro-
duction devices.

(2) Increased amplification and
higher resonant-circuit voltages are
available with the inductive system.

If a simple resonant circuit for
coupling to the input of a vacuum
tube is observed, theoretically the
voltage across such a circuit would
be equal to the induced voltage
across the coil itself, or E in figure

1. This, however, will be the case

only if the circuit components are

lumped in each section of the par-
allel circuit, i.e., L and C are pure
inductors and capacitors respec-
tively. In high-frequency work it is
well known that there is very appre-
ciable inductance in a variable con-
denser and its connecting leads. The
actual voltage E available at the in-
put of the vacuum tube will, there-

fore, be reduced considerably by E.,
the inductive drop across the var-
iable condenser and leads, as shown

in figure 2. If, on the other hand, a
variable-inductance device is used to
resonate with a small highly stable
fixed condenser designed for mini
mum inductance, considerably high-
er voltages would be available in a
tuned circuit of this type. At the
high-frequency end of the tuning
range, the ratio of desired to un-
desired reactance is considerably in-
creased. The input voltage to the
vacuum tube would be available
across the points shown in figure 3
wherein the inductance of the capac-
itive leg of the parallel circuit would
be kept at an absolute minimum.
An inductance-tuning device in-
volving principles wherein high-
gain circuits of this type are entirely
practical at relatively high frequen-
cies, is described in the following
paragraphs.

® Mechanical Design

The continuously variable induct-
ance (CVI) system makes use of a
rigid coil which rotates on its own
axis driven by a direct or geared
shaft. A contactor ts constrained to
slide directly along the length of
the cotl wire whenever the cotl is
rotated. This contactor is mounted
in a small carriage which is allowed
to slide along the axis of the coil
and is moved in this direction by a
small insulated pulley, grooved to
follow the convolutions of the wire.
When the coil is rotated for tuning,
the carriage and likewise the con-
tactor, is moved in a direction par-
allel to the coil axis, depencring
upon the direction of rotation. A
rod, likewise parallel to the coil

5 —.
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tiustroting inductive drop across condenser,

axis, acts as the guide for the motion
of the carriage. The carriage assem-
bly itself is compressed between the
guide rod and the coil form, main-
taining a light pressure between
the contactor and the wire on the
coil.

The contactor itself takes the
form of a small bifurcated phosphor
bronze spring having two parallel
nibs which ride on the outside
diameter of the coil conductor. The
contactor spring itself is not called
upon to perform any mechanical
function other than that of supply-
ing the continuous contact at all
times. The bifurcated contact spring
greatly improves the contact relia-
bility of this device and hence en-
ables reduction in required pressure
due to the double contacting ar-
rangement. Any minute obstruction
on the outside surface of the wire
under conditions of single contact,
might cause a break in the direct
continuity but with the double con-

tact arrangement such irregularities
have little or no effect,

Grid and ground contacts are
picked up at the opposite ends of
the coil. The contactor itself oper-
ates at ground potential and de-
termines by its position the
grounded or low-P[?tential end of
the tuned circuit. The unused por-
tion of the coil is grounded at all
times and the upper limit of tuning
range is determined by the natural
period of the unused portion of the
coil when the contactor aproaches
the grid end. Voltage is picked up
at the high potential or grid end of
the inductor through a contactor
mounted on a small insulating stris
suitably spaced from the grounde
end plate. This connects to an
"end” or minimum inductance
which, in turn, is connected into the
resonant circuit in the regular man-
ner. This end inductance takes the
form of a coil of heavy wire having
a diameter of approximately 157
and from 1 to 7 turns depending

lilustrating inductive tuning.
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’tﬁon the tuning range required
1

is cotl 1s adjustable snd 1s some
what analogous to the trimming
condenser used for the mininum
capacity adjustment on 1 varable
condenser. The end inductance is
adjusted correctly for the high-fre-
quency tracking and determines the
high-frequency limit of the coil re-
sonated with a fixed condenser.

The coil rotates on a copper shaft
which connects to the oolrend fing
and to the ground contactor, and 1s
maintained at ground potential
This shaft rotates in suitable 1nsu-
lated bearings so as to maintain s
low noise level for high-frequency
operation 1n recervers

In multiple-section units, the
shaft 1s cut to length depending
upon the number of units required
and each inductance section mounts
between end plates directly on the
shaft. With a single knob, a dirext
drive mechanism is thus obtained
with 1 muluplicity of full revo
lutions, depending upon the re
quired coverage of the tuning unit
The units are adaptable to several
types of dial mechanisms with a
spiral dial calibration and with this
arrangement a calibrated dial with
markings extending over 3 or 6 feet
of spiral length, may be used with
the continuously variable inductance
units. A stop mechamism mounted
cither on the back or front end plate
is designed to allow free movement
of the coils through a predetermined
number of revolutions and 1n wrn,
this mechanism stops the coil ro-
tation ncar the end of the winding.

Circult of tuning rystem

® Electricol Chorocteristics

A typical  arcut  representing
4 variable - inductance fixed capac
iance  arrangement 1s shown n
figute 3. In this case the end or
fixed inductance 15 tepresented by
L. 1n the figure and connects dh
rectly 1n series with the hixed tuning
capacitor. A shiding contactor 15
represented by the arrow and this in
turn maintains ground potential at
the point indicated on the coil per
iphery. The use of the end induat
ance provides surcnor performance
to an  cquivalent  mechanically
stopped off vanable inductor  With
the end inductance an increase in
Q of the cirquit s avilable with in
crease an frequency.  Without thes
end inductance, the curve of Q ver
sus frequency drops off at the high
frequency end  The improved per
formance with the end inductance
will be noted by companng curves
1 and 2 figure 6 (page S4)

The maximum frequency linut
for any inductively-tuned circust s
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determined by the natural period of
the unused part of the variable coil.
Absorption will take place if the
circuit is tuned past this natural
frequency, this being due to the mu-
tual coupling between the used and
unused parts of the variable coil;
the natural frequency, of course, de-
creasing as the contactor approaches
the high-frequency end of the tun-
ing range. It is therefore considered
essential to ground the unused end
of the coil as this in turn raises
quite considerably the natural fre-
quency of the unused portion. This
is automatically taken care of by the
ground contactor at the low-poten-
tial end of the coil.

There are two factors that ac-
count for the increased frequency
coverage of the inductive tuner over
that of the variable condenser.

(1) The LC product of the in-
ductively-tuned circuit may be re-
duced to a much smaller magnitude
than in the case of the variable-con-
denser circuit, where the LC prod-
uct minimum is limited by the mini-
mum capacity of the variable con-

.denser plus the capacity of the ex-

ternal circuit. This is especially true
in high-frequency circuits where the
minimum capacity of the variable
condenser and leads is a large per-
centage of the total.

(2) By increasing the number of
turns in the variable-inductance coil,
the low-frequency end of the tuned
circuit may be extended so long as
the natural frequency of the unused
part of the coil is above the operat-
ing range. Actual production de-
vices have been manufactured with
tuning ratios of 7 or 8-to-1 in the
ultra- high-frequency bands. The
continuously variable inductance
unit shown in figure 4 (page 54)
actually consists of a coil and fixed
capacitor covering a frequency
spread from 22.5 to 150 megacycles
in a single range with no band-
switching. This involves 16 com-
plete dial rotations in a continuous
band. There are already 2 or 3
applications of this system in actual
equipment, which will appear short-
ly on the market.

|T is estimated that mare than 72,000,000 persons in the
United States listen to programs from approximately 700
radio braodcasting statians every day. This means that ofter
excluding the very young, the very aged ond various other
special classifications the overwhelming majority af all U.S.
citizens are reached by radio daily.—Ohmite News.
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[RANSMITTER SAFETY TeCHNIQUE

BY GEORGE

GRAMMER,

wiDF

Every radio amateur should make it a point to read this

article thoroughly.

It summarizes the results of much indi-

vidual thinking and many intensive group conferences into

simply-applied safety codes, one covering precautions that

should be taken when working around transmitters, and the

other, methods of making the transmitter itself less dangerous
in ordinary operation.

ec E'VE been told that the Amer-

ican pioneers once had a saying,
“The only good Indian is a dead
Indian.” We'd like to paraphrase
that slogan and shift the phase by
180 degrees: “The only good ama-
teur is a /ive amateur.” And then
never forget it when we're working
around radio equipment.

Far more amateurs die from
natural causes, or from accidents
not connected with radio, than are
killed by electrocution in the coursc
of ham operating or experimenting.
That is fortunate. “Fortunate” is
exactly the right word, too, because

nearly every amateur can tell of a
narrow escape from death or serious
injury by electrical shock — we
know, because we've heard of in-
numerable cases since the untmely
deaths of Ross Hull and Phil Mur-
ray. And most hams, having come
through such an experience without
serious damage, never realize by
what an exceedingly small margin
they made good their escape. With
a small change in atmospheric or
bodily conditions, or a s,ight dif-
ference in the layout of equipment
or bodily position at the time of
contact, there might have been an

® Journal of the American Radio Relay Leaguc, Inc., West Hartford, Conn.
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entirely different story to tell—with
someone else doing the telling.

What can be done to make ama-
teurs safety-conscious, to instill in
them a healthy respect for electrical
circuits? What should be done to
transmitters to make them safer
to operate and adjust? We came
to the conclusion that much
could be done to make equipment,
particularly transmitting equipment,
safer, but that, at least at the present
stage of the game, no transmitting
equipment could be built that would
permit the operator to blindfold
himself, stick his hands in the works
with all the power on, and be per-
fectly safe while doing it. We
realize, too, that a lot of inertia had
to be overcome—no one is going to
get involved in constructing safety
devices when, after all, Ae’s not
going to be guilty of carelessness in
handling dangerous voltages. And
so we found that the subject of
safety naturally divided itself into
three sections: First, a set of rules
for personal conduct in the han-
dling of transmitters; brief, easily
memorized, designed to prevent
shock when operating or acgusting
any transmitter. Second, a set of
constructional precepts which, al-
though involving no special hard-
ships or expense, would minimize
danger of shock in normal oper-
ating or adjustment; really, a code
of good practice in transmitter con-
struction.  Third, special devices
such as interlocks, warning signals
and the like, whose purpose is to
protect the operator from the dis-
astrous consequences of a moment
of forgetfulness.

With so much that can be said
and done about safety, we must con-
fine ourselves to the first two clas-
sifications for the present.

The “personal” code is most im-
portant. Its seven simple points
should be remembered as auto-
matically as the characters of the
international telegraphic code, and
applied as instinctively.

(A) Kill all transmitter circuits
completely before touching anything
bebind the panel.

If we could be sure this rule
would be followed unfailingly by
everyone, we could almost enc{ the
discussion right here. After all, no
one is ever hurt by a “dead” circuit.
But far-reaching though it is, this
rule is not quite enough. Phil Mur-
ray, remember, was handling only
a microphone, supposedly as safe a
piece ofp equipment to touch as any-
thing about a transmitter. When
changing coils, making internal ad-
justments, or shooting trouble in-
side the transmitter, kill 4// the
power circuits before handling any-
thing. If you have to see what hap-
pens with the power on, don’t close
the switch until you're clear. Does
the risk seem worth the few minutes
saved by disregarding this rule?

(B) Never wear phones while
working on the transmitter.

Headphone circuits usually work
back to ground, and the cord in-
sulation isn’t intended to stand high
voltages. When you get a shock,

—
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your hand is nearly always at one
end of the circuit; your chances are
pretty slim if your head is at the
other end.

(C) Never pull test ares from
transmilter tank circuits,

R.f. may not shock you, but it can
cause bad burns. And it can readily
travel through a pencil or screw-
driver—possibly to be followed by
high-voltage d.c. Like s.w.l. cards,
the arcs may impress the visitors but
they don’t mean much.

(D) Don’t shoot trouble in a
transmitter when tired or sleepy.

And, we might add, after a con-
vivial evening. Your reactions are
slow, you're more likely to forget to
take normal precautions. Get some
rest first.

(E) When working on the trans-
mitter, avoid bodily contact with
metal racks or frames, radiators
damp floors or other grounded 0b-
jects.

One side of the high-voltage cir-
cuit is, or should be, grounded.
You don’t want to contact ground
with any part of your body while
working on some part which may
be at high potential. This is a pre-
caution which, if made a habit, may
save you should you forget "A".

(F) Keep one hand in your
pocker.

This can also be made a habit.

Its purpose, of course, is to prevent
the two hands from being the op-
posite terminals of a circuit through
the vital parts of the body.

(G) Develop your own safety
technique. Take time to be careful.

We all develop operating habits
which become practically automatic.
Make it a point to develop safery
habits, too. You can, for instance,
train yourself to open the main
switch without conscious thought
every time you push back your chair
to get up from the operating table.
Work out a routine for safe opera-
tion, practice it, make it a part of
your second nature.

® Code for Transmitter Construction

We've conceded that no trans-
mitter can be made completely
shock-proof under any and all con-
ditions. But &// transmitters can be
constructed so that all operations
such as tuning and switching nor-
mally carried on from in front of
the panel are perfectly safe. And
much can be done to “safetyize”
the inside of the set.

In formulating the construction
rules to follow we had a dual idea
in mind: First, to eliminate danger
from sources where it should not
normally be expected, such as at
front-panel controls. Known “hot”
spots in the transmitter are still to
be treated with utmost respect; still,
it is possible to make some of them
innocuous. Second, to minimize the
danger to life should there be a
breakdown somewhere in the equip-
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ment. This seldom-considered point
is highly important.  Altogether
there are eighteen rules, most of
them already in common use by the
more thoughtful constructors, at
least. The majority deal with meth-
ods rather than specific cg:ipment,
and none of them appreciably raises
costs. Those not already observed
in existing transmitters can be ap-
plied quite readily, often with but
little inconvenience. The reason for
each one should be obvious, but
we'll devote a few words of ex-
planation to each. Here they are:

(1) Grounds—With chassis con-
struction, all negative terminals of
plate-voltage supplies and positive
terminals of bias supplies should be
connected to chassis and to a good
ground. Chassis should be con-
nected together and to the rack,
frame or cabinet, if of metal.

