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Two-Signal Cross Modulation in a Frequency-

Modulation Receiver:
HAROLD A. WHEELERY, FELLOW, LR.E.

-Summary——Cross modulation of a desived signal by an yndesired
signal is caused by amplitude modulation on the undesired signal and
appears as amplitude modulation of the desired signal. Therefore, a
frequency-modulation receiver is insensitive {0 cross modulation, except
1o the extent that the undesired signal has amplitude modulation and
the receiver is incidentally sensitive to amplitude modulation. It is
shown that cross modulation is not caused by frequency modulation on
the undesired signal and does not appear as frequency modulation of
the desired signal. There still may be a kind of beat-note i@terfe(ence
if the signals are in adjacent frequency channels. Also the desired signal
may be attenuated if the undesired signal is strong enough to overload
the receiver before it is filtered out.

REQUENCY-modulation receivers have a dif-

ferent behavior with respect to the cross modu-

lation which has been experienced in amplitude-
modulation receivers. The amount of residual cross
modulation is determined by the incidental amplitude
modulation rather than the essential frequency modu-
lation. This distinction can be proved in simple terms,
and may influence the usual compromise between gain
and selectivity in the coupling from the antenna to
the first tube in a frequency-modulation receiver.

Cross modulation of one signal by another usually
occurs in the first tube of an amplitude-modulation
receiver if there is too little selectivity or too great a
voltage ratio from the antenna to the first grid. It is
caused by a strong undesired signal modulating the
transconductance in the first tube and thereby modu-
lating the amplitude of all other signals passing
through this tube. The undesired signal may be filtered
out in subsequent selective circuits, but its modulation
rides through as cross talk on the carrier of the desired
signal

Amplitude cross modulation was experienced the

most in the receivers around 1928 which had the -

“antenna-coupling tube,” the first tube of the receiver,

wideband tunchle
filter amplifier Ingt,
tube
I featolie 42-50 Me

tunable
osclllator

37,7457 Mc

oscillator
tube

Fig. 1—The introductory éircl_lits of a
frequency-modulation receiver.

receiving the antenna voltage of all signals directly on
its grid without any preceding selection. Sometimes
the modulation of several strong undesired signals
would ride through on the carrier of the desired signal.

. * Decimal classification: R161.5 X R414. Original manuscript re-
ceived by the Institute, October 31, 1940, Presented, New York
meeting, February 5, 1941,

f Hazeltine Service Corporation, Little Neck, L. I., N. Y,
. ! This is one cause of the cross-talk interference for which a two-
signal test is s;I')emﬁed in the I.R.E. Standards on Radio Receivers,
1938, section IV-E-18 p. 48, “Two-signal cross-talk interference.”
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This could not be cured by subsequent selectivity.
even though the desired signal might be as strong as
the others and separated therefrom by a large differ-
ence of frequency.

In order to investigate any corresponding effect in
a frequency-modulation receiver, a set is outlined
which has no selectivity ahead of the first tube, at least
none to separate signals in the frequency-modulation
band (42 to 50 megacycles). Fig. 1 showsfthe outline of
the first part of such a set. The antenna is coupled to
the first tube, a radio-frequency amplifier, by a fixed

(0) |
o] f
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Fig. 2—Frequency terms caused by successive
derivatives, with two signals,

wide-band filter which passes all signals in the fre-
quency-modulation band. This tube is coupled to the
frequency changer by a tunable selector which favors
the desired signal against others and especially assists
the wide-band filter in providing the necessary atten-
uation at the image frequency, in this case 8.6 mega-
cycles below the signal frequency.

The amplitude cross modulation is caused by certain
types of curvature in the transconductance of the first
tube, known as the third derivative and higher odd-
order derivatives. These are the same types of curva-
ture which are associated with overloading and limit-
ing action. They cannot be canceled out in a push-pull
amplifier, as can the second and higher even-order
derivatives. Of course the transconductance itself is
the first derivative or slope of output current with in-
put voltage. To minimize these effects was the purpose
of the gradual-cutoff or variable-mu tubes, but the
offending curvatures cannot be reduced much further
in a practical tube without excessive reduction of its
amplifying ability.? :

The interference effects caused by variation of th
transconductance are most readily classified in terms
of the derivatives of output current with respect to
input voltage. Fig. 2 shows such a classification of the
frequency components resulting from two signals of

2 S, Ballantine and H. A. Snow, “Reduction of distortion and

cross-talk in radio receivers by mecans of variable-mu tetrodes,”
Proc. LRE,, vol. 18, pp. 2102-2127; December, 1930.
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slightly different frequencies applied to the first tube.
Each row gives the components caused by one deriva-
tive. The zero-order derivative gives the zero-fre-
quency or direct-current component. The first deriva-
tive or transconductance gives the output components
corresponding to the input signals, at frequencies f’
and f”. The second derivative gives the second har-
monics, the rectified direct-current component, and
the sum and difference frequencies. The higher deriva-
tives give a greater number of spurious components.
Most of the spurious components have frequencies
far removed from the signal frequencies, so they are
filtered out by subsequent selectors. The odd-order
derivatives, however, give components at the signal

‘ o (flv_ fl) \ E.'ZE"
{_— 4 (=1 , E|3
f'+ (f"— f.) . EIZEIIZ

t% (f'~1'), E“E
1 " 1] "

T N
4 (-1, E'e"

Fig. 3—The near-by frequency components
caused by the third derivative.

frequencies and near-by frequencies. Some of these
components are not rejected by the selectors, so they
deserve further study. Since the first derivative gives
only the signal-frequency components, the third deriv-
ative is the lowest to give spurious components of
near-by frequencies.

Fig. 3 shows the spurious components given by the
third derivative, at or near the signal frequencies f’
and f”. Each component is labeled with the triple com-
bination of frequencies which determines its frequency.
Each is labeled also with the voltage factors which
determine its amplitude, in powers of the respective

signal voltages E' and E”. For example, there are two °

spurious terms at the signal frequency f’. One is pro-
portional to E’® and represents overloading on this
signal alone. The other is proportional to E’E"? and
represents the cross modulation of the amplitude E’
of this signal by the amplitude E” of the other signal.
These spurious components cannot be rejected by sub-
sequent selectors, if the signal f’ is to be received, be-
cause they have the same frequency.

The purpose of- Figs. 2 and 3 is to show how all
spurious components at either of the signal frequencies
have exactly the same frequency so they do not cause
interference in the form of frequency modulation. Also
they have the same phase. Cross modulation appears
only in the form of spurious amplitude modulation of
one signal in response to amplitude modulation of the
other. .

In some cases, however, the modulation of the signal
frequencies causes near-by components to swing into
the pass band of a selector tuned to either signal. The

Proceedings of the I.R.E.
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effect is an interference similar to that caused by an
undesired signal in the same channel, except that it
can occur only during modulation of both signals.
Fig. 4 shows how this kind of interference can occur
between two frequency-modulated signals on adjacent
channels. The diagram is based on frequency modula-

|
{
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|
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I
{
]

(") (')

Fig. 4—Noise caused by triple cross products of frequency-
modulated signals in adjacent channels.

tion over three fourths of the channel width; for ex-
ample, =+ 75-kilocycle modulation in a channel 200
kilocycles wide. The arrows show the maximum fre-
quency modulation. The dotted lines show the channel
width, which is approximately the band width of the
subsequent selectors in the receiver. The triple prod-
ucts on near-by frequencies, shown in the lower row,
have frequency modulation from both signals. Their
maximum modulation is three times that of each signal
alone, and occurs only when the two signal frequencies
are simultaneously modulated by the maximum
amount in opposite directions. When the desired sig-
nal is unmodulated, so the reception is most sensitive
to noise, this type of interference does not occur.
Therefore it is of secondary importance. ‘

If the two signals are separated by one or more in-
tervening channels, Fig. 5 shows how this type of
interference cannot occur. As long as each signal fre-
quency is modulated only within its own channel
width, the near-by spurious components cannot swing
into either signal channel. :

fl

- — L

f-(ff")

PR
.

T+ (r)

-

Fig. 5—Freedom from noise with frequency-
modulated signals in nonadjacent channels.

This type of adjacent-channel interference is likely
to be serious only if the desired signal is very much
weaker than the undesired signal. In such a case, it is
unlikely that the desired signal could be selected free
of interference, even if there were no distortion in the
first tube. Also this question has little effect on the
design, because even a simple tunable selector between
the antenna and the first tube could exercise little
selection between signals on adjacent channels.

There is another possible source of similar interfer-
ence if the derivatives of a very high even order are
appreciable. Referring to Fig. 2, the group of spurious
components around zero frequency, and that around
twice the signal frequencies, might widen out to over-
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lap in the region of the signal frequencies. The order
of derivative required to give such interference is at
least 2f/(f"—f)). For example, in the frequency-
modulation service on 42 to 50 megacycles, this kind
of interference could be caused only by derivatives of
the twelfth and higher orders. It is unlikely that the
effects of such high-order derivatives would be appre-
ciable, so this source of interference probably deserves
little attention.

As a result of this study, it appears that distortion
in the first tube does not cause interference between
two frequency-modulated signals on nonadjacent
channels. If the undesired signal has incidental ampli-
tude modulation, and to the extent that the receiver
is responsive to amplitude modulation, there might be
a small amount of interference by the usual amplitude
cross modulation. This residual interference can be
minimized to a negligible amount by designing for
uniform response from the antenna to the first grid,
and by including in the receiver a carrier limiter or a
balanced frequency detector or both. -

Although frequency cross modulation of one signal
by another is not caused by distortion in the first tube,
the amplitude of the desired signal is affected by that
of the undesired signal. A moderate change of ampli-
tude is unimportant, so it is necessary to investigate
only the cases in which there may be a great effect
on the desired-signal amplitude. All cases are divided
in two classes by whether the amplitude of the desired
signal is increased or decreased.

— ol
N
=

—rofe

f f [
output output
(0) (b)

Fig. 6-—The masking of a desired signal f’ by an undesired signal
7" in a perfect limiter,
(a) Undesired signal much weaker (#<<1).
(b) Undesired signal much stronger (#>>1).

The undesired signal is not likely to cause more than
a slight increase in the desired-signal amplitude, unless
the first tube is biased near cutoff. In this case, the
only detrimental effect would be the greater suscepti-
bility to amplitude cross modulation, which is of
secondary importance.

There may be a decrease in the desired-signal am-
plitude, caused by the undesired signal saturating the
limiter and thereby masking the desired signal. This
reduction of the desired-signal output can be derived
readily on the assumption of a limiter which holds
uniform the envelope of the two signals together. A
simple description of this effect for two signals of

v
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much different amplitude is shown in Fig. 6, and the
general relation in Fig. 7. -

One extreme case, shown in Fig. 6(a), is that in
which the desired signal f’ is much stronger than the
undesired f”. The relative amplitude of the undesired
signal is denoted by %, in this case much less than one.
In the composite signal input, the undesired weaker
signal appears as a single sideband of the desired
stronger signal. It is well known that such a single
sideband represents composite amplitude and phase
modulation in equal amounts. The limiter removes the
amplitude modulation and leaves only the phase
modulation. The output contains the stronger signal
and a skew-symmetrical pair of sidebands representa-

:é ° ﬁ ]
@ ' 2

2 U

SE -0 N

-

== AN
B ,
53 zo
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s "20 0 10

S=

u = relative input amplitude (db)
of undesired signal,

Fig. 7—The masking of a desired signal by an
' undesired signal in a perfect limiter.

tive of the residual phase modulation.? The amplitude
of the desired signal, the center component of the out-
put, is determined only by the limiter level, taken as
unit amplitude in the diagram, unaffected by the minor
components incidental to the phase modulation. Since
the phase modulation in the output is the same as that
in the input, the total relative amplitude of the side-
bands, # in this case, is maintained. Therefore each
sideband in the output has the relative amplitude %/2,
as shown in Fig. 6(a). Since only the desired signal is
selected, the presence of the weak undesired signal has
no effect on the desired-signal output of the limiter.

The other extreme case, shown in Fig. 6(b), is that
in which the undesired signal is much the stronger and
therefore saturates the limiter. The relative amplitude
u is much greater than one. Following the same line of
reasoning, with the two signals interchanged, the
desired signal appears in this case as one of the side-
bands in the output. Since the principal output com-
ponent is reduced to unit amplitude by the limiter,
each of the minor components is reduced to an ampli-
tude of 3u, much less than the unit amplitude of the
limiter output for one signal alone. One of these minor
components is the desired-signal output, so the effect
of the strong undesired signal is to reduce the desired-
signal amplitude by the factor }u.

The general case, [or any relative amplitude of the
two signals, is not difficult to solve. The limiter [unc-
tion is performed by reducing to unit amplitude the
envelope of the composite output. By trigonometric

3 Edwin H. Armstrong, “A method of reducing disturbances in

tadio signaling by a system of {requency modulation,” Proc. I.R.E.,
vol, 24, pp. 689-740, May, 1936. (This effect is described on p. 705.)
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transformations, the output is expressed in terms of
sine and cosine components of the desired-signal fre-
quency, each amplitude modulated at the beat fre-
quency. The average amplitude of each of these com-
ponents is evaluated by integration, to obtain the
signal-frequency output components. Their quadratic
sum is the amplitude of the desired-signal output. It is
denoted s and is found to be expressible in terms of
elliptic integrals.* It is plotted in Fig. 7, and is asymp-
totic to the extreme cases described in Fig. 6. The re-
duction of the desired-signal amplitude is not severe
unless the undesired signal is much the stronger. Even
then it reduces both signal and noise so it has little
effect on their ratio.

The background noise caused by overlapping of the
adjacent groups of components in Fig. 2 is present in
the output of a perfect limiter. It has the greatest
amplitude if the two signals are nearly equal, because
the limiter function then involves the greatest ratio of
maximum over minimum amplitude of the composite
signal envelope. With practical limiters, this noise is
unlikely to be appreciable. '

Qualitative tests have verified the above theoretical
predictions with respect to the freedom from cross
modulation of frequency and the attenuation of a de-
sired signal in the presence of a strong undesired sig-
nal. Each phenomenon was tested with two signals
having a frequency separation sufficient to permit
selection of the desired signal in the subsequent selec-
tors of the receiver.

The cross-modulation test was made with two fre-
quency-modulated signals coupled to the first grid, a
moderately weak desired signal to which the receiver
was tuned and an undesired signal as strong as 3
volts. The first tube was a sharp-cutoff pentode of
greatest susceptibility to amplitude cross modulation.
The receiver had no limiter just preceding the fre-
quency detector. A small amount of cross modulation
was detected under some conditions. It was found to
be caused by amplitude modulation of the undesired
signal, caused by a slope in the filter coupling this sig-
nal to the first grid. Either of two expedients was

1 4 # cos 2% e 2 E(k) 4 K(k) cos a
/1 4 o2 4 21 cos 2x T 1<4cosa

4 2 /2
$ = —
T Jo

or (us1)

5= ——Z—E(u)
v

in which K and E are the complete elliptic integrals of first and
second kinds, and

@ = 2 antitan /w, u = tan® —;—; k= 12:_/13‘ = sin a.
For u=0, 1, o: ,
2 1
s=1, e %%

Jahnke-Emde, “Tables of Functions,” 1933; pp. 124-151,
Bierens de Haan, “New Tables of Definite Integrals,” 1867/1939;
tables 53(1), 57(1)(4)(5), 67(5)(7), 68(22)—(25); the notation ' and
E’ is used instead of K and E.
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found to remove the cross modulation. First, the filter
could be adjusted to remove the slope. Second, the
receiver could be carefully tuned to balance out the
amplitude modulation in the frequency detector. A
limiter would have further reduced the cross talk by
removing most of the incidental amplitude modula-
tion.

The masking attenuation test was made with similar
conditions except that the undesired signal was un-
modulated and even stronger, up to 10 volts, more than
sufficient to saturate the first tube as a limiter. The
desired signal was attenuated by as much as 10 deci-
bels by the masking effect, but the character of the
signal was unchanged and there was only slightly
greater noise output relative to the signal.

As an indication of the amount of residual cross talk
from the incidental amplitude cross modulation, a
representative case may be described. The antenna
and wide-band filter coupling all signals to the first
grid may have a maximum slope of 1 decibel per
megacycle, or about 0.1 decibel for a maximum devia-
tion of 75 kilocycles. This means that the incidental
amplitude modulation of the undesired signal would
not exceed 1 per cent. The frequency detector may be
balanced within 10 per cent by reasonably careful
tuning, or the same insensitivity to amplitude modula-
tion may be obtained by a good limiter just ahead of
the detector. In this case, the relative output from
residual cross modulation in the frequency-modulation
receiver is only 1/1000 as great as it would be in an
amplitude-modulation receiver under similar condi-
tions of signal strength and sharp cutoff in the first
tube. '

The principal interference noted in these tests was
not the slight cross modulation but rather the selective
response at the few critical frequencies at which the
superheterodyne receiver happened to be sensitive to
interference. Spurious response at such points is re-
duced by the total amount of selectivity ahead of the
frequency changer. This selectivity need not be ahead
of the first tube, if it is simply an amplifier. -

It is concluded that distortion in ihe first tube is
unlikely to cause interference between two frequency-
modulated signals in nonadjacent channels within a
frequency band whose width is much less than its
minimum frequency. If the first tube acts as a limiter,
and if the undesired signal is strong enough to saturate
this limiter, the result is a reduction of the desired-
signal amplitude, but this effect is smail under con-
ditions likely to be met in practice. Therefore, it ap-
pears that the coupling from antenna to first grid need
not furnish selectivity between signals in the fre-
quency-modulation band of 42 to 50 megacycles, al-
though it should attenuate signals outside of this band.
This conclusion remains to be verified in practice for
more than two signals, that is, for more than one
strong undesired signal.



A Method of Measuring the Magnetic Properties

of Small Samples of Transformer Laminations*
HORATIO W. LAMSONY, FELLOW, LR.E.

Summary—This paper describes equipment developed for measur-
ing the magnetic properties of small pieces of transformer laminations
when energized with a 60-cycle magnetic field with or without super-
imposed direct-current polarization. A Maxwell bridge circutt was
used in such a manner that the adjustable amount of magnetic gradient
H which was applied to the sample remained unchanged by any ma-
nipulation of the bridge parametersin making a balance, thus permitling
a direct-reading calibration of H. Bridge parameters were direct reading
in dynamic permeability for a specified cross-sectional area and in a
factor A from which the power loss per uwit volume could be computed,
Second-order correction factors are evaluated in the Appendix.

A visual null-balance detector of the directional type was devised
to be sensitive umiquely to either the reactive or the resistive balance con-
trol of the bridge. This was accomplished by the use of a polarized
modulation bridge together with a phase-shifting network and facili-
tated balancing operations to a considerable degree. The necessary
sensitivity and selectivity were obtained with o degenerative amplifier
terminated in o current-limiting network which eliminated all neces-
sity of monitoring an adjustable gain control.

Tere PROBLEM

HE magnetic properties of laminated ferromag-
Tnetic materials, used in the assembly of trans-
; former and inductor cores, are of some interest
to communication engineers. A standardized method
for the alternating-current testing of such materials at
relatively low flux densities has been described.! This
procedure, however, requires the use of over two
pounds of the test material cut in rather large strips,
28 by 3 centimeters.

The author believes that some desire exists for a
testing technique which permits the use of much
smaller samples, such as might be obtained from small
transformer laminations. It is also of interest to study
the magnetic properties of such samples when func-
tioning at extremely small flux densities approaching
initial permeability, and to subject them to an inde-
pendent but simultaneous direct-current magnetiza-
tion. Accordingly, equipment intended for 60-cycle
measurements and designed to be as convenient and
direct-reading as possible, has been developed for this
purpose.

FUNDAMENTAL CONSIDERATIONS

In order to simplify the electromagnetic relation-
ships involved, the ferromagnetic path will be con-
sidered to be homogeneous in character, to be con-
tinuous with an effective length of I centimeters, to
have a constant cross-sectional area of 4 square centi-
meters, and to contain, with uniform distribution, all
of the flux ¢ produced, thus having no magnetic leak-
age. If such a path, initially unmagnetized, is circum-
scribed N times by a solenoidal circuit carrying a

* Decimal classification: R282.3. Original manuscript received by
the Institute, August 21, 1940. Presented, Fifteenth Annual Con-
vention, Boston, Mass., June, 28, 1940,

T General Radio Company, Cambridge, Mass.

! American Society of Testing Materials Standards (A34-39
1939 edition, part I, pages 523 et geq. ( )
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steady current of I amperes, there will be created at
each point in the path a gradient  of magnetomotive
force

0.4w NI
l

(1)

measured in oersteds, and a flux density or magnetic
induction :

¢
B—Z (2)

measured in gausses.
Regarded as a vector, the flux density has two com-
ponent parts

B = cH -+ 4x]J (3)

wherein the field intensity H is independent of matter
and has for its scalar value the gradient I, so that ¢
is a constant with the dimensions gauss/oersted. All
phenomena of ferromagnetism depend upon the second
component, the magnetization J, which is positive in
ferro- and paramagnetic media,negative in diamagnetic
media, zero in all nonmagnetic media, and which is
not a linear function of the applied gradient.

If the three vectors B, H, and J are mutually paral-
lel, then ¢ has a value of unity and the ratios of the
scalar values

_ZL | 4
St
and
7
. ' 5
T ®)

defirie the static or direct-current permeability u and
susceptibility k of the specimen material and are re-
lated by the equation

=14 4mwx. (6)

The magnetic parameters B, J, , and « define intrinsic
properties of the material and, together with I, are
independent of the particular geometry of the path.

The nonlinear increase of the magnetization J with
applied gradient H and its ultimate attainment of a
constant saturation value cause the B-versus-I7 curves
of ferromagnetic materials to start with a relatively
small value of slope which, at first, increases with I
but finally recedes to unity when complete saturation
is reached. The static permeability corresponding to
any given gradient I, see Fig. 1, is not the slope of the
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B-versus-I curve, at that point, but rather the slope
of a secant drawn from the origin to the point. Con-
sequently, the u-versus-FH curve starts at some initial
value u,, increases to a maximum value Mmox, and fi-
nally recedes to progressively lower values as a satura-
tion of Jis approached. Thereafter any further increase
of B can be produced only by an increase of the field
intensity H. _

If the steady current in the solenoid is replaced by a
sinusoidal alternating current the instantaneous values

1M (max)

|
|
I
M | B
i
|

Fig. 1—Static (direct-current) permeability.

of B will follow the contour of the well-known hys-
teresis loop and the magnetic parameters will acquire
a dynamic significance. The dynamic or alternating-
current permedbility u; may then be determined as a
function of the electromotive force induced in the sole-
noid for any specific peak value of applied gradient H.
This dynamic permeability may be regarded as a proper
time average of the instantaneous slopes (dB/dH) at
all points around the periphery of the hysteresis loop
throughout a complete cycle. While the dynamic and
static values of u may differ somewhat from each other,
they both undergo essentially similar variations as the
gradient is increased.

If the specimen material is brought by direct cur-
rent to any specific point on the static B-versus-H
curve and then subjected to a cyclic excursion by a
superimposed alternating current, the instantaneous
B values will trace a displaced hysteresis loop and the
magnetic parameters will have an incremental sig-
nificance. The incremental permeability u; may like-
wise be evaluated in terms of the induced electro-
motive force for any specific values of static and peak
dynamic gradient.

It is evident that (1) the static value of pmax will be
the slope of the static B-versus-H curve at the cor-
responding value of A ; (2) as the dynamic excursion
is reduced to zero, the incremental permeability ap-
proaches the slope of the static B-versus-H curve at
the static H value; (3) for any given dynamic excur-
sion, dynamic and incremental permeabilities become
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equal as the static gradient approaches zero; (4) dy-
namic permeability approaches initial (static) permea-
bility as the dynamic excursion is diminished to zero.
Statement (2) shows that a close approximation of all
direct-current magnetic data could be obtained by
actual alternating-current incremental measurements
of u using very small excursions and subsequently de-
veloping the static B-versus-I curve in terms of incre-
mental data.

The present equipment is intended to measure either
the dynamic or the incremental permeability of the
specimen material in terms of an applied dynamic and
polarizing static gradient. From such data the cor-
responding values of the parameters B, J, and « may
be computed. ,

When the magnetic phenomena is analyzed, the
gradient  may be considered to be the initial mag-
netic effort applied to the specimen, while the flux
density B may be regarded as the final result attained.
A study -of the dynamic or incremental behavior of
these two quantities when they are subjected to a
cyclic variation with time becomes simplified and more
significant if one of them undergoes a purely sinusoidal
variation, since both cannot vary in a sinusoidal man-
ner simultaneously.

If the solenoid winding around the specimen is ener-
gized by a sinusoidal electromotive force, then the
flux-density variation will be sinusoidal, provided that
the reactance of the solenoid constitutes essentially the
entire impedance of the circuit. The current in the
solenoid and hence the dynamic gradient will have
superimposed upon them the odd harmonics of the
fundamental frequency, due to the curvature of the
B-versus-H curve of the specimen (Variation of w).
This hypothesis is utilized in the American Society of
Testing. Materials method of testing.

The author has used the alternative condition
wherein a sinusoidal electromotive force is applied
across the solenoid in series with a linear itmpedance
whose value is large compared with the nonlinear im-
pedance of the solenoid. In this case the current in the
solenoid, controlled essentially by the linear imped-
ance, must be sinusoidal and produce a sinusoidal
variation of the magnetic gradient. The flux density
and, accordingly, the back electromotive force induced
in the solenoid will now have odd harmonic compo-
nents in their variation, due to the nonlinear character-
istics of the specimen.

The measurement of the solenoid by any suitable
impedance bridge would give its inductance I, and its
equivalent series resistance R, representing core and
copper losses, both of these factors I and R being de-
pendent upon the current through the solenoid and its
frequency. From these data the magnetic pfoperties
of the specimen material and the power loss in it may
be evaluated.

Assuming no leakage, the linkage of this electro-
magnetic system will equal the product ¢ N (maxwell-
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turns), so that the inductance of the solenoid will be

6N  0.47N%u.A

O o .l (7

107 108

henrys. In reality, the second member of (7) defines
the fundamental or static inductance while the third
member gives the dynamic or effective inductance with
an alternating current. This permits the dynamic per-
meability of the material, for any given peak gradient,
to be determined in terms of the dynamic inductance
of the solenoid and the geometrical factors N, 4, and
] of the system
108L1

- . 8
0.4wN?4 ®)

pa

If an effective alternating current of I amperes,
having a frequency of w radians per second, is passed
through the solenoid the latter will have a total power
dissipation in watts '

P, = I*R. 9

If 7 is the alternating-current resistance of the solenoid
winding, which is responsible for copper loss, then the
magnetic core loss, due to hysteresis and eddy currents
in the ferromagnetic material, will be

Pn = I*R — 7). (10)

Discounting any temperature coefficient, 7 is inde-
pendent of I and has a unique value for any given fre-
quency. However, at frequencies such as 60 cycles per
second where the skin effect is negligible, 7 may be
taken to be the direct-current resistance of the solenoid
winding.

THE MEASUREMENT OF g AND Py

A Maxwell bridge, indicated in Fig. 2, was,used for
measuring the parameters L and R of the solenoid. The
bridge contained a fixed resistor Rj, a fixed capacitor

=
A-C SUPPLY BE

Fig. 2—The Maxwell bridge adapted for dynamic
(alternating-current) measurements,

Cs, and two independent, adjustable resistors R and
R, and was energized through a Variac V, a shielded
isolation transformer 7T, and a fixed resistor R4. The
value of the latter was made large compared with the
impedance across the corners a—b of the bridge to
assure a sinusoidal current in the solenoid. When the
bridge is balanced the Kirchhoff equations give

L = (RC3)R (11)

e () »

By the proper choice of Ryand Cs (see Appendix) the
sinusoidal current in the solenoid becomes essentially
the ratio of E to Ry; hence,

0.47N ‘
H=[ ]E (13)
IR,

wherein the coefficient of E is a fixed quantity which

permits the Variac control adjusting £ to be calibrated

directly in oersteds. ‘
Equations (8) and (11) give

\:108lR1C'3] R (14)
S Y e

so that the control adjusting R, may be calibrated
directly in terms of the dynamic permeability.

Finally, by combining (1), (10), (12), and (14) the
magnetic power loss in watts per cubic centimeter may
be written in the form ‘

Py
& (55 -~ K) - (15)
A A

wherein the control adjusting Rs may be calibrated
directly in terms of the divisor

A = [0.47C5 X 108]Rs (16)
and the constant term
Ir
= ————— (17)
0.1672N2A

involves only known invariable factors.

With the bridge calibrated for any specific values of
I, A, and N and with the value of 7, and hence the term
K, known, the Variac may be set to give directly any
desired gradient H. Balancing the bridge will then give
directly the corresponding values of the specimen per-
meability us and the divisor A. The power loss in the
specimen may then be computed by (15). Repeating
for other values of gradient gives data for the u-versus-
I and P,/lA-versus-II curves of the specimen ma-
terial. Any other desired data may then be computed
by the use of (2) to (6).

This method of measuring samples of laminated
stock may readily be applied at frequencies other than
60 cycles per second as used by the author. In so doing,
the evaluation of Q in terms of A by (18) in the Appen-
dix and the corresponding data tabulating the several
second-order correction factors would be modified
correspondingly.

APPLYING A UNIDIRECTIONAL
MAGNETIC GRADIENT

To subject the specimen to a simultaneous direct-
current gradient, which may or may not exceed the
peak dynamic value of F, the bridge was modified, as
shown in Fig. 3, by the addition of a direct-current
source B/, which was either a battery or the well-
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filtered anode supply of the detector'ampliﬁer, and a
control resistor R’ which was kept large compared with
the reactance of the solenojd (see the Appendix). To
assure that all of the direct current I’, measured by a
milliammeter, passed through the solenoid, three
blocking capacitors were required. The value of C, de-
pended upon the design of the null detector; the re-
actance of C; was smal] compared to R,; while the

A-C SuUPpPLY

.
"

b
Fig. 3—The Maxwell bridge modified for
Incremental measurements,

-capacitance of C, was sufficiently large compared to

(s that it introduced no appreciable error into the
bridge equations (see Appendix). The direct-current
or static magnetic gradient F’ applied to the specimen
was then determined by substituting I’ for I in (1)
while, for any superimposed value of dynamic gradient,
the bridge data now gave incremental values of perme-
ability and loss.