With breadboard construction,
negative terminals of plate-voltage
supplies and positive terminals of
bias supplies should be connected
together and to a good ground.

The important thing here is that
everything supposed to be at ground
potential actually should be ground-
ed. Then if a transformer or other
component breaks down, no harm
can come to the operator from touch-
ing a normally “dead” component
or structure. Fuses may blow, and
some equipment may be damaged,
but such things can be replaced.
Phil Murray would be alive today
if there ha! been an actual ground
on the speech amplifier.

It has been suggested that both

sides of power-supply circuits should
be insulated from all metal chassis,
the r.f. returns being made to chas-
sis through by-pass condensers.
Thus the chassis and either side of
the circuit could be touched si-
multaneously without danger of a
greater jolt than the discharge from
a small by-pass condenser. But this
system gives no protection from de-
fective equipment, and we believe
it better to conform to the standard
practice of connecting one side of
each supply circuit (negative in the
case of plate supplies and positive
in the case of bias supplies) to the
chassis, and then grounding the
chassis. Of course, there is no large
metal surface in the usual type of
breadboard construction, but the
general principle should be followed
just as faithfully.

(2) Control Shafts— All shafts,
jack frames and other metal parts
protmdinj through panels should
be grounded, regardless of whether
the panel is metal or insulating ma-
terial.

For safety in tuning, this rule is
extremely important. Obviously,
there should be no possibility of
getting “bitten” from a control
which one has to handle. Conden-
ser shafts, in particular, only too
often are at the full plate voltage
above ground, and only such insul-
ation as the tuning knob may have
protects the Oﬁrator. Even though
the knob may be good bakelite, there
is still a set screw coming too close
to the fingers for comfort. The only
safe way is to make the shaft dead,

_
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either by using a circuit which per-
mits grounding the condenser rotor,
or by using an extension shaft to
drive the condenser through an in-
sulating coupling. In the latter case
the extension shaft alone is not
enough; it should be grounded to
the panel, if metal (the panel in
turn being grounded), or directly
connected to ground by wire. Then
if the coupling breaks down the
only damage is to the plate supply.
Extension shafts and panel bushings
are readily obtainable and inexpen-
S1ve.

(3) Plugs, Jacks and Cords
When plugs and jacks are used for
meter Switching, the circuit should
be arvanged so that the jack [rames
can be grounded. The plug cord
should be heavily-insulated flexible
cable, or shield cable with the shield
connected to the plug sleeve.

This rule i1s very commonly dis-
regarded—mostly, it must be ad-
mitted, in connection with sup-
posedly non-dangerous low-voltage
circuits. Certainly no jack on the
front panel of a transmitter should
be at anything except ground poten-
tial; it is only too easy to touch it ac-
cidentally.  Practically, this means
that the meter jack must be con-
nected in the negative plate-supply
lead or positive bias-supply lead; if
it cannot be connected in this way
because a common supply is used
for two or more stages, then some
other method of meter switching
should be used.

Note that additional precautions
should be taken with respect to the

cord. This is not just one of those
things to “make assurance doubly
sure’” but is an essential part of the
rule. Should the meter develop an
open circuit, a considerable differ-
ence of potential—possibly, depend-
ing upon the circumstances, the full
plate voltage—will appear across
the wires of the cord. There should
be no possibility of insulation
breakdown which might result in a
serious shock. The safer of the two
alternatives is to use a shielded cord,
with the shield connected to the
plug sleeve and thus automatically
to ground, through the jack frame,
before the meter circuit is made.

(4) Cases and Cores—Trans-
former and choke cores, cases and
other metal work not normally a
part of the electrical cireust should
be grounded.

This is a measure against equip-
ment failure. Breakdown of a wind-
ing to the core is probably the com-
monest of transformer and choke
failures. Since the core and case
are normally dead such a break-
down can be doubly dangerous, be-
cause the appearance of voltage on
them is totally unexpected. Don't
take it for granted that the bolts
holding the units to the chassis
make a ground connection; test
holding the units to the chassis
with an ohmmeter and make sure
of both core and case. Units with
the core enclosed are best, since the
laminations of the core are usually
insulated to some extent to prevent
eddy-current loss.

B
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(5) Master Switch—There
should be one powerline switch, in
a conspicuous and easily-accessible
location on or near the transmitter,
which controls all power to the
transmitter,

Without such a switch, the habit
of turning off all power before go-
ing behind the panel may be diffi-
cult o form. Make it easy to kill
the transmitter—you're more likely
to follow the cardinal A’ of the
“ABC's.”

(6) Power Supply Enclosures—
Power supplies should be so en-
closed or constructed, or so located,
that accidemal bodily contact with
power circuits is impossible when
adjustments are being made to r.f.
or audio units.

A grounded cover over a power
supply is the safest type of construc-
tion. With relay racks, the power
supplies are usually at the bottom
where a leg or knee may come in
contact with exposed wiring when
adjustments are being made. Lack-
ing a cover, the next best thing is
to use construction without exposed
high-voltage points; this is covered
in some of the following rules. Al-
ternatively, the power supply may
be located well out of reach when
work is being done on the trans.
mitter ; this means, however, that it
cannot be on the same rack or frame
with the transmitter proper.

(7) Bleeders—A bleeder resistor
should be connected across the d.c.
output terminals of each rectified
a.c. power supply.

ALWAYS BE CAREFUL

(A) Kill all transmitter cir-
cuits completely before somching
anything bebind the panel.

(B) Never wear phones while
working on the transmitter.

(C) Never pull test arcs from
transmitter tank circuits.

(D) Don’'s shoot trouble in a
transmitter when tired or sleepy.

(E) When working on tbe
transmitter, avoid bodgily comtact
with metal racks or frames, radi-
ators, damp floors or other
gronnded objects.

(F) Keep one hand im your
pockes.

(G) Develop your own safety
technique. Take time to be care.
ful.

Death Is Permanent!

From the electrical design stand-
point, every power sugfly of this
type ought to have a bleeder any-
way. As a safety precaution, to dis-
charge filter condensers, the bleeder
is absolutely essential. Filter con-
densers can store up quite a charge,
particularly on circuits over 1000
volts, and even though the dis-
charge may not last very long it is
not to be dismissed lightly—there
may be enough energy available to
be as dangerous as a continuous
contact. And a lot of things can
happen in the reaction; the uncon-
trollable jump you give may result
in damage both to yourself and the
apparatus.

Even with a bleeder on the sup-
ply, it doesn’t pay to take it for
granted that the condensers are dis-

—
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charged when the power goes off.
Bleeders can open up with no warn-

ing.

(8) Resistors— Resistors should
be so located or protected that acci-
dental bodily contact is impossible.
When one side of the resistor is
open for adjustment, the resistor
should be mounted with the ex-
posed side in such a position that
it cannot be touched. Sliders, when
used, should be insulated or pro-
tected by barriers.

Tubular resistors, unfortunately,
are made with exposed terminals.
This is also true of the slider on the
semi-variable type. Equally unfor-
tunate, a resistor usually has to be
mounted in a rather exposed loca-
tion if it is to dissipate the power
it is rated to carry; for the same rea-
son, it cannot ordinarily be mounted
inside a box. A lattice or can cover,
which would give the necessary pro-
tection and still allow plenty of air
circulation, would be a good thing
to have. Without it, install the re-
sistor where it can’t be touched un-
intentionally, or put a grounded
metal barrier, large enough to pre-
vent accidental contact, in front
of it.

Don’t depend on the coating for
insulation—it's there to protect the
resistance wire, not you.

(9) Plate Milliammeters—Plate
milliammeters preferably shonld be
connected in the negative plate-sup-
ply lead so that one side of the
meter can be grounded. If this is
not possible, the meters should be

mounted behind the panel (behind
glass if possible) so that accidental
contact 15 impossible.

This practice will protect the
meter as well as the operator. Even
bakelite-cased meters are rated for
only 500 volts or so when mounted
on a grounded panel. The danger
point on a meter is the reset screw,
which is responsible for more than
one shock, and the screw therefore
should be kept at ground potential.
If the meters have to be connected
in the positive leads, by all means
put them where they can't be
touched. An insulating mounting
behind a relay-rack panel with a slot
for viewing is not hard to rig up,
and should always be used when the
meters are above ground.

(10) H. V. Leads—High-volt-
age leads shonld be a good grade of
high-tension wire inm/alej for at
least two or three times the peak
operating voltage.

Insulation should be good enough
so that a high-voltage lead can be
run along a grounded chassis or
frame without danger of break-
down. Then there will be no dan-
ger to the operator should the wire
be accidentally touched. Note that
peak operating voltage is specified
—this 1s at least twice the steady
d.c. plate voltage when the stage is
plate-modulated. Automobile high-
tension wire, in the better grades, 1s
inexpensive and amply rated for
most amateur plate supplies.

(11) Terminals—Exposed termi-

—
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nals and tube caps should be pro-
tected by insulating coverings. Bar-
riers should be placed over exposed
transformeyr terminal boards.

High-voltage terminals, tube caps
and the like are highly dangerous
points and, usually, only too easy to
touch unless deliberate care is taken
to avoid them. Insulated caps for
tubes have been obtainable for a
long time, although not generally
used by amateurs. They cost little
and are not troublesome to install.

We need a new type of high-volt-
age terminal to replace the feed-
through insulator generally used for
the purpose. It could be built much
along the same lines, but should
have a ceramic cap which screws or
otherwise fastens to the body of
the insulator and which covers the
actual connection after it is in place.
There's an opportunity here for
some manufacturer to bring out a
really useful gadget. In the mean-
time, a rubber sleeve of the type
used with test clips could be slipped
on the wire before fastening, and
afterward pulled over the terminal
to cover all the metal normally ex-
posed. It would afford consider-
able protection.

Likewise, there's room for im-
E;ovement in transformer terminal

ards in the field of protection
from accidental contact. When the
transformer is mounted so that the
present type of terminal board is
within reach in the normal course of
operating or routine adjustment, it
ought to be covered up. This can
be done quite easily by running all
the wires through a piece of bake-

lite the same size as the terminal
board and shoving the bakelite piece
up quite close to the terminals. It
will be rather hard to get your fin-
gers in, and you'll probably be re-
minded to turn off the power before
changing connections.

(12) Layout—In construction of
r.f. units, components should be lo-
cated so that danger of touching
high-voltage circuits during adfust-
ments or coil changing is mini.
mized.

In other words, don’t lay out a
circuit so that you practically have
to put your hand against the tank
condenser or the plate of the tube
when you change coils. Coils which
have to be changed always should
be on the most accessible part of
the chassis.

(13) Parallel Feed—W hen de-
sign considerations permit its wuse,
parallel feed to transmitting tubes is
recommended for circuits in which
coils must be changed manually.

The dangerous thing about a tank
coil is the d.c. voltage—r.f. may
cause a bad burn but is not likely
to be fatal. So, if there’s no d.c. on
the coil your chances are much bet-
ter should you forget “A" of the
“ABC's.” As a matter of fact,
there’s a lot of unfounded supersti-
tion about parallel feed, dating back
to the days when it was hard to get
a good choke. But at the present
time suitable chokes are certainly
available for low- and medium-
power transmitters, at least when

‘*
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an't be touched. It would not be
hard to make a small box of wood
or metal to fit over most of the key,
leaving only the operating lever in
the open. Manufacturers could
help out here, too.

Incidentally, the key symbol in
diagrams is not to be taken as a
literal representation of the method
of connecting the respective sides of
the key. Convenience usually dic-
tates which way the key is drawn.
Always remember that in doing
the actual wiring the key arm should
go to ground, no matter how it is
represented in the diagram.

(18) Relays—Relays should be
provided with covers, or installed in
such fashion that accide:ial closing
by mechanical means cannot occur.

A relay is a useful znd often in-
dispensable device, but is not al-
ways to be trusted. A power or key-

ing relay mounted in the transmit-
ter often can be turned on uninten-
tionally if something (a tool, for
instance) should drop on it and
close the contacts. Therefore the
relay should be so placed in the set
that such a contingency cannot oc-
cur, or a cover should be installed
for the same purpose.

® Conclusion

There they are. As we said be-
fore, none of them represents any
particular hardship, either construc-
tionally or on the basis of cost. All
have the weight of logic behind
them.

Accidents still can happen, of
course, even though all these con-
structional precautions are taken;
that is why we put primary em-
phasis on the "ABC's.” But follow-
ing them will do much to reduce
the chances of accident; for safety’s
sake, put them into practice a¢ once,

1111 ARDWARE cloth maokes good side, top, and bock panels

for transmitters,’’ suggests WOSDG. ’“Much cheaper than
perforated metal, it also provides more ventilation ond visi-
bility. It is a good shield because all crossings of the wires

are bounded.

ovoilable in Y4-, Va-, Va-,

It resembles over-size window screen, and is
54-, ¥-, ond l-inch mesh,

with no. 23 or no. 14 iron wire.”—QST.
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the set i1s not intended to cover the
whole spectrum. Admittedly, it is
asking a lot of a choke to work on
all bands from 5 or 10 to 160. We
don’t say categorically that parallel
feed must be used; rather, we say
that if it can be used in your par-
ticular transmitter, it shoxld be, and
the set will be just that much safer
to operate.

(14) Series Feed—With series
plate feed in the final stage, con-
pling to the antenna freferab/y
should be inductive; if direct cou-
pling is used, blocking condensers
amply rated 1o withstand the peak
plate voltage should be installed be-
tween the plate tank circuit and the
antenna system.

This hardly needs comment. We
certainly don’t want the plate volt-
age to appear without warning at
the feeders or on the antenna. Use
good blocking condensers, not only
rated for the peak plate voltage
(including mogulation) but also
to carry the r.f. current that will
have to flow through them.

(15) Breadboards—Breadboard-
type transmitters should be provided
with panels to prevent accidental
contact with live components when
controls are operated. ltems (2)
and (3) should be observed with re-
spect to apparatus mounted on or
projecting through the panel.

It is obviously desirable to have
a breadboard transmitter arranged
so that no danger spots are waiting
for unwary fingers when only nor-

mal tuning operations are being
carried on. If you have a bread-
board layout, by all means put a
panel in front (wood, presdwood
or similar materials will do) and
then treat the panel just as though
the set were in a rack. Meters can
be mounted conveniently at the back
of the breadboard where they are
easily visible but well out of reach.

(16) Clips—Adjusting clips on
tank coils should be provided with
msulating sleeves.

Rubber sleeves over clips used to
vary antenna coupling in direct- or
capacity-coupled circuits may pre-
vent a burn or shock should the op-
erator forget to turn off the power
while making adjustments. They're
worthwhile protection, inexpensive
and can be installed in a few sec-
onds.

(17) Keys—The arm of the tele-
graph key should be grounded in
every case. 1n keying circuits which
do not permit a direct ground on
the key, a ;uitab/y-inmizted relay
should always be used. Live parts
of the key should be protected from
accidental bodily contact by suit-
able covers or barriers.

Lots of fellows have had jolts
from keys, especially those using
center-tap keying. Always arrange
the circuit so that the arm of the
key can be connected to an actual
ground. This automatically safety-
izes most of the exposed metal
parts; the remaining hot points
should be covered over so they

1
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can’t be touched. It would not be
hard to make a small box of wood
or metal to fit over most of the key,
leaving only the operating lever in
the open. Manufacturers could
help out here, too.

Incidentally, the key symbol in
diagrams is not to be taken as a
literal representation of the method
of connecting the respective sides of
the key. Convenience usually dic-
tates which way the key is drawn.
Always remember that in doing
the actual wiring the key arm should
g0 to ground, no matter how it is
represented in the diagram.

(18) Relays—Relays should be
provided with covers, or installed in
such fashion that accide ial closiy
by mechanical means cinnot occnr.

A relay is a useful znd often in-
dispensable device, but is not al-
ways to be trusted. A power or key-

—

ing relay mounted in the transmit-
ter often can be turned on uninten-
tionally if something (a tool, for
instance) should drop on it and
close the contacts. Therefore the
relay should be so placed in the set
that such a contingency cannot oc-
cur, or a cover should be installed
for the same purpose.

® Conclusion

There they are. As we said be-
forc, none of them represents any
particular hardship, either construc-
tionally or on the basis of cost. All
have the weight of logic behind
them.

Accidents still can happen, of
course, even though all these con-
structional precautions are taken;
that is why we put primary em-
phasis on the "ABC's.” But follow-
ing them will do much to reduce
the chances of accident; for safety's
sake, put them into practice 4 once.

7711 ARDWARE cloth makes good side, top, and back panels

for transmitters,’’ suggests W9SDG. ‘‘Much cheaper than
perforated metal, it also provides more ventilation and visi-
bility. It is o good shield because all crossings of the wires
are bounded. It resembles over-size window screen, and is

available in Y4-, V-, V-,

5%-, ¥%-, and 1-inch mesh,

with no. 23 or no. 14 iron wire.”—QST
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London Exbilit a/

SCIENTIFIC APPARATUS

THE annual exhibition of the
Physical Society, held in London re-
cently, introduced many new and
interesting instrument features.

Electron tubes were prominent
and the double beam oscilloscope,
shown for the first time last year,
was offered in a low priced, revised
form as a mains operated unit, cap-
able of showing practically any two
cathode ray tube phenomena simul-
taneously. Another exhibit showed
a standard oscilloscope arranged to
show four separate traces at once.
This was accomplished by switching
each of four circuits on to the
cathode ray tube in turn and fast
enough to allow the persistence of
vision to cause the illusion of simul-
taneous presentation.

Few new photocell uses were
exhibited but an ingenious set-up
for rectifier type cells was shown.
The object was to use these cells
in conjunction with robust relays
but without the necessity of tube
amplification. A saturable reactor
has two windings on its core and
one is connected in series with sup-

© 1939, MCGRAW-HILL PUBLISHING CoO..
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ply mains and a heavy current con-
tactor. The other 1s connected to
the cell. When the cell is illumi
nated the resultant current flowing
in the winding is sufficient to
change the core flux, alter the im-
pedance of the contactor winding
and so allow it to operaate. Con-
trol of a 15-amp. 240-volt, non-in-
ductive load is possible.

Almost limitless scope in in-
dustrial clectronics has been opened
in another direction by the intro-
duction of commercial apparatus for
determining various chemical and
physical changes in terms of electri-
cal capacitance.

The principle of operation de-
pends on the heterodyning of a
quartz crystal stabilized circuit with
a test circuit, in which are two
variable condensers in parallel with
a measuring cell. Adjustment or
calibration is carried out by means
of standard condensers of known
capacitance or with chemicals that
have definite dielectric constants. If
absolute measurements are not re-
quired, the instrument can be cali-

INC., 330 W. 42ND. ST., N.Y.C
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brated in other qualities such as
moisture content, polymerization
stages, etc.

A new thermo-couple instrument
was shown, in which ranges are
changed by plugging in different
couples, exactly as radio tubes are
plugged into sockets.

Every year new radio- and audio-
frequency instruments are being
produced and this exhibition intro-
duced some good ones. One of
these is a commercial model of a
noise meter calibrated in phons.
Particular care has been taken that
intermittent and impulsive sounds
are assessed correctly, as these form
a large percentage of the man-made
noises. A piezo-electric, non-di-
rectional microphone is used.

Wave analysis has been made
easier by the introduction of a port-
able instrument capable of dealing
with either complex audio frequency
waves or the modulation com-
ponents of radio frequency ones.

This instrument can also be used
as a direct reading voltmeter, re-
sponding to only a narrow band of
frequencies. Range: 100 pv to 300
v. Input impedance at audio fre-
quencies, 1 megohm.

Although not electrical, a type-
writer was on show, that has been
specially made in Germany for
scientific work and is the only one
of its kind in England. It has 135
characters but only the normal num-
ber (45) of keys. This is done by
using two shifts and the particular
machine is fitted with an assort-
ment of Greek letters and mathe-
matical symbols.

Numerous bridges and test sets
were shown for the first time and
the following is a typical example.

A precision universal inductance
bridge has a range of 1uh to 100 h
and is accurate to = 0.1%, and
10 ppfd. to 1ufd. with accuracy of
* 0.2%.

E Don Lee Braodcasting System has made application for a

license to construct a one-kilowatt television transmitter in
San Francisco, Calif. The Don Lee System has had a trans-
mitter in operation in Los Angeles since about 1931 and, if the
application is granted, the television service will be extended
to San Francisco to make this the second Pacific coast city to
enjoy television. The Crosley Corporation hos also made appli-
cation for a one-kilowatt transmitter to serve the Cincinnati

areaq.

‘*
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TRANSMISSION  LINES
A Circuil Elements

DURING the past two years
there has been a growing apprecia-
tion of the value of transmission
lines as circuit elements at ultra-high
frequencies where the usual coil-
and-condenser circuits are not very
effective.*2:2 Up to the present time,
however, relatively little has been
published on the subject,* especially
in sources regularly available to
amateurs. There is a need for data
on the design for best Q and im-
pedance, as well as on the necessary
capacity to resonate a short line or
to provide a convenient means of
varying the resonant frlf%uency.
Formulas alone are not sufficient;
there should also be charts or tables

' “Aircraft Radio, 1939,” Electronics,
January, 1939, p. 14, referring to u.h.f.
receiver of the Civil Aeronautics Au-
thority.

* “High Frequency Receivers—Improv-
ing Their Perfomance,” Reber and Conk-
lin, RADIO, January, 1938, p. 112.

CONKLIN,

WI9BNX

giving the necessary data for fre-
quencies of interest to amateurs.
Where the object of a tuned cir-
cuit is frequency control, a high Q
is desirable and the circuit should
be loaded as little as possible by the
tube. At ultra-high frequencies,
the input conductance and capaci-
tance of tubes are such that they
load a circuit heavily unless the
tube is tapped down on the line.
For selectivity, which is not gener-
ally a prime requirement of r.f.
stages at very high frequencies, a
high Q is necessary. But for stage
gain a high impedance is desirable,
requiring a somewhat different de-
sign for optimum performance.

*“An Improved UH.F. Receiver,’
Reber and Conklin, Rapio, January,
1939, p. 17.

¢ “Transmission Lines at Very High
Radio Frequencies,” Lester E. Reukema
Electrical Engineering, August, 1937, p
1002. See also discussion in February,
1938, issue.

© 1939, RADIO. LTD.. TECHNICAL PUBLISHERS, 7460 BEVERLY BLVD.. LOS ANGELES

72

—r



LINEAR TaNK CIRCUITS

73

Table |

Optimum Design for Quarter-Wave Shorted Parallel-Wire Lines
for Maximum Selectivity (max. Q)

| D | 2r
Freq. i Spocing between | Conductor diam- I
_Mc;‘_l__blr o centers (inches) eter (inches) Q
30 | 6.186 ‘ 2.14 | 0.69 1660
60 6.186 1.20 0.39 1317
120 | 6.186 | 0.66 0.21 1046
240 | 6.186 0.38 0.12 | 830

In general, parallel-wire lines are
convenient where a push-pull ar-
rangement is used. The ordinary
concentric line is most easily adapted
to single-ended stages but it can be
constructed for use in balanced cir-
cuits. The concentric line has the
lower attenuation of the two types,
giving a higher Q and impedance
when used as an anti-resonant cir-
cuit. This lower attenuation is due
to the relatively low resistance of
the outer conductor and the negli-
gible radiation resistance.***

® Parallel Wire Lines

In spite of the radiation that takes
place from the shorted quarter-
wavelength parallel-wire line—ob-
vious from the fact that there is an
external field since transmitter
power can be coupled out with a
“hairpin” coil—this type is widely
used. It has generally been sup-
posed that large pipes and a 3.6 to

* Some controversy exists as to whether
there is any radiation at all from a con-
centric line.

""A Survey of U.H.F. Measurements,”
L. S. Nergaard, RCA Review, October,
1938, p. 165.

1 ratio of spacing to radius give the
best results. This assumption, how-
ever, neglected some rather impor-
tant factors.* Considering radia-
tion resistance and the proximity ef-
fect, the ratio of center-to-center
spacing to conductor radins, D/r,
has the optimum values of 6.186 to
give maximum Q and 20.96 for
maximum sending-end impedance,
for a quarter-wave-length shorted
line. These compare with 2.72 and
8.0 neglecting radiation resistance
and proximity effect. The best
spacings are thus surprisingly large,
especially for maximum impedance.

The optimum spacing between
conductor centers, D, for a quarter-
wave shorted line designed for max-
imum Q is 0.0172\°/" where the
wavelength X and the spacing D are
in centimeters. The formula be-
comes 0.00677\°/° if the spacing is
to be expressed in inches. The Q is
then 166N'7*. For amateur bands,
therefore, the design in table 1
should be followed if the line is to
be used for oscillator frequency con-
trol or, occasionally, for selectivity;
in either case the tube grid and
plate should be tapped down from

—
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V‘\ A =100 CM.
\ D = OPTIMUM
600

420 \
200
-
o
° K a2 3 .4 i ]
r - CENTIMETERS
Figure 1.

Yoriotion in Q with conductor ro-
dius, at 300 Mc., mointaining op-
timum spacing.

the open end as far as oscillation, or
gain, respectively, will permit.
Thus 1t 1s seen that the best Q 1s
obtained with sizes that are entirely
practical. For five-meter operation,
the optimum conductor diameter is
only 0.39 inch—just a little larger
than 34 inch. Several experiment-
ers have increased the pipe size
without obtaining any improvement
in the frequency stability of a mod-
ulated osallator. The reason for
this 1s now apparent in that the best
size is not the largest possible, but
a definite one for each frequency.’
The Q falls at higher frequencies.
Also, if optimum design is not fol-
lowed, the Q decreases. If the con-
ductor radius is changed from the
best value but the spacing recom-
mended for the wavelength is main-
tained, the Q varies as shown in

800 1
=100 CM.
/ B4-= OPTIMUM

- <

° " -2 3 .4 8
r - CENTIMETERS

Figure 2.
Voriotion in Q with conductor ro-
dius, at 300 Mc., maintaining the
optimum D/r ratio of 6.186.

figure 1. If the spacing is also
changed so that the recommended
D/r ratio is maintained, figure 2 ap-
plies. It is seen that it is much bet-
ter to maintain the recommended
spacing, and for a given deviation
in conductor radius, it is a little bet-
ter to have it too large than too
small.

Since for optimum design 71.8
per cent of the radiation resistance
is due to the shorting bar, Professor
Reukema points out' that the Q can
be increased by almost 50 per cent
if the wires are brought together
gradually, thus eliminating the
shorting bar.  This will slightly
alter the characteristic impedance to
be used in calculating Q, and in-
creases by 50 per cent the optimum
spacing to be used.