THE TEST YOKE

It was considered desirable to have the test strip
rectangular in form. Accordingly, the magnetic path
shown in Fig. 4 was employed in which the strip had a
nominal length of 3 inches (7.62 centimeters) and a
nominal width of ¢ inch (0.95 centimeter). The test
strip was symmetrically interposed between two stacks
of return-path leaves which consisted of square lami-
nations from which a central circular hole 1% inches
(4.45 centimeters) in diameter had been removed.
These leaves were made of mu-metal and subsequently
were hydrogen annealed so that they possessed a high
initial permeability. If four or more leaves were used
on each side of the test strip, the total reluctance of the
two-way return path was, in most cases, negligibly
small compared to the reluctance of the test strip
bridging the central hole, so that essentially all of the
magnetomotive force created (0.47 NI ) was consumed
in establishing the flux in the test strip. The strip could
then be considered to be the entire magnetic path for
the purpose of applying the foregoing equations.

The validity of this assumption, together with the
absence of appreciable magnetic leakage, was verified
by comparing the u-versus-H curves of a number of
samples measured, first individually and, subse-
quently, in various parallel combinations.

The test strip could, of course, exceed 3 inches in
length and project beyond the limits of the leaves. By
progressively shortening the test strip, placed sym-
metrically, it was found that a reduction of length to
2.5 inches introduced a maximum error, at w(maxi-
mum), of only 4 per cent. Analysis of such data indi-
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cated that, with the physical length of the strip 2.5
inches or any greater value, the mean flux path in the
system was such that the mean magnetic length I of
the strip was something in excess of the hole diameter
and could be considered close to 1.90 inches (4.83
centimeters).

If desired, several test strips could be measured
simultaneously in parallel, provided that at least 4
leaves were interposed between adjacent strips in
assembling the yoke stack. The cross section 4 in the
equations could be computed from the number, width,
and average thickness of the strip laminations, or per-
haps more accurately from their mass, density, and
physical length.

With a unique value of /, the calibration of the
gradient H is definitely determined. Since both ] and
A enter into the determination of wand K, the calibra-
tion of the u dial and the value of the term K can be
definite only for a specified 4. For any other value of
4 a correction factor (ratio of specified 4 to actual 4)
may be applied directly to the calibration of w and the
specified value of the constant K.

Fig. 5 shows a view of the assembled test yoke in
which the stack of leaves and test strips were clamped
between two substantial bakelite blocks having the
contour of the leaves. It was found that clamping the
stack approximately finger-tight served to reduce to a
definite (negligible) minimum the air-gap reluctance
between adjacent leaf and strip pieces. Further tight-
ening produced no appreciable effect, which would
indicate that finger-tightening minimized contact re-

Fig. 4—Test strip and return-path leaf forming
: the magnetic circuit,

luctance without introducing undue strains in the ma-
terial. The coil surrounding the test strip had an in-
ternal cross section 25/64 inch square and its winding
(V=400 turns) was distributed over essentially the
entire exposed length of the test strip.

The magnetic path of this test yoke was found, in
practice, to be as satisfactory as the toroidal path used
by some investigators. While the latter eliminates all
possibility of air-gap reluctance, it requires special
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annular laminations of the test material and an in-
dividual winding of each specimen. Furthermore, rec-
tangular strips permit the magnetization to be estab-
lished in any desired direction with respect to the grain
of the specimen, a feature impossible with a toroidal
path.

In common with universal practice it was found de-
sirable, after assembling and clamping the stack leaves
and strips, to subject them to several applications of
an increasing and decreasing alternating-current gra-
dient, somewhat in excess of the contemplated maxi-
mum value to be used subsequently in obtaining test
data for the specimen.

TaE NULL-BALANCE DETECTOR

The null detector used in balancing the Maxwell
bridge required a high sensitivity for measurements at
low magnetization and considerable selectivity at
larger values of H in order to eliminate any response
to the harmonics of electromotive force inherently
introduced by the nonlinear characteristic of the ferro-
magnetic specimen. These two prime requisites were
met, in part, by the use of a degenerative amplifier.?
The detector system, Fig. 6, contained several features
which were found to be very advantageous in making
rapid and convenient measurements. While none of
these elements is individually novel, it is believed that
they were first used in combination in the present
equipment.

A R R

i

Fig. 5—Assembly of test yoke.

The visual balance indicator, a zero-center-scale gal-
vanometer G, was inserted in a modulation bridge,
which was polarized through a phase-shifting network
permitting two alternative phases 90 degrees apart to
be used. By the choice of one or the other of these
phases, the indicator could be rendered uniquely sensi-
tive to the manipulation of either the u or the A control

. 2H.H. Scott, “A new type of selective circuit and some applica-
tions,” Proc. L.R.E., vol. 26, pp. 226-235; February, 1938.
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of the Maxwell bridge. This gave the detector a phase-
selective feature, lacking which any impedance bridge
must be balanced by an alternate adjustment of its
two controls through successively diminishing minima,
while the detector remains equally sensitive to signals
due to off-balance of either control. This latter and
customary operation is somewhat tedious, especially
if the bridge has a sliding zero, which means that the

Ig—gﬁ DEGENERATIVE
AMPLIFIER

MAXWELL
BRIDGE

A-C SUPPLY

LIMITER
NETWORK

te MODULATION
BRIDGE

PHASE SHIFT
NETWORK

Fig. 6—The selective and directional null detector system.

settings of the bridge controls for successive minima
do not coincide with their values at exact balance.

The modulation bridge also gave the indicator a
directional feature by indicating, in a left or right mo-
tion of the galvanometer pointer, whether the par-
ticular bridge control to which it was sensitive was
off-balanced by being too high or too low in value, and
thereby giving a cue as to which way that control
should be manipulated to secure a balance, after the
manner of the galvanometer used with a direct-current
Wheatstone bridge.

Finally, a special type of limiter network?® gave the
galvanometer its maximum sensitivity at balance but
prevented it from ever going off-scale and' thereby
eliminated any need for monitoring the amplifier gain
or for a galvanometer shunt while balancing the Max-
well bridge.

This null detector system could be adapted for use
with any impedance bridge. It may be noted in passing
that if the initial power source is sinusoidal in electro-
motive force, the modulation bridge will be quite im-
mune to any even harmonics and will possess a selec-
tivity of about 18 decibels against any third harmonic
in the output of the impedance bridge. Furthermore,
the modulation bridge, of itself, had an equivalent gain
of the order of 40 decibels above the customary rectifier
bridge employing the same elements. Except for meas-
urements near initial permeability, the modulation
bridge could be used directly without the degenerative
amplifier, provided that a suppressor network, similar
to that used in the amplifier but designed to eliminate
the third harmonic, was substituted for the amplifier
in Fig. 6. ’

Each arm of the modulation bridge (see Appendix)
consisted of a copper-oxide rectifier directed as shown,

3 W, N. Tuttle, U. S. Patent 2,104,336.



546

so that detector signals gave no response unless these
rectifier elements were properly polarized by a current
from "the fsame source which energized the Maxwell
bridge. The phase-shifting network, described by
Turner and McNamarat and previously used’ by the
author,’ contained two equal fixed capacitors C, and
two pairs of fixed resistors R, and R, whose selection,
by the double-pole double-throw switch S, determined
the two alternative phases of the current polarizing the
modulation bridge and the selective sensitivity of the
latter to the two controls of the Maxwell bridge. Since
the parameters R; and Cs of the latter were fixed, a
single set of R, and R, values sufficed to render the de-
tector essentially sensitive to either the u or the A
control.

The output from the phasing network was applied
to the modulation bridge through an adjustable re-
sistor R,, an isolation transformer, two pairs of fixed
resistors R, and Ry, and an adjustable potentiometer
R.. Due to discrepancies in the current-versus-poten-
tial characteristics of the 4 rectifier elements, the
modulation bridge was initially balanced for a zero
galvanometer reading with zero-amplifier signals: first,
by adjusting the polarizing current 1, by the resistor
R, with the points m and #» shorted, and second, by
adjusting R, to rebalance with this short circuit re-
moved. By keeping R, large compared to the reactance
of (s, the magnitude of the polarizing current 1, Was
rendered independent of its phase, '

The two resistive L pads comprising the limiter net-
work contained, in each of their shunt arms, two
copper-oxide rectifier- elements in parallel but oppo-
sitely directed so that they introduced no rectification.
The characteristics of these elements, however, caused
the effective resistance of the shunt arms to diminish
and, hence, the attenuation of the network to increase
with the applied signal, thereby giving the useful
limiter action. :

SOME PHENOMENA AT INITIAL PERMEABILITY

The present paper is intended to describe a method
of magnetic measurement, rather than to give a com-
pilation and analysis of extensive data taken there-
with. However, some representative data obtained at
very low magnetic gradients, F ig. 7, may be of interest.
It is well known that, starting at initial permeability,
the value of u increases to a maximum and subse-
quently decreases, see Fig. 1. It is not so generally
realized, however, that as the gradient A approaches
zero the slope of the u-versus-H curve becomes zero,
as permeability acquires its constant initial value. At
these low values of & , therefore, the B-versus-H curves
are strictly linear with a finite slope u, and the ferro-
magnetic material possesses no harmonic distortion

*H. M. Turner and F. T. McNamara, “An electron tube watt-
meter and voltmeter and a phase shifting bridge,” Proc., IL.R.E,,
vol. 18, pp. 1743-1747; October, 1930.

5 Horatio W. Lamson, “An electronic null detector for imped-
ance bridges,” Rev. Sci. Instr., vol. 9, pp. 272-275; September, 1938,
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due to varying permeability. To exhibit these interest-
ing phenomena with ordinary silicon-steel transformer
laminations, the author found that the applied dy-
namic gradient must be kept below a maximum valye
of about one millicersted.
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APPENDIX

The direct-reading calibration of the Variac dial in
terms of the magnetic gradient A, and the modification
of the Maxwell bridge made to permit a simultaneous
direct-current magnetization of the sample, introduced
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Fig. 7—Initia] permeability in silicon steel.

three assumptions which were quite valid for most uses
of this equipment, especially for relative measurements
between different samples of the same general charac-
ter. For more precise absolute measurements, however,
the following correction factors may be applied, if de-
sired, to the observed values of H, u and the term u/A
occurring in the evaluation of the core loss.

It is most convenient to determine these correction
factors in terms of the inductance L and the storage
factor Q of the solenoid. A sufficiently accurate value
of each factor may, however, be computed by using
the apparent bridge data at balance, and then evalu-
ating L by substituting the observed value of u in (7).
Q is determined most readily from the equation

wA

Q=—"

18

0.47 « 108 - (18)

which, at a frequency of 60 cycles per second, becomes
3A

(18"

SUBDIVISION OF TotAaL BRIDGE CURRENT
If I is the total bridge current and I, is the current
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through R; and the solenoid, then when the bridge is
balanced )
Zab

I.=—1 (19)
Zg

wherein 7 is the scalar impedance across the corners
a—b of the bridge, and z, is the scalar impedance of Ry
and the solenoid in series. Expressed in terms of the
inductance L and the storage factor Q of the solenoid
and of the fixed parameters R; and Cs of the bridge,
the vector values of these two impedances are

 Q*Ru(1 + WPLCy) + wQ(L A+ CoRi?) + WCsR:L -+ QL — Ri*Cs)

wlL
= — 23
B - (23)

it can be shown that the effective inductance of this
arm has been reduced by the factor

"—1—|—2-B——|—{32<1—|——1~> (24)
B o 0

<o that the observed value of should be increased by
this factor.

(20)

“ SICo R0 + (Q + @RiCH)?
_ ol The effective Q of this arm is likewise reduced by
Zo= Rt _Q‘ +jel. (21) the factor .
In the 60-cycle bridge used, the fixed parameters vy=1+ _Q_ + BO. (25)

were chosen to be: R;=100 ohms; Cz=1 microfarad.
Consequently,

1000%(1 + 0.142L) + 377Q(L + 0.01) + 14.2L + j377Q*(L — 0.01)

Since the R term in (10) is equal to the ratio wL/Q, the

ab =

Zy

I

377L
100+ ——= 4 7377L. (21"

The scalar values of these impedances and their ratios
are then given, for specific values of L and Q, in
Table I.

TABLE 1

0=1 Q=2 | Q=5 Q=10
L 1.0 1.0 1.0 1.0
Zab 586 . 473 413 399
e 608 475 416 401
Zab/%z 0.963 0.995 0.994 0.995
L 0.1 0.1 0.1 0.1
Zab 137.7 122.7 113.0 109.5
e 142.6 124.7 113.9 110.4
Zab /%2 0.967 0,985 0.993 . 0.995
L 0.01 0.01 0.01 0.01
Zab 100,1 100.1 100.2 100.0
Z, 103,8 101.,9 100,8 100, 4
Zab/%z 0.966 0.983 0.993 0.996
L 0.001 0,001 0,001 0,001
Zab 96.7 98.3 99,4 99.6
Zy 100.4 100.2 100.1 100.0
Bab/2z 0,963 0.981 0.993 0.996

(207)

0.001420? + (Q + 0.0377)”

/A term in (15) may be corrected by multiplying by
the factor /. Choosing 10,000 ohms for the value of
R’, these factors, for specific values of L and Q, are
given in Table II. Except for high inductances with
low Q values, the correction to p is negligible; while
with high inductances having high Q values, an appre-

TABLE 11

Q=1 Q=2 Q=5 Q=10
L 1.0 1.0 1.0 1.0
B 0.0377 0.0377 0.0377 0.0377
o 1.078 1.040 1.017 1.009
v 1.075 1.094 1.196 1.381
afy 1.003 0,951 0.850 0.730
L 0.1 0.1 0.1 0.1
B 0.00377 0.00377 0.00377 0.00377
o 1.008 1.004 1.002 1.0008
L% 1.008 1.009 1.020 1.0381
afy 1.000 0,995 0,983 0.963
L 0.01 0.01 0.01 0.01
B 0,000377 0.000377 0.000377 0.000377
o 1.0008 1.0004 1.0002 1.0001
% 1.0008 1.0009 1.0020 1.0038
aly 1.000 0,9995 0.9982 0.9963

These current subdivision ratios za/2z. may be multi-
plied into the calibrated value of H to obtain the true
gradient, However, the error introduced by assuming
a unity ratio will be less than 2 per cent if the Q ratio
of the solenoid exceeds 2 and will be only 3.7 per cent
should the Q ratio fall to unity.

TuaE SuuNTING ErFrict or R’/

When a direct-current gradient is applied through a
resistor R/, the vector impedance of the solenoid arm
of the bridge becomes

o RR(R+R) + WLAR' + julLR'? 2
(R + R")? 4 o?L? 22)

Then defining the ratio

ciable correction must be applied to the p/A term un-
Jess a larger value of R’ is used. These corrections are,
of course, necessary only when making incremental
measurements.

Error DUE 170 BLOCKING CAPACITOR Cy

The introduction of the capacitor Ce in series with
R; modifies the simple Kirchhoff equations (11) and
(12) at balance so that they become

L = R1R2C35 (2())
and
RiR,
R= e (27)
R;

wherein the correction [actors 6 and ¢ are

B e e e 2 e e e e P T B s 7 O 4 O G e T s S 2 1.0



2
nQ* — 2 4 Q'\/?L2Q2 — 4(n + 1) (28)
2
=1 —
¢ 1Q [11Q + o/n20F — 4n+1)] — 2n (29)
and
. C2
n=—.
Cs (30)

The scale reading of g, therefore, may be multiplied by
the factor §, while the computed value of the term
#/A may be multiplied by the factor e, Note that the
bridge cannot now be balanced unless Q? exceeds the
ratio 4(n+1)/n?.

If C; is made ten times Cj the values of these correc-
tion factors, for specific values of Q, become

Q=1 Q=2 Q=5 Q=10
5 11292 | 1.0264 | 1.0040 | 1.0010
e 0.9871 | 0.9974 | 0.9996 | 0.9999

These factors may be taken as unity except when low
@ values cause an appreciable increase in §.

For incremental measurements the complete correc-
tion to the u dial reading should then be the product

ad and the complete correction to the p/A term is the
ratio ea/7.

It may be noted that the equivalent series resistance
of Cy merely becomes a part of R; A high-quality
capacitor is required for Cj in order that its low dissi-
pation factor may introduce no appreciable errors into
the bridge equations.

CONSTRUCTION OF THE MODULATION BRIDGE

The modulation bridge used by the author was ini-
tially constructed in the following manner. If the two
alternating-current terminals of an ordinary rectifier
type of bridge are tied together, a unit is formed whose
extremities are the two direct-current terminals and
whose mid-tap is the united alternating-current termi-
nals. This unit will then consist of two rectifiers in
series and like-directed, each rectifier actually being
two copper-oxide elements in parallel. By the use of
two such units the four-rectifier modulation bridge
shown in Fig. 6 may be assembled.

Subsequently, a single-unit modulation type of
bridge was procured for the purpose. An analysis of
the functional operation of this bridge may be re-
served for another paper.

Equivalent Electrostatic Circuits for Vacuum Tubes®
W. G. DOW{, MEMBER, 1.R.E.

Summary—A4 method of Jield analysis by conformal transforma-
tion is used to demonstrate that the elecirostatic properties of a triode
may be represented by three capacitances in star, whose magnitudes are
related to tube geomeiry in simple fashion. The method is then extended
lo the construction of an equivalent electrostatic circuit for multigrid
tubes.

1t is shown how there can be derived Sfrom the electrostatic circuit
(@) good approximations to the potential distribution in various parts
of the tube and around these first approximations more accurale de-
terminations of the local potential dusiribution; (b) a simple and ra-
tional expression of the dependence of cathode-current flow upon the
various electrode potentials, for both parallel-plane and cylindrical
geometry; (c) the ordinary inierelectrode capacitances, as far as these
are affected by the structure of the active portions of the electrodes.

The application of this general method to structures having non-
regular geometry and to other problems of current and potential dis-
tribution is discussed.

I. INTRODUCTION

HIS paper outlines a framework of ideas, regard-
Ting the internal operation of high-vacuum tubes,
which the author has found useful both in in-
struction and analysis. Its chief merit is that of em-
ploying simple electric-circuit principles, familiar to
all electrical engineers, for analyzing electronic phe-
nomena in vacuum tubes. The underlying concepts
made use of here probably were first employed by
L. A. Hazeltine, in the form of unpublished lecture
notes, in the early days of vacuum-tube analysis.
* Decimal classification: R131, Original manuscript received by
the Institute, April 15, 1940; revised manuscript received, Decem-
ber 2, 1940. Presented, Fifteenth Annual Convention, Boston,

Mass., June 28, 1940, . J
t University of Michigan, Ann Arbor, Mich.

548

Proceedings of the I.R.E.

II. THE EQUIVALENT ELECTROSTATIC CIRCUIT
OF A TRIODE

The over-all electrostatic properties of any space-
charge-free arrangement of three electrodes, whether
in a vacuum or elsewhere, can be represented by three
properly chosen condensers arranged " in delta,! Fig.
1(a), or three other properly chosen condensers ar-
ranged in star, Fig. 1(b).

Typical interrelations between the star and delta
capacitances in Fig. 1 are as follows 2

CeeC e
C,, = (1
Cee + Cye + Cpe
CcG - CCUCUZJ + Cgpcpc + Cpc cg . (2)

Cop

Two other pairs of similar relations can obviously be
obtained by symmetrical rearrangement of symbols.

Simple expressions for the star capacitances when no
space charge is present are derivable from known elec-
trostatic-field properties. As shown in Appendix I,
sufficiently close approximate expressions, for a paral-
lel-plane triode, Fig. 2, are as follows:

' 1. Langmuir and K. T. Com ton, “Electrical di i
gases, part 11,” Rev. Mod: Phys., VIc)JI. 3, p. 206;r1./§?)ri1,lslc9h3a1r.ges "

2 . Lawrence, “Principles of Alternating Currents,” Second
Edition, p. 312, McGraw-Hill Book Company, New York, N.Y.

December, 1940
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1
Ca = (3)
¢ dra
1 ,
Cpg = — 4
»G 4rh ( )
n
CaG (5)

~ 2 1og coth 27nR

These capacitances are in statfarads per square
centimeter. Obviously C,¢ as so obtained is the capaci-
tance that would exist between the cathode and a flat

9

g
\Z\ o —[—C' e
C;S >/ 9P Cw N . .
Thila
LN SO
c Cpe P & %
(a) Delta (b) Star
Fig. 1—Triode electrostatic circuits.

electrode in the plane of the grid, and C,¢ that be-
tween - the plate and the same “grid-plane” electrode.

These facts lead to the introduction of the “equiva-
Jent grid-plane” concept.’ The point G in the star
electrostatic diagram, Fig. 1(b), represents, of course,
a purely fictitious electrode. However, we may con-
veniently visualize it as a “make-believe” electrode,
lying in the plane of the grid, but stopping just short
of each grid wire. This concept leads to the form of the
star diagram that is illustrated in Fig. 2.

a—v(l;—b

W | rad
/ radius
b A

’g'-gG
R

Co | Gs

Fig. 2—Positional diagram of the star electrostatic
circuit of a triode.

Thus C.¢ and C,e are the capacitances between an
equivalent grid-plane electrode and the cathode and
plate, respectively, while Cye is that between the grid
wires and the plane in which they lie.

These concepts may be extended to cylindrical tri-
odes, C.q¢ and C,¢ becoming capacitances between con-
centric cylinders, and C,¢ being evaluated by multi-
plying a value per unit area, equation (5), by circum-
ferential area 2m7,. The results are, in statfarads per
centimeter of axial length,

1
Coy = - 6
" 2 log 7o/t ©
C ! 7)
" log 7,/74 (

3 The equivalent grid-plane approach and a number of other
concepts employed in this article were used extensively by B. J.
Thompson and F. B. Llewellyn in their lectures at the University
of Michigan Electronics Institute, July, 1937.

2THY 4

Coe = :
A log coth 2wnR

(8)

I11. TaE ELECTROSTATIC CIRCUIT FOR
MuLTIiGRID TUBES*

The value of C,¢ per unit area, equation (5), de-
pends only on the structure of the grid itself, and is in-

dependent of the relative positions of grid plane, -

cathode, and plate. This dependence of C,q on grid
structure only suggests extension of the electrostatic

diagram to multigrid tubes in the manner illustrated.

in Fig. 3 for a tetrode. Mathematical proof of this ex-
tension, using successive conformal transformations,
is not difficult.

g g
~Cr oG
C|—12'—|C}—Zlc la le,
() J 5
L

q L

1
(ne) ('74)

(a) Positional diagram (b) Schematic diagram

Fig. 3—Equivalent electrostatic circuit
‘ of a tetrode. -

Fig. 3 represents a parallel-plane tetrode; the values of
the C's in statfarads per square centimeter, are

1, L. 1 o
Andy, ’

Ci= =
b 47Td3 47rd5

f

n 74
Cs = - Ci = ——. (10)
2 log coth 2mrneRe 2 log coth 2wn4Ry

Similar extensions of the cylindrical-tube relations to
multigrid cylindrical structures are obvious.

IV. Usg or THE ELECTROSTATIC CIRCUIT IN
DETERMINING POTENTIAL DISTRIBUTION

The electrostatic-circuit diagram provides an easy
approach to the construction of potential-distribution
diagrams for multigrid tubes, as illustrated for a tet-
rode in Fig. 4. :

If the capacitances, and the potentials of grid,
screen, and plate are known, the potentials E¢ and Eg
of the equivalent grid and screen planes can be calcu-
lated by ordinary electric-circuit methods, using the
schematic circuit diagram, Fig. 3(b). Fig. 4(a) repre-
sents the next step in the construction of the cor-
responding potential-distribution diagram for a paral-
lel-plane type of structure. This involves spotting the
values of E,(=0), Eq, Es, and E, at the grid, screen,
and plate positions on a space-potential diagram, then
joining E, to Eg, E¢ to Eg, and Eg to E, by straight
lines.

These straight lines represent the potential distribu-
tion reasonably correctly except in the near neighbor-
hoods of the grid and screen. The reason for this is

4 S, Koizumi, “On the amplification constants of multielectrode
tubes,” Jour. I.E.E., (Japang) (abstracts), vol, 10, p. 18, 1934.
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that for a considerable part of the regions midway be-
tween each electrode and its nearest neighbors the
electric field is essentially uniform. In these uniform-
field regions the equipotentials are parallel planes uni-
formly spaced, and the potential-distribution curves
are therefore straight lines.

The extent to which the departure from field uni-
formity reaches out each way from grid and screen de-
pends on the ratio of the grid-wire spacing 1/z to
thie interelectrode spacings, (di, ds, ds). If this ratio
is small, the departure from uniformity is restricted
to the very near neighborhood of the grids; if it is
large, the departure from uniformity may reach out
far enough to make the present analysis result in only
a very rough approximation to the truth.

The nature of the potential distribution near grid
and screen is illustrated in Fig. 4(b). Here the values

——————
n
@

L]

X

S —Vo/fs —nm

|
I
|
|
|
|

9

—Distance——

_— D/J/all Co—v—

(a) Straight construction lines (b) Complete with fillets.
Fig. 4—Potential distribution in a tetrode
(no space charge).

E, and E, of actual grid and screen potentials have
been located, and “fillets” drawn showing potentials
along the two extreme paths. At the grid location the
upper, concave-upward fillet describes the potential
distribution along a path midway between grid wires,
and the two lower, concave-downward fillets describe
that along a path through a grid wire.

The accurate mathematical determination of the be-
tween-grid-wire fillet® is obtained by writing the poten-
tial equation for a general point T along this path.
This is done by use of (46) in Appendix I, letting
¢’ =m; thus,

Ep — E, = — 27, log .,

1

7's,

1+

/

7
+ 27,log |— 4+ 1]. (11)
Sg

This equation describes the potential relative to the
cathode, in statvolts. It is much more convenient to
have a description relative to the equivalent grid-plane
potential. An expression answering this requirement is
obtained as follows:

Rewrite (11) in the following form:

_ 1
Ep — E, =. — 27, log s, — 27, log —+ s
r

¥
— 41

Sg

—+ 27, log . (12)

5W. G. Dow, “Fundamentals of Engineering Electronics,”
John Wiley and Sons, New York, N.Y., 1937. Chapters II and V.

December

Now note that
Eg — By = 4arnar, = + 27,log et = — 27, log 5. (13)

Equation (13) comes from the fact that —7, is the
charge in statcoulombs per grid section of cathode, so
that n(—r,) is the charge per square centimeter of
cathode area, likewise also the charge per square centi-
meter of area of the capacitance C,q. But Cog=1/4ma
statfarads per square centimeter; (13) follows directly.

Subtraction of (13) from (12) leads to the following
expression for potential along the fillet midway be-
tween grid wires,

Er — Eg = — 27, log

1
PR

+ 27, log L—I—ll. (14)

Sg

The corresponding expression for the potential dis-
tribution along a path through a grid wire is

1
ET'—Eg= *‘-ZTGIOg —T—Sg
p
7
+ 27, log | — — 1] . (15)
Sy

Of course this has no significance at points within the
grid wire.

It is desirable to be able to determine the potential-
distribution curve in the plane of the grid. Points for
such a curve are obtainable by placing the general
point T at Z-plane radius #' =1 and subtracting (13).
The mathematical expression for grid-plane potential
distribution so obtained is '

1
Er — Eg = (1, — 7,) log S+ — — 2 cos ¢
Sﬂ

— (rp + 7) log s, (16)

These equations for potential distribution near a
grid may be put into ordinary (W-plane) form by using
e for ¢/, 2rny for ¢’, and cosh 2wnR for sg. The com-
plete form, with discussions of certain detajl points,
is given in Appendix II. x represents the distance
measured toward the plate from an origin at the center
of a grid wire; y of course measures distance at right
angles to x and to the grid wire.

Equations (14), (15), and (16) represent the poten-
tial distribution in the neighborhood of the grid en-
tirely in terms of local quantities. These loeal quanti-
ties are (1) Eg; (2) the charge (per grid section) to the
left of the grid —7.; (3) the charge (per grid section) to

, the right of the grid r,; (4) 7' (=) ; (5) ¢’ (=2mny);

and (6) the grid-structure quantities # and 2zR. There-
fore the whole argument can be extended bodily to a
Scréen, suppressor, or any other similar electrode for
which the ratio of wire spacing to electrode spacing is
small. Thus (14) and (15) permit construction of the
fillets at grid and screen grids in such a geometry as
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that of Figs. 3 and 4. Of course —7. becomes the total
charge per grid section to the left, 7, that to the right,
of the grid being considered. These 7’s may be directly
evaluated from the gradients to the left and right of
the grid being considered.

For cylindrical geometry, the general procedure in
arriving at a representation of the potential distribu-
tion is the same as given above for parallel planes, ex-
cept that (a) logarithmic curves replace the straight
lines between the grid positions, (b) the transformation
equations to be used in connection with details near the
grids are different, and (c) the charge per centimeter
length of tube becomes 2wnr, times that per grid sec-
tion. (See Appendix II.) The logarithmic curves are ob-
tained from the following equations: At radius 7 (ac-
tual, not Z plane) on the cathode side of the grid, ex-
pressed relative to E¢

7
Er — Eg = — 4anr,(— 7o) log — - (17)
"y
On the plate side of the grid
7
Ep — Eg = — Adwnr (4 7,) log — - (18)
"

g

Values for —7, and 7, are obtained by placing T at
adjacent equivalent electrode radii, inside and outside,
respectively. Curves plotted according to these two
equations take the place of the preliminary straight
lines (Fig. 4(a)) used for the parallel-plane situation.

V. DETERMINATION OF THE EQUIVALENT
GRID-PLANE POTENTIAL FROM THE
ErLecTROSTATIC CIRCUIT

When the cathode is heated, the space-charge-
limited current that flows is determined by the location
and potential of the equivalent grid plane. It fs there-
fore important to consider the factors that control the
equivalent grid-plane potential.