—
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® Design for Maximum Impedance

If the grid circuit of an oscillator
is tuned with a high-Q line, the
plate circuit should be a high im-
pedance. Likewise, for high stage
gain rather than maximum selec-
tivity, lines used as interstage cou-
plers should be designed for maxi-
mum open-end impedance and the
grid and plate leads can be tapgcd
to the points giving the highest
stage gain,

In this case the best spacing be-
tween conductor centers is
0.0259\'”* where wavelength and
spacing are expressed in centi-
meters, or 0.102A"”* where the spac-
ing is in inches. The open-end im-
pedance Z, is 60,150A'”. As al-
ready mentioned, the proper ratio
of spacing to conductor radius D/r
is 20.96. Design data are given in
table II.

A surprising thing about these
data is that the best conductor size
for 60 Mc. is just slightly under
3/16 inch, a very inexpensive size
compared with the one-inch pipes,
and the like, often used.

Here again, for the highest pos-
sible impedance, the quarter-wave

line can be drawn together gradual-
ly at the shorted end to eliminate
the shorting bar. This will increase
the open-end impedance about
one-third, requiring a 50 per cent
increase in both the spacing and
conductor radius, maintaining the
same ratio between the two.

® Capacity Loading

For a circuit in which the tubes
are tapped down substantiallly from
the open end of a line, such as in
the grid circuit of an oscllator, the
values given above are appliable.
If a capacity is hung across the
open end, a shorter line will be
needed to obtain resonance, but the
Q. Z, and even the optimum di-
mensions may be altered. Never-
theless, knowledge of the results of
capacity loading is important be-
cause tubes hung across the line
alter its length, also because of the
convenience of using a small vari-
able condenser to provide tuning
and in some cases to shorten the
necessary line legth.

We have calculated the effects
of such capacity upon line lengths
expressed in per cent of a quarter
wavelength. These are shown in
figures 3 and 4. Figure 3 is based

Table Il

Optimum Design for Quarter-Wave Sharted Parallel-Wire Lines
for Meximum Impedaonce

Freq. Spocing Dbchvoen Conducﬁ:v diam- | Input impedance
Me. D/v centers (inches) eter (inches) Z.

30 20.96 3.22 0.307 601,500

60 20.96 1.81 0.173 477,420
120 20.96 0.99 0.085 378,925
240 20.96 0.57 0.054 300,753

B ———
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Figure 4. Copacity required
to resonate lines less than V,
wavelength long, for line of
365.1-ohm surge impedonce
(20.96 D/r ratio).

PERCENT OF QUARTER-WAVELENGTH

the length of an unloaded quarter-
wave shorted parallel-wire line.
This has not been included in the
table, nor in the line lengths given
by figures 3 and 4. A small amount
of adjustment by moving the short-
ing bar or the tuning condenser, if
used, will compensaate for this.

® Transmission Line Constants

We give below the equations for
calculating the constants for parallel-
wire transmission lines, at com-
mercial power frequencies, with
wide spacing and nonmagnetic
material:

D
L, —4 log. — X 10-* henries per
r  cm. of 2-wire line,

1.111 X 10-*
D

4 log. —
r

farads per cm.
line to line.
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In the above, the logarithm to the

base e can be obtained by multiply-
ing the common logarithm (to the
base 10) by 2.30258. To take into
consideration the proximity and
skin effects, the above are changed
as follows:

L. = 10 X 4 log. [Z-D-r +’/(g)_-_—_x]

L1 X 1"

- b ‘{T T
4 log. [—+¢ —) —l]
2r 2r
The characteristic impedance Z,
is generally taken as \/L/C, neg-
lecting the quadrature term which
on very short lines may result in

an error on the order of 50 per
cent.®. For power frequencies:
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fo resonote lines less then 14
wovelength long, tor line ef
218.7-0hm surge impedence
(6.186 D/¢ rotio)
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upon a 6.186 ratio and fhgure 4 on
a 20.96 ratio. 1t is scen that the
loading cffect of a given capacny
is much less for a line of low
characteristic impedance (that s,
small ratios of spacing to conductor
radius). There may be some reason,
then, to deviate from optimum de
sign by using closer spacing or
larger conductors to avoid too much
shortening, if a large capacity must
be hung across the end. For a given
line length, though, the D/r ratio
should be maintained but the con.
ductor size and spaang, for the
maximum impedance design, should
be increased slightly. For a Y4
wavelength (50%) line, the Z,
design figures must be increased 16
per cent.

The charts are drawn so that the
curves are plotted as straight lines
To obtain sm for larger capacities
on the longer wavelengths, it 1s

necessary only to extend the lines
and the hornizontal scale  For other
frequencies, 1t s uppatent that the
capacity vanies directly with wave
length,  provided  that  the  hine
Icnplh [3Y ('xpuss(d n per cent ot
4 (lll.lf'(‘f WwWave

Actusl quarter wavelengths, for
the edges of several bands, have the
vilues given m wable 111

There 1s some inductance in the
shorting bar which shghtly reduces

Toble 111
Quorter Wovelengths
__Megocycles Lengrh
28 8 9.4°
30 8 2.4°
56 4 477
60 4127
12 2 23
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Figure 4. Capocity required
ta resonate lines less than VY,
wavelength long, for line of
365.1-ohm surge impedance
(20.96 D/r rotio},

PERCENT OF QUARTER-WAVELENGTH

the length of an unloaded quarter-
wave shorted parallel-wire line.
This has not been included in the
table, nor in the line lengths given
by figures 3 and 4. A small amount
of adjustment by moving the short-
ing bar or the tuning condenser, if
used, will compensaate for this.

® Tronsmission Line Constonts

We give below the equations for
calculating the constant:(}or parallel-
wire transmission lines, at com-
mercial power frequencies, with
wide spacing and nonmagnetic
material :

D
Lo—4 loge — X 10~ henries per
r cm. of 2-wire line,
1.111 X 10-®
—————————— farads per cm.
line to line.

D
4 log. —
r

X 5 X832 8

\
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3 ©
CAPACITY MUFD.

In the above, the logarithm to the
base ¢ can be obtainefal:y multiply-
ing the common logarithm (to the
base 10) by 2.30258. To take into
consideration the proximity and
skin effects,* the above are changed
as follows:

D [V
L=10‘X4Iog.[-—+’/—)—l
2r 2r

L1 X 10"

D /oYy

4log. [h+~/‘h) 1]

The characteristic impedance Z,
is generally taken as \/L/C, neg-
lecting the quadrature term which
on very short lines may result in
an error on the order of 50 per
cent.®. For power frequencies:

C
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Figure 3. Copacity required

PERCENT Of QUARTER-WAVELENGTH

to resonote lines less thon V4

wovelength long, for line of

218.7-ohm surge impedonce
(6.186 D/r rotio).

o L] 0 15
CAPACITY UUFD

upon a 6.186 ratio and figure 4 on
a 20.96 ratio. It is seen that the
loading effect of a given capacity
is much less for a line of low
characteristic impedance (that is,
small ratios of spacing to conductor
radius). There may be some reason,
then, to deviate from optimum de-
sign by using closer spacing or
larger conductors to avoid too much
shortening, if a large capacity must
be hung across the end. For a given
line length, though, the D/r ratio
should be maintained but the con-
ductor size and spacing, for the
maximum impedance design, should
be increased slightly. For a 4
wavelength (50%) line, the Z,
design figures must be increased 16
per cent.

The charts are drawn so that the
curves are plotted as straight lines.
To obtain data for larger capacities
on the longer wavelengths, it 1s

20

necessary only to extend the lines
and the horizontal scale. For other
frequencies, it is apparent that the
capacity varies directly with wave-
length, provided that the line
length is expressed in per cent of
a quarter wave.

Actual quarter wavelengths, for
the edges of several bands, have the
values given in table III.

There is some inductance in the
shorting bar which slightly reduces

Toble 111
Quorter Wovelengths
Megocycles Length
28 8 9.4”
30 8 2.4
56 4 4.7
60 4" 1.2"
12 2 2.3"
224 LI I I
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Figure 4. Capacity required
to resonate lines less than 1/
wavelength long, for line of
365.1-chm surge impedance
(20.96 D/r ratio).

PERCENT OF QUARTER-WAVELENGTH

the length of an unloaded quarter-
wave shorted parallel-wire line.
This has not been included in the
table, nor in the line lengths given
by figures 3 and 4. A small amount
of adjustment by moving the short-
ing bar or the tuning condenser, if
used, will compensaate for this.

® Transmission Line Constants

We give below the equations for
calculating the constantzc}or parallel-
wire transmission lines, at com-
mercial power frequencies, with
wide spacing and nonmagnetic
material ;

D
Lo =4 loge — X 10~ henries per
r  cm. of 2-wire line,

1.111 X 10-®
~——————— farads per cm.
D line to line.
4 log. —
r
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In the above, the logarithm to the
base ¢ can be obtained by multiply-
ing the common logarithm (to the
base 10) by 2.30258. To take into
consideration the proximity and
skin effects,* the above are changed

as follows:
)]
1111 X 107

& D [D B
4 log. I:-—+’/ ——) —1]
2r 2r
The characteristic impedance Z,
is generally taken as \/L/C, neg-
lecting the quadrature term which
on very short lines may result in

an error on the order of 50 per
cent.®. For power frequencies:

D

D
L= 10" X 4 log. | — +

2r 2r
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D D

Z,=—120 log, —=—276.3 login —ohms.
I I

For high radio frecéuencies, but

still neglecting the quadrature term,
the equation takes this form:

D D\’
Z, = 120 log. | — +‘/ — —l]ohms.
2r 2r

The two equations for Z, give
218.7 ohms for the simpler, and
211.35 for the latter form, using a
6.186 ratio of spacing to radius.
The difference will be greater for
a smaller spacing ratio and, con-
sequently, for a lower Z,.

In order to calculate the shorten-
ing effect of capacity at the open
end, it is first necessary to calculate

the reactance of the condenser which
1s 1/(2=f ). This must be equaled
by the inductive reactance of a
shortened line, as follows:

1 L. 3601
—_—= — tan
27fc C. A

3601
= Z, tan , where
3601 1
tan =
A D

27fc X 120 log, —
r

This expression gives the line
length / in electrical degrees which,
multiplied by 1.111 gives the length
in per cent of a quarter wavelength.

Static Suppressor

LULMINATING five years of laboratory and flight research

for a device to eliminate aircraft radio static interference,
United Air Lines recently announced the successful develop-
ment of a static suppressor insuring normal reception of both
the directive beam and voice radio signals irrespective of the
intensity of static conditions.

The device, installed in the tail of the airplane, is electrically
released from the pilot’s cockpit. With this device the pilot,
when he encounters a radio static condition, presses a button
which electrically releases a wire in the slip-stream which ex-
tends to its full length trailing behind the plane. Static electricity
which formerly leaked off various parts of the plane now dis-
charges harmlessly through a special suppressor and off the
end of the trailing wire, some distance from the receiving
antenna. Each plane carries a reserve wire.

The combination of the anti-static loop antenna, now in-
stalled on all transport planes, and the new static suppressor, |
eliminates all but a negligible per cent of static interference.
The device is now available for all planes.

——A



€ From T & R Bulletin
December, 1938

PHOTOGRAPHING RADIO APPARATUS

BY

ANY subject to be photographed,
such as a piece of radio apparatus,
is really furniture, and is known to
the professional photographer as “‘a
subject which reflects.” Herein lies
difficulty no. 1. The next is almost
as bad, for unless one uses untold
care and the right type of plate the
photograph will reveal a hundred
and one defects in the woodwork,
as well as dust and greasemarks on
the metal parts. To avoid this, pan-
chromatic plates with appropriate
filters should be employed. It is
essential, therefore, that before
ﬁl;otographing the apparatus it must
cleaned of all dust.

® The Caomera

The most suitable type of camera
is undoubtedly a quarter-plate or
315" x 215", A fast lens is not
necessary, but most cameras today
have an aperture F/6-F/3.5. A
ground glass screen is, in the
writer's opinion, essential, for fine
focussing can only be obtained by
using this, in combination with a
dark headcloth, and by running the

PERCY MURDEN,

F.C.S., F.RAS., F.R.GS.

focussing rachet in front of and be-
yond the point of focus until pin-
point definition is determined. We
say “determined,” because to focus
correctly requires much critical dis-
crimination. To those readers who
are myopic—or shortsighted—criti-
cal focussing can best be accom-
plished without spectacles.

The camera-object distance de-
pends upon the size of the object
and photographic plate, but as-
suming the apparatus is of the
usual type a distance of 7 or 8 feet
might be tried out. A rigid tripod
and cable-shutter release are es-
sential to eliminate camera shake
at the moment of exposure. If the
lateral spread of the set runs out of
the picture, then the camera must
be sgifted back, or, if cramped for
space,” a wide-angle lens must be
used. Distortion must be guarded
against by squaring-on the camera
to the subject, more particularly if
a wide-angle lens is being used.

A suitable background must be
prepared. For a radio set of dark
color a plain white sheet of card

@ 1936, RADIO SOCIETY OF GREAT BRITAIN, 53, VICTORIA ST., LONDON, S. W. I, ENG.
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will be found most useful. If an
ordinary white linen sheet is used
it must be damped and stretched
to avoid creases, as these will show
ulp in the photograph as dark
slashes. A dark velvet background
is suggested for a chromium-plated
set.