Referring to Fig. 1 again, one may write

(Eg—E)Coa+(Eg—E,)Cya+(Eec— Ep)Cpe=0. (19)
This can be solved for Eg, giving

EG _ EcCcG + EndG + EpCpG i (20)
CcG "'l_ CaG 'I" Cp(]

Potential is habitually measured relative to a zero
value at the cathode, so that E,=0. Also, it is con-
venient to divide the numerator and the denominator
by C,¢, and then rearrange into the following form:

£, + By
i, S
C,a/C

By = {/(/ rd . (2])

1 1

1+ — -
Cu(//C])(] Cu(z’/CoG'

Now let
p=C,qCpq (the usual “amplification factor”). (22)

Note also that
1 Cra Cez 1 Cee
Cya/Ce¢ Coa Chpa

Thus the equivalent grid-plane potential for a triode
can be expressed in the following generally useful form:

L,

(23)

p Cpa

LEg = : (24)

A similar procedure may be employed to determine
an expression for the equivalent grid-plane potential of
a tetrode, Fig. 3. The first step is to write expressions
similar to (19) for both of the junction points G and S;
thus,

(Bo — E)Cr + (Bo — E)Ca + (Eg — Eg)Cs = 0 (25)
(Es — E¢)Cs + (Es — EJCs + (Bs — E,)Cs = 0. (26)
These two equations may be solved simultaneously for-

E¢ and Es. The solution for E¢ can be put into the
following form:

E, E,
Ea+ "l"—“
Mg Mgp
Eg = 27
N (2)
_ Mgs Hgp CI/C2
where
Coa[Cs+Cs+Cs
g = — | ———————— 28
. Ca[ Cs ] 28
Co [Cs 4+ Cy + Cs
= — 29
MKop Ca\: Cy ‘J ( )

The process just described can be extended to as many
grids as desired.

VI. REDUCTION FORMULAS

The results obtained in the previous section can be
arrived at by another method. For many purposes the
star electrostatic circuit of the triode can be replaced
by two condensers in series; see Fig. 5. The two con-

g
£
l 9 Dotential Eyatg
C s Gyt Lr
/u}
E
¢ | r c 1] £y
| Ell'c s \F=—1%
G 3 C GG

(a) Triode star circuit (b) Triode reduction
Fig., 5—Replacement of grid and plate capacitances by a single
cquivalent capacitance with an equivalent voltage.
densers in series are C; and Ci-Ci, respectively. If
now a potential £ = [By+4(Ep/w) )/ (141 /)] is ap-
plied to the two in series the potential Eq will be as
given by (21) and (24). To prove this it is only neces-
sary to determine Eq as a fraction of the total voltage,
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using the fact that potential divides inversely as
capacitance. Thus, '

C. Cy
Ey+ E,— E,,—{-E],—

5 Cy  Co+ Cy Ce (30)
fG t=—3 . — .
1+_CE Ci+Ce 4+ Cy 1+§+_C~1
Co Co Gy

which is identical with (27).

* In an exactly similar way, for the tetrode of Fig. 3(b),
the three capacitances Cs, Cy, and Cy can be replaced
by two in series. The two in series are of course C3 and
Cs+Cs, with a voltage [E,+(E,Ce/Cs)]/[1+(Ci/Cs)]
applied at the single terminal that replaces the s and
p terminals. This can be reduced further to an ap-
pearance similar to Fig. 5(b) by a repetition of the
process. This procedure is equivalent to the use of
what some tube analysts call the ¢ plane,® some the
7 plane.

VII. SpaceE CHARGE, IN RELATION TO CATHODE
CURRENT AND TO ITS EFFECTS ON THE
ELECTROSTATIC-CIRCUIT CAPACITANCES8

Capacitance may be defined
(a) As the ratio of charge to potential, thus

0 = CE. (31)

This is essentially a direct-current conception of capac-
itance for it permits defining C for direct-current con-
ditions. )
(b) As the ratio of current to rate of change of po-
tential, thus
de

i=C—-

7 (32)

This is of course primarily an alternating-current con-
ception of C. o
(c) In terms of electrostatic-energy storage W, thus

W = 3CE* (33)
Some important uses of this definition have to do with
mechanical-force relationships.

As long as (1) charge and potential are proportional
to one another and (2) there is no space charge between
the electrodes, these three defining equations are
equivalent. In the case of complete space charge®
(space-charge-limited current) charge and potential are
proportional, yet the three defining equations given
above are not equivalent. Thus the (1) and (2) qualifi-
cations just stated are distinct from one another.

Consider a simple parallel-plane diode, Fig. 6, with
complete space charge. For any given current density

¢ Presented by B. J. Thompson at the Electronics Institute
lectures, University of Michigan, July, 1937. )

7B. D. I. Tellegan, “The effect of the emission current in a
triode,” Physica, vol. 50, p. 301, 1925. .

8 F, B. Llewellyn, “Operation of ultra-high-frequency vacuum
tubes,” Bell Sys. Tech. Jour., vol. 14, p. 632, 1935.
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there exists a definite potential-distribution curve
(E = kx'?) terminating at a definite potential, and with
definite slope, at the plate.

A very simple proof shows that a tangent to the po-
tential-distribution curve at the plate intersects the
zero-potential axis at three fourths of the distance
from the plate to the cathode. This is true for all values
of plate voltage. But the slope of a tangent at the plate
is a direct measure of the charge on the plate surface.
Thus the charge on the plate is just the same as would
exist in a space-charge-free condenser whose spacing is
three fourths of the actual cathode-to-plate spacing, if C
is defined as the direct-current charge-to-potential
ratio, equation (31).

For a parallel-plane triode with complete space
charge, the direct-current potential-distribution curve

plate
. cathode plote. } A
E D 55 cathode
} 7 4 H
/] H
}‘? ] £kt 4 2 B
X % 7 =
| Y cbe=on Y !
Zn 7’4J—¢—-— Fa ——-4 £0
% a !
- D/s 1EE~—>= — distance, X—

Fig. 6—Potential distribution
in a parallel-plane diode un-
der complete space-charge
conditions,

Fig. 7—Potential distribution
in a triode under complete
space-charge conditions.

in the neighborhood of the cathode is of course a 4/3-
power curve like that in Fig. 6. However, in the
neighborhood of and beyond the grid the electron
velocity is ordinarily large enough so that space charge
is negligible. Therefore the local grid-region potential
distribution follows the pattern discussed in connection
with Fig. 4. Thus the 4/3-power curve from the cath-
ode merges into the grid-region situation in just the
way the straight line from the cathode does in Fig.
4(b). This new complete-space-charge potential struc-
ture is illustrated in Fig. 7. Note that the line that is
tangent to the 4/3-power curve at the grid plane inter-
sects the zero potential line three fourths of the dis-
tance from grid plane to cathode.

It appears then, that a result of the presence of com-

plete space charge is to make the direct-current poten-

tial distribution shape up as though the cathode were
nearer to the grid than is actually the case, in the ratio
of 3 to 4. This is, of course, the equivalent of increasing
the capacitance C.¢, Fig. 1(b), in the ratio 4 to 3.

Thus in Fig. 1(b), under complete space-charge con-
ditions, a new value E¢ of equivalent grid-plane po-
tential is obtained by using a new value C.¢' in place of
Cse. Mathematically,

statfarads per square centimeter]
complete space charge
parallel planes )
direct-current capacitance
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Neither C.g nor C,¢ are appreciably affected by space
charge, because of the relatively high electron velocity
at and beyond the grid.

So, to determine the complete-space-charge current
density for a triode, one first obtains a new value E¢
of direct-current equivalent grid-plane potential by
putting C,¢' for C.q in (24); thus,

E
B, +—
7’
Ed = 1 Co - (35)

Any definite value of cathode-current density J cor-
responds to some definite 4/3-power curve from the
cathode. The value of J may be expressed in terms of
potential and distance at any point along this curve,
but the most convenient point is E¢’ at distance g,
Fig. 7. From the usual form of the 3/2-power law for
parallel planes,

E /3/2

J = 2.33 X 10 (36)

a?

where ¢ is the cathode-to-grid spacing.

Thus (35) and (36) in combination determine the
direct-current component of cathode current for a
parallel-plane triode. The analysis can be extended to
multigrid tubes by the obvious expedient of replacing
C, in, for example, Fig. 3, by a capacitance Ci’ evalu-
ated for complete space charge.

If the point G in Fig. 1(b) and the points G and S in
Fig. 3(b) represented actual physical electrodes, their
direct-current potentials would be determined by the
various leakage resistances rather than by the direct-
current capacitance values. However, these points rep-
resent entirely fictitious electrodes. Therefore the
“resistances” from them to the actual electrodes are
infinite, so that E¢ and Eg may properly be thought of
as being controlled by the direct-current values of the
capacitances.

If any particular grid’s potential is low enough to
produce a virtual cathode the effect of space charge in
that locality should be considered. One effect will be
to increase the direct-current grid-plane-to-grid-plane
capacitance in the same manner that C.q is increased
by space charge. The capacitance Cy¢’ between such a
grid and the plane in which it lies will be somewhat
increased by the grid’s being more or less surrounded
by space charge, as can be seen by a study of the effect
of space charge on the potential distribution in the
plane of the grid.

VIII. Tux Errect oF SpACE CHARGE IN
CYLINDRICAL, GEOMETRY

Equation (35) applies to cylindrical as well as to
parallel-plane geometry, provided the correct inter-
pretation is given to the modified capacitance C.q'.

Langmuir’s solution! for current-potential relations
for complete space charge between concentric cylinders
can be put into the form of an equation for potential
distribution, and a direct-current value of the com-
plete-space-charge capacitance obtained in the same
general manner as in the parallel-plane case.’ The re-
sult is as follows:

statfarads per cen-

timeter, complete

C. 1 r/re dp’ space charge, cylin-
@ =~ . ] (37)

3 g2 d(r/r,) ) |drical geometry, di-

rect-current capaci-
Ltance, atr=rg.

/

A graph of C.¢' appears in Fig. 8. ‘For values of
#,/7s larger than about 20 the error involved in assum-
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Fig. 8—Dependence on direct-current capacitance C,¢’ (between
cathode and grid cylinder) on rq4/te for coaxial geometry under
complete space-charge conditions.
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ing that C,¢’=% (0.370 micromicrofarad per centi-
meter) is less than 5 per cent. This capacitance of §
statfarad per centimeter is that which corresponds to a
value 7,/7.=4.48 in the space-charge-free condition.

The use of a suitable value of C,¢/, obtained from
Fig. 8, permits evaluation of the equivalent grid-plane
potential in an ideal cylindrical tube. Values given by
Fig. 8 are only valid in case the cathode or virtual
cathode is smaller in diameter than the adjacent elec-
trode. In case the cathode or virtual cathode is larger
than the other electrode being considered, a different
set of values, based on what Langmuir calls —f3* is
obtained. The dependence of current I per centimeter
length of cathode is given by the usual $* equation,®
as follows:

EG/3/2

62

I = 2r X 2.33 X 107°

(38)

Ty

IX. RELATIONSHIP OF THE ELECTROSTATIC CIRCUIT
10 INTERELECTRODE CAPACITANCES

It is possible to determine, from the electrostatic-
circuit diagram, the tube interelectrode capacitances,
as far as they relate to the geometry of the electroni-
cally active portions of the electrode structure.

The general types of interrelations are given for a
triode by (1) and (2), because the delta capacitances
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Ceqs Cpey and C,, are in fact the interelectrode capaci-
tances for a triode.

The general interelectrode-capacitance diagram for
a pentode is illustrated in Fip. 9(a) and the corre-
sponding electrostatic-circuit diagram in Fig. 9(b).

The arrangement of an alternating-current power
source, voltmeter, ammeter, and set of connections
shown dotted in Fig. 9 is designed to measure the re-
actance X,y due to C,,y. Of course X ¢g1 1s the ratio of
source voltage to the ammeter current. No current

‘other than that to C,,; flows to electrode g, because

g2, g3, and p are all held at the same potential as g;.
Since the circuit of Fig. 9(b) does in fact represent
all the important electrostatic relationships between
the electrodes, any measurements on the circuit of
Fig. 9(b) must give the same results as those on the
circuit of Fig. 9(a). The results of such measurements
as applied to the circuit of Fig. 9(b) are easily pre-

.dicted (if Cy, G, Cs, etc., are known) by reduction of

- - — s o g
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Fig. 9
(a) Interelectrode capacitances for a pentode, with circuit
(dotted) for measuring C,p.
(b) Same measuring circuit as in (a), applied to the equivalent
electrostatic circuit.

the circuit, using customary series-parallel methods. A
similar method can be used for evaluating any of the
other interelectrode capacitances in Fig. 9(a), if the
C’s of Fig. 9(b) are known. :

In many devices the electrode shapes are not as regu-
lar as has been assumed. By judicious employment of
combinations of equivalent electrostatic circuits in
parallel, of flux-mapping and electrolytic-tank meth-
ods, of elliptical transformations, and various other
graphical and mathematical devices, many types of
tube geometry can be analyzed in terms of one or a set
of equivalent electrostatic circuits. The behavior of
converter and mixer tubes can be discussed very con-
veniently in terms of the general principles outlined
above.

X. CoMPARISONS WITH OTHER METHODS
OF ANALYSIS

Fremlin® has recently described another method of
relating triode geometry and potentials to cathode cur-
rent. His procedure may be summarized as follows:

(a) Tt is assumed that cathode current is propor-

® J. H. Fremlin, “Calculation of Triode Constants,” Phil. May.,
vol. 27, no. 185, June, 1939.
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tional to an equivalent voltage, E,+ (E,/%); this as-
sumption has of course received wide experimental
verification, and is expressed by (35) and (36) above.

(b) The proportionality factor involved is deter-
mined from the simple special case in which the actual
grid potential lies on a 4/3-power potential-distribution
curve extending from zero potential at the cathode to
plate potential at the plate. Thus space charge behind
the grid as well as in front of it is presumably accounted
for.

Now if space charge between the grid and the plate is
taken into account, the potential distribution between
the grid and the plate, Fig. 7, ceases to be linear,
Therefore C,¢, consequently also u (related to Cpra by
(22)), change from their space-charge-free values. The
amount of the change depends on the current, because
in this region complete space charge does not exist.
Therefore u is no longer a constant, but depends on the
current. Thus Fremlin’s analysis is inconsistent in that
it ignores the effect on u of space charge behind the
grid in the basic (a) assumption, yet takes great pains
to consider it in the subsequent (b) procedure. If a pro-
cedure analogous to Fremlin’s is followed, except that
space charge behind the grid is ignored, the results ob-
tained agree with those given by the method used in
the present paper. '

Another method” of current prediction sometimes
used consists in setting up an equivalent diode whose
electrodes are the ¢ and ¢ terminals of Fig. 5(b), then
determining the complete-space-charge current in that
diode (the g-plane or i-plane diode) at potential E,.
The difference between the potential distributions as-
sumed in the method using E, and the one using Eg,
(35) and (36), is illustrated in Fig. 10. The location and
value of E, is the same for both methods. In the Eg¢
method, the 4/3-power potential curve is tangent, at
the grid plane, to a straight line from the ¢ point to a
point at zero potential and distant a/4 from the cath-
ode. In the E, method, the 4/3-power potential curve
is tangent, at the ¢ plane, to a straight line from the q
point to a point at zero potential distant g/4 from the
cathode. The 4/3-power curve for the g method must
cross the grid plane slightly below Eg, so that the E,

cathode

cathode
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’Q)"azgem- y
here

|
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. (a) E; method (b) E, method
Fig. 10—Comparison of potential distributions for methods of
current determination (plates omitted).
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method predicts a current slightly smaller than that
predicted by the E¢ method.

The Fremlin method, the E, method, and the E¢
method give numerical results that are, for customary
geometries and potentials, closer to one another than
any of them are to experimental values obtained from
commercial tubes of suitable geometry. All involve
some degree of approximation, in regard to the effect
of space charge behind the grid. Therefore it seems to
the writer that the choice between them should be
based on simplicity and ease in understanding and use.
From the instructional standpoint the E¢ method is
far simpler to present and more quickly grasped than
either of the others. None of the methods are satisfac-
tory if space charge behind the grid is important, as
when E, is high and either E, low or grid-plate spacing
large. Within the range of experimental verification of
Fremlin’s (a) assumption, all of them are satisfactory.

Fremlin,?® also Glosius,', also Oertel'* have recently
analyzed the reduction in the value of u at low plate
currents, that becomes so prominent when the grid-
cathode spacing is small. Fremlin's approach to this
question, using infinite images, is essentially the same
as one the present author has worked with, using finite
Z-plane images, to give an equipotential cathode sur-
face. The author’s approach to that problem, however,
would extend the E¢ method by setting up an expres-
sion for an equivalent grid-plane potential which varies
from point to point along the tube, thus permitting
integration to determine the total current.

X1I. CONCLUSIONS

The material presented above may be summarized
as follows: ‘

(a) A method of electric-field analysis based on con-
formal transformation has been used to demonstrate
that the electrostatic properties of a triode may be
represented by three capacitances in star, whose mag-
nitudes are related to tube geometry in simple fashion.

(b) The simplicity of the dependence of the capaci-
tance values on geometry permits immediate extension
of the method to the construction of an equivalent
electrostatic circuit for multigrid tubes.

(c) Good approximations to the potential distribu-
tion in various parts of tubes can be obtained directly
from the electrostatic circuit, and more accurate de-
terminations of local potential distribution can then be
built around these first approximations.

(d) The electrostatic circuit permits setting up very
simple and rational expressions for the dependence of
equivalent grid-plane potential and cathode-current
flow upon the various electrode potentials, for parallel-
plane and cylindrical geometry.

10T, Glosius, “Calculation of the characteristics of triodes,”
fégcngreguenz. und Elektroakustik, vol. 52, pp. 88-93; September,

1 1., Oertel, “On the theory of vacuum tubes in which the grid-
cathode distance is small relative to the grid-wire spacing,” Die
Telefunken-Rohre, vol, 12, pp. 7-17; April, 1938,
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(e) The electrostatic circuit can be directly em-
ployed to determine the ordinary interelectrode capaci-
tances, as far as these are affected by the structure of
the active portions of the electrodes.

(f) A comparison is made of the prediction of total
cathode current by three methods, (1) using Ee¢, (2)
using E,, and (3) Fremlin's method.

ArrENDIX I
Derivation of Triode Star Capacitances

If, in the star circuit, Figs. 1(b) and 2, there is no
external circuit connéction to the grid, there will, of
course, be no charge on the grid. In the actual triode
the grid wires, having no charge and occupying only a
very small volume, will exert negligible effect on the
capacitance between cathode and plate. The over-all
cathode-to-plate capacitance will therefore be to all
intents and purposes the same as if the grid were not
there, that is, 1/4w(a+b) statfarads per square centi-
meter. But this must correspond to the over-all
capacitance between ¢ and p, Fig. 1(b), with the grid
floating ; therefore,

1 1
1 1 d(a + b)

CcG CpG’

(39)

Vogdes and Elder™ showed by a method employing
conformal transformation® that the geometric amplifi-
cation factor®® u for a triode can be satisfactorily ex-
pressed by the following formula, if the screening frac-
tion 2nR of the grid is not more than about 1/6:

2anb — log cosh 27nR

= 40
# log coth 27nR (40)

In the great majority of interesting cases,
log cosh 2rnR<K1. Since 2wnb invariably. is consider-
ably larger than 1, the term log cosh 27nR can be
neglected ordinarily. For example, if 2nR is 1 /6,
log cosh 2wnR is about 0.12; even if the grid-plate
spacing is only 1.5 times the grid-wire spacing
(i.e.; nb=1.5) the error introduced by neglecting
Jog cosh 27nR in the numerator is slightly over 1 per
cent, which makes it of no importance.

If the screening fraction is small, the factor log
coth 27nR becomes approximately log 1/27nR. How-
ever, the error in u introduced by making this ap-
proximation is a little over 10 per cent if the screening
fraction is as large as the value 1/6 used in the preced-
ing paragraph. Thus in a number of real cases this lat-
ter approximation leads to an appreciable error. The
most generally useful formula for u is, therefore,

2 7, B, Vodges and F. R. Elder, “Formulas for the amplification
iogzsltant for three-element tubes,” Phys. Rev., vol. 24, p. 68
924,
13 F. Ollendorf, “Calculation of the amplification factor of nar-
row gratings,” Elekirotech. und Maschinenbau (Vienna), no. 50,
p. 585; December 16, 1934,
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27nd
log coth 27nR

(41)

These equations for K are obtained®! ag the ratio
—E,/E, when the cathode charge is zero. But in that
case

(Ep - EG)C'pG + (Eg —_ EG’)CgG =0
and E¢=E, =0, Therefore, with zero cathode charge

(42)

C E
! R, (43)
CpG' Ea Qe=0
That is, from (41) and (43)
& 2wnb
MU T : (44)
Cpe  log coth 27uR

By similarly working with zero charge on the plate it
can be shown that

C,e 2rna
= . (45)
Cre  log coth 27nR
Simultaneous solution of (39), (44), and (45) lead
immediately to (3), (4), and (5) for the star capaci-
tance values per square centimeter, :

AprPENDIX II
Potential-Distribution Equations

By adding and reducing (66), (67), and (68) in the
author’s book “Fundamentals of Engineering Elec-
tronics,” the following general equation can be ob-
tained for the potential at any point T, with co-
ordinates x, y, in a triode:

1 2
Er — E, = — 27, log scs;,/‘/l -+ o — S cos ¢/
, %, rs,
7’2 2+
+ 27, log /‘/1 + — — cos ¢’ (40)
$.° Sg

where (—7,) is cathode charge per grid section, +7,
plate charge per grid section, s, =cosh 27uR, 5, = € 2ne,
r"=e and ¢’ =2mny. The quantities 7, R, and a are
as indicated in Fig. 2. x and v are distances measured
relative to an origin at grid-wire center. For a path

Proceedings of the I.R.E.

midway between grid wires, ¢’ =; for a path through
the center of a grid wire, ¢’ =0. For either of these two
values, the quantities under the radicals become per-
fect squares, so that the entire expression reduces to
the form of (14).

Equations (14) and (15), when converted into terms
of x and the slopes 4wnr, and 47nr, of the straight por-
tions of the potential-distribution curves (Fig. 4(a)),
take the following forms, applicable to parallel-plane
geometry:

1
Ep—Eg=— drnr, [* log l €27 nz 4 cosh 27nR l]

2w

e2 Tnz

1+

_ . 47
" cosh 2#nR H (47)

+4rnr, [—1— log
it
The positive signs are used for the between-grid-
wire path, negative signs for the through-grid-wire
path. The potential is in statvolts and the 7’s in stat-
coulombs per centimeter of length per grid section.
A special point whose potential is of interest is that
in the grid plane, and midway between grid wires. To
obtain a value of potential for this point, let ¢/ =7 in
(16). This gives, for the potential E; at point %, where
¥=0and y=1/2x.

Ey — Eg = — 27, log (1 4 cosh 27nR)

(48)

<+ 27,10 ( 1 >
. i cosh 27uR

The above equations can be converted directly into
forms usable with cylindrical geometry by the follow-
ing transforming relations:

7\ 27nrg
€27"% becomes <~> (49)
Ty
27ny becomes 2mnr ,¢ (50)

where 7, is the grid cylinder radius; 7 is the radius and ¢
the angle, describing any point T in the true cylindrical
geometry. The hyperbolic sine and cosine terms are un-
changed. The charge per centimeter length of true
cathode is 2rnr,(—7.) of true plate 2anry(+17,), for a
triode, as used in (17) and (18).
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Transient Response of Single-Sideband Systems
HEINZ E. KALLMANNT, ASSOCIATE, LR.E., AND ROLF E. SPENCER]}, NONMEMBER, LR.E.

Summary—The deformations, which typical television transients
suffer in single-sideband systems are shown. The distortion is due to
a spurious component added in quadrature to the genwine signal. Dis-

tortion increases with the depth of modulation and with the ratio of
the signal band width to the widlh occupied by the culting slope of the
j}if;le)and—suppressing filter. It also depends on the shape of the cutting

HE accommodation of wide frequency bands is
Tone of the fundamental problems of. television.

Thus, any scheme which would appear to reduce
the frequency range required for a given picture defi-
nition calls for careful examination. Prominent among
such schemes is the use of only a single sideband when-
ever the television signals appear as the modulation of
a high-frequency carrier. The exact symmetry of the
sidebands indicates that the same intelligence is trans-
mitted on both sidebands, and thus one sideband alone
should communicate it as unambiguously and com-
pletely as both. The saving by means of this scheme of
approximately half the band width is self-evident, but
it carries with it certain inherent drawbacks which are
hidden from a superficial examination.

The deformation of various representative tran-
sients, as brought about by various single-sideband
systems, has been calculated and the results are given
in this paper. The analysis involved some difficult
mathematical problems. We have C. P. Singer to
thank for their solution, as presented in very con-
densed form in the paper immediately following this.

DEFINITION OF A SINGLE-SIDEBAND SYSTEM

A single-sideband system is idealized in the following
way': . :

(1) The original transient Eo(T) is fed to a distortion-
less modulator. The carrier wave may be of infin-
itely high frequency, so that its phase has no effect
on the shape of the resulting envelope. The depth
of the modulation with a transient may be de-
scribed by the ratio N, indicating the ratio of the
rise in carrier amplitude to the carrier amplitude
before the application of the transient. Doubling
the carrier amplitude then corresponds to IV =1,
whereas any rise from zero carrier amplitude cor-
responds to N= .

(2) The modulated carrier is fed to a high- or low-pass
filter which may have no attenuation in its pass
band and infinite attenuation outside its pass
band. An infinitely sharp cutoff is not physically

* Decimal classification: R583XR410 Original manuscript
received by the Institute, March 28, 1940; revised manuscript
received, September 16, 1940. Presented, Fourteenth Annual Con-
vention, New York, N. Y., September 23, 1939. A Mathematical

Appendix to this paper b1y Charles P. Singer immediately follows.

_ Formerly Electrical and Musical Industries, Ltd., Hayes,
II\\I/Ilc%;Ilesex, England; now, Scophony Television, Ltd., New York,

i.Electrical and Musical Industries, Ltd., Hayes, Middlesex,
England,

December, 1940

realizable; neither does the calculation lead to
finite integrals. Thus, cutoff within a finite cut
range is assumed, along either a straight or a curved
amplitude response, extending over the frequency
range from — w, to 4-w,, where the cut frequency w,
is the highest modulation frequency affected by
the cut. It is stipulated, however, that this cutoff
response is always symmetrical around the value
A =0.5 and that this value is reached exactly at
the carrier frequency. Thus, whatever the shape
of the cutoff response from —w. to —+we, the sum
of the amplitudes of each two corresponding side-
band frequencies, below as well as above w,, is
always unity.

(3) It is further assumed that there is no delay, or
phase, distortion in the filter for any transmitted
frequency.

(4) The output of the filter is fed to an ideal rectifier,
which, under the assumed ideal load conditions,
will produce an output voltage exactly propor-
tional to the envelope of the carrier. The compari-
son of this output E(T) with the original transient
Eo(T) will then show the effects of an ideal single-
sideband system.

GENERAL DESCRIPTION OF RESULTING TRANSIENTS

The mathematical analysis shows that whenever a
transient Eo(7T) is applied to a single-sideband system,
the resulting transient has the mathematical form

E(T) = v/Eo(D)* + F(T)*;

that is, the original transient plus a fault amplitude
F(T) added in quadrature. Eo(T) is the envelope of
the original carrier. F(T) is the envelope of an addi-
tional carrier of the same frequency which is displaced
90 degrees in phase towards the bulk of the one re-
maining sideband, and whose amplitude is the greater
the higher the modulation frequencies included and
the stronger the sideband amplitude are. In a double-
sideband system this is counteracted by an identical
additional carrier displaced 90 degrees in the opposite
direction and thus completely canceled. A single-side-
band system has lost this balance and thus exhibits a
carrier phase moving with and towards its modulation
frequencies. Moreover, for a symmetrical transient,
like the unit step or the error integral erf, F(T) is sym-~
metrical around a peak at T'=0 and decays gradually
to zero for T'= + . Further, as F(T)? is always posi-
tive, the resulting transient, if plotted on a common
time scale, appears to be always above the original
transient. ’ \

The fault F(T) depends of course on the shape of
Eo(T) of the original transient. Furthermore its com-
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paraﬁve amplitude riseg with &, the depth of modula-
tion. And finally, its shape and duration depends very
much on the steepness of cutoff of the single-sideband

filter, -

UNIT-STEP-TRANSIENT: STRAIGHT Cur
OF AMPLITUDE RESroNsk

Within the limits given above, the unit-step transient
is mathematically the simplest and the most general

practical filtef would however give delay, which would
allow faults to appear before as well ag after the arrival
of the undistorted signal, and to obtain complete re-
sults the unit step has technically to be replaced, e.g.
by the limiting case of the erf transition of infinite
steepness; in thig case, action before T=0 g possible
because the function is continuous.

The general equation for this case jg given in the
following paper as (9). Curve (1) in Fig. 1, equa-
tions (9a), (9b), show the transient-response curve for
N = o, which corresponds to a start from Zero carrier
level (100 per cent modulation). Curve (2) corresponds
to N=1, that is doubling the carrier amplitude (as
from 33 to 66 per cent peak level or 33 per cent modu-
lation,” equations (9¢) and (9d)). The distortion is of
similar type, but somewhat less pronounced. The ab-
scissa of Fig. 1 represents the time axis, its units being
radians of the cuf frequency w,. The ordinate of this
and the following figures are plotted in units of the

-The main feature of Fig. 1 is the fault near T=0,
which lifts the transients to a sharp-peaked overswing,
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which indeed for an ideally steep transient would be
infinitely high, Although the fault is the same for posi-
tive and negative values of T, its lifting eflect is larger
at the lower level due to the addition in quadrature,
since F>+/IPL i .

That the output transient of the single-sideband Sys-
tem seems to have attained substantial values even
before the time 7= ( when the input transient was ap-
plied is explained by the simplifying assumption that
the single-sideband system has no time delay. In
“reality”, an infinitely long filter js required, with ge.
cordingly infinite time delay, to produce exactly the
straight cut as indicated in the inset figure in Fig. 1.

UNiT-STEP TRANSIENT: PARABOLIC Cur or
AMPLITUDE REsronsk

joined at the value 4 =0.5 a5 5 point of inflexion. The
general equation for this shape of cutoff is given in
(11). Fig. 2, equations (11a), (11b), (11¢), (11d), shows

Py @
® 1 1 |7
2 N o -y o, o LA S PR 2 -tadiams ey,

Fig, 2

again the cases of N = o (100 per cent modulation)
and of N=1 (33 per cent modulation). The scale of
the abscissa is the same, and the type of transient is

.t Yet H. A, Wheeler and J. C, Wilson, in a paper presented after
this paper was completed at the Annua] Convention of the I.LR.E.
in Boston, June 29, 1940, have shown that reducing the flter slope
near thg carrier frequency to zero results in 5 more desirable shape..
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¢rf TRANSITION : STRAIGHT Cur
OF AMPLITUDE RESPONSE

No lucid interpretation can be based on transient-
response curves with infinite overswing, which is
clearly caused by the idealized assumption of an infin-
itely steep transient, the unit step. This then had to be
abandoned in favor of a transient of finite steepness.

‘Many simple shapes offer themselves, but to avoid
complications all unsymmetrical transients were ex-
cluded, as well as transients with overswing and oscil-
lation. Furthermore, such other transients as the
straight rise and the sinusoidal transition, which have
an oscillatory frequency response, requiring negative
values of gain 4, do not seem representative of practi-
cal cases. Thus the smooth erf transition was selected.
It is so called because it embodies the error function
integral? erf. Its shape is that of the curves K=0 in
Figs. 3 and 4 (equation (16)). It has a nonoscillatory
amplitude response 4 =¢—*"1%° whose band width is
described by the value wq, where the gain 4 has
dropped to 1/e=0.37. The highest useful frequency is,
however, as explained elsewhere,® the much lower fre-
quency 0.5wo, which is attenuated to 0.78.

The resulting transition was calculated on the basis
of (16) and (17). Its shape depends largely on the ratio
of “useful band width” 0.5w, of the erf transition to
“cut width” w,. This ratio 0.5we/w, may be called K.

If now transient responses for different values of K
are to be compared, we are less interested in a constant
cut width w, with different band width Ko, than in a
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constant erf transient with various cut widths w.. Thus
the time axis of Figs. 3 and 4 was made KT instead of
T, so that the same erf transient is always applied
and only the cut width is varied. K =0 represents no
cut and thus gives the original erf transient. In both
Figs. 3 and 4 the duration of a “picture dot” is indi-
cated assuming it to be one half cycle of 0.5wp (i.e.,
7 radians of 0.5wy).

The fault amplitude S of the erf transition, given in

2 i, Jahnke and F. Emde, “Tables of Functions,” B. G. Teubner,
Leipzig, 1933, pp. 97-104.

3 H, E. Kallmann, R, E. Spencer, and C. P. Singer, “Transient

response in television,” Proc. I.R.E. vol. 27, p. 613; September,
1939 (summary only).

" (16), is very tiresome to evaluate. This has however

been done for values up to KT'= 3. For values of
K>5 a very good approxjmation is given by (17),
which however is no less tiresome for values of
KT> +3. Some values of the infinite series enclosed in
brackets [ . . . ] in equation (17) are given in Table I
of the paper which follows.

The results of the calculation for N=1 (33 per cent
modulation) are given in Fig. 3, equation (16a). They
show a general lift of the curve extending over two
“picture dots,” no sharp-peaked overswing and, apart
from the long tail, no loss of steepness. Transients with
K =3 and even K =5 show tolerably little distortion.
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But K =10 (10 per cent cut width) seems to be already
useless. The same family of curves for N = o (100 per
cent modulation) is shown in Fig. 4, equation (16D).
The distortion has become much more noticeable; even
K =3 seems to be hardly useful. From the equations
it appears to be possible, but not very probable,
that the transients are slightly oscillatory for values
KT > +3. The case K =1 represents an amplifier with
zero gain on one end of the total band and straight rise
of gain to unity just on the other end of the total band.
This gives tolerably little distortion indicating that a
very uneven amplification of the two sidebands can be
allowed in any carrier amplifier as long as there is no
phase distortion introduced.

No separate calculations are needed for the case of
a sudden drop in carrier amplitude, since in the cases
of symmetrical transients the fault F is identical for
+ T. Thus such “negative transients” are represented
by simply reading from right to left the curves in Figs.
1 to 4. N=1 then corresponds to halving the carrier
amplitude, N = » to switching off the carrier.

CONCLUSIONS

The cases discussed above, especially that of the erf
transition, appear to be sufficiently representative of
any practical application to allow some general conclu-
sions. They indicate that single-sideband systems are
suitable for general adoption only if special measures
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are taken to reduce or avoid the distortion demon-
strated above.

The first measure would be to keep the factor K al-
ways as small as possible, i.e., to cut with the least pos-
sible steepness. Evidently there is always an optimum
compromise between allowable distortion and desirable
saving of band width. Fig. 5 illustrates this by showing
the resulting band width for various values of XK. Full
band width is required for K<1; the ideal saving of
50 per cent is attajned only with K= o, But a value

BANDWIDTH

Fig. 5

of K'=2.5 would reduce the band width to 60 per cent
of the total without causing quite intolerable distor-
tion.

The second measure would be to keep NN, the depth
of modulation, down to the lowest reasonable level, If
for example a television system with positive modula-
tion and negative synchronizing pulses is assumed,
then a lift of the “black” level from 30 per cent white
to 50 per cent white results in a value of Npay =1, Fig.
3, but requires only doubling (49/25) of the transmitter
power for identical signal-to-noise ratio at the receiver.
And this measure together with. a value of K'=2.5
would give 40 per cent saving of band width with to]-
erably little distortion.

To devise means of correcting the distortions due to
single-sideband transmission appears to be rather
hopeless; for example, subsequent phase correction
might improve the shape of an “up” transition, but
then the same transition “down” would be correspond-
ingly worse, because a phase corrector shifts the bal-
ance between the beginning and the tailing of a transi-
tion, whereas the fault amplitude F due to single side-
bands is always positive, whether the transition is
“up” or “down.” The fault is not simply a function of
the amplitude or the frequency, but completely inter-
twined with both the shape of the transient and jts
height. For the same reason it must be concluded that
phase distortion near the cut of the filter, which is to
suppress the one sideband, will not offer any improve-
ment. The main feature, that the fault amplitude is
always positive, obviously remains and it must be as-
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sumed that phase distortion will result in deformation
of the fault amplitude. :

It is theoretically possible, however, to suppress
the distortion completely in the rectification. It has
been explained that the arriving signal consists of the
original component Eo(7") and the fault F(T), added
in quadrature. Any detector which is sensitive exclu-
sively to the phase of the former, will be insensitive to
the phase of the latter. Such a device is the multiplica-
tive homodyne system, as exemplified by a hexode, to
the one grid of which are fed the incoming signals, to
the other grid of which are fed oscillations of exactly
the genﬁine carrier frequency and exactly in phase
with the E,(7T) component of the incoming signal. This
oscillation would have to be of extremely stable fre-
quency and phase. It cannot be locked to the incoming
signal as the F(T) component would tend to detract
it from its proper phase. '

The fact that the fault amplitude due to single side-
bands is always positive has some bearing on the choice
of “positive” or “negative” modulation in television.
‘T'wo opposing arguments may be brought forward, ac-
cording to the degree of perfection aimed at. To minij-
mize the fault, positive modulation with a black level
not less than 50 per cent would be indicated, neglecting
any possible deterioration of the synchronizing pulse
near the zero level. However, if a slight fault due to
single sidebands is to be tolerated, then it would per-
haps be less conspicuous in systems with “negative”
modulation; because the fault would tend to darken
the edges of darker fields adjacent to brighter areas
and this would somewhat counteract the effect of
spreading of stray light, or stray electrons, from the
brighter parts into the adjacent darker Areas.

Note

Since this investigation was completed, a series of
papers have appeared, all dealing with substantially
the same problem. In a]] these papers, by S. Goldman,*
R. Urtels H. Nyquist and K. W. Pfleger,’ and R. D.
Kell and G. 1. Fredenhall,” the importance of the
quadrature component is recognized, -also generally
the increase of distortion with j
modulation and in some of them
avoiding single-sideband filters with a steep cutoff near
the carrier frequency. Thus, so far there is complete
agreement between a]] investigators and in some of
these papers the valuable observation is discussed that
two unit dots separated by a unit gap (representative
of two separate vertical lines in g picture) profit more

S g’}oldman, “Television detail and selective-sideband trans-
mls;s%n,Url;’SOSb{).E.E. vol. 27, pp. 725-732; November, 1939.

. . ervations regarding single-sideband transmission

in television,” Tele unken Housmities] —-83;
uicloyisic . °f Muielungen, vol. 20, pp. 80 83;
6 H..Ny_qulst and K. W, Pfleger, “Effect of the quadrature com-
ponent in single sideband transmission,” Bejj Sys. Tech. Jour., vol.
19, pp. 63-73; January, 1940, ’
TR, D. Kell_'z_md G. L. Fredenhall, “Selective side-band trans-
mission in television,” RCA Rewv., vol. 4, pPp. 425-440; April, 1940,




from the introduction of a single-sideband system than
the study of a single unit step suggests.

Vet confronted with an infinitely high transient
response, when a unit step is fed to an ideal single-
sideband system, as shown in Fig. 1, all of these in-
vestigators have chosen to limit the pass band of the
system by means of what amounts to an ideal low-pass
filter, with infinitely sharp cutoff. As a result, all the
transients plotted show a slowly decaying oscillatory
overswing which is due to the shape of cutoff of this
assumed low-pass filter and not due to the single-
sideband system proper. The authors of this paper,
however, believe it to be important to avoid all but a
very small percentage of overswing since its evidence

A Mathematical Appendix

\

is annoying in all pictures with satisfactory gradation.
Thus, in spite of the mathematical difficulties, an erf
transient was chosen, rather than the Si function with
9 per cent overswing followed by 4 per cent under-
swing, since the erf function has no overswing and thus

.is a very suitable representative of a well-shaped tele-

vision signal. Consequently in the curves so obtained,
Figs. 3 and 4, all overswing is solely due to the single-
sideband distortion and it is hoped that these curves
may be helpful in a decision, just how much depth of
modulation and steepness of single-sideband-filter cut-
off can be permitted without causing intolerable over-

swing.

to Transient Response of

Single-Sideband Systems’

CHARLES P. SINGER}, NONMEMBER, LR.E.

modulated with the Heaviside unit function,

H ET a sinusoidal carrier voltage (¢)=cos vt be
defined by the requirements

H@E =0 for t<0
HG) =1 for ¢>0.
Then H(f) may be represented by the Fourier integral
HE) = & + 1/r f ) Sinw"’t doo. (1)
0

Also let the depth of modulation be NV- 100 per cent;
then the resulting voltage as a function of time,is

E(t) = cos »t[1 + N-H(®)] (2)

N N ? sin (0 + )¢
= <1+—2~>cosvt+~2—7r—[f0 ——————~——w

0

+f i{-l-lw-(i— V-)i]dw
0 w
or

N N % sin ot
E(f) = cos Vt{l + —+ ———f ‘dw.} 4)
2 m 0 w

Thus, since

3)

t=0
t >0

“ sin wt 0 when
f vdo = {
0 w w/2 when

it follows that, when retaining both sidebands, the
resulting response is undistorted.
Now let the device be such that one sideband is

* Decimal classification: R410. Original manuscript received by
the Institute, March 28, 1940; revised manuscript received, Sep-
tember 16,-1940.

{ Electrical and Musical Industries, Ltd., Hayes, Middlesex,
England.

December, 1940
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eliminated. From (1) it is first clear that the modula-
tion frequencies increase to infinity, but on the other
hand the band width is limited to the carrier frequency
and we must therefore make the latter large compared
with the cutoff frequency; for the same reason it is
unnecessary to include a phase constant in the carrier
voltage.
Eliminating the upper sideband, we have from (3)

N N % sin (0 — »)t
E(t) = <1 + ——> cos vt + —~f e dw
2 2w J o

w

or

N N 7 sinwl
E(t) = cos Vi{l + Pl + — dw}

271‘ 0 w

dw}

w > 0,

(5)

[2e]

. N cos wi
— sin yE< — f .
2rd g w

* cos wl

I =

The trouble around the carrier frequency (i.e., for
w=0) is due to the assumed frequency characteristic
of the single-sideband filter, that is one cutting
abruptly at the carrier, thus causing E(¢) to rise to
infinity. We must therefore stipulate a gradual filter
cutoff.

where

Unit STEP: STRAIGHT CUT

The amplitude response 4 (w) of the first single-
sideband filter investigated is shown by the inset figure
in Fig. 1. The transition curve is symmetric about the
point 4 =0.5, w=0. Equation (3) then becomes

!
.
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N We i
E(1) =%<1+—> cos vt-l—ﬁ{ A(w) S_lil__(ffi:’lt.dw
2 27 0 w
-I-f cA(-w) Ll de (6)
0 w

® sin (w—p)t
+j:oc w 'dw}

and in the case that the transition curve is a straight
line '
Aw) = 31 — w/w,).

Equation (6) leads to
sin wi
-dw}
w

. (N1 poe’ ® cos wt
—sin < — —f "COS wt—{—f ]dw.}
Tl WV g W, (&)

3

This expression eventually reduces to
IS A ) N (sinT
E(t)=< >cos vi—sin vt[—{ —C’i(T)}] (8)
2 20\ T

where C7 is the cosine integral.l
The envelope of this signal is then found to be of the
shape .

ZLMDL=¢4LHW%5Q?%£—aaﬂ? (9

2E() =cos yt{l—l—ﬁ—l—iv—f
2o 7

The curves of Fig. 11 were plotted from this equation,-

the left half of the curve 1 (N= ) from (9a), its right
half from (9b); also the left half of curve 2 (N=1) from
(9¢) and its right half from (9d).

E(T) = V '1/7r2[ SiI;T - Ci(T)T
E(T) = /3/ {41 /7r2,: Sir;T

E(T) = /‘/ 1+ 1/7r2[ SiI;T - Ci(T)T—l (%)

E(T) = 1/4 1 1/7r2’:Sir;T — Ci(T)]z—l

For T'=0, ]E(T)[ﬁooandfor T— oo, ]E(T)[ =14+N/2.
The infinite amplitude for T=0 is dye to the infinitely
steep slope of H(¢).for 1=0, and similar remarks will
apply to any other time function having an infinite
slope at the point ¢=0. :

If, instead of eliminating the upper sideband, we
eliminate the lower one, then in (8) sin vt will have a
positive sign instead of a negative, while the envelope
remains the same in both cases.

(9a)

= c¢(T)]2 (9b)

(9d)

1 E. Jahnke and F. Emde, “Tables of Function” B. G. Teubner,

Leipzig, 1933, pp. 79-86. . . L
I Figures will be found in the preceding paper to which this is an

Appendix.
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Unit Funcrion: ParaBoric Cur

Next we shall consider a parabolic cut 4 (w), which,
as shown in the inset figure in Fig. 2, has a steeper
slope at the carrier frequency. We have

A(0) = (1 = Vo/w,)

and inserting this in (6) and evaluating by means of
Fresnel functions, defined as follows

(10)

z e—iu

Ce) — jS@) = f —du

0 2

we find the envelope
2| E(T) |
=\/(1—I—N)2—I—N2/7r2[\/27r/TC(T)—Ci(T)]2. (11)

The curves of Fig. 2 were plotted from this equation,
using for the left half of curve 1 (N= =) equation
(11a), for its right half, (11b); also for the left half of
curve 2 (N=1) equation (11c) and for its right half,
(11d).

E(T) = \/1/a*[\/22]T-C(T) — Ci(T) J? (11a)
E(T) = V1+ 1/r[2n/T-C(T) = Ci(D) ]2 (11b)

ED =1+ 1/2*[\/2x/T-C(T) — CiT) ]* ~ 1 (11c)
ED = 4+ 1/7*[\/22]T-C(T) — Ci(T) ]~ 1(114)

ERROR-INTEGRAL F UNCTION: STRAIGHT-LINE Cur

Lastly, we shall replace H(#) by a continucus func-
tion “

: KT
ao(T) =1 + 1/\/7_rf edy = (1 4 erfKT)  (12)
0
where
K = %(wo/wc)
and

T = wyt.

Now let Y=w/w,, then, as shown elsewhere,? we may
write (12) in the form '

° in yT
ao(T) =1 + 1/7rf;J e~Curzrye, S VL nyy dy

(13)

which agrees with
under the integral.

But the response function corresponding to (1) with
a straight-line cut is given by (7), and so the response

function corresponding to (16) with a straight-line cut
is given by

(1), except for the decay factor

! Loc. cit., p. 108.

2H, E. Kall'rqapn, R, E. Spencer, and C. P, Singer, “Transient
response in television,” Proc, L.R.E., vol. 27, p. 613; September
1939 (summary only). ' '




N N
2E(t) = cos vt{l + ) + 5 eerT}

N (dl s
1
— sin vt-—3——+ 1 }
- {dT :
. sin yT
Il —-_:f 6"(1//21()2 ———— dy
0 Yy
where - . T (15)
I, =f o~ (/2K)* cosy dy\.
1 Y

After evaluation of these integrals the envelope of
(14) is found to be of the shape!

2] E(T) |= 4/ {1+N/2<1+eerT>}2+(—Z§-)Z, (16)

where

S=Kr/T (KT); I .y ( : >
——— P .er B E?/ ——— st
’ 2K

2 4K?
— R A (K T) = Ao(KT)*+As(KT)*— - - }
and
. 1 B
4—~'-2“!( - )—-3"!
1 17 1
.~,=__._[_~ 3—4.2
5.3 3IL2K?
1 1 1 7.5—6-4
Ag= -~[ + +7-5:3—6-4-2
7.5.3 41l (2K?)*  2K?

1 1 1 9.7—8:6
A= ‘[ +
9.7-5-3 SIL(2K?»3  (2K%)*

1 Loc. cit. For the integral Ei, pp. 79-80.

L4

9.7.5—8.6-4
2K? | |
The curves in Fig. 3 (N =1) were plotted from (16a)
and those in Fig. 4 (N = «) from (16b).
| E(D) | = /{1 + 31 4 erfET) }2 4 S/
| B(D) | = +/{3(1 + erfKT)}2 + S?/x2

For large K's (K >5) only the last terms in each coeffi-
cient A, are significant figures and the very good ap-
proximation equation (17) may be used.

J.—9-7-5-3—8-6-4-2]

(16a)

(16b)

_ 1 1 1
S =~ <K cerf — g~ KT — — Ei<—— _-—>
{ Vel ox

2 AK?
_ 6_1/4K2.[1 (KT)t _ (KT)° <1 _ Zi‘i)
3 2 3! 3.5
(KT)® / 2-4-6> ]
1 — —_ e 17
T\ T35 ()

When K— <, the decay factor e~WiK)* hecomes
unity, and the envelope is thus identical with (9) cor-
responding to the unit function, except that it is now
also defined for negative values of the argument, since
the erf function is a continuous function.

TABLE I

SOME VALUES OF THE INFINITE SERIES ENCLOSED
¥ [ ] or EquarioN (17)
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Linear Plate Modulation of Triode Radio-
Frequency Ampliﬁers*

CHAO-YING MENGT{, NONMEMBER, LR.E.

Summary—An analysis of the conditions to produce linear com-
plete plate modulation of lriode radio-frequency amplifiers shows that
the grid-excilation volluge and bias polential of triode amplifiers have
lo be modulated together with the plale-supply potential. Besides giving
linear modulation characteristics, the reflected impedance of the radio-
frequency amplifier lo the modulalor is o constant, resistance in the
present scheme and excessive grid dissipation al the trough of modula-
lion is eliminaled. Calculations using the point-to-point method on
different lriodes and experimental measurements made on the triode
801 agree very well with Lhe theory.

INTRODUCTION

T 1S well known that oscillators have very good

plate-modulation characteristics though it is not

possible to obtain complete modulation with it.

* Decimal classification: R135 % R355.8, Original manuscript
received by the Institute, October 29, 1940,

tRadio Research Tnstitute, National Tsinghua University,
Kunming, China,

December, 1940

Due to the accompanying frequency modulation and
limited power output, oscillators are now almost uni-
versally replaced by class C amplifiers. Better modula-
tion characteristics can be obtained when a grid-leak
bias is used than with a fixed bias. But there is the
danger of damaging the tube on losing excitation, so
a combination of fixed and grid-leak bias is generally
used. The grid excitation is usually constant. When
properly adjusted it is possible to obtain modulation
characteristics with distortions of only a few per cent.
There are, however, the delects of excessive grid dissi-
pation at the trough of modulation, decrease ol re-
flected impedance to the modulator and decrease of
plate-circuit efficiency at the peak of modulation,
localized plate heating due to “locusing effect,” and
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others. To obviate these difficulties the amplifier is
usually designed so that the full capacity of the tube is
not utilized and the percentage of modulation is kept
low in high-quality stations. It is the Igurpose of this
paper to obtain analytically the conditions to produce
distortionless modulation without these defects and

verify the same by point-to-point calculations and
experimental measurements,

PARrT I. THEORETICAL ANALYSIS

When the load of a radio-frequency amplifier is a
constant impedance, a distortionless plate-modulation
characteristic means that the radio-frequency poten-

‘tial difference across, or the radio-frequency current

through, the load is a linear function of the plate-
supply potential, and for complete modulation, di-
rectly proportional to it. The latter case may be ex-
pressed as follows:
E_L _& o
Epo Ipo Ebo
where E, and I, are the radio-frequency potential
difference across, and current through, the load im-
pedance, respectively, and E3, the plate-supply - po-
tential. The subscript 0 denotes that the corresponding
quantities are values under carrier conditions. We
shall call this the radio-frequency condition.

As far as the modulated amplifier is concerned, ful-
fillment of the radio-frequency condition is sufficient
for distortionless modulation. However, the changing
direct plate current I, of the modulated amplifier
reflects a load on the modulator equal to AE;/AI,,
where Al is the change of the direct plate current
when the plate-supply potential is changed by AE;.
Unless this reflected load is a constant resistance,
wave-form distortion will result in the modulator, be-
Cause vacuum-tube modulators are not constant-volt-
age generators without internal resistance. For com-
plete modulation, I, necessarily reduces to zero when
E3 is reduced to zero; therefore, we further require

SN @

Iy, E,

We shall call this the direct-current condition. Heising!
pointed out the above conditions clearly as early as
1921, but it seems that no attention was paid to the
direct-current condition later and perfect modulation
characteristics are assumed when the radio-frequency
condition alone is satisfied.

Oscillators fulfill the above conditions closely, but
it is not possible to fulfill both conditions simultane-
ously in class C amplifiers, whether fixed or grid-leak
bias is used. Plate-modulated. amplifiers using fixed
bias give less output at the peak of modulation than
if the modulation were linear and distortions of 10 or
20 per cent are not uncommon. Grid-leak-biased am-

! R. A. Heising, “Modulation in radio telephony,” Proc. L.LR.E.,
vol. 9, pp. 305-352; August, 1921.

December

plifiers give better characteristics. The grid bias is
decreased at the peak of modulation, especially in
high-power tubes, in which secondary emission from
the grid takes place; so the output there can be made
equal to or even more than that of distortionless modu-
lation. The combined effect of the increased plate-
supply potential and decreased bias at the peak of
modulation makes the plate-circuit efficiency low. The
direct plate current and plate dissipation, therefore, are
greatly increased. Appreciable plate current flows
when the grid potential is negative, and the localized
heating of the plate by the “focused” electron beams
decreases the effective plate dissipating power of the
tube. Also, the grid dissipation at the trough of modu-
lation can be excessively large. Hence it is customary
to design the amplifier so that only a fraction of the
tube capacity is used and the percentage of modulation
is made low. :

Mouromtseff and Kozanowski? have shown that by
modulating the excitation with the plate-supply po-
tential, it is possible to “compensate” the modulation
so that the radio-frequency condition is satisfied at the
peak of modulation. The degree of modulation of the
exciter they used was “generally much less than 100
per cent.” No mention of the direct-current condition
was made, but it is evident from their oscillograms
that it is not satisfied. The varying resistance will pro-
duce wave-form distortion in the modulator even
though the radio-frequency condition is satisfied.

We shall now proceed to analyze the plate-modu-
lated amplifier and find the necessary operating condi-
tions for distortionless complete modulation of triodes.

A. Plate Current of a Triode as a Function of Grid and
Plate Potentials

After the usual assumptions have been made, the
space current follows the well-known three-halves-
power law

p 3/2
i =G <eg + “) ’ (33')
I

where 4, is the space current; G, a constant of the
triode; ¢, and e,, the grid and plate potentials, respec-
tively; and u, the amplification factor of the tube., 15 1S
different from zero only when the expression in the
parenthesis is positive.,

We are, however, interested in the plate and grid
currents separately. The way the space current divides
itself between the electrodes depends upon the geo-
metrical configuration of the electrodes and the relative
magnitudes of the plate and grid potentials. For any
particular set of conditions in 4 tube, the plate current
1, may be expressed by the relation

. €p \”

p=Gle + —) (3b)
14

*I. E. Mouromtseff and H. N. Kozanowski, “Analysis of the

operation of vacuum tubes as class C amplifiers,” Proc. I.LR.E.
vol. 23, pp. 752-778; July, 1935, prhers ’
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An examination of the characteristic curves, for in-
stance, the constant-plate-current curves, of typical
triodes reveals that unless the plate potential is equal
to or smaller than the grid potential, they are very
nearly parallel straight lines. This shows that for con-
siderable portions of the whole family of characteristic
curves, G and x in the above equation are constants
with respect to variations of ¢, and e,. But the values
of G and x vary with the value of 4,. As far as a mathe-
matical expression for the family of curves is con-
cerned, we may consider G to be a constant and «
varying with 4,. Calculations show that the value of
x is substantially constant for all values of ¢, except
when the latter is extremely small. There, the contri-
bution to whatever quantity may be involved is also
very small, so we may consider x to be a constant also
for the straight portions of the whole family of curves.

The constant-current curves begin to bend upwards
when e, becomes comparable to e,. We may still con-
sider G to be a constant and make x vary in order to
make (3b) fit the actual courses of the curves. The
value of x decreases as the ratio ¢, to e, increases. But
calculations from the curves of typical triodes also
show that unless the ratio becomes much larger than
1, the value of x varies only slightly.

If we make the usual assumptions that the grid and
plate circuits of a class C amplifier consist of tuned
circuits, that the load impedance in the plate circuit
is a constant resistance, and that neutralization is per-
fect and transit time of the electrons may be neglected,
we can express the plate current as a function of time
¢ as follows:

) E, E, @
i, =G [(Ec + 7) + (Ea - ~;> cos wt:l , (3¢)

where E, is the bias potential; E;, the plate-supply
potential; E,, the amplitude of the grid-excitafion po-
tential; E,, the amplitude of the radio-frequency po-
tential across the load resistance; and w, the angular
velocity of the amplified frequency. The expression in
the parenthesis may be considered as the effective
potential, and plate current begins to flow when
E.+E,/uis equal to (E,—(E,/p)) cos wi, but opposite
in sign. Designating this particular value of wt as 0,
we have
Ly
Ec + -
"
)
g,

cog ) = — —

(4)

Substituting into (3c)

i, = G <E,, - —~)> (cos wl — cos 0)*. (3d)
o

B. The Average Plale Current and the Amplitude of the
Fundamental Com ponent of the Radio-I'requency Cur-
rent Through the Load Resistance

Integrating the plate current 4, over a radio-[re-
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quency cycle, we obtain the average plate current

1 [ Ep z
Li=—| G (Ea — ~> (cos wt — cos 0)%d(wt). (5a)
29 g U

G is a constant and E, and E, also vary so little in a
radio-frequency cycle that they may be considered
constant in the integration. x is nearly constant for
all values of plate current except when the latter is
exceedingly small and when the minimum plate po-
tential is smaller than the maximum grid potential.
So for normal operating conditions ¥ may be consid-
ered as constant in the integration without appreciable
error. In any event it is possible to find a constant
effective x, which when used in the integration would
give the same average plate current as when the vary-
ing « is used. Then

G EN® (°
Iy =— (E,, — ——?—> (cos wt — cos B)™d(wt).
27 M 6

The integral is now a function of 6 and % only. Let
us designate it as Fy(9); then

G EN\
L= (E - —’1) £y(0). (5b)
2 I

The amplitude of the fundamental component of
the radio-frequency current through the load resistance
is

G ° E\®
I,=— E‘,—: (cos wi—cos §)* cos wt d(wt). (6a)
T J g

Similarly we can substitute for the varying & a con-
stant effective x,, which when used in the integration
would give the same I,. Then (6a) becomes

G Ep zp 0
I,=— <Eﬂ - — (cos wt — cos )% cos wt d(w?).
™ M )

Writing the integral which is a function of 6 and x,
only as F,(0),

G EN*
I, =— ‘<Ea - _p> F (). (6b)
w M »

C. Modulation To Be Applied to E, and E, in Order
to Satisfy the Radio-Frequency and Direct-Current
Conditions Simultaneously

The radio-frequency condition requires that

<E E”>%r (0)
L_ N W By

I E ) I
" <E{/o - 720(1) Fpo<0) "

and the direct-current conditions requires that

BN\
<Eu - ”") F(,(0) -
Iy 7 [Lh

jb E 3 #bg E; .
0 <Eﬂo - Q) Fy(0) K
M

(8)
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The simultaneous fulfillment of the radio-frequency Solving for E,

and dire\ct—current conditions requires that

or

Ep\
<Ea . ——) Fy(6)
_ 7

E_ \*%po B\ b
<Ego - 7) Fon(6) <E - ) £ (0)
) M

When an amplifier is operated so that its dynamic
characteristic curves never cut the static constant-

- (9)
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e
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Fig. 1—E, curve. Calculated values (solid curve) and measured
values (small circles on the curve) of E, to give distortionless
modulation of triode 801. E,= —43.75 volts at carrier and 100
per cent modulated with Ey. E,=210 volts root-mean-square at
carrier.

current characteristic curves where they bend up-

wards, ¥, %p, %, and x,, are equal to one another.

Equation (9) then becomes
Fi0) R0
Fo(8)  Fil0)
Fy(0) and F,(6) are quite different and are general func-
tions of 6. The only way they can vary according to

(10) when Ej is varied is when both functions remain
unchanged, i.e., 6 has to remain constant, or

(10)

B, By,
E 4+ — E, +
A £ (11)
. E:o Epo
Ea - = Eﬂo -
7 7

Equation (7) then becomes

E;,

Es,

December
E E,, B\ Y=
E, = —p+ <Eoo - —i> <_—> :
1 H By,
By (2)
Eﬂ = Eooml/x + Po (m ___ ml/x)_ (12)

7

where m=E;/E,, Substituting this value of E, into
(11) and solving for E,, we obtain

Es,

— E, = — Em'* (m — mt=), (13)
Equations (12) and (13) give the necessary modula-
tions to be applied to E, and E,, respectively, in order
to satisfy the radio-frequency and direct-current con-
ditions simultaneously. It is to be noted that they are
exactly of the same character, for E, and E,, are in-

trinsically negative quantities.