® Piate

The writer has always found that
panchromatic (backed) plates, not
films, give better results than
"ordinary"’ plates used in daylight.
The panchromatic plate enables the
lighting factor to be kept fairly con-
stant, since artificial lighting can
be used, and is particularly suited
to it. On the other hand, when an
ordinary plate is used the daylight
factor is constantly changing. An
other advantage of the panchro-
matic plate is that when used with
the correct filter it enhances the
grain and lustre of the woodwork
and at the same time tends to sub-
due scratches and defects. Care
must be taken over the arrange-
ment of lighting, for sometimes a
scratch or defect, which is not ap-
parent to the eye, stands out in a
most glaring manner in the photo
graph. However, if it is remem-
bered that scratches, ctc., show up
according to their degree of lumi-
nosity, then a little additional
trouble taken over an extra ex-
posure, with slightly different light-
ing, will be considered worth while.

In this type of photography speed
is not essential, and a panchro-
matic plate of about H. & D. 1200
or H. & D. 700, such as panchro-
matic Special Rapid or Soft Grada-

tion plate, is excellent for the pur-
pose.
® Lighting

Serious difficulties will be ex
perienced if this point i1s not well
considered, for a badly placed light,
especially where only one is used,
will often produce grotesque shad-
ows, the resultant photograph be
ing utterly inartistic.

In a room where the walls are
papered light or tiled this helps to
reflect the light evenly; but a suit-
able background, as mentioned
above, must be set up with ample
margin each side of the set. Side
lighting may consist of a white sheet
hung on laths. A lookout must be
kept for any reflection from the
bright metal parts of the apparatus,
and this must be done by taking up
a viewpoint near the camera lens,
and not through the ground-glass
screen, for here these points will be
missed. Careful scrutiny is es-
sential.

The main lighting should consist
of one, two or three Photoflood
high-efficiency lamps; also an or
dinary 100-watt pearl type to soften
harsh shadows. The Photofloods
are usually used in aluminum re-
flectors, but they can be used in an
ordinary bracket-type stand. If
this is done, careful avoidance of
inflammable shades is urged, as
these high-efficiency lamps throw
out a great heat. It should be re-
membered that Photoflood lamps
have a life of only two hours and
are not designed to burn continu-
ously.
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The position of the lamps must
also be a matter for experiment;
but to commence with, one or two
Photofloods can be directed from the
front sides on to the white back-
ground to cut out shadows cast by
the set. The third Photoflood could
light the set from the front. The
100-watt pearl lamp will be found
useful in toning down the general
harshness of the lighting, but “flat-
ness” must be guarded against.

One may sum up the subject of
lighting in a phrase: the movement
of one lamp by even an inch or
two may revolutionize a photo-
graph, making success of failure,
or vice versa.

® Exposure

Allowance must be made for the
filter factor. This is given by the
makers. An exposure depends on
so many other factors a trial ex-
posure or two is the best method
of arriving at the correct time.
Make a note of the number of
lamps, distance, aperture, filter,
plate, developer, temperature, time,
etc., and then correct where neces-

sary.
® Negatives and Prints

Negatives should be developed

in an M.Q. developer for contrast.
They must be sharp for detail, and
if intended for reproduction it is
recommended that prints should
measure 6" X 8", or, better still,
12" X 10”. Engravers prefer to
reduce from this size. A little of
the picture’s sharpness may be lost
in reproduction, but if the print is
“contrasty,” sharp and glossy, a
good result is certain.

® Summary

Camera: Quarter-plate or 315"
X 214" on tripod.

Focussing: Ground-glass screen.

Plate: Panchromatic (backed).
Speed H. & D. 700-1200.

Filters: Delta, Minus blue,
Micro, Gamma.

Lighting: Two or three Photo-
flood lamps, and 100-watt pearl.
Reflector sheets.

Background: Contrast.

Exposure: According to filter
factor, or, say, 1-25th to 2 sec. at
F/11.

Developer: M.Q. acid fixing.

Print: Contrasty, glossy, 6” X
8” or 12" X 10”".

A FEMININE operator now holds forth as Chief En-
gineer of station KIUN, Pecos, Texas. She is Mona
Parker, who is a qualified radio operator and possessor
of a First-Class Radiotelephone Operator’s License.




FELeVISIOn DesUT

al San Granciico Fair

TELEVISION, that elusive mir-
acle of the electronic sciences which
has been lurking “around the cor-
ner’” for so many tantalizing years,
has arrived at last!

Visitors to the Golden Gate Ex-
position at San Francisco will not
only see practicable home television
demonstrated, but will themselves
have an opportunity to be televised.
This will be the first public showing
of “high definition” electronic tele-
vision on the Pacific Coast.

RCA has erected a large building,
with over 5000 square feet of space,
on the Exposition grounds to house
the television studio and viewing
room. Radio facsimile will also be
shown, in addition to displays repre-
sentative of every phase of the radio
art.

Guides will direct visitors to the
television studio where they may
stand before the electric eye of the
television camera and be seen and
heard by other visitors in an adjoin-
ing room to whom they will also be
visible through a glass window.
Lighting equipment similar to the
kind used for motion picture pro-
duction will provide the necessary
illumination in the studio.

In the viewing room, the images
will be seen in black and white on

82

the fluorescent surface of the Kine-
scope receiving tubes, either di-
rectly, or as reflected from a mir-
rored surface. The Kinescope tubes
are twelve inches in diameter and
give a television image approxi-
mately 8 x 10 inches in size.

In the studio, on the transmitting
end, the Iconoscope tube, or electric
cye, corresponds to the film in an
ordinary camera, except that the
Iconoscope converts optical images
into electrical impulses. The camera
lens focusses the subject into a plate
that has been coated with millions
of miniature photocells. These tiny
light-sensitive elements store up or
lose electrical charges that corres-
pond exactly to the light and dark
portions of the subject. At the other
end of the Iconoscope tube is an
electron gun, which directs a sharply
focussed beam of electrons onto the
plate in a rapid back and forth
motion, a line at a time, until it
has covered the entire surface of the
plate, converting the image into
electrical impulses.

At the receiving end, the Kine-
scope tube reverses the transmitting
process. The incoming signals are
amplified and made to control the
intensity of an electron beam which
bombards the luminescent surface

ﬁ
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of the tbe. This bombardment
builds up the picture by a back and
forth motion, a line at a time for
441 interlaced lines, at such a high
rate of speed (4500 miles per hour)
that the resultant picture looks com-
plete to the human eye at any given
moment.

The RCA Exhibit, which will be
near the main entrance to the Ex-
position on Tréasure Island, will
also include modern broadcasting
equipment, marine radio communi-
cation and safety devices and many

other important services of the radio
art. A large part of the building
will be furnished as a comfortable
lounge in which visitors may rest
while listening to recorded music
and reviewing interesting murals
and photographs depicting the high-
lights of the radio industry.

The novel building in which these
and other marvels of radio will be
shown, ultra-modern in design and
construction, was planned by John
Vassos, noted industrial stylist.

o
"Hams'' Number 51,000

THF. Federal Communications Commission announced recently
that the number of licensed amateur radio operatars in the
United States had passed the 50,000 mark, the exact number
being slightly aver 51,000. The taotal number of licensed
amateur stations is slightly greater than this, it was pointed
' aut, as several aperatars own more than one station.

While the impartance of amateur stations and operators has
been publicly demonstrated repeatedly in times of emergencies
such as floods, storms, shipwrecks and other disasters, the value

[ af this small army aof men and women ta the Navy and Army is
little understood. A large number of these amateur statians and

l operators are offiliated with the Naval Communications Re-
serve and the Army Amateur Reserve System. These organi-
zations offer training which provides practice drills ond in-
struction to enable amateurs to develop accuracy and speed in
communication as well as to improve their technique in the
operation of amateur stations.

In making public the figures an the number of amateur
operators and stations in this country, ‘the Commission pointed
aut that there are more than a thousand ‘‘shut-in’’ operators.
Often these people find their chief contact with the outside
world in their radio telephone and telegraph talks with other
amateur operators far away. They include not only cripples
ond the bedridden but a number of blind persons as well.
The blind operators, estimated to number more than o hun-
dred, frequently take their license tests in Braille. The tests
are sent to the Library of Congress where they are transloted
and returned to the Commission for rating. The blind operators
take the same speed test as other amateurs, demonstrating
their ability to send and receive international Morse code
signals at the rate of thirteen words per minute.

“
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'S & SMALL WORLD

BY JOHN

IN making these simple statements
we recognize, without any intent to
disparage, the educational back-
ground of the servicing industry in
general. By this we mean that by
and large the service personnel
of the United States, to be specific,
are not college or even high school
graduates. Of course, there are some
who have embraced such educa-
tional institutions, but if informa-
tion gleaned during a number of
investigations has any merit or value,
then it is quite safe to say that the
average serviceman has completed
grammar school and about two years
of high school. However, this does
not limit the application of ideas—
new ideas; neither does it prevent
further study along any one or more
lines of thought.

We make these statements as a
preface to what will follow in an-
swer to some people who may say
that the ideas here presented are not
capable of fulfillment because the
average serviceman is not a college
graduate.

© 1939, BRYAN DAVIS PUBLISHING CO

F.
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RIDER

® Forget Post Performonce

If we look back over the years
since the inception of broadcasting
and critically examine that which
has transpired during the past six or
eight years in the life of the service
industry and note that which lies
upon the doorstep, we find it ex-
tremely difficult to identify a paral-
lel in any other maintenance field.
In other words, we cannot think of
a single field of endeavor which is
as highly specialized as radio serv-
icing, yet is as broad in its scope.
Furthermore, we find it difficult to
identify a field of activity in which
the maintenance man is confronted
with such rapid and complex de
velopments as are to be found in
the radio field.

In view of the fact that many of
the finest radio engineers admit that
radio development, although osten-
sibly upon a high level, is still in its
infancy and we still know very little
about its various branches and have
very much to learn, there is still

INC., 19 E. 47TH ST., N.Y.C
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time for the industry to depart from
tactics and habits of the past and
make a new start —to approach
upon a front which is more consis-
tent with modern thought—to rec-
ognize the limitations and possibly
the error of gauging activity by past
performance.

In line with the suggestion that
we forget past performance for the
moment, it is also necessary to for-
get the fact that remuneration in the
servicing field has been at a very
low level. Maybe that can be at-
tributed also to the fact that service-
men have been creatures of habit,
like all other human beings, and
have been very reluctant to try new
tactics or new ideas. We shall, there-
fore, forget, or at least try to forget,
that such a condition existed in the
past, and see where we arrive by the
time this discourse is concluded.

® Serviceman Salesman

Let us consider first the business
activities of the servicing industry.
The serviceman is the individual to
whom merchandise is sold and who
is in turn expected to sell merchan-
dise as well as his technical ability.
For the present, we shall neglect
that phase associated with the serv-
iceman as a customer, but consider
him as a salesman. He is that when
he sells his technical knowledge to
a customer and when he attempts to
sell merchandise to his customer.

The fact that one of the para-
mount functions of a servicing or-
ganization is to sell is never given
any thought when an individual em-
barks upon the career of radio serv-
icing. Maybe that is due to the

fact that when servicing was first
popularized, the sales angle was
neglected. Maybe that is so because
the schools who first trained men
for the servicing field neglected to
place sufficient emphasis upon the
sales angle. Perhaps it is due to
the fact that original articles which
stimulated servicing activities back
in 1922-1925 did not place any im-
portance upon the fact that a serv-
iceman must also be a salesman,
because it was a seller’s market.

Years passed but things did not
change. There were a few feeble
efforts made to convince the per-
sonnel in the service field that they
were ideally located, maybe not so
suited—but ideally located to sell.
These efforts went by the board,
until the majority of servicemen
considered themselves solely tech-
nical men and as a matter of fact
considered any association with the
commercial an actual affront to the
dignity of their activity.

The serviceman has erroneously
placed himself in too small a world.
He has surrounded himself with
technical considerations, which in
themselves were too narrow and
small, as we shall discuss; and
which blinded him against seeing
the true light of things. Radio pe-
riodicals contributed to this con-
dition by not printing enough com-
mercial material—by not educating
along selling lines as well as tech-
nical lines. We too were guilty of
the same thing years ago and we
can understand the reasons for the
non-publication or limited publica-
tion of sales articles. The service-
men did not want them — they

h
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craved technical data. That was the
answer of the publishers and it was
correct—but it must be changed.

More than likely it is true that
salesmen are born and not made,
but it is also true that when men
who have had no sales training of
any kind get into a business where
sales ability is essential, that guid-
ance along such lines must come
from some place. Service circula-
tion of radio periodicals comes from
the independent serviceman and the
employed serviceman. Both men
must sell, the independent man his
services and perhaps equipment, and
the employed man, whatever his
concern has for sale. It is a com-
monplace condition to find em-
ployed servicemen receiving com-
missions on sales to supplement
their income. Sales material of in-
terest to the serviceman, therefore,
deserves space in every radio pe-
riodical.

® Advertising

If you investigate the operations
of maintenance organizations or for
that matter of all organizations who
have something for sale, you will
find that much money is spent in
establishing selling tactics—in train-
ing men in sales psychology. Such
tactics can very well be taught in
periodicals to fulfill the needs of
the servicing industry. Observation
of both indedpendent and employed
servicemen during their efforts to
sell shows an absence of such a
vital thing as the opening approach,
the value of negative or affirmative
response to situations, and a myriad
of other items.

The organizations responsible for
service meetings and who are trying
to aid the servicing industry can
well devote some of the service
meeting discussions to methods of
selling, to all of the problems as-
sociated with selling, which includes
advertising. There is one item
which has suffered a great deal. At
one time some of the manufacturers,
who cater to the servicing industry,
prepared various types of direct
mail literature which was sold to
the servicing industry. That type of
activity has just about ceased and
can well be renewed.

There are various places where
service organizations offer their
wares, that is, in the form of ad-
vertisements. It would not be amiss
if magazine articles appearing in
radio periodicals and intended for
serviceman consumption would em-
brace the field of advertising.