D. Discussions of Equations (12) and (13)

The form of the modulations to be applied to E, and
E. is very similar to the modulation characteristic of
conventional plate-modulated amplifiers. (Compare
Fig. 1 with the E, curves of Fig. 2 below.) The mag-
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Fig. 2—.Modula‘ti.on characteristics of triode 801 under normal op-
erating conditions. Carrier conditions: By =350 volts; E,,=—90
volts; E,, =105 volts root-mean-square. Solid curves: E, is 100
per cent modulated and E, is 90 per cent modulated with Ej.

nitude of the modulation depends on the value of «

and the carrier operating parameters. The former de-
pends on the construction of the tube and has a value
ranging from 1.5 to 1.25. When the tube is operated as
an ordinary class C amplifier under carrier conditions,
the peak values of E, and E, required, when Ey is
doubled, is about 85 to 90 per cent. Thus all the elec-
trode. potentials are nearly proportionally changed.
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The electric-field distribution between the electrodes
at any particular phase angle in any two radio-fre-
quency cycles is, therefore, also nearly the same. This
means that x,=,, and x;=x;, even when the ampli-
fier is so loaded or excited that the dynamic character-
istic curves do cut the static constant-current curves
where they depart from their straight courses or when
depressions in the plate-current pulse occur. It may
seem that x,5x; under such conditions due to the
multiplying factor cos wt in the integral of (6a). But
close examination shows that where depression in
plate-current pulse occurs, the multiplying factor
cos wt is approximately constant and very nearly equal
to unity. Therefore (12) and (13) give the necessary
modulations in order to satisfy the radio-frequency and
direct-current conditions simultaneously even when
the curved portion of the characteristic curves is
traversed by the dynamic curves. It is thus shown
that there is no restriction whatsoever on any of the

" operating parameters E., E;, Eu, and E,,, or'in other

words, the tube may be operated even as a class B
amplifier if not for considerations of power output,
efficiency, etc., in contrast with the conventional
plate-modulated amplifier whose grid bias has to be
two or more times the cutoff bias and excitation
enough to give voltage saturation of plate current.
If we set E,,= — Eu,/u, (13) becomes
Ey
E, = ——" (14)
7
Thus the required modulation on E, is linear and to the
same degree as E;. The bias is always maintained at
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Fig. 3—Modulation characteristics of triode UV-207. Carrier con-
ditions: Iiy,=10 kilovolts; E.,= —800 volts; Ii,,=8.7 kilovolts;
I,,=1330 volts. i, is 100 per cent modulated and 7, is 85 per
cent modulated at the peak of modulation,

the cutoff value and plate-circuit efficiency will be
about the same as that of ordinary class B amplifiers,
i.e.,about 60 per cent. Operationunder these conditions
will not be very practical although it is one interesting
possibility. The usefulness of this mode of operatioﬁ
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lies in the fact that it offers a very convenient means
for calculating . In the general case the degrees of
modulation on E; and E, are different. They have to
be adjusted at the same time until both the radio-
frequency and direct-current conditions are simul-
taneously satisfied. This will be a very long and diffi-
cult process. Making use of this special case, it is only
necessary to try different values of E, to give distor-
tionless modulation. The value of ¥ may then be cal-
culated from (12). '
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Fig. 4—Modulation characteristics of triode 100TH. Carrier condi-
tions: Ep,=2.5 kilovolts; Egy=—125 volts; Ep,=2.2 lgllovolts;
E,,=234 volts. E. is 100 per cent modulated and E, is 80 per
cent modulated at the peak of modulation. .

Part II. PoinT-10-POINT CALCULATIONS

To check the above theory, point-to-point calcula-
tions were made on tubes of different power ratings and
amplification factors. The carrier conditions were ar-
bitrarily fixed, and use was made of the special case
mentioned above. From the value of E, required to
give the correct values of I, and I; at m equal to 2,
the value of x was calculated from-(12). When this
value of & was used, E, for other values of m was cal-
culated and compared with those obtained by the
point-to-point calculations. Characteristic curves of
several water-cooled tubes were given in Mouromtseff
and Kozanowski's paper? and those of the triode
100TH were supplied by the manufacturers. Typical
results are given in Table 1.

TABLE I

Triode 100TH
Carrier Conditions:
Ly =3000 volts; g, = —175 volts;

Triode UV-207
Carrier Conditions:
Lip, =10 kilovolts; Lg, = —600 volts;

Ep,= 9 kilovolts; E,,(L =1130 volts. Ip, =2600 volts; [, =190 volts.
IE, calculated I, calculated
L, caleulated | 37 " o I, caleulated | 79 "
m 7 by point-to- m 0. by point-to-
from (12) point method from (12) point method
0.5 613 660 0.5 108 120
0.8 927 925 0.75 150 157
1.0 1130 1130 1.0 100 190
1.2 1329 1325 1.28 229 231
1.5 1620 1630 1.50 266 268
1.8 1907 1890 1.75 302 307
2.0 2090 20900 2.0 338 338

An actual plot of (12) or (13) will show that the
required modulations of I, and L, resemble very
closely the modulation characteristics of ordinary
plate-modulated amplifiers, so the grid excitation can
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be easily arranged to satisfy (12). But in the following
calculations ‘'we shall make the grid bias to be modu-
lated proportional to Ey, and E, linearly modulated so
that the radio-frequency condition is satisfied at the
peak of modulation. Modulation characteristics of the
tubes 207 and 100TH are given in Figs. 3 and 4.

The plate current, output, etc., at the peak of
modulation using the present method and those using
constant bias, grid-leak bias, and a combination of the
two are given in Table II.

TABLE 1I
Triode 100TH: Modulation Characteristics at Peak of Modulation
Carrier Conditons: Ey,=2500 volts; Egy = —125 volts; Ep,=2200 volts;
E,, =235 volts.

Ip in

I Ip in
milliamperes

o Power input
milliamperes

in watts

Power output

Type of operation in watts

Constant bias - 370 228 | 1140 703
Grid-leak bias 390 245 1225 780
Combination biag* 392 246 1230 774
Present scheme 436 247 1235 968
Distortionless case 432 246 i 1206 952

* Fixed part of bias at carrier = —50 volts; bias produced by grid leak at
carrier = —75 volts. .

PARrT I1I. EXPERIMENTAL MEASUREMENTS
A. Experimental Check of Equations (12) and (13)

The bridge method of Noyes® was used to measure
the modulation characteristics of the triode 801. The
circuit arrangement is essentially the same as that
*used by Noyes. Using a bias equal to the cutoff value,
the grid-excitation voltage E, required to give an out-
put voltage E, proportional to the plate-supply po-
tential £, was determined. The amplifier was loaded so
that the minimum plate potential and maximum grid
potential were approximately equal under carrier con-
ditions. From the values of E, at the carrier and at the
peak of modulation, the value of x was calculated.
Using this value of x, E, for other values of E; was
calculated. The'solid curve of E, in Fig. 1 is a plot of
the calculated values. The small circles are the meas-
ured values. All of them fall on the curve within the
range of precision of the measurements. The curve
joining the measured valueés of the average plate cur-
rent is a straight line passing through the origin. Thus
it is seen that when the grid-excitation potential and
the grid bias to the amplifier are modulated according
to (12) and (13) respectively, the radio-frequency and
direct-current conditions are simultaneously satisfied.

B. Comparison of the Modulation Characteristics Using
the Present Scheme and Those Obtained Using Con-
stant Grid Bias and Using Grid-Leak Bias

1. Under Normal Operating conditions: In ordinary
operation of class C amplifiers, the grid bias is usually
made equal to about twice the cutoff value and the
grid excitation is sufficient to make the minimum plate
potential equal to or slightly larger than the maximum
grid potential. Measurements show that these are also
the optimum operating conditions considering effi-

3 Atherton Noyes, Jr., “A sixty-cycle bridge for the study of

radio-frequency power amplifiers,” Proc. I.R.E., vol. 23, pp. 785-
806; July, 1935.
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ciency, output, driving power, etc. So the above are
here taken as normal operating conditions.

As in the calculations by the point-to-point method,
the grid bias was made 100 per cent linearly modulated
and the grid excitation so modulated as to satisfy the
radio-frequency condition at the peak of modulation.
The output voltage across the load resistance, the
average plate current and grid current measured, to-
gether with those obtained using constant bias and
grid-leak bias are plotted against the plate-supply
potential in Fig. 2.

It is seen that the present scheme gives almost per-
fect modulation characteristics and the reflected resist-
ance on the modulator is constant. Using fixed bias
and constant excitation, the second-harmonic distor-
tion at the peak of modulation is about 6 per cent and
the reflected resistance varies from about 14,500 to
10,000 ohms. Grid current increases rapidly when E,
is decreased and grid dissipation at the trough of modu-
lation is ten times that under carrier condijtions. The
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Fig. 5—Modulation characteristics of triode 801 under conditions
of insufficient bias. Carrier conditions: Ey,=350 volts; E.,=
—43.75 volts; E, =67 volts root-mean-square. Solid curves: E,
1s 100 per cent modulated and E, is 77.5 per cent modulated with

be

use of grid-leak bias gives better modulation charac-

teristics. The second-harmonic distortion at the peak

of modulation is about 3 per cent and the grid current
is approximately constant.

2. Under Conditions of Inmsufficient Bias: The pres-
ent scheme should give linear modulation characteris-
tics under practically all conditions of operation. Using
a grid-bias voltage equal to the cutoff value, the
modulation characteristics obtained using the present
scheme and those using constant bias and grid-leak
bias dre shown in Fig. 5. The grid excitation used in
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obtaining the solid curves in Fig. 5 is 78 per cent lin-
early modulated instead of using the theoretically re-
quired values. This explains the slight deviations of
the E, and I, curves obtained using the present scheme
from the straight-line courses. It is evident that when
constant bias or grid-leak bias is used, the output wave
form will be badly distorted even though a modulator
with zero internal resistance is used. The second-order
harmonic distortion is about 10 per cent in both cases.
The reflected resistance varies from 11,000 to about
2800 ohms in the case of constant bias and to about
2000 ohms when grid-leak bias is used. So the resultant
distortion when an actual modulator is used will be
still higher. Efficiency will be low and the average plate
dissipation, when 100 per cent modulated by a sine
wave, will be higher than 1.5 times that under carrier
conditions.

It is true that modulated amplifiers are almost
never operated under these conditions. It was shown*
that the wave form of some modulating signals is very
unsymmetrical. When the proper polarity of the micro-
phone is used, it is possible to modulate to 150 per cent
or more on the positive half cycle without reducing
the plate voltage to zero on the negative half cycle of
modulation. So when sufficient bias is used at carrier,
it will be insufficient at the positive peaks.

3. Distortion Produced in Conventional Methods of
Modulation as a Function of Excitation Potential:
The present scheme of modulation gives linear modu-
lation characteristics under practically all conditions
of operation. Using a bias equal to twice the cutoff
value at carrier, the output voltage and average plate
current are both straight lines passing through the
origin when the ratio of the maximum grid potential

to the minimum plate potential 7 is 0.21 and 1.9. But

the distortion produced using conventional methods is
a function of this ratio. The difference in per cent of
the actual and the ideal output voltage across the
Joad resistance at the peak of modulation, as a function
of the grid excitation potential, is shown in Fig. 6 for
the cases of constant and grid-leak bias, respectively.
In both cases the distortion is a maximum when the
ratio 7 is about equal to unity, or just where operating
conditions are optimum. This may be explained as
follows. The efficiency at the carrier is always higher
than that at the peak of modulation. In the case of

* constant bias, the input power at the peak of modula-

tion is larger than four times the input at carrier when
the excitation is small. This larger input counteracts
the smaller efficiency and the resultant distortion is
therefore small. As the excitation is increased, the
efficiency at carrier increases more rapidly than that
at the peak and the input power at the peak gradually
becomes equal to and eventually smaller than four
times the input at the carrier. Thus the distortion also
increases. After the ratio » becomes equal to unity, the

*J. L. Hathaway, “Microphone polarity and over-modulation,”
Electronics, vol, 12, pp. 28, 29, and 51 October, 1939,
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efficiency at carrier increases less rapidly while that
at the peak of modulation increases at the initial rate.
Therefore the distortion becomes smaller. In the case
of grid-leak bias, the power input at the peak of modu-
lation is always larger than four times the input at
carrier and the difference becomes larger with the ex-
citation potential. This tends to counterbalance the
smaller efficiency at the peak. Therefore, the maximum
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Fig. 6—Difference between the ideal and measured output voltage
across the load resistance of triode 801, A as a function of E,.
Load resistance =6000 ohms.

of distortion has a smaller Valué and occurs before the
ratio 7 has reached the value unity.

DiscussioN

The above measurements were made on the small
radiation-cooled triode 801. The use of grid-leak bias
usually produces smaller distortion than when constant
bias is used. But the variation of the reflected resist-
ance on the modulator is more severe. A combination
of constant and grid-leak bias is usually used, because
though the use of grid-leak bias produces smaller dis-
tortion, there is the disadvantage of damaging the tube
on losing excitation. The distortion is consequently
intermediate between that of the two. In high-power
triodes, there is usually secondary emission from the
grid, the latter affects its operation on the positive
half cycle of modulation when grid-leak bias is used.
The bias and efficiency will be decreased but the input
power increased. The deficiency of output on the
positive half cycle can be, or more than, ‘made up at
the expense of increased input and plate dissipation.
Usually localized plate heating or “focusing” takes
place due to the decreased bias; and in severe cases the
tube may “run away” or be permanently damaged.

The present scheme, besides giving linear modula-
tion characteristics, avoids all these defects. Efficiency
is constant throughout the cycle of modulation. A
constant bias of low internal impedance modulated by
the plate-modulating signal prevents the detrimental
effects of secondary emission. Practical circuit arrange-
ments suggest themselves.
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1940, with Predictions for February 1941"

NATIONAL BUREAU OF STANDARDS, WASHINGTON, D.C.

VERAGE  critical frequencies and virtual el
g 3 . IONOSPHERIC STORMS
heights of the ionospheric layers as observed (approximately in order of severity)
at Washington, D. C., during November are . T
0 . 5 o, . . inimum € .
given in Fig. 1. Critical frequencies for each day of the Day and kz, be- ! be- I\J{ODOH character! s{)(})lré?ic
. o . . . ore L I e s
month are given in Fig. 2. Fig. 3 gives the November hour EST. | sunrise | qunrise | (ko) Q012 | 1224 Shar,
3 N 5 , (ke) M. T G.M.T.
average values of maximum usable frequencies, for
November
21 (from 2100) — — — — _— 0.5
22 377 diffuse 7800 | 1.0 | 0.7 1.2
600 23 387 diffuse 7500 | 1.0 | 0.5 1.3
. NOV. 1940 | 24 (through 0700) | 310 2100 - 0.1 | 0.1 0.1
X 500 : 12 (from 1500) = = = 0.5 | 1.1 1.0
= 13 373 diffuse | 11700 | 1.4 | 0.8 1.2
+~ 400 I 14 342 3000 9600 0.6 0.6 0.5
z | R 1 15 (through 0300) | 302 | . 3200 & 0.4 | 05 0.1
w 300 ~ S j'é : 25 (from 0400) 304 | <1600 9500 | 0.5 | 1.1 0.8
x I e e A D et e 26 347 <1600 9500 0.9 0.5 0.9
o 200 : F ‘T 27 (through 0600) { 318 2300 — 0.1 | 0.3 0.2
= EE | 1 9 330 2400 8100 | 0.6 | 0.4 0.6
o« . E | 10 (through 0300) | 307 — — 0.0 0.0 0.1
> 1T N
0 4 |1 L o {4 (from 1100) = = 12000 | 0.3 | 0.8 0.5
0 2 4 6 8 10 12 14 16 18 20 22 0O 5 {through 0600) 289 3100 e 0.8 | 0.4 0.2
j(EEENNE AN NN (o nethon| 2 |<wm | = |65 | o3| 93
|2 || = AVERAGE FOR UNDISTURBED DAYS g ) ) '
weeee JONOSPHERE STORM] DAY OF NOV.22 21 (through0800) | 329 diffuse - 0. 0.3
I : {28 (from 2300) = = — = = 0.2
Ao 29 (through 0700) | 357 2000 . 0.9 | 0.9 0.2
1) 10 / ~Fy \‘ l ‘
~ I 4 N 1 (0200 through
o 7 0700) 334 2100 = 0.6 | 0.2 0.1
= o 1] y -]
z o / TN {27(from2300) — — —. — — 0.1
s s ol L }\ 28 (through 0700) | 327 2100 — 0.0 0.3 0.1
0
2 o R sz IR For comparison:
S T 7 3 I average for un-
2 i disturbed days 299 2960 | 10510 | 0.2 | 0.2 0.0
w6 oo +
[ 8 =1
w T o ERIEAN ! American magnetic-character figure, based on observations of seven
o S ] I3 1z \ observatories.
< I ] 21+ .2 An estimate of the intensity of the ionospheric storm at Washington, on an
E 4\ fFo i LA : 5 L] arbitrary scale of 0 to 2, the character 2 representing the most severe disturbance.
% il T
° R Us;_: fe SN N ®Nov. 140
. DFF S - AN 2
2 ke EGT‘ONIV ‘ 2
1 I 11— N \ A A
' ~ AN 1A | R
o ' ' n 10 \[ I’V / y VA
0O 2 4 6 8 10 12 14 16 18 20 22 O 2 W[ 0¥ %
o F,NOON E ST ot ot
EASTERN STANDARD TIME = 9 \f \ Id
Z 4
Fig. 1—Virtual heights and critical frequencies of the ionospheric ~ , 8 (\1
layers, observed at Washington, D. C., November, 1940, g -
=]
(e ]
. . .. w 6 T MIDNIGHT EST
undisturbed days, for radio transmission by way of & ] ot 1o F
. . F
the regular layers. The maximum usable frequencies T e  am 1]
i k : - 4 ot 0 an‘ (OO 7
were determined by the F layer at night and by the = R K S
. . . I O I e %, ".'.-~
F, layer during the day. Fig. 4 gives the expected © 3 [T NOON ES T T
values of the maximum usable frequencies for radio 2 ] 3
transmission by way of the regular layers, average for ,
undisturbed days, for February, 1941. All of the fore- o
b3 5 7 9 11 1315 17 19 21 23 25 27 29

. 3 . o . . AY OF
* Decimal classification: R113.61. Original manuscript received DAY OF MONTH

by the Institute, December 12, 1940. These reports have appeared Fig. Z—Midnight Jr® and noon fz°, fr.° and ° for each d f
monthly in the PROCEEDINGS starting in vol. 25, September, 1937, November. Open circles indicate clritical f]?gzcluenciezst obs:r};:d
See also vol. 25, pp. 823-840; July, 1937. Report prepared by T. R. during ionospheric storms; sizes of circles represent approxi-
Gilliland, N. Smith, and F. R. Gracely. . mately the severity of the storms.

570 Proceedings of the I.R.E. ~December, 1940




National Bureau of Standards: I onosﬁheric Transmission 571

going are based on the Washington ionospheric ob-
servations, checked by quantitative observations of
long-distance reception.

Tonospheric storms are listed in Table I. No sudden
ionospheric disturbances were observed during Novem-
ber. The details of one ionospheric storm day are shown
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Fig. 3—Maximum usable frequencies’for dependable radio trans-
mission via the regular layers, average for undisturbed days for
November, 1940. These curves and those of Fig. 4 also give skip
distances, since the maximum usable frequency for a given dis-
tance is the frequency for which that distance is the skip dis-
tance.

in Fig. 1. The open circles in Fig. 2 indicate the noon
and midnight critical frequencies observed during the
jonospheric storms listed in Table 1. The sizes of the
circles roughly represent the severity of the storms.
Table 11 gives the approximate upper limit, of fre-
quency of strong sporadic-E reflections at vertical
incidence.
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"The Ionosphere and Radio Transmission, December,
1940, with Predictions for March, 1941

NATIONAL BUREAU OF STANDARDS, WASHINGION, D.C.

VERAGE  critical frequencies and virtual
heights of the ionospheric layers as observed at
Washington, D. C., during December are given
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Fig. 1—Virtual heights and critical frequénc_ies of the ionospheric
layers, observed at Washington, D. C., December, 1940,

TABLE I
TONOSPHERIC STORMS (APPROXIMATELY IN ORDER OF SEVERITY)

Mini- .
Magnetic
hp be- | mum Noon
Day and fore | fr° be- Fi g\ character? I%nof
hour E.S.T. sunrise |  fore kke) |——m— ﬁp ertlc .
(km) | sunrise 00-12 | 12-24 |character
(ko) G.M.T. | G.M.T.
December
20 (from 2100) —_— —_ —_ 0.7 1.2 0.3
21 (until 0800) 340 1800 — 1.0 0.9 0.3
30 (0300 through
0700) 354 <1600 S 1.0 1.0 0.3
For comparison:
average for un-
disturbed days 293 3030 9270 0.3 0.4 0.0

1 American magnetic-character figure, based on observations of seven ob-

servatories. . X X . . X
2 An estimate of the intensity of the 1onosph<;r1c storm at Washmgton, onan
arbitrary scale of 0 to 2, the character 2 representing the most severe disturbance.

in Fig. 1. Critical frequencies for each day of the month

are given in Fig. 2. Fig. 3 gives the December average
values of maximum usable frequencies, for undisturbed

* Decimal classification: R113.61. Original manuscript received
by the Institute January 13, 1941. These reports have appeared
monthly in the PROCEEDINGS starting in vol. 25, September, 1937.
See also vol. 25, pp. 823-840; July, 1937. Report prepared by
N. Smith, T. R. Gilliland, A. S. Taylor, and F. R. Gracely of the
National Bureau of Standards.
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frequency of less than 1.6 megacycles observed during iono-
spheric storm of Dec. 20-21.

days, for radio transmission by way of the regular
layers. The maximum usable frequencies were deter-
mined by the Flayer at night and by the F; layer dur-
ing the day. Fig. 4 gives the expected values of the
maximum usable frequencies for radio transmission by
way of the regular layers, average for undisturbed
days, for March, 1941. All of the foregoing are based
on the Washington ionospheric observations, checked
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Fig. 3—Maximum usable frequencies for dependable radio trans-
mission via the regular layers, average for undisturbed days for
December, 1940. These curves and those of Fig. 4 also give skip
distances, since the maximum usable frequency for a given dis-

Eance is the frequency for which that distance is the skip dis-
ance. :
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by quantitative observatiogs of long-distance recep-
tion. ‘
Tonospheric storms are listed in Table I. No sudden
ionospheric disturbances were observed during Decem-
ber; indeed none have been observed since October 18.
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Fig. 4—Predicted maximum usable frequencies for dependable radio
transmission via the regular layers, average for undisturbed
days, for March, 1941. For information on use in practical radio
transmission problems, see Letter Circulars 614 and 615 obtain-
able from the National Bureau of Standards, Washington, D. C.,
on request,

Tonsopheric storms also were almost nonexistent. The
point indicated by an open circle in Fig. 2 indicates the
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night ionospheric storm of December 20-21. The arrow
indicates that the critical frequency at this time was
less than 1.6 megacycles (the lower frequency limit of

TABLE II

APPROXIMATE UPPER LiMiT or FREQUENCY IN MEGACYCLES OF THE STRONGER
SPORADIC-E REFLECTIONS AT VERTICAL INCIDENCE

Hour, E.S.T.

Day

00]0102 03'04 05'06 o7loslool10|11]12]13|14]15(16|17{18]19{20|21 22123
Dec
1 5] 4] 5| 4] 5} 3
2 5 4
3 4 8| 9{10] 8| 4
4 9| 8
S 55
6 4
7 4
10 4 6
11 3 310} 9
14 71 8
15 5
16 4 4 3
17 5! 8| 8 6| 4] 3| 3] 3
18 4] 4| 3| 3| 3
19 3| 6| 4] 3 30 5| 4 3 3l 6f 77 3
20 3 4 8
22 3| 3| 3|13 4] 31 3 3 3
23 3l 3] 4] 4 5| 4
24 71 71 9] 3 6f 4
25 7 3 9 9| 5
26 4] 4| 7| 5| 4
27 3| 4] 4 4 7t 5] 8{10| 8 3| 3; 3
28 3] 3 3
29 3| 3 4
30 70 70 4) 4] 4 8 4
31 3l 3

the recorder). No point is shown in Fig. 2 for the storm
of Dec. 30 because it started after midnight and
stopped before noon. Table II gives the approximate
upper limit of frequency of strong sporadic-E reflec-
tions at vertical incidence.
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Board of Directors

The last regular meeting of the 1940
Board of Directors was held on Wednes-
day, December 4, and those present were:

-L. C. F. Horle, president; Melville East-
ham, treasurer; Austin Bailey, W. R. G.
Baker, F. W. Cunningham, H. T. Friis
(guest), Alfred N. Goldsmith, Virgil M,
Graham, R. A. Heising, C. M. Jansky, Jr.,
F. R. Lack, F. B. Llewellyn, Haraden
Pratt, B. J. Thompson, H. M. Turner,
A. F..Van Dyck, H. A. Wheeler, L. P.
Wheeler, and H. P. Westman, secretary,

Thirty-one applications for Associate
and twenty-five for Student grade were ap-

. proved.

The request of the Chicago Section to
permit its affiliation with the Illinois Engi-
neering Council was approved.

J. H. Dellinger was appointed as our
representative on the American Documen-
tation Institute.

The invitation from the Detroit Section
for the Institute’s summer convention to
be held in Detroit on June 23, 24, and 25,
was accepted.

The Annual Meeting of the Board of
Directors was held on Wednesday, Janu-
ary 8, 1941, and those present were: F. E.
Terman, president; H. T. Friis, Virgil M.
‘Graham, O. B. Hanson, R. A. Heising,
L. C. F. Horle, F. B. Llewellyn, B. J.
Thompson, H. M. Turner, H. A. Wheeler,
L. P. Wheeler, and H. P. Westman, secre-
tary.

H. P. Westman was appointed to con-
tinue as Secretary.

Haraden Pratt was appointed Treas-
urer. :

Alfred N. Goldsmith was appointed
Chairman of the Board of Editors. R

A. B. Chamberlain, I. S. Coggeshall,
Melville Eastham, C. M. Jansky, Jr., and
A. F. Van Dyck, were appointed Directors
to serve during 1941,

Applications for the Associate grade
numbering thirty-nine, two for Junior, and
seventy-two for Student were approved.

Committees to serve during 1941 were
appointed.

An Executive Committee consisting of
the President, Treasurer, Secretary, and
Melville Eastham, R. A. Heising, and
B. J. Thompson was appointed to assist
the Board in an advisory capacity.

A budget covering operations during
1941 was adopted.

A contribution of $200.00 to the opera-
tion of the Engineering Societies Library
was made.

A Special Papers Committee to solicit
manuscripts on material or surveys known
to a relatively limited group of specialized

» workers but of interest to the general mem-
bership, consisting of B. E. Shackelford,
chairman, Alfred N. Goldsmith, and H. A.
Wheeler, was appointed.

In regard to the readmission of former
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members of the Institute, the following
resolution was adopted: ’

“RESOLVED, that the Board of Direc-
tors approves for readmission to the
grade of membership previously held
(or in the Associate grade if formerly
a Junior and now over 21 years of age)
those former members (a) whose mem-
berships terminated in 1940 or earlier
and who pay either current dues or all
dues in arrears or (b) whose member-
ships terminate on March 31, 1941, and
who pay dues for 1941 at a later date
during that year. In all cases, the pay-
ment of a new entrance fee where such
would normally be required is waived,
the payment of a transfer fee is re-
quired where a transfer in grade is in
order, and in the case of Associates who
formerly had the right to vote it is un-
derstood that on their readmission vot-
ing privileges will no longer be theirs
which is in accordance with the Con-
stitution as now amended.”

A petition for the establishment of an
Institute Section in the Dallas-Fort Worth
region of Texas was granted.

Electronics
Conference

On October 11 and 12, an Electronics
Conference was held at Stevens Institute
of Technology in Hohoken, N. J.

These conferences are arranged for the
benefit of the advanced workers in the elec-
tronics field. The contributions are not in
the nature of formal papers but are of the
discussion type.

Sessions were devoted to dense electron
beams, the production of high-velocity
particles, the electron microscope, high-
vacuum pumping, and ultra-high-fre-
quency measurements.

The registration for both days totaled
252.

Fourth Pacific Coast

‘Convention

The Fourth Pacific Coast Convention
of the Institute was held in Los Angeles,
California, on August 28, 29, and 30, 1940,
The program was published on pages 280-
286 of the June ProceEEDINGS and all of the
papers except these numbered 1 and 21
were given. Two seminars on high-fidelity
audio-frequency systems and frequency
modulation were held. A number of in-
spections trips were made. '

The attendance totaled 356 of whom 24
were women. '

Proceeding$ of the I.R.E.

Rochester Fall
Meeting

At the Rochester Fall Meeting which
was held on November 11, 12, and 13,
twenty technical presentations were made
in accordance with the program which was
published on page 423 of the September
ProceeDINGs. The total attendance was
517.

New York Meetings

“Color Television” was the subject of a
paper by P. C. Goldmark in collaboration
with J. N. Dyer, E. R. Piore, and J. M.
Hollywood of the Columbia Broadcasting
System. The system described was de-
signed to operate in the allotted 6-mega-
cycle bands. An interlaced scanning of 343
lines was used.

A color disk carrying three filters, red,
green, and blue, rotates in front of the
television pickup tube and a similar disk is
operated in front of the picture tube at the
receiver. The filter colors are balanced to
give the effect of pure white when the pic-
ture is white. '

The picture is completely scanned 60
times a second which means that the odd
lines are scanned in 1/120th of a second and
the even lines in a similar length of time.
The picture is first scanned in red for the
odd lines. Green is then used for scanning
the even lines. During the green scanning,
the red odd-line image has faded and these
lines are then scanned in blue. This has
taken 3/120th of a second and has resulted
in the picture being completely scanned
one and one half times and the three color
scannings to have been completed once.
Thus we have a picture sequence of 60
times per second and a color sequence of
40 times per second. By proper shaping of
the filters in relation to the decay factor of
the fluorescent material, carry-over of an
image from one color to the next is avoided.

While the primary colors are red, yel-
low, and blue, it has been found that green
which includes yellow is more effective in
providing a satisfactory picture.

The color disks at the transmitter and
receiver must be operated synchronously
and this can be arranged either through
the use of synchronous motors operated on
a common power system or by the trans-
mission of a sychronizing signal.

Pictures transmitted in color may be
received as black-and-white images on a
receiver which is not equipped with a color
disk. Thus the system permits the addition
of color to receivers not originally designed
for it.

A demonstration showing both color
and black-and-white reception was given
utilizing a transmitter located in a near-by
building. Comparison between color and
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black and white was restricted to the use
of 343 lines. The pickup at the transmitter
was from color motion pictures which had
been taken at 64 frames per second and
were run at 60 frames per second.

October 3, 1940, L. C. F. Horle, presi-
dent, presiding.