It is, of course, far-fetched to
imagine service station operators
devoting time to the study of sell-
ing and advertising, particularly
direct mail selling. As things stand
they do not have the time or the
finances, but it is anything but a
wild dream to visualize written ma-
terial covering such subjects as
regular items in radio periodicals.

We have seen such material and
we make this statement for the
benefit of the editors who have in-
cluded such data in their magazines,
but we do not think that sufficient
importance or pressure has been
placed upon the subject. Our reason
for making this statement is that
granting a capable individual who

I
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does the service work, a service or-
ganization possessed of proper sell-
ing ability, can always secure the re-
quired amount of technical help,
but the finest technical man without
sales ability is going to find it vir-
tually impossible to make a living.
Therefore, selling in its various
branches is extremely important.
The present servicing world is too
small. It must be expanded.

The serviceman must of necessity
recognize his present limitations,
and he must make up his mind to a
change. For one he must become
sales-conscious. He must broaden
his horizon.

There are servicemen with shops
of their own who are earning their
keep by being door-bell-pushers.
There are plenty of other fields of
activity in which the salesmen sell
in a similar way, that is, they push
door-bells. It might be well for
those who prepare material for serv-
iceman consumption, editorially or
orally, to investigate those fields and
ascertain the manner in which the
problems associated with such
methods of contact are solved. There
must be certain methods of approach
which are superior to others, once
the door has been opened. These
should be established and made
known.

A great deal of sales material of
various kinds is published for con-
sumption by the set dealer and set
jobber and, for that matter, by the
various sales organizations in other
fields. Why should the service field
be neglected?

Advertising, like other forms of
selling, can be of various orders—

good, bad or excellent in direct
mail, telephone book or newspaper
form. True that the individual serv-
ice organization does not spend
much money in connection with
such activity, but only because the
basic revenue is low. Increase the
revenue and the amount spent for
advertising is increased, but no
matter what the money spent, it
can be spent to best advantage.

® Business Side

Associated with the selling angle
is the business side of servicing. The
last year or two has seen more than
the usual activity in this connection,
but it is not sufficient. That, too,
must be broadened. It started with
the means of establishing service
charges and continues along the
same vein. Without any attempt to
make the service station operation
fully cognizant of capital, assets,
liabilities, etc. it is still necessary to
convey information to the servicing
industry concerning its financial
capabilities in terms of the indivi-
dual establishments.

More than one man who was
making satisfactory progress at-
tempted some program of activity,
maybe-in the public address field,
which was beyond his financial
status to handle. Working with
the servicing industry, the financial
condition of the average service
establishment is not a mystery so
that it is possible to present facts
for absorption by the servicing in-
dustry on a basis consistent with the
amount of money available to work
with. More than one parts jobber

h
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knows of service shops among his
clientele which were virtually ruined
by biting off more than they were
able to chew. They choked upon
what was thought to be a choice
morsel.

® Technical Angle

Let us now consider the technical
angle and look in upon the narrow
world we live in. By and large the
majority of material which has ap-
peared in the service press has been
devoted to practical radio and in
connection with receivers. The sug-
gestion is not being made that a
serviceman should become an engi-
neer, although just what will be the
exact requirements for successful
television and radio facsimile serv-
icing is still an unknown quan-
tity. But what is being suggested
is that the serviceman broaden his
knowledge of radio along lines
somewhat different from what has
been presented heretofore.

Much has been said about the fact
that service capabilities were not on
a par with receiver development.
Also that it was necessary for the
serviceman to secure a more
thorough grounding in radio. How-
ever, as a general rule these com-
ments were associated with radio
receivers only. Maybe that was
wrong. It seems that way because
that idea has very definitely nar-
rowed the world in which the serv-
ice industry operates. It has made
the serviceman think too much in
terms of receivers. It has stified any
growth of the power of interpre-
tation. It has made too many serv-

icemen feel that all they were con-
cerned with were receivers, that all
else was secondary.

There seems to be justification for
the belief that such an attitude
maintained years ago has contri-
buted greatly to the technical limi-
tations now experienced. In this
connection it might be possible to
place more blame upon the doorstep
of the servicemen than upon those
people who serve the servicing in-
dustry as magazine publishers or as
manufacturers. Many of the editors
are guided by letters from readers
but not enough readers have taken
interest in the full breadth of their
much needed knowledge and com-
municated these needs to the pub-
lishers.

There has been too much demand
for practical data and too little for
that information which would be of
general and basic utility. The
phenomenon of transmission, and
the relation between the antenna
and the signal has been neglected
on the grounds that the antenna
was the least important portion of
the recetver installation. Yes, we
know that every so often an article
would appear in which the antenna
would be discussed, but we venture
to say that less than 0.1 per cent of
all of the technical text which has
appeared in magazines during the
past ten years was devoted to that
subject.

Today, with the advent of tele-
vision, ultra-high-frequency trans-
mission phenomenon and antennas
loom very important.

Strange though it may secm after
years of activity, many servicemen
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do not comprehend the functions
occurring in the various parts of a
transmitter and find it difficult to
answer questions relative to the
operation of a transmitter—a broad-
cast transmitter. These questions
are asked by receiver owners—cus-
tomers—not engineers, More than
one serviceman has failed to explain
in a logical manner just why WOR
with its present directional antenna
is not received as well in different
parts of Pennsylvania as with the
original antenna.

Field strength of transmitters and
microvolt sensitivity of receivers,
percentage modulation of transmit-
ters and even test equipment have
been items to which very little
thought has been given, but will
require more and more attention as
the months roll by. All because so
very much attention was placed
upon receivers and because the at-
tention of the servicemen was
focused upon a very small world,
the receiver. Whatever technical
information has been given was in-
terpreted in terms of the receiver.

® Test Equipment

Take as a case in point, the actual
test equipment which men have used
in connection with receiver servic-
ing. Take the oscillator as one item,
a very popular piece of equipment,
used on practically every service
job. It would be a safe gamble,
judging by what has been observed
in the field, to state that most serv-
icemen who use the equipment are
not fully conversant with oscillator
circuits—with what type of circuit

is used in service test oscillators and
what makes these units work—with
the significance of 30, 40, or 50
per cent modulation. Some men,
but not the majority, understand
the relation between the r.f. carrier
and the a.f. voltage at various car-
rier frequencies in such units—this
because reference to oscillators has
usually been associated with the
simplest manner in which an oscil-
lator is used for testing purposes
and perhaps a simple explanation
of the heterodyne oscillator in the
radio receiver.

Now that some attention is being
focused upon sensitivity testing of
receivers and reference to signal in-
put at the antenna and audio output
at the speaker for a certain value of
percentage modulation, recognition
of what is meant is very meager.
The operation of test equipment,
like receivers, has been within a
very small world—the mechanical
operation of a test unit, without re-
gard to fostering comprehension of
what is going on in the unit and
what is being done when the unit is
applied.

Proof of this fact is that service-
men who are asked questions con-
cerning their own test units find
great . difficulty answering these
questions. As a result of contin-
ually living in a very narrow world,
service procedure and general oper-
ation has been brought to a step-by-
step level with minimum applica-
tion of individual initiative and in-
genuity. This can be attributed in a
large measure to the fact that the
presentation of test equipment to
its users has been along the lines of

—
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serviceman to know what is in the
receiver and how the components
function.

Take a case in point. The oscil-
lator in a receiver performs a cer-
tain role. During the process of
servicing, all that is considered is
the function of this oscillation in
connection with frequency con-
version. Seldom, if ever, is any
thought given to the manner
in which the circuit works—to the
function of the various components
—to the similarity between this
oscillator as an entity and other
oscillating systems. Generally speak-
ing, the two considerations em-
braced in service operations are:
(1) Does the circuit oscillate? and
(2) At what frequency?

Beyond these two most popular
considerations, very little thought is
accorded the relation between this
portion of the receiver and the
mixer. Examine service literature
and you will find very little if any
reference to the effect of excessive
oscillator output voltage upon the
operation of the converter or mixer
tube, the effect of insufficient oscil-
lator output voltage upon the same
tube, etc. Maybe this is because the
majority of service troubles isolated
in the oscillator tube are of the first
two named types, but it is not
sufficient to rest upon the laurels of
being able to identify those con-
ditions. Given either of the second
two named, and the likelihood of
discovering the defect in a profit-
able amount of servicing time is
very, very remote-—only because the
area in which the  serviceman
focuses his attention is too narrow.

¢ Anather Case

Take another case in point, that
of the average r.f. or i.f. transform-
er. The usual thoughts associated
with such transformers during the
process of servicing are “‘opens”
and “shorts.” Why? Because these
are the commonplace complaints
and it is felt that beyond this it is
not necessary to go. When a con-
dition develops or, as a result of a
change in servicing procedure, it
becomes necessary to understand a
few additional facts concerning such
transformers and their effect upon
the signal in the system with respect
to the tubes associated with them,
mystery prevails. Once more you
will note the absence in service
literature of information which will
explain the relation between such
transformers and the tubes with
which they work. You will note the
absence of data relative to where
the gain in an r.f. stage is obtained
—whether it is achieved in the -
transformer, in the tube or as a
combination of both and the dif-
ference between, say, an antenna
transformer and an interstage trans-
former, etc.

Countless similar examples could
be cited, but that is unnecessary.
Sufficient has been said to sub-
stantiate what will follow. We feel
confident that if every man who
reads these lines will take pen and
paper and list all of the subjects as-
sociated with normal broadcasting,
including the transmitter and the
receiver and the process of servicing
(with which he comes in daily con-
tact and about which he knows that

ﬁ
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stub at the center of the antenna that
no mismatch occurs on either hand.

CHECKING BEAM ANTENNAS WITH THE
S-MEeTer, by S. Gordon Taylor.—Two
charts which enable the “S” meter in
a communication receiver to he used
in calculating antenna directivity ratios
in db, voltage, or current. The meter
characteristics of most popular receiv-
ers are given.

A Surerner CONVERTEK FOR 5. AND
10-MeTer REcerTiON, by Frank Lester.
—Describing one of the increasingly
popular converters for the 5- and 10-
meter bands. An r.f. stage employing
either a 1231, 1852, or 1853 with loth
plate and grid circuits tuned is fol-
lowed by a 6K8 mixer. The converter
works into any receiver capable of le-
ing tuned to 5.7 Mec.

A PEAK-LIMITING AMPLIFIER FOR
AMATEUR Usk, by Robert Macfarland.—
An amplifier employing the Collins
compressor circuit for peak limiting.
The two sections of a 6N7 or 6A6 are
used as the variahle control resistance.
Complete instructions are given for ad
justing the compressor circuit.

Marcn,

A Mobvekn Bann-Switchine SuPEr-
HET, by Robert B. Parmenter—A de-
scription of a superhetrodyne incorpor-
ating nearly all the desirable features
of present-day communication receivers.
Seventeen tubes are used in all, includ-
ing two acorn-tube preselector stages.

FreqQuency MEeasureMENT AND REc-
uLAr CHEck, by A. K. Robinson—A
self-calibrated electron-coupled oscilla-
tor and monitor. With the crystal cir-
cuit included in the unit, inexpensive
amateur-hand crystal may be used to
check the calibration of the frequency-
meter section.

A PorTaBLE StATION FOR A.C. OR
BATTERY OPERATION, by Harley E.

A FreQuUENcY-CHECKING SUPERHET,
by Dana A. Griffin.—A rather compli-
cated arrangement wherehy broadcast
stations of practically any frequency
may be used to provide known points
in the amateur bands. By accurately
determining the if. frequency of a
superhet, its oscillator frequency may
be calibrated against hroadcast stations.
By also using the oscillator to coutrol
the transmitter frequency, the amateur
tran=mitter frequency is, in effect, con
trolled by the broadcast stotion fre
(quency.

SAFeTY DEvices For AMATEUR TraNs
MITTERS, by George Grammer.—A re-
view of several representative manual
and automatic protective devices for
use with amateur transmitters,

A HurricaNne EMERCENCY RECEIVER,
by Gale M. Smith.—A simple battery-
operated receiver designed to cover a
frequency range of from 112 to 0.15
Mec. Three type 30 tubes are used in
the familiar detector-and-two-step ar-
rangement. Switches are provided for
converting the detector to a self-
quenched superregenerative circuit at
ultra-high frequencies.
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Steiner—Describing a complete ama-
teur station mounted on a 7- by 131;-
inch chassis. The receiver is adapted
from the Jones “Super Gainer” and
uses 6 tules in all. The transmitter is
a two-stage push-pull arrangement using
two 6N7 tubes. The receiver audio sec-
tion is used as a speech amplifier and
modulator, the speaker serving as a
microphone.

A MINIATURE 100-WATT AMPLIFIER, by
James Millen.—Using the new type 24
Gammatrons, this amplifier is particu-
larly interesting from a mechanical
standpoint. The chassis upon which the
amplifier 1s mounted measures only 312
by 6% inches. By mounting the fila-
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ment transformer on the separate meter
panel and hanging the tuned grid cir-
cuit, if used, below the chassis, an ex-
tremely compact amplifier is made pos-
sible.

Ong CrystaL— Two Tuses — Five
Banos, by T. M. Fernill, Jr.—A slmpln
fied five-band exciter usin 6L6 as &
tri-tet oscillator on the 1. 7%1& band and
an 807 as an amplifier, doubler, or trip-
ler. By employing odd as well as even
harmonics of the crystal frequencies a
wide range of possible output frequen-
cies is made available.

Poor Man's Rotary Beawn, by F. G.
Southworth.—A description of a simple
rotatable antenna-supporting structure
which may be built for less than three
dollars. Ordinary strap hinges are used
as the bearings and the rotation made
possible by the use of bicycle chain and
sprockets.