“Recent Developments in Marine Com-
munication Equipment” was presented by
J. F. McDonald of the engineering depart-
ment of the Radiomarine Corporation of
America.

It was pointed out that the develop-
ment of new types of marine radio com-
munication equipment is keeping pace with
the current large shipbuilding program
which has been undertaken by the United
States Maritime Commission. A descrip-
tion was given of new types of radio trans-
mitters and direction finders which have
been developed for use on cargo and tanker
vessels. The features of 2 new type of ra-
diotelephone installation for small harbor
craft were also described. The equipment
specially designed and installed in the new
passenger liner S. S. dmerica was shown in
detail. -

November 6, 1940, L. C. F. Horle,
president, presiding.

D. E. Noble, director of research of the
Galvin Manufacturing Company presented
a paper on “The -Connecticut State Police
Frequency-Modulated-Wave  Radiotele-
phone System” which covered his work
while a consultant to the State of Connec-
ticut.

This frequency-modulation system in-
cludes ten fixed transmitters operating on
a frequency of 39,500 kilocycles and 225
25-watt mobile stations operating on
39,180 kilocycles. Receivers are provided
at the fixed stations for both frequencies.

In each of the ten patrol areas of the
state, a high quiet location was selected as
the site for the remotely controlled 250-
watt transmitter, Coaxial antennas sup-
ported at the top of 180-foot guyed steel
poles were used.

The antennas for the mobile units are
mounted in the center sections of the steel
roofs of the cars. These antennas provide a
substantially circular field pattern in con-
trast to the highly directional pattern pro-
duced by the usual back-of-car mounted
antenna.

The use of ten fixed stations has proved
to be an economical arrangement, The fail-
ure of any fixed station in the system does
not seriously handicap the service since the
area of any station may be covered by the
stations in the adjacent regions, The entire
state system can be serviced by three men.

State-wide two-way coverage is pro-
vided with a large factor of safety. The use
of frequency modulation makes it possible
for areas not adjacent to ecach other to op-
erate simultancously without interference.

Two-way communications to mobile
units over distances of 50 to 75 miles has
been possible, Iivery fixed station in the
gtate can hear and communicate with
every other fixed station in the state.

December 4, 1940, L. C. F. Horle,
president presiding.
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Sections

Atlanta

A paper on the “Fifty-Kilowatt Inter-
national Broadcast Station WLWO” was
presented by J. W. Herbstreit of the
Federal Communications Commission, At-
lanta office.

In introducing the subject, emphasis
was placed on the importance of interna-
tional broadcasting as a means of promot-
ing friendly relations with countries in this
hemisphere and for the purpose of national
defense, Over ten years ago the Crosley
Corporation completed its first interna-
tional transmitter, and its experimental
call letters, W8XL, were recently changed
to WLWO.

A general description of the transmitter
was given, Particular attention was paid
to the methods used for changing frequen-
cy rapidly. This is necessary in order to
provide an adequate signal over a long
period of time. An antenna system which
gives a directional power gain larger than
10 on a number of different frequencies
was described. In using a rhombic antenna,
the power which would normally be dis-
sipated in heat in the terminal resistor is
returned to the antenna thus increasing the
over-all efficiency and avoiding the inclu-
sion of a resistor capable of dissipating
large amounts of power.

October 18, 1940, P, C. Bangs, chair-
man, presiding.

Three students of the Georgia School of
Technology presented a group of papers.
The first on “Television Camera and Asso-
ciated Circuits,” was by J. R. Haeger. By
means of a block diagram the varjous com-
ponents of a television transmitter and
their relationships were indicated. Scan-
ning was considered in detail and the
auxiliary equipment required for it was de-
scribed. To obtain a high-quality picture,
the beam must move at constant velocity
along each line of the picture, the lines
must be perfectly straight, and they must
be of equal length. The type of wave form
required to produce such scanning and
methods of generating this wave form were
considered.

The second paper, by F. L. Denton, de-
scribed a method of “Applying Negative
Teedback in a Radio Transmitter.” Re-
verse feedback is advantageous in that it
reduces hum and frequency and wave-
form distortion. Limitations of the amount
of feedback usable and difficulties with
“singing” were described. The use of a
cathode-ray tube to determine the fre-
quency of the “singing” and methods of
eliminating it by the insertion of a capaci-
tance-resistance network across the first
amplifier were discussed.

The third paper was on “Recent Ad-
vances in Broadcast Equipment” and was
presented by W. F. Wrye. It covered the
field broadly, including studios, transmit-
ters, and antennas. Developments in mi-
crophones, phonograph pickups, and pro-
gram amplifiers were outlined. Considera-
tion was then given to the construction,
insulation, illumination, and ventilation of

-
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studios. At the transmitter, new types of
tubes, increased efficiency in the operation
of amplifiers, and improvements in build-
ings were described. The paper was con-
cluded with some suggestions of improve-
ments that may be made in the near future.

It was the opinion of the judges that
the paper by Mr, Denton deserved the sec-
tion award which is a year’s dues in the
Institute as an Associate.

November 22, 1940, P. C. Bangs, chair-
man, presiding.

Baltimore

G. H. Brown of the RCA Manufactur-
ing Company (Camden), presented a paper
on “Ultra-High-Frequency Antennas.”

Dr. Brown explained first the methods
of matching the transmission line to the
antenna and included the use of quarter-
and half-wave coaxial lines as matching
media.

A combined 10- and 20-meter horizon-
tal rotary antenna was described forthe
benefit of the amateurs. Performance
curves showing the directional character-
istics and the effects of proper impedance
matching were given.

Multiclement turnstile antennas for
frequency modulation and television were
then considered. A television antenna con-
sisting of 6 elements, fed by concentric
lines was described. Quarter- and half-
wave matching is used throughout to give
a 10-megacycle band having only small im-
pedance changes and providing minimum
reaction between the picture and the
sound transmitters.

November 15, 1940, Ferdinand Ham-
burger, chairman, presiding.

“A Modern System for Upper-Air In-

vestigation by Radio” was described by
L. E. Wood and Ralph Chappel, develop-
ment engineer and chief engineer, respec-
tively, for Julien P. Friez and Sons.
_ Mr. Chappel presented the historical
background of the field of transmitting in-
formation utilizing time cycles in a radio
telemeter. After describing the troubles en-
countered with contacts, modified clocks,
mechanical difficulties in cams, and injury
during shipment, he introduced the system
developed by Diamond-Hinman-Dunmore
of the National Bureau of Standards.

Mr. Wood described the radio-sonde in-
strument produced by his organization.
The radio transmitter complete with bat-
teries weighs 2 pounds. It uses a double
triode, 1C6G, one part of which operates as
an audio-frequency oscillator controlled by
the measuring device and the other struc-
ture produces a carrier at about 70 mega-
cycles.

Air temperature is measured by an
electrolytic resistor, the humidity affects
the length of a hair which adjusts a resistor
through a cam mechanism, and the baro-
metric pressure operates on a diaphragm
coupled to a switching device. Each of
these functions varies the audio-{requency
modulation which ranges between 10 and
200 cycles,

The signals are reccived on a superre-
generative receiver and recorded on a strip
chart. When the balloon bursts, the sonde
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descends by means of a parachute and
about one half of them are returned for the
offered reward. About 30 stations in this
country utilize the radio sonde.

December 20, 1940, Ferdinand Ham-
burger, chairman, presiding. '

Buenos Aires

The “Useful Sensitivity 61’ Radio Re-
ceivers” was the subject of a paper by
M. J. Kobilsky of the Douglas Labora-

-tories of Buenos Aires.

After a general survey of all the noises
that appear at the receiver output, those of
external origin were excluded and the dis-
cussion was limited to noise generated in
the receiver. Methods of diminishing sev-
eral types of noises were described and it
was shown that the residual noise results
from the Johnson-Nyquist effect and space-
charge limiting. Design formulas for the
calculations of these two noises were given.

. A check of the available formulas for com-

puting the space-charge noise in radio-fre-
quency pentodes was made with the help
of data provided by the manufacturers of
the tubes and from the literature.

Methods used in Europe and America
to produce noiseless types of tubes were
reviewed. Data on the specific noise per
kilocycle of pass band and of the noise re-
sistance were given for tubes for both con-
tinents and included radio-frequency
amplifiers and converters.

A simplified theory of noise currents in
the presence of a carrier in the different
stages of a receiver and methods of calcu-
lating the permissible signal-to-noise ratio
were given. ’

The paper closed with a demonstration
of the program quality which may be ex-
pected in a commercial receiver with dif-
ferent values of carrier amplitude. A stand-
ard-signal generator modulated by a broad-
cast program was used in the demonstra-
tiomn.

October 25, 1940, P. J. Noizeux, vice
chairman, presiding.

A “History and Description of the
Pacheco Station” was presented by A. L.
Rodriguez, chief of commercial services of
the Division of Radio Communications of
the Argentine. The paper was presented as
part of an inspection tour of the General
Post Office transmitting station located at
Pacheco in the Province of Buenos Aires.

Various transmitters for both long and
short waves were inspected. Several had
been designed and constructed in the Post
Office shops in Buenos Aires, These trans-
mitters are used for various services such as
in the point-to-point-telegraph system and
in supplying radiotelephone services to
ships at sea and tq distant points in Argen-
tina.

Of special interest was a demonstra-

tion of the newly established public radio-

telephone service to small ships, tugs,

yachts, and airplanes. A truck in which.

direction-finding equipment had been
installed to assist in locating illegal trans-

"mitters was on display. The operation

of the equipment and methods of carrying
on this work were described.
A. T. Cosentino, chairman of the sec-
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tion and Director of Radio Communica-
tions for Argentina, presided.
November 9, 1940.

“Basic Problems of Telephone Trans-
mission” were discussed by Alejandro
Nadosy, assistant to the general man-
ager of the Cia. Internacional de Telefonas.

The subject was introduced with a de-
scription of methods basic to modern car-
rier telephony. Symmetrical modulators,
filters, two-stage modulation, and group
modulation were discussed.

An analysis was then presented of the
principal characteristics and use of various
conductors such as open wire lines, sym-
metrical and coaxial cables, and tubular
ducts. Based on electromagnetic theory a
series of simple final formulas were de-
veloped. In discussing tubular ducts, stress
was placed on the enormous mechanical
difficulties which must be met in the prac-
tical application of these structures for
telephony in addition to the economic and
physical requirements.

In the discussion, information was
brought out concerning the transmission of
television signals over wire lines, the use of
coaxial and symmetrical cables for teleph-
ony, and the comparative effectiveness of
variousdielectrics at ultra-high frequencies.

November 29, 1940, P. J. Noizeux, vice
chairman, presiding.

Buffalo-Niagara

A “Discussion of Fluorescent Mate-
rials” was given by B. S. Ellefson, research
chemist for the Hygrade Sylvania Cor-
poration. The paper considered fluorescent
materials used in cathode-ray tubes and in
commercial lamps.

Pure chemicals are not available di-
rectly from manufacturers and methods of
obtaining materials of sufficient purity for
lamp and cathode-ray tubes were de-
scribed. The application of the fluorescent
materials to the glass envelopes was out-
lined. .

In commercial lamps, the conversion of
energy to light is as high as 80 per cent,
while in the cathode-ray tube it is between
10 and 15 per cent.

The color of the illumination given off
by fluorescent coatings may be varied by
mixing chemicals in proper proportion.
The color resulting from the mechanical
mixing of the materials may be estimated
from a curve. The effects of these mixtures
were shown by operating a number of small
tubes using different proportions of chem-
icals. Commercial-type lamps of several
different colors were demonstrated.

A number of illustrations used in pre-
senting the paper were prepared with
fluorescent material and became visible
when irradiated by ultraviolet light.

December 11, 1940, B. Atwood, chair-
man, presiding.

F. W. Stillwagen, projection engineer of
the Fairchild Aviation Corporation, pre-
sented “Some Notes on a Direct Lateral
Crystal Recording Cutter Head.”

The subject was introduced with an
historical outline beginning with Edison’s
recording on foil and wax cylinders to the
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present methods. Lateral recording was
then discussed in detail using a crystal cut-
ting head, -cutting either directly on alum-
inum or on a specially coated aluminum or
cardboard disk. A combination of constant
velocity and modified amplitude recording
was recommended for maximum signal-to-
noise ratio and greatest recording time. A
crossover frequency of 800 cycles was
recommended. The upper frequency limit
of the recording head described was 8000
cycles.

The amplifier to be used with this re-
cording head should have an output of plus
35 decibels (0.006 watt, reference level)
with not more than 1 per cent distortion.
Both low- and high-frequency gain con-
trols should be provided. The average re-
cording level used was plus 24 decibels.
Rochelle-salt crystals are used in the cut-
ting head. The resonant frequency of the
moving system occurs at 4200 cycles and a
selective damping pad is used to compen-
sate for it. Other tuned circuits located
between the amplifier and the recording
head provide the desired response char-
acteristic. A method of checking the re-
sponse of the cutting head was described.

January 8, 1941, B. E. Atwood, chair-
man, presiding.

Chicago

The preliminary meeting was devoted
to a discussion of “Modern Methods of
Testing Receivers’’ by J. K. Johnson, head
of the Hazeltine Laboratories of Chicago.

The regular meeting was addressed by
H. L. Rusch, executive vice president of
the A. C. Nielsen Company, on the subject
of “Measuring Accurately the Listening
Habits of the American Radio Audience.”

The method described involved cou-
pling to the radio receiver a graphic re-
cording device known as the Audimeter. It
indicates the time during which the re-
ceiver is in operation and the time at which
each change in tuning is made. When these
data are analyzed, a statistical picture of
the listening habits of the radio audience
may be developed.

October 18, 1940, E. H. Kohler, chair-
man, presiding.

J. F. Inman, president of Associated
Research, Inc., discussed at the prelimi-
nary meeting “The Lie Detector, Its Prin-
ciple and Uses.” A stock model of one of
these devices was demonstrated. In tests
made on a member of the audience, Mr.
Inman not only announced the number
chosen by the subject but also two other
numbers which the subject held in mind in
an effort to defeat the detector.

At the regular meeting, Andrew Alford,
of the International Telephone Develop-
ment Company, presented a paper on
“High- and Ultra-High-Frequency Meas-
urements.” Starting with a simple circuit

.consisting of inductance, resistance, and
‘capacitance in series as might be used for

circuits operating below 10 megacycles, it
was shown that as the frequency was pro-
gressively increased above that value cir-
cuit changes must also be made to main-
tain the accuracy of the measurements,
November 15, 1940, R. A. Kay, chair-
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man of the Membership Committee, pre-
siding.

At the preliminary session, “A" Pro-
posed Bill for the Licensing of Engineers
in the State of Illinois” was discussed by
Mr. Le Clair of the Commonwealth Edison
Company, also secretary of the Illinois En-
gineering Council,

It was pointed out that similar laws are
now in effect in 42 states and cover all
branches of professional engineering. The
proposed bill is based on a “Model Law”
prepared by a group of national engineer-
ing societies some years ago. The general
provisions of the pending bill were out-
lined and discussed.

At the regular meeting, R. P. Glover of
the Jensen Radio Manufacturing Com-
pany, spoke on “Recent Developments in
Radio Speaker Design.”

A consideration of the effectiveness of
a-loud speaker must be based on its envi-
ronment in addition to any measured re-
sponse-frequency characteristic, Tests in
and out of doors reveal entirely different
behaviors. The “piston” of the speaker
may differ substantially from the size of
the cone and may be controlled by an air
column. The variation in response of the
ear presents a problem in this field. The de-
sign of trumpet-type units was discussed.
Efficiency and the effects of environment
were considered at length, .

This was the annual meeting of the sec-
tion and in the balloting, G. I. Martin of
the RCA Institutes was elected chairman;
Carl Hassel of the Zenith Radio Corpora-
tion was named vice chairman; and R. A.
Kay, of the RCA Institutes was designated
secretary-treasurer.

December 13, 1940, E. H. Kohler,
chairman, presiding.

Cincinnati

W. R. Jones, director of commercial en-
gineering of the Hygrade Sylvania Corpo-
ration, explained “Why Engineers Pull
Their Hair.” He pointed out that thereare
three contending groups in a commercial
enterprise; the customer, the manufactur-
ing department, and the sales department.
Difficulties arising among these groups
may often be clarified through a fourth
party, the commercial engineering depart-
ment or the sales engineer,

An analysis of the problems presented
by simple automatic-volume-control sys-
tems was given with special emphasis on
the tube design. The two most serious
problems facing the tube manufacturer in-
volve contact potential and grid emission,
Both affect the sensitivity of the receiving
set. Another factor is the choice of a proper
operating time constant.

:Fhe problems involved in the develop-
ment of a special tube for a certain appli-
cation were also described.

It was observed that problems seem to
recur in 5-year cycles which may indicate
a limit of memory on the part of the ma-
jority of those connected with the design of
radio tubes and circuits.

November 19, 1940, C. H. Topmiller,
chairman, presiding.

This meeting was held jointly with the
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local section and with the University of
Cincinnati student branch of the American
Institute of Electrical Engineers. A dinner
meeting preceded the regular meeting and
was addressed by W. H, Wolfram, a prac-
ticing physician who spoke on “What You
Get.”

W. L. Everitt, professor of electrical en-
gineering at Ohio State University, pre-
senteda paper on “Frequency Modulation.”
The fundamental differences between am-
plitude and frequency modulation were
outlined. The propagation characteristics
of radio waves were then discussed. The
problem of interference may be solved in
part by using high-powered transmitters
and selective receivers. Directive antenna
systems and high percentages of modula-
tion also help. The operation of both am-
plitude-and frequency-modulation systems
was then presented graphically. A mechan-
ical model assisted in clarifying the points
of interest.

A demonstration was presented of the
two systems by means of a receiver and
two transmitters capable of operating on
both types of modulation. The effect of
noise from an electric razor on both systems
was demonstrated. With the two transmit-
ter carriers separated by about 6 kilocycles
and with different programs on each, little
hetrodyne interference appeared with fre-
quency modulation as the signal strength
of one transmitter was varied. With ampli-
tude modulation the interference was very
noticeable.

The frequency band widths used in fre-
quency modulation and the elements of the
receivers and the transmitters were then
described. Two methods of obtaining fre-
quency modulation in transmitters were
discussed.

This was the annual meeting of the sec-
tion and J. M. McDonald of Stations
WLW-WSAI-WLWO, was elected chair-
man; G. L. Haller, Aircraft Radio Lab-
oratory (Dayton), was named vice chair-
man; and W. L. Schwesinger, was re-
elected secretary-treasurer.

Connecticut Valley

A paper on a “Photo Timer” was pre-
sented by Kirby Austin, an amateur pho-
tographer, who is also an engineer for the
General Electric Company (Bridgeport).
The basic circuit of the device was de-
scribed and modifications of it to increase
the accuracy of timing were discussed.
Leakage from a photoelectric tube proved
a major problem. By removing the base of
the photoelectric tube and using suitable
insulating materials in the critical circuits,
this requirement was met.

W. S. Bachman, also of the General
Electric Company (Bridgeport), spoke on
“Alnico and the Permanent-Magnet Speak-
er.” The relation of Alnico to other mag-
netic materials was shown. As its name im-
plies, Alnico is a mixture of aluminum,
nickel, iron, and cobalt. The materials are
mixed in powdered form, pressed to shape,
and given final machining before sinter-
ing. The finished material is harder than
most wheels so that it is difficult to grind it.

The design of loud-speaker magnetic
fields was then outlined and a sample com-
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putation presented. By using this material,
the field coils are eliminated and the size
of the structure reduced. It has excellent
age characteristics and reasonable cost for
quantity production.

November 14, 1940, K. A. McLeod,
chairman, presiding.

A paper on “Recent Improvements in
Frequency-Modulation-Receiver Design”
was given by J. A. Worcester of the Gen-
eral Electric Company (Bridgeport). A
summary of this paper appears in the re-
port of the December 5, 1940, meeting of
the Philadelphia Section.

After the paper, Professor Cady wel-

comed the group to Scott Laboratory of

Wesleyan University and invited those
present to inspect the work which was go-
ing on in the various laboratories. He then
described some of the work which he has
been doing on both quartz and Rochelle-
salt crystals.

Professor Van Dyke then described
some of the research on crystals which is
being carried on under his supervision.

December 12, 1940, K. A. McLeod,
chairman, presiding.

Detroit

“A Unique Selective-Calling System”
was the subject of a paper by F. C. Col-
lings, an engineer of the RCA Manufactur-
ing Company (Camden). This equipment
was developed for calling individual sta-
tions or groups of stations in the emer-
gency communication services such as po-
lice, public utility, ship, and aircraft
systems.

1000-cycle pulses are produced by a
commutator driven by a synchronous mo-
tor. Commutators bars are connected to
push-button switches which are operated
in accordance with a calling code. The
pulses are impressed on the carrier of the
transmitting station.

The decoding unit at the receiver also
employs a commutator operating in step
with the coding commutator. Synchroniz-
ing pulses precede the code pulses and con-
trol the operation of a vibrator which
drives the decoding commutator. The bars
of the decoding commutator are connected
to relays which are arranged to permit only
the proper code sequence to operate a mas-
ter relay which actuates the calling device,

By employing a limiter and a band-pass
filter, false operation resulting from noise
is avoided. A steady 1000-cycle noise re-
sults in a canceled call. The calling equip-
ment can be arranged to repeat a call four
times.

September 20, 1940, J. D, Kraus, chair-
man, presiding.

G. H. Brown of the RCA Manufactur-
ing Company (Camden) presented the pa-
per “Ultra-High-Frequency Antennas”
which has been described in the report of
the November 15, 1940 meeting of the
Baltimore séction.

October 18, 1940, R. J. Schaefer, vice
chairman, presiding.

S. J. Begun, research engineer for the
Brush Development Company, presented
a paper on “The Development of Crystal
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and Magnetic Cutters for Disk Record-
ings.”

The general problems of disk recording
were first considered. The design of both
crystal and magnetic cutters was then
outlined. A description was given of a
crystal cutter capable of recording fre-
quencies between 40 and 9000 cycles, hav-
ing a response within 2 decibels of the
value at 1000 cycles, giving distortion of
less than 2 per cent, and requiring very
little driving power. A description was
-given also of a temperature-controlled crys-
tal cutter.,

Magnetic-type recording was then con-
sidered. Its application in the broadcast
field was described and the ease with which
a previous recording may be obliterated
and the tape used for an indefinite number
of times was stressed. The use of tape re-
cording to produce artificial reverberation
was described.

The paper was concluded with a dem-
. onstration of a tape recorder. In addition,
several commercial pressings were com-
pared with instantaneous disk recordings.

November 15, 1940, R. J. Schaefer,
vice chairman, presiding.

A. H. Waynick of Wayne University,
presented the paper on “Experiments on
the Propagation of Ultra-Short Radio
Waves” which was published in the Oc-
tober issue of the PROCEEDINGS.

This was the annual meeting of the sec-
tion and M. Cottrell, was elected chairman;
R. J. Schaefer, Briggs Manufacturing
Company, was named vice chairman; and
Paul Frincke, WJBK, was re-elected sec-
retary-treasurer.

December 20, 1940, R. J. Schaefer, vice
chairman, presiding.

Emporium

“Chemistry as Applied to Radio
Tubes” was presented by R. E. Palmateer,
chief chemist of the Hygrade Sylvania
Corporation, at a joint meeting with the
local section of the American Chemical
Society. _ 5

The paper was restricted to the chem-
ical problems presented in the production
of radio tubes. The metals used in tubes
were listed and their allowable impurities
considered. The process of preparing and
assembling elements into a tube was then
described. The chemistry involved in the
function of each part and the preparatory
treatment given to anodes, grids, cathodes,
emitting materials, insulation, and getters
was described. ‘

November 19, 1940, B. S. Ellefson,
chairman of the American Chemical So-
ciety section, presiding.

“Observations of an Engineer on the
Continent and in the Near East on the
Threshold of War” were presented by
H. B. Richmiond, treasurer of the General
Radio Company. The observations were
based on a trip made by the speaker just
before the outbreak of the war. Particular
attention was given to the attitude, morale,
and general viewpoint of the peoples
visited. It was pointed out that all these
. factors will influence either directly or in-
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directly the termination of the present war.

This was the annual meeting of the sec-
tion and R. K. Gessford, of the Hygrade
Sylvania Corporation, was elected chair-
man; L. D. Andrews, of the Stackpole
Carbon Company, was named vice chair-
man; and C. W. Reash, of the Hygrade
Sylvania Corporation, will be the new
secretary-treasurer.

December 17, 1940, C. R. Smith, chair-
man, presiding.

J. J. Rogan, patent attorney, discussed
“The Defects in Our Patent System.” The
present patent system is based on a pro-
vision of the original Constitution which
has never been modified. One of its defects
is the absence of protection given to those
responsible for scientific discoveries. In re-
search work the procedure necessary to at-
tain a given result cannot be patented.

Patent pools and cross licensing result
in the concentration of power in the hands
of a few people holding the basic patents.
Useful patents can be withheld from public
application by refusal on the part of the
owner either to manufacture or license
others to produce the invention.

The interference procedure in obtaining
a patent often delays its issuance for sev-
eral years. The high cost of obtaining a
patent discriminates against the poor in-
ventor. In addition, there are somany
courts which rule on a patent that long de-
lays are very common.

Need for changes in our patent system
was recognized as early as 1813. It is con-
sidered likely that some revisions may be
made in the near future which may affect
substantially our patent law.

Statistics were presented to show that
there is a correlation between industrial
growth and the rate of issuance of patents.
The greatest number were issued during
the reconstruction period following the
Civil War when half a million patents were
granted between 1860 and 1890.

January 7, 1941, R. K. Gessford, chair-
man, presiding.

Los Angeles

“Supersonic Oscillations, Their Pro-
duction and Uses” was the subject of a pa-
per by Chester Weaver, an engineer of the
Los Angeles Bureau of Power and Light.
A method of generating supersonic oscil-
lations of high amplitude was described.
Powers of a kilowatt were employed and
the output oscillations are effectively
transmitted to the load by means of a
coupling system of wide application.

L. B. Beckwith, professor of biology at
the University of California in Los Angeles,
then discussed “The Effect of Supersonic
Oscillations on Microorganisms.” Dr.
Beckwith has been associated with
Mr. Weaver in this work. He outlined the
effects of high-amplitude oscillations in
pasteurizing substances and in destroying
certain types of organisms which are diffi-
cult to kill by other means.

April 18, 1940, A, C. Packard, chair-
man, presiding.

G. C. Conner, commercial engineer of
the Hygrade Sylvania Corporation, pre-
sented a paper on “New Vacuum Tubes
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and Their Uses.” A major part of the paper
was devoted to the problems met in the
manufacture of tubes suitable for use in
frequency-modulation receivers, the prob-
lems involved in the production of these
receivers, and the advantages resulting
from the use of frequency modulation. A
demonstration contrasting amplitude mod-
ulation and frequency modulation was
presented through the use of records.

May 14, 1940, A. C. Packard, chair-

man, presiding.

S. S. Mackeown, professor of physics
at the California Institute of Technology,
presented a paper on “The Theory of Fre-
quency Modulation and Noise Reduction.”
The history of the development of fre-
quency modulation was presented. By
means of vector and mathematical for-
mulas, the chief features of frequency mod-
ulation, such as noise reduction and
sideband power were described.

June 25, 1940, A. C. Packard, chajr-
man, presiding.

“The Facilities of the Columbia Re-
cording Corporation in Hollywood” were
described by Chester Boggs, engineer-in-
charge of that organization. The problems
met in the production of phonograph rec-
ords for general sale were considered. This
field was compared with that of recording
for broadcasting and sound pictures. Vari-
ous types of materials and recording equip-
ment were discussed. A description .was
given of the recently installed facilities of
the Columbia Recording Corporation.

M. T. Smith of the General Radio
Company presented a paper on “The
Twin-T Network,” a null-indicating de-
vice for measuring impedances up to 30 ]
megacycles.

October 15, 1940, A. C. Packard, chair-
man, presiding.

“Radio and Communication Facilities
of the Civil Aeronautics Administration”
was the subject of a paper by E. G. Crip-
pen and Mr. Thomas of the Civil Aero-
nautic Administration. It included various
types of radio beacons, localizers, and fan
markers. The theory of air navigation was
also discussed. The first author presented
the theoretical aspects and the second au-
thor described the actual-operation of the
equipment and the experiences encount-
ered with it.

This was the annual meeting and
W. W. Lindsay, Jr., consultant and assist-
ant director of sound for the General Serv-
ice Studios, was named chairman; J. N. A.
Hawkins, of the Walt Disney Studios, was
elected vice chairman; and C. F. Wolcott
of Gilfillan Brothers, Inc., became secre-
tary-treasurer.

November 19, 1940, A. C. Packard,
chairman, presiding.

R. S. Richardson of the Mount Wilson
Observatory, presented a paper on “The
Influence of Solar Activity on Radio Prop-
agation.” It was pointed out that many in-
vestigations of sunspots have been made in
an attempt to correlate their effects on the
earth. No definite results were established
until 1936,
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The equipment used at Mount Wilson
for this research was described. The forma-
tion, movement, and rate of development
of sunspots were outlined. Particular atten-
tion was drawn to the fact that most sun-
spots originate approximately 30 degrees
from the sun’s equator and progress to-
wards but do not cross the equator. Par-
ticularly bright eruptions result in excess
ultraviolet radiation and are correlated
with ultra-high-frequency fade-outs. The
diurnal variation in the earth’s magnetic
field is enhanced at these times but no cor-
relation with magnetic storms has been
established.

Magnetic storms follow a 27-day cycle
and present predictions are correct about
68 per cent of the time where large sun-
spots are involved and about 40 per cent
of the time for small spots. Data were given
on the magnetic storm of March 24, 1940
which was the most violent ever recorded.

In all cases where correlation has been
established, it has been proved that the
energy involved is radiant rather than
corpuscular,

December 17, 1940, W. W. Lindsay, Jr.
chairman, presiding.

Philadelphia

D. G. C. Luck of the RCA Manufac-
turing Company (Camden), presented a
paper on “Aerial Navigation by Omnidi-
rectional Radio Range.” The purpose of
direction finders located on aircraft and on
the ground and of directional beacons was
described. The beacon offers an excellent
system for use in the ultra-high frequen-
cies. The direction finders have provided
most service in the past. There is a place
for an omnidirectional beacon which pro-
vides straight radial courses in all direc-
tions about itself and automatic indication
on the receiving craft of the true bearing to
the beacon.