A 15-Warr CrystaL - CONTROLLED
Five-MeTer PHONE, by Glenn H. Pic-
kett—A three-unit transmitter for 56-
Mc. operation. Two stages are used in

the r.f. section with provision for either
14-Mec. crystal or .eﬁ excited operation
in the oscillator. The amplifier is a
HY.61. The speech-modulator com-
prises four stages with 61.6's in the out-
puL The lhlrse:nn is a power supply
utilizing an 83.

AN ErLectrostaric-DerFLection Kine-
score Untr fFor THE Terevision Re-
CEIVER, by J. B. Sherman.—For amateur
applications, the electrostatic-deflection
type of cathode-ray tube secems to offer
more promise than the more expensive
and more complicated electromagnetic-
deflection type. This article describes a
unit containing the high voltage supply
and synchronizing and scanning equip-
ment for an 1802 kinescope tube

A Ngw Ipea 1N V. T. VoLTmerer Di-
stcN, by R. E. Pollard.—Describing a
peak v.tv.m. in which the slideback
operation is made automatic. Two 6L6's
are used as d.c. amplifiers following the
voltmeter tube and these automatically
provide the slideback voltage.

AN 813 BANDSWITCHING
TransMiTTER, by Leigh
Norton.—A description of
a transmitter designed for

RADIO

plate current The de-
creased angle of flow al-
lows higher efficiency in
the doubler and, conse-

maximum convenience in
bandswitching consistent
with reasonable power out-
put. A 6F6 is used as a
crystal oscillator on either 80 or 40
meters followed by a 6L6 as a doubler-
quadrupler to 20 or 10 meters and an
813 as an amplifier. A single switch
takes care of all bandswitching opera-
tions except in the 813 plate circuit,
where coils are changed manually.
Hicu-EfFiciency  FreQuency Dous-
LING, by Frank C. Jones.—A new doub-
ling circuit in which the third harmonic
of the exciting voltage is used to de-
crease the angle of flow of the doubler
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quently, increased output.

A Compact ArL-Bano
PorTABLE TRANSMITTER, by
Donald G. Reed.—A port-
able transmitter covering
all bands from 5 to 160 meters. Five
tubes are used in the transmitter and
self contained power supply. T21's are
used in both the modulator and final-
amplifier stages. One interesting fea.
ture is the class A.1 operation of the
modulator tube, thus obtaining suffi-
cient audio power to fully modulate the
transmitter.

Receiving PuLses rrom THE lono-
SPHERE, by Albert ¥. Friend.—The con.
cluding article of s series on iono-
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ment transformer on the separate meter
panel and hanging the tuned grid cir-
cuit, if used, below the chassis, an ex-
tremely compact amplifier is made pos-
sible.

ONe CrystaL — Two Tuses — Five
Banps, by T. M. Ferrill, Jr.—A simpli-
fied five-band exciter using a 6L6 as a
tri-tet oscillator on the 1.7-Mc. band and
an 807 as an amplifier, doubler, or trip-
ler. By employing odd as well as even
harmonics of the crystal frequencies a
wide range of possible output frequen-
cies is made available.

Poor Man's RoTary Beam, by F. G.
Southworth.—A description of a simple
rotatable antenna-supporting structure
which may be built for less than three
dollars. Ordinary strap hinges are used
as the bearings and the rotation made
possible by the use of bicycle chain and
sprockets.

A 15-Wart CRysTAL - CONTROLLED
Five-MeTer Puong, by Glenn H. Pic.
kett—A three-unit transmitter for 56-
Mec. operation. Two stages are used in

the r.f. section with provision for either
14-Mec. crystal or self-excited operation
in the oscillator, The amplifier is a
HY-61. The speech-modulator com-
prises four stages with 6L6's in the out-
put. The third unit is a power supply
utilizing an 83.

AN Erectrostatic-DerLectioNn KiNE-
scope Unit For THE TEeLEvisioN Re-
CEIVER, by J. B. Sherman.—For amateur
applications, the electrostatic-deflection
type of cathode-ray tube seems to offer
more promise than the more expensive
and more complicated electromagnetic-
deflection type. This article describes a
unit containing the high voltage supply
and synchronizing and scanning equip-
ment for an 1802 kinescope tube.

A New Ipea 1N V. T. VoLrMeTER DE-
sicN, by R. E. Pollard.—Describing a
peak v.tv.m. in which the slideback
operation is made automatic. Two 6L6’s
are used as d.c. amplifiers following the
voltmeter tube and these automatically
provide the slideback voltage.

AN 813 BANDSWITCHINC
TrANSMITTER, by Leigh
Norton.—A description of
a transmitter designed for
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plate current. The de-
creased angle of flow al-
lows higher efficiency in
the doubler and, conse-

maximum convenience in
bandswitching consistent
with reasonable power out-
put. A 6F6 is used as a
crystal oscillator on either 80 or 40
meters followed by a 6L.6 as a doubler-
quadrupler to 20 or 10 meters and an
813 as an amplifier. A single switch
takes care of all bandswitching opera-
tions except in the 813 plate circuit,
where coils are changed manually.
Hicu-ErrFiciEncy  FreQuency Dous-
LING, by Frank C. Jones—A new doub-
ling circuit in which the third harmonic
of the exciting voltage is used to de-
crease the angle of flow of the doubler
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quently, increased output.

A CompacT ALL-Bano
PoRTABLE TRANSMITTER, by
Donald G. Reed.—A port-
able transmitter covering
all bands from 5 to 160 meters. Five
tubes are used in the transmitter and
self contained power supply. T21's are
used in both the modulator and final-
amplifier stages. One interesting fea-
ture is the class A-1 operation of the
modulator tube, thus obtaining suffi-
cient audio power to fully modulate the
transmitter.

Recewvine PuLses FroM THE lono-
SPHERE, by Albert W. Friend.—The con-
cluding article of a series on iono-
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stub al the center of the antenna that
ne mismatch occurs on either band.

CHECKING BEAM ANTENNAS WITH THE
S-Meter, by S. Gordon Taylor.—Two
charts which enable the “S” meter in
a communication receiver to be used
in calculating antenna directivity ratios
in db, voltage, or current. The meter
characteristics of most popular receiv-
ers are given.

A SureRHET CONVERTER FOR 5- AND
10-MeterR ReceeTioNn, by Frank Lester.
—Describing one of the increasingly
popular converters for the 5- and 10-
meter bands. An r.f. stage employing
either a 1231, 1852, or 1853 with hoth
plate and grid circuits tuned is fol-
lowed by a 6K8 mixer. The converter
works into any receiver capable of be-
ing tuned to 5.7 Mec.

A Peak-LIMITING AMPLIFIER FOR
AMATEUR Usk, by Robert Macfarland.
An amplifier employing the Collins
compressor circuit for peak limiting.
The two sections of a 6N7 or 6A6 are
used as the variable control resistance.
Complete instructions are given for ad-
justing the compressor circuit.

A FREQUENCY-CHECKING SUPERHET,
by Dana A. Griffin—A rather compli-
cated arrangement whereby bhroadcast
stations of practically any frequeney
may be used to provide known points
in the amateur bands. By accurately
determining the i.f. frequency of a
superhet, its oscillator frequency may
be calibrated against broadcast stations.
By also using the oscillator to control
the transmitter frequency, the amateur
transmitter frequency is, in effect, con-
trolled by the hroadecast station fre-
quency.

SaFeTy DEvices For AMATEUR Thavs-
MITTERS, by George Grammer.—A re-
view of several representative manual
and automatic protective devices for
use with amateur transmitters.

A HurricaNe EMERGENCY RECEIVER,
by Gale M. Smith.—A simple battery-
operated receiver designed to cover a
frequency range of from 112 to 0.15
Mec. Three type 30 tubes are used in
the familiar detector-and-two-step ar-
rangement. Switches are provided for
converting the detector to a self-
quenched superregenerative circuit at
ultra-high frequencies.
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A Mooern Bano-Switcnine Super-
HET, by Robert B. Parmenter—A de-
scription of a superhetrodyne incorpor-
ating nearly all the desirable features
of present-day communication receivers.
Seventeen tubes are used in all, includ-
ing two acorn-tube preselector stages.

FreQuEncy MEASUREMENT AND REc-
vLarR CHeck, by A. K. Robinson—A
self-calibrated electron-coupled oscilla-
tor and monitor. With the crystal cir-
cuit included in the unit. inexpensive
amateur-band crystal may be used to
check the calibration of the frequency-
meter section.

A PortaBLe StatioN FOR A.C. OR
BatTery OPERATION, by Harley E.

Steiner.—Describing a complete ama-
teur station mounted on a 7- by 13-
inch chassis. The receiver is adapted
from the Jones "Super Gainer” and
vses 6 tubes in all. The transmitter is
a two-stage push-pull arrangement using
two 6N7 wbes. The receiver audio sec-
tion is used as a speech amplifier and
modulator, the speaker serving as a
microphone.

A MINIATURE 100-WATT AMPLIFIER, by
James Millen.—Using the new type 24
Ganmmatrons, this amplifier is particu-
larly interesting from a mechanical
standpoint. The chassis upon which the
amplifier is mounted measures only 312
by 62 inches. By mounting the fila-
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ment transformer on the separate meter
panel and hanging the tuned grid cir-
cuit, if used, below the chassis, an ex-
tremely compact amplifier is made pos-
sible.

One CrystaL — Two Tuses — Five
Banps, by T. M. Ferrill, Jr—A simpli-
fied five-band exciter using a 6L6 as a
tri-tet oscillator on the 1.7-Mc. band and
an 807 as an amplifier, doubler, or trip-
ler. By employing odd as well as even
harmonics of the crystal frequencies a
wide range of possible output frequen-
cies is made available.

Poor MaN's RoTary Beam, by F. G.
Southworth.—A description of a simple
rotatable antenna-supporting structure
which may be built for less than three
dollars. Ordinary strap hinges are used
as the bearings and the rotation made
possible by the use of bicycle chain and
sprockets.

A 15-Wart CrystaL - CONTROLLED
Five-MeTer PHoONE, by Glenn H. Pic-
kett—A three-unit transmitter for 56-
Mec. operation. Two stages are used in

the r.f. section with provision for either
14-Mec. crystal or self-excited operation
in the oscillator. The amplifier is a
HY-61. The speech-modulator com.
prises four stages with 6L.6's in the out-
put. The third unit is a power supply
utilizing an 83.

AN ELectrosTATIC-DEFLECTION KINE-
scope UNit ror TuE TeLevision Re-
CeIvER, by J. B. Sherman.—For amateur
applications, the electrostatic-deflection
type of cathode-ray tube seems to offer
more promise than the more expensive
and more complicated electromagnetic-
deflection type. This article describes a
unit containing the high voltage supply
and synchronizing and scanning equip-
ment for an 1802 kinescope tube.

A New Ipea 1N V. T. VoLTueTER DE-
sicN, by R. E. Pollard.—Describing a
peak v.tv.m. in which the slideback
operation is made automatic. Two 6L6's
are used as d.c. amplifiers following the
voltmeter tube and these automatically
provide the slideback voltage.

AN 813 BANDSWITCHING
TransMiTTeER, by Leigh
Norton.—A description of
a transmitter designed for
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plate current. The de-
creased angle of flow al-
lows higher efficiency in
the doubler and, conse-

maximum convenience in
bandswitching consistent
with reasonable power out-
put. A 6F6 is used as a
crystal oscillator on either 80 or 40
meters followed by a 6.6 as a doubler-
quadrupler to 20 or 10 meters and an
813 as an amplifier. A single switch
takes care of all bandswitching opera-
tions except in the 813 plate circuit,
where coils are changed manually.
Hicu-EFFicieNcy FreQuency Dous.
LING, by Frank C. Jones.—A new doub-
ling circuit in which the third harmonic
of the exciting voltage is used to de-
crease the angle of flow of the doubler

30c & copy—82.50 yearl,
RADIo, Ld. "’

7460 Beverly, Los Angeles
ApriL, 1939

quently, increased output.

A Compact ALL-Bano
PorTABLE TRANSMITTER, by
Donald G. Reed.—A port-
- able transmitter covering
all bands from 5 to 160 meters. Five
tubes are used in the transmitter and
self contained power supply. T2I's are
used in both the modulator and final-
amplifier stages. One interesting fea-
ture is the class A-1 operation of the
modulator tube, thus obtaining suff-
cient audio power to fully modulate the
transmitter.

Receivine PuLses rroM THE lono-
SPHERE, by Albert W. Friend.—The con-
cluding article of a series on iono-
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stub at the center of the antenna that
no mismatch occurs on either band.

CHECKING BEAM ANTENNAS WITH THE
S-Meter, by S. Gordon Taylor—Two
charts which enable the “S” meter in
a communication receiver to be used
in calculating antenna directivity ratios
in db, voltage, or current. The meter
characteristics of most popular receiv-
ers are given.

A SuperRHET CONVERTER FOR 5- AND
10-MeTer Receprtion, by Frank Lester.
—Describing one of the increasingly
popular converters for the 5- and 10
meter bands. An r.f. stage employing
either a 1231, 1852, or 1853 with both
plate and grid circuits tuned is fol-
lowed by a 6K8 mixer. The converter
works into any receiver capable of be-
ing tuned to 5.7 Mec.

A Peak-LIMITING AMPLIFIER FOR
AMATEUR UsE, by Robert Macfarland.—
An amplifier employing the Collins
compressor circuit for peak limiting.
The two sections of a 6N7 or 6A6 are
used as the variable control resistance.
Complete instructions are given for ad-
justing the compressor circuit.

A FReQUENCY-CHECKING SUPERHET,
by Dana A. Griffin—A rather compli-
cated arrangement whereby hroadcast
stations of practically any frequency
may be used to provide known points
in the amateur bands. By accurately
determining the if. frequency of a
superhet, its oscillator frequency may
be calibrated against Lroadcast stations.
By also using the oscillator to control
the transmitter frequency, the amateur
tran=mitter frequency is, in effect, con-
trolled by the broadcast stztion fre-
quency.

Sarery DEvicEs FOR AMATEUR TraNs.
MITTERS, by George Grammer—A re-
view of several representative manual
and automatic protective devices for
use with amateur transmitters.

A HurricaNne EMERGENCY RECEIVER,
by Gale M. Smith—A simple battery-
operated receiver designed to cover a
frequency range of from 112 to 0.15
Mc. Three type 30 tubes are used in
the familiar detector-and-two-step ar-
rangement. Switches are provided for
converting the detector to a self-
quenched superregenerative circuit at
ultra-high frequencies.
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A MoperN Banp-SwitcHing Super-
HET, by Robert B. Parmenter—A de-
scription of a superhetrodyne incorpor-
ating nearly all the desirable features
of present-day communication receivers.
Seventeen tubes are used in all, includ-
ing two acorn-tube preselector stages.

FrREQUENCY MEASUREMENT AND REG-
ULAR CHECK, by A. K. Robinson.—A
self-calibrated electron-coupled oscilla-
tor and monitor. With the crystal cir-
cuit included in the unit, inexpensive
amateur-band crystal may be used to
check the calibration of the frequency-
meter section.

A PorTABLE STaTiON FOor A.C. OR
Batrery OperaTiON, by Harley E.

Steiner.—Describing a complete ama-
teur station mounted on a 7- by 13%-
inch chassis. The receiver is adapted
from the Jones “Super Gainer” and
uses 6 tubes in all. The transmitter is
a two-stage push-pull arrangement using
two 6N7 tubes. The receiver audio sec-
tion is used as a speech amplifier and
modulator, the speaker serving as a
microphone.

A MINIATURE 100-WATT AMPLIFIER, by
James Millen.—Using the new type 24
Gammatrons, this amplifier is particu-
larly interesting from a mechanical
standpoint. The chassis upon which the
amplifier is mounted measures only 312
by 6% inches. By mounting the fila-
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ment transformer on the separate meter
panel and hanging the tuned grid cir-
cuit, if used, below the chassis, an ex-
tremely compact ampliher is made pos-
sible.

ONe Crystar — Two Tuses — Five
Banos, by T. M. Ferrill, Jr.—A simpli-
fied tive-band exciter using a 6L6 as a
tri-tet oscillator on the 1.7-Mc. band and
an 807 as an amplifier, doubler, or trip-
ler. By employing odd as well as even
harmonics of the crystal frequencies a
wide range of possible output frequen-
cies is made available.

Poor MaN's RoTary Beawm, by F. G.
Southworth.—A description of a simple
rotatable antenna-supporting structure
which may be built for less than three
dollars. Ordinary strap hinges are used
as the bearings and the rotation made
possible by the use of bicycle chain and
sprockets.

A 15.Warr CRrystaL - CONTROLLED
Five-MeTer PHONE, by Glenn H. Pic-
kett—A three-unit transmitter for 56-
Mec. operation. Two stages are used in

the r.f. section with provision for either
14-Mc. crystal or seﬁ excited operation
in the oscillator, The amplifier is a
HY-61. The speech-modulator com-
prises four stages with 6L6’s in the out-
put. The ums unit is a power supply
utilizing an 83.

AN ELectrostatic-DerFLezcTion KiNe-
score UNit for THE Terevision Re-
CEIVER, by J. B. Sherman.—For amateur
applications, the electrostatic-deflection
type of cathode-ray tube seems to offer
more promise than the more expensive
and more complicated electromagnetic-
deflection type. This article describes a
unit containing the high voltage supply
and synchronizing and scanning equip-
ment for an 1802 kinescope tube.

A New Ipea 18 V. T. Vortuerer De-
sicN, by R. E. Pollard.—Describing a
peak v.tvm. in which the slideback
operation is made automatic. Two 6L6's
are used as d.c. amplifiers following the
voltmeter tube and these automatically
provide the slideback voltage.

AN 813 BanpswitcHinG
TrANSMITTER, by Leigh
Norton.—A description of
a transmitter designed for
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plate current. The de-
creased angle of flow al-
lows higher efficiency in
the doubler and, conse-

maximum convenience in
bandswitching consistent
with reasonable power out-
put. A 6F6 is used as a
crystal oscillator on either 80 or 40
meters followed by a 6L.6 as a doubler-
quadrupler to 20 or 10 meters and an
813 as an amplifier. A single switch
takes care of all bandswitching opera-
tions except in the 813 plate circuit,
where coils are changed manually.
Hicu-ErrFicieENcy FreqQuency Dous-
LING, by Frank C. Jones.—A new doub-
ling ‘circuit in which the third harmonic
of the exciting voltage is used to de-
crease the angle of flow of the doubler

30c a “EH2 .30 yearly
7460 Beverly, ‘Los A-ulu
APRIL, 1939

quently, increased output.

A Compact Arr-Bano
PorTABLE TRANSMITTER, by
Donald G. Reed.—A port-
able transmitter covering
all bands from 5 to 160 meters. Five
tubes are used in the transmitter and
self contained power supply. T21's are
used in both the modulator and final-
amplifier stages. One interesting fea-
ture is the class A-1 operation of the
modulator tube, thus obtaining sufh-
cient audio power to fully modulate the
transmitter,

Recewving PuLses froM THE lono-
SPHERE, by Albert . Friend.—The con-
cluding article of a series on iono-
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spheric measurements for the amateur.

his installment describes the correct
method of receiving the pulses and in-
terpreting them,

Resuitpine Corrins 32-B's and 32
F's To INncLupe 28-Mc. OperatioN, by
Jay C. Boyd.—A large number of ama-
teurs are in possession of 32-B and 32.F
transmitters which are not usable on
28 Mc, This article describes how such
transmitters may be changed over o
provide highly efficient 28-Mc. opera-
tion.

A C.W..PHone MonNiTorR AND FRe-
QUENCY METER, by Kenneth L. Kime.—
Describing an inexpensive unit for both
monitoring and frequency measurement
use. A 24A is used as an electron-
coupled oscillator coupled into a 56
detector. The detector is followed by
another 56 as an audio amplifier,

Tue QuabirectTioNaL Ruowmsic, by
Dave Evans.—A description of a system
whereby the rhombic antenna can be
used to give high directivity in any one
of four directions. By bringing feed
lines into the operating room from all
four corners of a square rhombic an-
tenna and providing relays at cach cor-
ner of the antenna and a switch at the
transmitter, the directivity may be al-
tered at will,

So You'se Goine Mosie!, by Ray
mond P. Adams.—A discussion of the
various problems which must be faced
by the amateur who desires to install
a 10-meter mobile station in his auto
mobile. Receivers, noise elimination,
power supplies, and transmitiers are
fully discussed.

Transmission Lings as Cueuir Evy
MENTS, by F. H. Conklin.—An article
clarifying the subject of optimum con
ductor radius-to-spacing ratios at ultra
high frequencies. The author finds
some previously published data on this
subject o be in error. Charts and
curves are given showing optimum ra
tios for both maximum Q and maximum
impedance at various high and ultra
high frequencies.

Simrericiry AT 56 M., by Frank C.
South.—A relatively simple transmitter
providing 450 to 500 watts of crystal
controlled output for c.w. and 250 to
300 watts on phone. A 6l.6 harmonic
oscillator using 40-meter crystals is fol
lowed by 6L6 and 807 doublers and
push-pull 808's in the final amplifer.
The entire r.{. section of the transmit
ter is built on a single 7° by 17° by 3°
chassis,

March, 1939

SuppoRTING THE HoTary Beam, by
F. Claude Moore.—Describing a sturdy
supporting structure for the rotatable
array. A single boom made up of 1}
by 5-inch spruce separated by several 2
by 4 inch blocks at regular intervals is
the principal supporting element. Full
constructional pﬂns accompany the ar-
ticle.

AN Improveo U.H.F. R-C Superner.
ERODYNE, by Frank C. Jones.—An im-.
proved version of the original Jones
resistance-coupled superheterodyne. The
new model features 244., 5., and 10-met-
er operation along with increased selec-
tivity and sensitivity.

Evectricat. Murti - MEASUREMENTS,

-~

by James Silverman. — A single-meter
unit which permits inductance, capacity,
resistance and a.c. and d.c. voltage and
current measurements, The construction
of the various shunts and series resis-
tors used is fully described.

AN Erricient Semi-SkeLeton A
rLIFILR, by Lewis Van Arsdale and John
Moran.—A description of a neat, com
act 500 watt amplifier designed for
igh efliciency on frequencies up to and
including 60 Me, A special plate con
denser with center rotor connection
contributes aterially to the efficiency
at higher frequencies. Tubes of the 35
10-50 watt p(‘n!r dissipation class are
used.
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Gain Ix R, F. Staces, by E. H. Conk-
lin—A review of experiments made
with typical r.{. amplifiers at 28 and
56 Mc. A chart is given showing the
gain obtained with various tubes at
these frequencies. A short discussion of
some comparisons made between acorn
tubes and the new high-transconduct-
ance tubes is also given.

A Compact Puone Transmirrer Us-
ine  Hicn-Erriciency Grip Mobura-
tion, by J. T. Goode.—A transmitter
featuring high overall efficiency. The

complete transmitter, including power
supply and modulator, is built on a
single chassis. Parallel 35T's in the
final amplifier are modulated by a
three-stage speech-modulator using a 42
in the output stage.

EXTERMINATING “PaRrasitics,” by J.
E. Jennincs.—A discussion of the causes
and cures of parasitic oscillations in
transmitter circuits. Methods of deter-
mining the frequency of these spurious
oscillations and means for their elimi-
nation are explained.

Ercuep FoiL ELecTRO-
LyTics, by Stanley H. Wal-
ters—Due to the in-

SERVICE

A viouthiy Digeet of Redie nd Alod Molstunguas

AMPLIFIER ANALYSIS, by
Glenn H. Browning and
Francis ]. Gaffney—A dis-

creased plate surface area,
etched-foil electrolytics al-
low high-capacity condens-
ers to be built to extreme-
ly small physical dimen-
sions. This article dis-
cusses the development and properties
of the etched.foil type of condenser.
Several graphs are given showing some
of the characteristics of these condens-
ers.

25¢ & copy—83.00 yearly
Bryan Davn’nb. Co., Inc.
19 E. 47 51, N.Y

MarcH, 1939

cussion of the calculations
involved in the application
of multiple-winding output
-Y.C. transformers, Calculations
involving determining
transformer turns ratios,
measuring the characteristics of various
transformers, determining the effect of
improper impedance match, and the
power delivered to each speaker in a
multiple system are explained.

FeBruary, 1939

WireLess Recorp Prayers, by Ray
D. Rettenmeyer—A descriptive article
covering many of the “remote” record
players now on the market. All of these
units consist of a modulated oscillator,
usually a 6A7, and a simple power sup-
ply. Crystal pickups are used in all
cases,

FacsimiLe, by Fred C. Ehlert.—Ten
stations throughout the country are now
giving experimental facsimile service.
This article discusses the principles in-
volved in facsimile transmission and re-
ception. A list of the stations now of-
fering this service is also given.
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AN OmNI-DIRECTIONAL
Low-ANGLE AERiAL, by C.

|
Mﬂm series on cathode-ray tube
JL applications. This article

A. Heathcote—A descrip- EXPERIMENTERS|  covers the principles of
tion of an antenna com- electrostatic deflection and
bining the properties of defines deflection sensitiv-
both vertical and horizon- 1/6 a copy ity. Constructional data

tal types. A vertical doub-
let is connected to the cen-
ter of a horizontal full-
wave antenna, thus obtaining low-angle
radiation and wide coverage in a single
system.

THeE CatHope Ray Tuse anp Its
AppricaTioNs IN TeLEvision anp Os-
CILLOGRAPHY, by S. West.—Part II of a

Radio Society of Gs. Brit.
53, Victoria 1., London
MarcH, 1939

are given on apparatus
suitable for experimental
purposes.

FoLpep AeriaL ExperimeNTs, by H.
J. Hunt.—A discussion of the results
obtained over a period of time with a
folded “Y” matched antenna. The au-
thor finds that such an antenna has
marked directional properties.

FeBrUARY, 1939

THe ITonNospuere, by K. W. Trem-
melen.—A discussion of ionospheric
conditions and methods of interpreting
these conditions in relation to short
wave transmission. The article is pro-
fusely illustrated with graphical data.

THe Uriity A.C./D.C. TrANsmiIT-
TER, by J. N. Walker—A description of
a transmitter for a.c.-d.c. operation cap-
able of taking up to 20 watts input to
the final stage. Two stages are used,
with a push-pull final amplifier; provi.
sion is made for operation on the com-
monly used amateur bands.

AN INTERCHANGEABLE AERIAL SYSTEM
FOR Six-BAND OPERATION, by Harry
Hornsby.—An antenna system using in-
terchangeable single-wire fed flat tops
for each band above 7 Mc. On the low-
er frequencies, the 7-Mc. antenna is
used against a counterpoise. The an-
tenna changing is simplified through the
use of hooks on the halyard ropes.

Wny Nor an “S™ MEgter?, by J. F.
S. Carpenter.—Methods of connecting a
signal-strength meter in typical super-
heterodyne receivers. Resistance values
for suitable bridge circuits are given.
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