An explanation of the operation of such
a system was presented. Five fixed anten-
nas in the form of a square with a center
unit provide two crossed figure-eight direc-
tional patterns and a circular pattern. Two-
phase modulation of the directive patterns
and impulsive keying of all patterns pro-
duce a result which is almost cardioidal and
which rotates uniformly. It is interrupted
momentarily once during each revolution,

An ordinary receiver provides a sinu-
soidal output which corresponds to the ro-
tation of the pattern and an impulse cor-
responding to the keying, the relative
phase of these outputs depending on the di-
rection of the receiver from the transmit-
ter. The sinusoidal output is split in phase
and moves the spot of a cathode-ray indi-
cator steadily in a circular path, The im-
pulse from keying moves the spot mo-
mentarily outward from the circle provid-
ing a'radial mark, the position of which
indicates on a suitable scale the bearing of
the receiver in relation to the transmitter.
A differential tube circuit provides an indi-
cation on a zero-center meter of whether
the impulse occurs before or after the mean
value of the sine wave. By using a phase
splitter to set the sine wave, the deviations
of the receiver from any desired bearing
will be indicated with proper sense.

A description was given of an experi-
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mental 200-watt, 125-megacycle omnidi-
rectional range beacon. Local ground cali-
bration indicated over-all instrumental er-
rors averaging less than 1 degree and no-
where exceeding 3 degrees. Field tests
showed average errors of 3% degrees and
not exceeding 10% degrees. Vagaries of
wave propagation were considered respon-
sible for the larger errors in flight.

The operation of the system was dem-
onstrated by using large-scale indicators
and a model airplane over a map. Cross-
bearing navigation between two points not
provided with radio facilities was demon-
strated.

November 7, 1940, C. M. Burrill, chair-
man, presiding.

J. A. Worcester, Jr., of the General
Electric Company (Bridgeport) presented
a paper on “Recent Improvements in Fre-
quency-Modulation Receivers.”

Adequate sensitivity requires limiting
on all inputs down to the ultimate limit
imposed by tube noise and it was shown
that this requires a total gain of about
4,000,000 ahead of the limiter. The limita-
tions in the gain that can be realized at the
intermediate frequency were considered
and were followed by an analysis of the dif-
ficulties involved in obtaining the required
total gain by additional amplification at
the signal frequency. This amount of gain
is not attainable with the conventional
superheterodyne circuit and the double
superheterodyne was considered briefly.
Attention was then given to the oscillator
and the cascade converter circuits used in
the frequency-modulation translator being
described. The performance characteristics
of the limiting system, oscillator, the inter-
mediate-frequency amplifier, and the dis-
criminator circuit were discussed.

December 5, 1940, C, M. Burrill, chair-
man, presiding.

P. C. Goldmark, chief television engi-
neer of the Columbia Broadcasting Sys-
tem, presented a paper on “Television in
Color.” A summary of this paper appears
in the report of the November 13, 1940,
meeting of the Washington Section.

January 2, 1941, C. M. Burrill, chair-
man, presiding.

Pittsburgh

D. L. Chestnut of the Atlantic Division
of the General Electric Company, pre-
sented a paper on “Frequency Modula-
tion.” The general theory of amplitude and
frequency modulation was discussed. It
was pointed out that although coverage
with high-frequency transmission is lim-
ited, it is expected that such transmission
of frequency-modulated waves will provide
quality programs over an area equal to the
primary service area of an equivalent am-
plitude-modulated transmitter,

Two frequency-modulated and two am-
plitude-modulated transmitters were used
to demonstrate the improvements which
frequency modulation provides,

This meeting was held jointly with the
Pittsburgh section of the American Insti-
tute of Electrical Engineers and G. R.
Patterson of that organization presided.

November 12, 1940,
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The “Design and Manufacture of Oil
and Paper Condensers” was the subject of
a paper by W. S. Franklin, chief engineer
of John E. Fast and Company. In design-
ing a condenser the information required
includes the operating voltage, capacitance
and capacitance tolerances, ambient tem-
perature, intermittent or continuous serv-
ice, operation on alternating or direct
voltages, and the function of the condenser
in service.

Aluminum has largely displaced copper
and tin as electrode material. Kraft paper
is generally employed as dielectric and sev-
eral layers are used to prevent the few

~conducting particles in the paper from

short-circuiting the condenser. The rela-
tive merits of natural and synthetic oils
and waxes when used as impregnating
agents were discussed. Consideration was
also given to the protective container and
associated apparatus.

The manufacturing processes were de-
scribed and included winding, drying, im-
pregnating, final assembly, and testing.
Data were given on the ultimate break-
down voltage, power factor, insulation re-
sistance, capacitance, and life of completed
condensers. .

November 18, 1940, R, E. Stark, chair-
man, presiding.

The “Application of Electronic Devices
to Power Systems” was discussed by J. G.
McKinley, electronics engineer for the
West Penn Power Company. The applica-
tion of electronic methods to measuring
instruments, supervisory and control equip-
ment, communications,and power-convert-
ing equipment was discussed. It was
pointed out that reliability and costs are
the primary considerations in choosing
between established methods and the rela-
tively newer electronic means.

The remote-metering arrangement now
used by the West Penn Power Company
was described. The problem of controlling
the frequency of generators with sufficient
accuracy to permit the use of synchronous
clocks was discussed.

December 9, 1940, R. E. Stark, chair-
man, presiding.

San Francisco

A seminar meeting on antennas was de-
voted to a discussion of three papers.
W. G. Wagener of Heintz and Kaufman,
Ltd., led the review of the papers “Televi-
sion Transmitting Antennas for Empire
State Building” by N. E. Lindenblad and
“Simple Television Antennas” by P. S.
Carter which appeared in the RC4 Review.
H. A. Smith, also of Heintz and Kaufman,
Ltd., led the discussion on “A Multiple-
Unit Steerable Antenna for Short-Wave
Reception” by H. T. Friis and C. B, Feld-
man which appeared in the PROCEEDINGS.

November 6, 1940, L. J. Black, vice
chairman, presiding,

“Comments on Recent Technical De-
velopments and Current Problems” were
presented by Frederick Ireland of the Gen-
eral Radio Company. Various types of
measuring devices were described with em-
phasis on measurements in the high-fre-
quency region.
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Measurements can be made at frequen-
cies up to 300 megacycles with good ac-
curacy and up to 600 megacycles with fair
aceuracy. The determination of an electro-
motive force can be done satisfactorily at
frequencies in the order of 1200 mega-
cycles. g

A description was given of an oscillator
having a range from 150 to 600 megacycles
giving a maximum power output of 3.5
watts and at 600 megacycles an output of
1 watt. The accuracy of frequency setting
is &3 per cent. The output is 75 ohms.

The susceptance-variation method of
measuring dielectrics, impedances, and
other characteristics was discussed. By de-
termining the capacitance change required
to detune a resonant circuit to reduce its
current to 70.7 per cent of the resonant
value, fairly accurate measurements can be
made at high frequencies. At the conclu-
sion of the paper some motion pictures of
the General Radio Company plant and its
operations were shown,

November 13, 1940, Carl Penther,
chairman, presiding.

The Annual Meeting was devoted to a
banquet tendered to President-Elect Ter-
man. L. F. Fuller, head of the department
of electrical engineering of the University
of California, was toastmaster,

In the election of officers, L. J. Black
of the department of electrical engineering
of the University of California, was elected
chairman; H. E. Held, manufacturers’ rep-
resentative, was named vice chairman; and
Karl Spangenberg, of the department of
electrical engineering of Stanford Univer-
sity, was designated secretary-treasurer.

Seattle

W. R. Hewlett of the Hewlett-Packard
Company, spoke on “The Construction of
Square-Wave Generators and Their Use in
Testing Audio-Frequency Equipment.”

Various methods of generating square
waves were described and their advantages
and disadvantages pointed out. The in-
strument manufactured by the Hewlett-
Packard Company employs a modified
multivibrator circuit feeding a' “clipping”
stage which operates with a small positive
potential on the grid of the vacuum tube,

The application of square waves to the:

testing of audio-frequency amplifiers was
described. In a number of cases which were
illustrated, the measurements verified cal-
culations based on the circuit constants, A
great saving in time over that required for
a rigorous mathematical approach was
claimed. The greatest objection to square-
wave analysis lies in the interpretation of
the observed results.

An audio-frequency amplifier was tested
at the conclusion of the paper. The effects
of the treble and bass compensation con-
trols were demonstrated.

November 25, 1940, R. M. Walker,
chairman, presiding. )

“New Police Radio Equipment and
Technical Features of Police Radio Opera-
tion” were described by Floyd Hatfield,
communication officer of the Seattle Police
Department. :

The history of police radio work in the
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United States was first presented. In 1932
the first high-frequency system and the
first two-way mobile installations were
placed in service. The development of
police radio equipment was slow until
about 1935 when the Association of Police
Communication Officers was formed. At
this time police personnel were unfamiliar
with the advantages of two-way radio
operation and were reluctant to accept
anything so new and little understood by
the average policeman,

A recent trend has been toward the use
of frequency modulation. In Connecticut,
a series of tests have shown that the state
can be covered adequately with three 250-
watt transmitters. While the conversion of
many systems to frequency modulation
would be advantageous, the cost is a seri-
ous barrier.

Seattle has 32 police cars equipped for
two-way operation and 13 additional units
equipped with receivers only. A study has
shown that two officers operating with a
two-way equipped car are the equivalent
of six officers patrolling on foot. This ratio
is based on the number of arrests made by
the two groups.

December 20, 1949, R. M. Walker,
chairman, presiding.

Toronto

“General Considerations Regarding Disk
Recording and Playback” was the subject
of a paper by A, L. Williams, president of
the Brush Development Company.

The field of recording was divided into
three parts, pressings for public sales, elec-
trical transcriptions for broadcasting, and
instantaneous recordings. The problems of
the first two types were treated briefly and
the major part of the paper was devoted to
a discussion of instantaneous recording. A
new type of cutting head and crystal pick-
up were described.

The paper was closed with a demon-
stration of instantaneous recording and
playback using the new cutting head and
reproducer. 5

April 22, 1940, G. J. Irwin, chairman,
presiding.

H. W. Parker, chief engineer of Rogers
Radio Tubes, Ltd., presented a paper on
“The Time Factor in Radio Design.”

An analysis of the value of any manu-
factured product may be made on a time
basis. Time, such as man-hours, might well
be used as a measure of the production
cost, The true worth of a product was then
shown to be the ratio of the “consumption”
time to the “production” time, where the
production time included such factors as
material, labor, taxes, and distribution
costs. The paper was illustrated with
everyday examples of the principles which
were expounded. These principles were
then applied more specifically to radio-
receiver and television design and produc-
tion.

In the election of officers which was
held, H. S. Dawson, Rogers Radio Broad-
casting Company, was named chairman;
R. H. Klingelhoeffer, International Resist-
ance Company, Ltd., was designated vice
chairman; and L. C. Simmonds of A. C.
Simmonds, was elected secretary-treasurer.

Decenmber

May 20, 1940, G. J. Irwin, chairman,
presiding.

“Frequency Modulation” was the sub-
ject of a paper by Lee McCanne, assistant
general manager of the Stromberg-Carlson
Telephone Manufacturing Company,

In comparing frequency and amplitude
modulation it was pointed out that [re-
quency modulation perniits lowered costs
and less power and men required at the
broadcast transmitter hut that the receiv-
ing sets would necessarily cost more. He
then showed that {requency modulation
provides more reliable service within the
limitations of the range of the transmitter,

In discussing the receiver, it was pointed
out that the limiter eliminates all noise
having an amplitude less than the ampli-
tude of the signal, and in the case of inter-
ference from another station the limiter se-
lects the strongest signal.

Intermediate frequencies for use in fre-
quency-modulation broadcast receivers
have been standardized at 4.3 mega-
cycles. The band allocated to frequency-
modulation broadcasting is from 40 to 50
megacycles. The channel is 150 kilocycles
in width and 50-kilocycle guard bands are
provided between channels.

Some of the merchandising problems
met in the distribution of frequency-modu-
lation receivers were discussed. The possi-
bilities of chain broadcasting using a large
number of relatively low-power stations all
operating on the same frequency was also
considered. The experiences obtained in
Rochester where two stations are in opera-
tion and some of the reactions of the public
were discussed.

December 2, 1940, R, H, Klingel-
hoeffer, vice chairman, presiding.

Washington

“Color Television” was the subject of a
paper by P. C. Goldmark, chief television
engineer for the Columbia Broadcasting
System,

The fundamental problems involved in
the development of a color-television sys-
tem were outlined, together with three pos-
sible methods of scanning which give
promise of providing this service within
the 6-megacycle channel allowed for tele-
vision transmissions.

The system which has been used in this
work uses 343 lines and 60 frames per sec-
ond. Methods used to separate the colors
into three bands for transmission and
means of providing a proper color balance
in order that the color could be reproduced
at the receiver without distortion were de-
scribed. The advantages of color television
in providing an apparent increase in detail
in the pictures being received even though
the actual number of picture elements
transmitted was reduced were illustrated
by colored slides.

The mechanical problems of rotating
the filters for both the pickup equipment
and the receiver were described. Light
sources and their effect on the transmission
of color were also considered.

November 13, 1940, L. C. Young,
chairman, presiding.

“Wide-Band Antenna and Transmis-
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sion-Line Combinations” were described
by N. E. Lindenblad, research and devel-
opment engineer of RCA Communications.
In it there was presented the fundamental
concepts of wave propagation on transmis-
sion lines, reflection, and other phenomena.
The application of these fundamentals to
design and measurement problems was dis-
cussed with particular attention being
given to wide-band circuits. Wide-band
radiators and problems arising in connec-
tion with directive systems were also con-
sidered.

In the election of officers, M. H. Biser,
vice president and director of studies of the
Capitol Radio Engineering Institute, was
made chairman; E, M. Webster, principal
engineer for the Federal Communications
Commission, was élected vice chairman;
and C. M. Hunt, chief engineer of WJSV,
was named secretary-treasurer.

December 9, 1940, L. C. Young, chair-
man, presiding.

Membership

The following indicated admissions and
transfers of memberships have been ap-
proved by the Admissions Committee. Ob-
jections to any of these should reach the
Institute office by not later than February,
28, 1941,

Transfer to Membet

Cady, C. A., c/o General Radio Company,
30 State St., Cambridge, Mass.

Chatterjea, P. K., Grange House, 7 High-
bury Grange, London N. 5, Eng-
land

Florez, H., 1717 Ave. N, Brooklyn, N. Y.

Kiser, N. L., Box 141, Emporium, Pa.

Mathis, J. D., 802 Telephone Bldg., Dal-
las, Tex.

McClintock, R. K., 307 E. 4th St., Empo-
rium, Pa.

Packard, L. E., 90 West St., Rm. 1504,
New York, N. Y.

Roemisch, J. L., 487-5th Ave., Lyndhurst,
N

R

Smith, C. R., 324 W. 4th St., Emporium,
Pa.

Tucker, D. J., 5611 Anita St., Dallas, Tex.

Tuska, C. D., 717 W. Mt. Airy Ave,
Philadelphia, Pa.

Weir, 1. R., 97 N. Country Club Dr., Sche-
nectady, N. Y.

Admission to Member

Doak, R. S., 47 Bellevue Ter., Collings-
wood, N. J.

Howard, R. V., 225 Mallorca Way, San
Francisco, Calif.

Langstroth, F. D., 314 W. 5th St., Empo-
rium, Pa.

Wilson, I. G., Bell Telephone Laboratories,
Inc., 180 Varick St., New York,
N.Y.

Admission to Associate (A),
Junior (J), and Student (S)

Abramowitz, S., (S) 579 E. 140th St., New
York, N. Y.

Ahern, W. R., (8) 43 Woodland St., Wor-
cester, Mass.

Arbon, R. D., (A) 76—44th Ave., Lachine,
Que., Canada
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Athey, S. W., (S) Box 1150, Stanford Uni-
versity, Calif.

Bailey, F. M., (A) General Engineering
Laboratory, General Electric Co.,
Schenectady, N. Y.

Bailey, R. C., (A) Box 112, Richmond, Va.
Baldwin, E. V., (A) Diagonal Norte 520,
Buenos Aires, Argentina
Bamford, D., (S) 2 Willingdon Ave,,

Toronto 13, Ont., Canada

Barbour, C. W., Jr., (S) 96 Hemenway St.,
Boston, Mass. '

Barton, L. M., (S) Box 321, Clemson, S. C.

Bastian, C. W., (A) 810 Ashland Ave.,
Buffalo, N. Y.

Berger, F., (S) 708 Pennsylvania Ave.,

- Matamoras, Pa.

Boekhoff, J. H., (S) 1920 Selby Ave., St.
Paul, Minn.

Bonney, R. B., (A) 1936 Lexington Ave.,
Merchantville, N. J.

Bookman, R. E., (S) 2030 E. Speedway,
Tucson, Ariz.

Borkowski, C. J., (A) 4304 Beta Ave.,
Cleveland, Ohio

Bowne, W. L., (A) Y.M.C.A,, 5 W. 63rd
St., New York, N. Y.

Brady, C. L., (A) Radio Station WJIM,
Lansing, Mich.

Brandt, E., (S) 623—13th Ave., S.E., Min-
neapolis, Minn.

Bridgland, C. J., (A) 71 Grove Ave., Ot-
tawa, Ont., Canada

Brown, S. K., Jr., (S) Rockledge, Ithaca,
N.Y

Brush, E., (A) 107 E. 37th St., New York,
N.Y.

Buggy, R. V., (A) 5934 N. 7th St., Phila-
delphia, Pa.

Burroughs, H. A., (A) 2128 Key Blvd,,
Arlington, Va,

Bushman, S. F., (A) 5554 W. North Ave.,
Chicago, Il

Cairnes, W. E., (A) 7937 S. Maplewood
Ave., Chicago, IIL

Caldwell, E. E., (S) Rockefeller Hall, Ith-
aca, N. Y.

Cardella, Q., (S) 1656 Joliette St., Mon-
treal, Que., Canada

Carpenter, P., (S) 125 E. Dickson St.,
Fayetteville, Ark.

Carson, C. J., (S) 107 S. Lincoln, Urbana,
11

Carter, D. F., (S) 811 E. 2nd St., Tucson,
Ariz,

Carter, R. H., (A) 2229 Harvard North,
Seattle, Wash. :

Carver, F. R., (S) 224 Roslyn Ave., Glen-
side, Pa.

Cates, G. R., (S) 116 Kendal Ave., To-
ronto, Ont., Canada

Chipman, L. D., (S) 27 Wiley St., Bangor,
Maine

Christenson, C. K., (A) 3737 S.W. Hill-
side Dr., Portland, Ore.

Clark, J. W., (A) Bell Telephone Labora-
tories, Inc., 463 West St., New
York, N. Y.

Clark, O., (S) 3 E. Market St., lowa City,
Towa

Claussen, L. W., (S) 405 Oak St., S.E,,
Minneapolis, Minn.

Cleeton, C. E., (A) 1601 Addison Chapel
Rd., N.E., Washington, D. C.

Cole, D. P., (A) 12 Sanford Ave., Catons-
ville, Md.

Collette, J. M., (A) Bean Station, Tenn.
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Collis, H. O., (A) Owens-Corning Fiberglas
Corp., Newark, Ohio

Corl, J. L., (S) 459 Madison, Corvallis,
Ore:

Cramer, S., (S) M.L.T. Dormitories, Cam-
bridge, Mass.

Cutler, S., (S) 2907 Buckingham Rd., Los
Angeles, Calif.

Dallas, H. G., Jr., (S) 703 Grantley St.,

" Baltimore, Md.

Danziger, A., (A) ¢/o Danziger Radio Lab-
oratories, 119 W, 57th St., New
York, N. Y. ‘

Davies, H. E., (S) Marshal's Residence,
University of Wash., Seattle,
Wash.

Davis, C. F., (A) 31 Channing St., Wor-
cester, Mass.

Davison, J. M., (S) University of Western
Ontario, London, Ont., Canada

Dean, W. N, (S) 525 W. 113th St., New
York, N. Y.

De Lange, O. E., (A) Bell Telephone Lab-
oratories, 463 West St., New
York, N. Y.

Demaree, F. E., (S) 318 Welch Ave., Ames,
Iowa

Dennison, B. H., Jr., () 2312—5th St.,
Lubbock, Tex.

Derey, C. H., (S) Box 481, Blacksburg,
\Y

a.

Deri, H., (A) 659 W. 162nd St., New York,
N.Y.

Doyle, J., (A) Freeport Sanatorium, Kitch-
ener, Ont., Canada

Dozier, E. C., (A) 40 Monroe St., New
York, N, Y.

Duffy, D. P., (A) Radio Manufacturing
Engineers, Inc., 111 Harrison St.,
Peoria, Il

Dulin, W. E., (A) 84 U St., N.W., Wash-

. ington, D. C. ‘

Durkee, C. E., (S) 4245 Elston Ave., Chi-
cago, Il

Durkin, W. P., (A) 5341—66th St., Mas-
peth, N. Y.

Dyke, E. L., (S) 2540 College Ave., Berke-
ley, Calif.

Easton, A., (A), Siebenthaler Manufactur-
ing Co., 410 W. 6th St., Kansas
City, Mo. : ,

Edstrom, C. A., (S) 412 E, 3rd St., White
Bear Lake, Minn.

Edwards, J. M., (A) 226 W. Lanvale St.,
Baltimore, Md.

Eldred, D., (S) 706 Ontario St., Schenec-
tady, N. Y.

Eichwald, B., (S) 2054 E. 21st St., Brook-
lyn, N. Y. ' :

Elliott, J. O., (S) 100 Sylvia St., West
Lafayette, Ind.

Ernst, J. P., (A) Route 2, Marine Dr., Bel-
lingham, Wash.

Euler, G. M., (S) 64 Portland P1., Cliffside

Park, N.]J.
Evans, W. E., (A) 829 Belle Ave., Fort
Wayne, Ind.

Exwood, M., (A) “Aviemore,” Burtree
Lane, Darlington, England

Falk, A., (S) 1220 Prospect St., Ann Arbor,
Mich. :

Fallows, E. M., (S) 9 Dana St., Cambridge,
Mass.

Fee, J. H., (A) 1441 Drummond St., Mon-
treal, Que., Canada

Fenmen, S. M., (S) M.LT. Dormitories,
Cambridge, Mags,
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Ferguson, K., (S) University of Western
Ontario, St. Thomas, Ont., Can-
ada

Field, J. S., (S) Box 734, Gainesville, Fla.

Fish, P., (A) 2995 Berkshire Rd., Cleve-
land Heights, Ohio

Fishman, S., (A) Newark College of Engi-
neering, Newark, N. J.

Floyd, G. H., (S) 1925 E. Lee St., Tucson,
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Foote, D. A., (S) 4528—5th Ave,, N.E,,
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Gumpel, J. E., (A) Philips Argentina, Calle
Herrera 527-41, Buenos Aires,
Argentina .
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Books

Elements of Acoustical En-
gineering, by H. F. Olson

Published by D. Van Nostrand Co.,
250 Fourth Ave., New York, 1940, xv 4335
pages+8-page index. 198 figures. 65X 9%
inches. Price $6.00,

“The book includes the current acoustic
practices in radio, phonograph, sound mo-
tion pictures, public address, sound re-
enforcing and sound measurements,”’
(From the author’s preface.) Its contents,
by chapters, are: I Sound waves; 1I Acous-
tical Radiating Systems; 111 Mechanical
Vibrating Systems; IV Electrical, Mechan-
ical and Acoustical Analogies; V Acous-
tical Elements; VI Driving Systems; VII
Direct Radiator Loud Speakers; VIII
Horn Loud Speakers; 1X Microphones;
¥ Miscellaneous Transducers; XI Meas-
urements; XII Architectural Acoustics
and the Collection and Dispersion of

Institute News and Radio Notes

Sound; and XII1 Speech, Music and Hear-
ing.
The chapters most directly concerned
with loud .speakers and microphones, I1,
V11, V111, IX, and parts of XI, contain an
excellent up-to-date treatment of the two
most important groups of electroacoustic
transducers. They will be as highly appre-
ciated by specialists as by general engi-
geering readers, These chapters acount for
some 175 of the 335 pages in the text. The
numerous other topics are necessarily less
completely treated in the remaining pages.
The mathematical knowledge presumed on
the part of the reader is quite modest,
generally no more than that which goes
with the elementary theory of alternating
currents. Many of the basic equations are
given without derivation, which is con-
sistent with the compactness of the book
and with the desire not to overtax the
reader’s mathematics. The method of
acoustic impedances and the electrical cir-
cuit analogies are used throughout.

The physics of the situation is not al-
ways stressed, especially where the delicate
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matter of transmission from the regime of
“lymped” constants to that of wave motion
is concerned. For example, acoustic capaci-
tance is defined as a cavity having linear
dimensions small compared to the wave-
length. The unaided reader might have a
little trouble in assigning the proper order
of magnitude to “small”’; in a cylindrical
volume the ‘‘smallness” requirements in
the radial and axial directions are not the
same. He might again have difficulty in
deciding on the frequency range for which
the formulas given for “small” tubes and
slits is valid. In addition to the criteria
given in the text this would involve the
notion of viscous wavelength.

The standard of the illustrations and
graphs is high and the scales of co-ordi-
nates chosen make the most of the space
available. The book is thoroughly com-
mended to any one seriously interested in
the design, performance, and testing of
loud speakers and microphones.

L. J. SiviaN
Bell Telephone Laboratories, Inc.
New York, N. Y.




Contributors

h

H. A. WHEELER

Harold Alden Wheeler (A'27, M'28,
F’35) was born at St. Paul, Minnesota,
on May 10, 1903. He received his B.S.

degree in physics at George Washington -

University in 1925. From 1925 to 1928 he
took postgraduate work in the physics de-
partment of Johns Hopkins University and
was a lecturer there from 1926 to 1927.
From 1921 to 1922 he was an assistant in
the Radio Section of the National Bureau
of Standards. In 1923 Mr. Wheeler became
an assistant to Professor Hazeltine and.in
1924 he enetered the Hazeltine Corpora-

W. G. Dow
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tion and the Hazletine Service Corporation
as an engineer. He is a member of Sigma
Xi,

7

°o

W. G. Dow (M'39) was born at Fari-
bault, Minnesota, on September 30, 1895,
He received the B.S. degree in electrical
engineering in 1916, and the E.E. degree
in 1917 from the University of Minnesota;
also the M.S.E. degree in electrical engi-
neering from the University of Michigan in
1929. Mr. Dow served as a commissioned
officer in the United States Engineers dur-
ing the World War, chiefly in sound rang-
ing work. For six years following the close
of the war he was engaged in commercial
activities with the Westinghouse Electric
and Manufacturing Co., and since 1926 has
been a member of the faculty of the Uni-
versity of Michigan, where he is at present
associate professor of electrical engineer-
ing, in charge of instruction in electronics.
He is the author of a textbook “Funda-
mentals of Engineering Electronics,” pub-
lished in 1937 by John Wiley and Sons,
Inc., and of several technical papers on
electronic subjects. He is a member of Eta
Kappa Nu, Tau Beta Pi, Sigma Xi, the
American Institute of Electrical Engineers,
Society for the Promotion of Engineering
Education, and the American Welding
Society, A.W.S,

-
o

Heinz E. Kallmann (A’38) was born on
March 10, 1904, at Berlin, Germany. He

_received his Ph.D. degree from the Uni-

versity of Goettingen in 1929, From 1929
to 1934, Dr. Kallmann was a research en-
gineer in the laboratories of the C. Lorenz
A. G., and from 1934 to 1939 he was an en-
gineer in the Research and Design Depart-
ment of Electric and Musical Industries,
Ltd. In 1940 Dr. Kallmann joined the
New York laboratory staff of Scophony
Television, Ltd.

o

Horatio Wellington Lamson (F’33) was
born on January 2, 1893, at Somerville,
Massachusetts. He received the S.B. de-
gree in physics in 1915 from Massachusetts
Institute of Technology and the A.M. de-
gree in physics in 1917 from Harvard Uni-
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Heinz E. KALLMAN

versity. Mr. Lamson was a member of the
United States Naval Reserve Force during
the World War and Assistant to Dr. G. W.
Pierce in the development of antisubma-
rine devices. Subsequently he became a
physicist in the United States Navy De-
partment. Since 1921 he has been a re-
search engineer with the General Radio
Company. Mr. Lanson is a Fellow of the
Acoustical Society of America and a Mem-
ber of the American Institute of Electrical
Engineers.

H. W. LaMson

December, 1940
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GENERAL INFORMATION

The Institute

The Institute of Radio Engineers serves those in-
terested in radio and allied electrical-communication
fields through the presentation and publication of tech-
nical material.

Membership has grown from a few dozen in 1912
to more than five thousand. Practically every coun-
try in the world is represented in our roster of mem-
bership, with approximately a quarter of it located
~outside of the United States. There are several grades
of membership, depending on the qualifications of the
applicant, with dues ranging from $3.00 per year for
Students to $10.00 per year for Members.

ProceEDINGS, Standards Reports, and any other
published material are sent to members without fur-
ther payment.

The PROCEEDINGS

The PROCEEDINGs has been published without in- .

terruption from 1913 when the first issue appeared.
Almost 2000 technical contributions have been in-
cluded in its pages and portray a currently written his-
tory of developments in both theory and practice.
The contents of every paper published in the Pro-
CEEDINGS are the responsibility of the author and are
not binding on the Institute or its members. Materia]
appearing in the PROCEEDINGS may be reprinted or

abstracted in other publications on the express condi-
tion that specific reference shall be made to its origi-
nal appearance in the ProcEEDINGS. Illustrations of
any variety may not be reproduced, however, without
specific permission from the Institute.

Subscriptions

Annual subscription rates for the United States of
America, its possessions, and Canada, $10.00; to col-
lege and public libraries when ordering direct, $5.00.
Other countries, $1.00 additional.

Back Copies

The Institute endeavors to keep on hand a supply
of back copies of the PROCEEDINGS for sale for the
convenience of those who do not have complete files.
However, some issues are out of print and cannot be .
provided.

Standards

" In addition to the material published in the Pro-
CEEDINGS, Standards on Electroacoustics, Electronics,
Radio Receivers, and Radio Transmitters and An-
tennas were published in 1938. These are available to
members free of charge as long as the supply lasts:
others may purchase them for fifty cents each.
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Acoustics, Studio: 1936
Acrials: (Sce Antennas)
Aircraft Radio; 1881
Air Insulation: 1922
Amplifiers:
Audio-Frequency: 1924
Dircct-Current: 1924
Distortion-Free: 1883
High-Gain for 150 Mc.: 1921
Inductive-Output: 1897
Radio-Frequency, Modulation: 1989
Wide-Band: 1886, 1897
150-Mc.: 1921
Annual Review: 1896
Anomaly in Radio Transmission: 1967
Antennas:
Annual Review: 1896
Arrays: 1887
Corner-Reflector: 1980
Current Distribution: 1925
Directional: 1887, 1904, 1980
. Electromagnetic Horn: 1898
Loop Radiation: 1974
Radiation Properties: 1925
Receiving, Multiple-Unit: 1904
Shunt-Excited: 1925
Arrays, Antenna: 1887
Atmospherics:
Cosmic: 1885
Decca: 1979
High-Frequency: 1979
Warbler Measurement: 1979
Axial Electrostatic Fields: 1964
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Aircraft Radio and Electrical Equip-
ment, by Howard K. Morgan (Re-
viewed by De Loss K. Martin): 1901

Antennen, Ihre Theorie und Technik,
by H. Briickmann (Reviewed by L. P.
Wheeler): 1946

BBC Handbook 1940, by British Broad-
casting Corporation (Reviewed by
Howard A. Chinn): 1930

Cathode Modulation, by Frank C.
Jones (Reviewed by Loren Jones):
1880 .

Cathode-Ray Tubes, by Manfred von
Ardenne (Reviewed by R, R. Batcher):
1894

Complex Variable and Operational Cal-
culus with Technical Applications,
by N. W. McLachlin (Reviewed by
Lynde P. Wheeler): 1903

Electrical Communication (Second Edi-
tion), by Arthur Lemuel Albert (Re-
viewed by Frederick W. Grover): 1911

Electrotechnik, by F. Bergtold (Re-
viewed by H. A. Affel): 1955.

Elements of Acoustical Engineering, by
H. F. Olson (Reviewed by L. J.
Sivian): 1992

Engineering Opportunities, by R. W,
Clyne (Reviewed by Frederick W.
Grover): 1910

Fundamentals of Electricity and Elec-
tromagnetism, by Vernon A. Suydam
(Reviewed by H. M. Turner): 1947 .

Funktechnische Formelsammlung, by
Otto Schmid and Max Leithiger (Re-
viewed by L, P. Wheeler): 1945

Introduction to Frequency Modulation,
by John F. Rider (Reviewed by
Dorman D. Israel): 1983

Tons, Electrons and Tonizing Radiations
(Seventh Iidition), by J. A. Crowther
(Reviewed by Dayton Ulrey): 1934

Kondensator in der Fernmeldetechnik,
by George Straimer (Reviewed by
Frederick W. Grover): 1929

Kurzwellensender (Short-Wave Trans-
mitter), by F. W, Behn and H, Monn
(Reviewed by E, B. Ferrell): 1932

Mathematics Applied to Electrical Engi-
neering. by A, G. Warren (Reviewed
by L. P, Wheeler): 1957

Moderne Kurzwellen-Empfangstechnik
(Modern Short-Wave Receiving Tech-
nique), by M. J. O. Strutt (Reviewed
by Irving Wolff): 1958

Oscillator at Work, by John F. Rider
(Reviewed by Arthur Van Dyck):
1956

Principles and Practice of Radio Servic-
ing, by H. J. Hicks (Reviewed by
Arthur Van Dyck): 1933

Principles of Television Engineering, by
Donald G. Fink (Reviewed by Albert
F. Murray): 1919

Production and Direction of Radio Pro-
grams, by John S, Carlile (Reviewed
by L. E. Whittemore): 1920

Radio Amateur’s Handbook (Seven-
teenth Edition), by American Radio
Relay League (Reviewed by Howard
A. Chinn): 1902

“Radio” Handbook, by Radio, Ltd. (Re-

~ viewed by J. K. Clapp): 1927

Radio Service Trade Kinks, by Lewis S.
Simon (Reviewed by C. E. Dean):
1892

Rundfunksiebshaltungen (Radio Filters),
by R. Feldkeller (Reviewed by R, L.
Dietzold): 1931

Servicing by Signal Tracing, by John F.,
Rider (Reviewed by C. E. Dean):
1893

Simplified Filter Design, by J. Ernest
Smith (Reviewed by H. A. Wheeler):
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Static and Dynamic Electricity, by
Willilam R.. Smythe (Reviewed by
L. P. Wheeler): 1944
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Transmission, by V. K. Zworykin and
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Murray): 1976
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Theory and Use of the Complex Varia-
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Impedance at 60 Mec.: 1977

Parallel-T: 1877

Bridged-T Circuit: 1877, 1889
Broadcasting:

Reference Level: 1875

Studios: 1936

Volume Indicator: 1875
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Camera Lenses, Television: 1951

Cavity Resonator: 1908

Coil Reactance Measurements at 100 Mec.:
1973 '

Corner-Reflector Antenna; 1980

Cosmic Static: 1885

Coupled Circuits: 1888

Coupling Theorem: 1848

Cross Modulation in Frequency Modula-
tion: 1984

Crystals: (See also Piezocleetricity)
Television Reception: 1913

Current Division in Triodes; 1917

Cylindrical Electric and Magnetic Fields:
1878
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Damped Waves in Pipes: 1907
Disk Recording: 1959
Distortion, Amplifier Without: 1883
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Electric Fields, Cylindrical: 1878
Electroacoustics, Annual Review: 1896
Electromagnetic Horn: 1898
Electron Beams:
Focus: 1940
Space-Charge: 1940
Electronics: (See also Vacuum Tubes)
Annual Review: 1896
Electron Optics, Cylindrical Fields; 1878
Electrostatic Circuits, Equivalent Vacuum
Tube: 1986
Electrostatic Fields, Potential Distribu-
tion: 1964
Engineering Administration: 1876
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Facsimile, Annual Review: 1896
Feedback, Wide-Band Amplifiers: 1886
Field Intensity: (See Propagation of

Waves)
Field Strength: (See Propagation of Waves)
Filters, Transversal: 1938
Focus of Electron Beams: 1940
Frequency Modulation:

Cross Modulation: 1984

Modulator: 1884

Monitoring: 1952

Transmitter Circuit: 1969
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Generation of Spurious Signals: 1968

H
Horns:
Damped Waves: 1907
Electromagnetic: 1898, 1908

I

Ignition, Motorcar, Field Strength: 1962

Impulse Excitation for Television Synchro-
nizing Pulses: 1961

Impedance Measurement:
Radio-Frequency Bridge: 1977
Twin-T: 1939
30-Mc.: 1939

Inductive Reactance, Measurement at 100
Mec.: 1973

Industry, Administration: 1876

Insulation, Radio-Frequency Spark-Over:
1922

Interference:
Cosmic Static: 1885
Motorcar Ignition: 1962

Ionosphere, Ionization: (See also At-
mospherics, Propagation of Waves,
Troposphere)




Washington, D. C.: 1879, 1890, 1900,
1909, 1918, 1926, 1942, 1943, 1953, 1965,
1975, 1982, 1990, 1991

Iron, Magnetic Properties: 1985
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Laminations, Transformer: 1985
Lenses, Television Camera: 1951

M

Magnetic Fields: 1878
Magnetic Properties: 1985
Magnetron, Negative-Resistance: 1981
Management: 1876
Manufacturing: 1876
Measurements:
Ultra-High-Frequency  Oscillography:
1914
Mercury Rectifier: 1882
Modulation: 1899
Frequency: 1884
Linear, Triode: 1989
Monitoring: 1952
Plate, Linear: 1989
Transmitter: 1969
Triode, Plate: 1989
Motorcar Ignition Interference: 1962
Music, Volume Measurement: 1875

N

Negative Feedback: (See Feedback)
Negative-Resistance Magnetron: 1981
Network Theorem: 1963 ~

Noise: (See Atmospherics)

O

Oscillator, Oscillations:
Cavity Resonator: 1908
High-Frequency Vacuum Tube: 1941
Magnetron, Negative Resistance: 1981
Negative-Resistance Magnetron: 1981
Oscillography:
Positive-Grid Measurements: 1923
Ultra-High-Frequency: 1914
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Parallel-T Measurement Circuit: 1877
Phonograph, Disk: 1959
Picture Transmission:
Television)
Piezoelectricity:
Elastic Properties: 1960
GT Cut: 1915
Low Temperature Coefficient: 1915
Right- and Left-Handedness: 1960
Plate Modulation, Linear: 1989
Potential Distribution of Axial Electro-
static Fields: 1964
Propagation of Waves: (See also lono-
sphere)
Annual Review: 1896
Argentina and U. S.: 1967
Cavities: 1908
Damped: 1907
Empire State Building: 1935
High-Frequency: 1906
Metal Pipes: 1907, 1908
“Optical” Path: 1950
Pipes: 1907, 1908
Solar Emission: 1978

(See Facsimile,

Spurious Signals: 1968
Terrestrial Disturbances: 1978
Transmission Anomaly: 1967
Troposphere: 1937
Ultra-High Frequencies: 1972
Ultra-Short-Wave: 1950
Urban: 1935

U. S. and Argentina: 1967
52.75 Mc.: 1935
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Quartz Crystal: (See Piezoelectricity)
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Radiator, Radiation: (See also Antennas)
Antenna, Shunt-Excited: 1925
Loop Antenna: 1974
Radio Industry, Administration: 1876
Radiotelephone, Single Sideband: 1904
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Coil Measurement: 1973
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Annual Review: 1896
Cross Modulation: 1984
Single-Sideband Radiotelephone: 1904
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Reciprocity Theorem:
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Speech, Volume Measurement: 1875
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Surface-Controlled Mercury Rectifier:
1882

Synchronizing Pulses for Television, 1961
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Annual Review: 1896
Gradation of Pictures: 1905
Interference, Motorcar Ignition: 1962
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Measurcment: 1949
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Annual Review: 1896
Frequency Modulation: 1969
Transversal Filters: 1938
Troposphere and Radio Waves: 1937
Twin-T, Impedance Measurements: 1939
Two-Signal Cross Modulation: 1984
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Ultra-High Frequencies:
Aircraft: 1881
Amplifier, Wide-Band: 1921
Coupling Theorem: 1888
Damped Waves in Pipes: 1907
Electromagnetic Horn: 1898
Interference, Motorcar Ignition: 1962
Oscillography: 1914
Propagation: 1950, 1972
Reciprocity: 1916

Ultra-Short Waves: (See Ultra-High Fre-
quencies)
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Vacuum Tubes:
Cathode-Ray:
Current Division in Triodes: 1917
Electric and Magnetic Fields: 1878
Electron Beams: 1940
Electron Optics: 1878
Electrostatic Circuits,
1986
High-Frequency: 1941
Magnetron, Negative-Resistance: 1981
Modulation: 1989
Operation at High Frequencies: 1941
Plane Electrode: 1917
Positive-Grid Measurements: 1923
Rectifier, Controlled: 1882
Space-Charge: 1940
Triode: .
Current Division: 1917
Plate Modulation: 1989
Wide-Band Inductive-Qutput: 1897
Volume Indicator: 1875
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Warbler Measurement of Atmospherics:
1979

Wave Propagation: (Sce Propagation of
Waves)

Wide-Band Amplifiers: 1886
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Eta Kappa Nu (Recipient):
Meacham, L. A.
January, p. 43
Medal of Honor—1940 (Recipient):
Espenschied, Lloyd
July, p. 336
Medal of Honor—1941 (Recipient):
Goldsmith, A. N.
July, p. 336

Morris Liebmann Memorial Prize—1940 (Recipient):

Wheeler, H. A.
July, p. 336

Biographical Notes

Barrow, W. L.: July, p. 336
Carson, J. R.: October, p. 488
Engstrom, E. W.: October, p. 490
Horle, L. C. E.: July, p. 336
Ritter, E. W.: October, p. 489

Committee Personnel

April, p. 199
October, p. 493

Gift to Institute
September, p. 423

Conventions and Meetings

Broadcast Engineering Conference:
January, p. 42

Electronics Conference:
December, p. 574

Fifteenth Annual Convention:
March, p. 145
May, p. 239
July, p. 337

Fourth Pacific Coast Convention:
April, p. 193
June, p. 280
October, p. 487
December, p. 574
LR.E~—U.R.S.I. Meeting:
January, p. 42
March, p. 141
Rochester Fall Meeting:
January, p. 42
September, p. 423
December, p. 574
Sixteenth Annual Convention:
July, p. 336
November, p. 525

Election of Officers

May, p. 254
July, p. 336
September, p. 423
October, p. 487

Group Picture
Emporium Meeting, Authors:
September, p. 424
Institute Representatives on Other Bodies
April, p. 200
October, p. 494
Miscellaneous

President’s Tour; January, p. 42

Standard Frequencies and Other Services Broadcast by National
Bureau of Standards: January, p. 42 _

Whag';che Institute Does for Its Members, by R. A. Heising, June,
p. 278

Report of Secretary
March, p. 153 '




Last ‘yeér 36...this year only 31
RCA Preferred Type Tubes!

PRUMIS November1939... Wilderness

and confusion in the tube in-
dustry—the unregulated evil of *'too many tube
types.” For the first time, a manufacturer points
@ way out. RCA leadership and experience—and
months of study—permit the announcement:
“Just 36 Preferred Type Tubes cover virtually
everyrequirement in the design of radio receivers
—for finest performance at lowest overall cost!”

PERFORMANCE June 1940 ... In six

short months, the
RCA Preferred Type Tubes Program ‘has been
endorsed and adapted to production by 18 lead-
ing manufacturers of radio receivers. Results—?
Better, more uniform tubes. Faster deliveries—

from stock. Lower inventory and warehousing
costs. The entire industry has benefited!

‘| For Finer Radia
A Porformanco

PRDGRES November 1940...Oneyear
has passed. Manufacturers
have announced still moré new tube types—and
more, and more. There are now gver 500 types
on the market! Does RCA st/ say that you can
do a complete job with only 36 types—?
RCA goes farther even than that! From the ex-
perience and proof-of-performance of the past
year, RCA'now makes the still more sensational
statement: “Only 31 Preferred Types will cover
virtually every requirement for modern radio
receivers.” Another great step! '
Increasingly, this Program moves
e Jforward—to the betterment of manu-
wawotus | facturer, distributor, dealer, service-
man and public alike.

‘Over 380,000,000 RCA Radio Tubes
bave been purchased by radio users.

18 LEADING SET MANUFACTURERS
HAVE ENDORSED AND ADOPTED THIS PROGRAM!

* ADMIRAL
* DETROLA
* FADA

* GILFILLAN
* PILOT

* ANDREA
* DE WALD
* FARNSWORTH
* HALLICRAFTERS
* RCA VICTOR

* AUTOMATIC
* EMERSON

* GAROD

* PACKARD-BELL
* SENTINEL

ﬁhl&ld:furil:\ﬁ 'Co:—.,; _3
+Camden, N. J. = f
Service . of the Radio, '/

* SONORA * STROMBERG-CARLSON * WURLITZER
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®  Universal - mounting
condensers and inverted-
mounting types, with leads
or soldering-lug terminals.
Also strap-mounting and
stud-mounting types. In
full-sized and ultra-com-
pact sizes.

® Prong - base midgets,
with fibre mounting wash-
ers (for insulated can) and
metal (grounded can)
washers. Improved con-
struction eliminates draw-
backs heretofore associated
with this type.

® Midget tubular electro-
Iytics in hermetically-sealed
metal cans and in card-
board cases, where space
and price are limited.

® Latest plug-in type, de-
veloped and introduced by
Aerovox, to facilitate test-
ing and replacing of con-

densers in continuous-serv-
ice equipment .

AEROVOX CORPORATION

T ' i
o S et
e

- iae

S

® Some two dozen different types of
Aerovox electrolytics are available to
you as standard items. And from this
widest selection of cans, sizes, termin-
als, mountings, capacities, combina-
tions, voltages, special types may be
readily and economically evolved.

Such exceptional choice has far-reach-
ing implications. It means that you can
pick out types properly fitted to your
purposes. Certainly you need not alter
or improvise or curtail your plans in
the absence of those limitations that
would be imposed by a lesser choice of
electrolytics.

It is this exceptional Aerovox choice
of types, combined with rare applica-
tion experience, that can and usually

New 8

does spell substantial economies for

your assemblies.

Therefore, assuming that everything
else is equal—quality, reputation, de-
livery, price—don’t overlook that

CHOICE of

prime consideration:
types.

A.A.E* Service . . .

Your application as @ whole—that is the
approach of Aerovox sales engineers to
your condenser requirements. That is why
A.A.E.* service is constantly“effecting sub-
stantial economies for users of Aerovox
condensers. Let us study your condenser
needs. Our engineers will gladly submit
recommendations quite as well as specifi-
cations, quotations, samples.

Latest engineering data on all types of con-
densers, available on request.

* derovox Application Engineering

Proceedings of the I. R. E.
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IN a recent analysis of the Electronic
Industries these words struck us most
forcibly: “The Public is little aware of
the vast improvements™ * * *

Here at American Lava we are kept in
step with these “vast improvements™ and
are proud to be called upon to share in
their development.

These “vast improvements” have called
for low dielectric loss ceramic insulating
materials in. forms and sizes unknown a

AMERICAN

CHICAGO « CLEVELAND « NEW YORK » ST. LOUIS ¢ LOS ANGELES « SAN FRANCISCO « BOSTON « PHILADELPHIA « WASHINGTON, D. C.

Proceedings of the 1. R, E.

FROM cpramic HEADQU

LA TION - CHATTANOOG

December, 1940

few years ago. By careful workmanship
and control, “ALSIMAG” insulators are
made to answer the newest requirements.
New manufacturing facilities have been
devised to custom-make these parts very
economically.

No matter how revolutionary your ideas
may be, you will find at American Lava
Corporation men, skill and experience
ready to work with you towards the
solution of your insulating problems.

;\\\TE\\s

A © TENNESSEE .
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‘and other wide range

POSITIONS
OPEN

The {ollowing positions of interest to
1.R.E. members have been reported as
open on February 5, Make your applica-
tion in writing and address to the company
mentioned or to

Box No. ......

PROCEEDINGS of the L.R.E.
330 West 42nd Street, New York, N.Y.
Please be sure that the envelope
carries your name and address

ATTENUATION NETWORKS

SERIES 690 AND 692

for Transmission-Efficiency, Power-Level Measurements, Impedance Adjustments, Gain
or Loss Measurements on Amplifiers, Filters, Pads

The Series 690 network consists of plug-in input and output
adjusting networks, and a Units and Tens attenuation controls.

The Series 692 network is essentially the same as the 690 -with
the exception that a Tenths, a Units and a Tens attenuation
controls are provided. Both types, 690 and 692, are offered in
either "T" or ""Balanced H'" networks. ,

The attenuation controls are-constant impedance, zero insertion loss
networks each having 10 steps of attenuation. The Daven Series 6900

Impedance Matching Networks ("plug-in'' units) may be obtained in a
wide range of impedance and loss.

TYPE pA RANGE CIRCUIT PRICE
T-690-A 500 0-110 Db. in step of | Db. “T" Network $60
H-690-B 500 O0-110 Db. in step of | Db. Balanced "H" Network 80
T-690-C 600 0-110 Db. in step of | Db. "T" Network 60
H-690-D 600 0-1!10 Db. in step of | Db. Balanced ""H" Network 80
T-692 500 0-111 Db. in steps of 0.1 Db. "T" Network 80
H-692 500 0:111 Db. in steps of 0.1 Db. Balanced "H" Network 100
T-693 600 0-111 Db. in steps of 0.1 Db. "T" Network 80
H-693 600 0-111 Db. in steps of 0.1 Db. Balanced "H'" Network 100

Supplied complete with one set of 6900 networks. Unless otherwise specified, these will be
500 ohms or 600 ohms, zero loss networks. Base impedances other than 500 ohms or 600 ohms
available upon rqeuest. 0F

RECEIVER DESIGN ENGINEERS

A large midwestern radio-receiver
manufacturer has openings for ex-
perienced automotive and household
radio-receiver-design engineers. Ap-
plicants should state education, cx-
perience, and give references. Qur
own employvees know of these open-
ings. Box 233.

OPERATOR—FOREIGN
SERVICE

Radio operator with some experi-
ence in electrical installation work.
Should have at least a second-class
radio-telegraph and first-class radio-
telephone licenses and be able to do
his own service work. Two year con-
tract. Location: foreign. Box 234.

RADIO OR ELECTRICAL
ENGINEERS

Radio or electrical engineers
wanted for permanent positions on
the staff of the Washington Institute
of Technology. Applications held
confidential. Address the Washing-
ton Institute of Technology, Mec-
Lachlen Building, Washington, D.C.

ENGINEERING DRAFTSMEN

Engineering draftsmen in various
optional fields (including radio) are
urgently needed by the United States
Government. Salaries range from
$1,620 to $2,600 per year. Applications
will be accepted until December 31,
1941. For further information and
application forms, consult the Secre-
tary of the Board of U. S. Civil Serv-
ice Examiners at any first- or second-
class post office.

TRANSFORMER-DESIGN
ENGINEER

Aq eastern manufacturer has an
opening for an engineer who is ex-
perienced in transformer design and
familiar with the properties of mag-
netic materials. Box 235.

HIGH-SPEED RADIO-EQUIP-
MENT OPERATORS

To meet the urgent need for high-
speed radio-equipment operators for
the National Defense Program, the
United States Civil Service Commis-
sion has announced that it will ac-
cept applications to fill these posi-

THE DAVEN COMPANY |

tions until further notice. One year
(Continned on page vii)

158 SUMMIT STREET «  NEWARK, NEW JERSEY
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Proccedings—An outstanding pub-
lication in the radio engineering field.
Over a quarter of a century of service
to the world in publishing important
radio engineering discoveries and de-
velopments, the PROCEEDINGS presents
exhaustive engineering data of use to
the specialist and general engineer. A
list of its authors is a “Who’s Who”
of the leaders in radio science, re-

search, and engineering.

Standards—Since 1914 our standards
reports have stabilized and clarified
engineering language, mathematics,
graphical presentations, and the test-
ing and rating of equipment. They are
always in the process of revision and

thus remain up to date,

Mecetings—In twenty-two cities in the
United States and Canada, meetings of
the Institute and its sections are held
regularly, Scores of papers on prac-
tically every branch of the ficld are
presented and discussed, Scveral con-
vention meetings arc sponsored by the
Institute and add materially to its ef-
fectiveness in distributing data of

value to engineers,

IRE membership ofers

many SErovices
to the radio engineer

The Institute of Radio Engineers

Incorporated
330 West 42nd Street, New York, N.Y.

To the Board of Directors
Gentlemen:

I hereby make application for ASSOCIATE membership in the Institute
of Radio Engineers on the basis of my training and professional experience
given herewith, and refer to the sponsors named below who are personally
familiar with my work.

I certify that the statements made in the record of my training and profes-
sional experience are correct, and agree if elected, that I shall be governed by the
Constitution of the Institute as long as I continue a member. F urthermore 1
agree to promote the objects of the Institute so far as shall be in my power.

................... J R I N I R I I A

(Sign with pen)

...............................................

...................... PP R R R I I A R R

(City and St;;tes

(Date)
SPONSORS

(Signatures not required here)
AL, v eeeensonenenesonsonsonacssssasacassaassssosiossnsontsanasoisastososs
AAAICES + v e veeenerteeneroneearossiosssonstonnasisrosesniosssene Cereeeeean
City and State ....cvvevrnes 80000068 00000000 000000¢ 50G000000C e
ME: eeevraencerannaccsarasssaoeens 8000000 9000600000 0000000000 00080080050
Address ....oo0iann 500008000 SHongoto0BE0000 500000800000800 808086000 8800a0
City and State .ooovviieiiniieanenans NGG00A00B00aD0¢
Mr, vveieaenen N0 00d0aata0aE 3000 0060000000a00A0 e e et i
Address ..o.oiiennn e e N
City and State ..oovevvriiarierinriiiniaiae, e, et teteeeen e
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ssociate membership affiliates

you with the Institute and brings you
the PROCEEDINGS each month as well
as notices of meetings held near you.

(Typewriting preferred in ﬁlling in this form) No....... ceee
RECORD OF TRAINING AND PROFESSIONAL
EXPERIENCE ‘
- T

(Give full nime, last name first)

Present Occupation .....o.vvevievnineenneneennnnenns s e erenienaa
(Title and name of concern)

Business Address ......oviiiiiens tiiiiiiiiiiiiiiieeaaa , eeeretetieaas
Home Address ..o.irereeiee ittt eeeneeneneressosesssessssseosassnnn
Placeof Birth ......covvvviivennnnn... Date of Birth .......... Age .......
EdUcation ... euiiiieeneriniiieeeeeteroreusereasossonseeseasnnnenceannnns
Degree .......... PR 0005000003B0050055500 AR 0ane00000033003009500

TRAINING AND PROFESSIONAL EXPERIENCE

(Give dates and type of work, including details of present activities)

-~

Record may be continued on other sheets this size if space is insufﬁcien_t.

Receipt Acknowledged ........... Elected ........... Notified ...........

Requirements—For Associate mem-
bership, an applicant must be at least
twenty-one years of age, of good
character, and be interested in or con-
nected with the study or application

of radio science or the radio arts.

Sponsors—Three sponsors who are
familiar with the work of the appli-
cant must be named. Preferably‘these
should be Associates, Members, or
Fellows of the Institute. In cases
where the applicant is so located as
not to be known to the required num-
ber of member sponsors, the names of
responsible nonmember sponsors may

be given.

Dues—Dues for Associate member-
ship are six dollars per year, The en-
trance fee for this grade is three dol-
lars and should accompany the appli-

cation,

Other Grades—Those who are be-
tween the ages of eighteen and twenty-
one may apply for Junior grade. Stu-
dent membership is available to full-
time students in engineering or science
courses in colleges granting degrees
as a result of four-year courses.
Member grade is open to older en-
gineers with several years of experi-
ence, Information on these grades

may be obtained from the Institute.
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5,000 Radiomen
Can't Be Wrong!”

CREI Graduates, As A
Group, Are The HIGHEST
PAID in the Industry!

S

?3:'. CREI Provides Advanced Practical
K Engineering Training for Profes-
sional Radiomen to Qualify for Bet-
ter Jobs in Every Branch of the
Radio Industry

The success of CREI men in
every branch of radio should
prove an incentive to investi-
gate thoroughly the opportuni-
ties that await you through
CREI training in Practical ;
Radio Engineering. We are not &5z
interested in bringing “be- L5

%%  ginners” into the industry, but
%% WE ARE interested in helping
5% R .
%  professional radiomen NOW
77, in radio to advance to better-
f’g. paying jobs. 5,000 students and
7%  graduates prove we are doing &
% it—surveys show that CREI f'//
7 men, as a group, are the ??/,
/| HIGHEST PAID! New op- 7
%%  portunities for trained men are 77
K . %
s being created constantly. 57
S w5
7%  The broad di ho spends 3
5, e broadcast radioman who sp %
?’é}, his own money and many hundrgds .{:E;?/
::;;-5 of his spare-time hours in bettering 5
’,'/ his education by means of a CREI 2
g‘,’f/ course in Practical Radio Engineer- %
ing is a man worthy o.f your recog- %
5"',: nition. He is proving his desire to be
7 /" a better radioman—to be more valu- 7
557 able to your organization. When you ./
‘}’rf,’ need an exceptional man for an 7
2 exceptional job—PICK A CREI ;?
2  GRADUATE! 7
7 7
3 754
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POSITIONS
OPEN

(Continwed from page 1v)

of experience as radio operator n
commercial or Government radio
communications work is required.
Although training in radio operation
at a service school may be substi-
tuted for this experience, all appli-
cants must have had three months’
experience in the operation of high-
speed radio-communication equip-
ment such as transcribing to type-
writer syphon recorder tape and
transmitting messages by hand or
bug. For further information and
application forms, consult the Sec-
retary of the Board of U. S. Civil
Service Examiners at any first- or
second-class post office.

RADIO ENGINEER

There is an opening in an eastern
laboratory for an engineer with a
good general knowledge of radio-
receiver-design and tube-application
problems. Good education required.
Will be expected to work on his own
with only general supervision. Box

TUBE ENGINEER

A manufacturer of power tubes
is looking for a man who is ex-
perienced in electronic tubes and
mercury-vapor rectifiers. He also
must have a full knowledge of
vacuum theory. Box 237.

RADIO INSPECTOR POSITIONS

Examinations have been an-
nounced to fill the positions of radio
inspector in the Federal Communica-
tions Commission at $2,600 per year
and of assistant radio inspector in
various departments at $2,000 per
year. Applications must be filed not
later than March 6 and March 10.
For further information, application
fﬁrms, etc., consult the Secretary of
the Board of Civil Service Examin-
ers at any first- or second-class post

office.
PHYSICISTS

The Civil Service Commission has
modified the requirements for the
positions of physicist (various
grades) and extended the application
deadline to December 31, 1941, These
positions pay from $2,600 to $5,600
per year. For further information,
consult the Sccretary of the Board
of Civil Service Examiners at any
first- or second-class post office.

Attention Employers . . .

Announcements for “Positions Open” are
accepted without charge from employers
offering salaried employment of engineer-
ing grade to I.R.E. members. Please sup-
le complete information and indicate
which details should be treated as confi-
dential. Address: “ OSITIONS OPEN,”
Institute of Radio Engineers, 330 West
42nd Street, New York, N.Y.

The Institute reserves the right to refuse any
announcement without giving a reason for
the refusal

DEALER NET

$14.00

POCKET VOLT-OHM-
=MILLIAMMETER=

® Enginecers and experimenters pro-

nounce this instrument the most useful
tester of all for laboratory, shop or field
use. Model 666 is a complete instru-
ment for all AC-DC voltage, current and

resistance analyses.

Has 3” Sq. Triplett improved rectifier
type instrument, AC-DC Voltage Scales
read: 0-10-50-250-500-1000 at 1000
ohms per volt. DC Milliampere scales
read: 0-1-10-50-250. Ohms scales read:
Low !/4-300; High 250,000. Resistance
range can be increased by adding exter-
nal batteries. Size 3-1/16" x 573 x 2l/g".
Black Molded Case and Pancl. Newly
improved Low Loss Selector Switch.
Complete with Alligator Clips, Battery
and Test Leads . .. Dealer Net Price . ..
$14.00.

MODEL 666-H

e Modol 666-H Volt-Ohm-
MitHHammetor Is a comploto
pockot-sizo tostor—same as
above but with AC and DC
Voltage ranges to 65000
Volts (self-contalnod). Has
complote facllitles for Di-
rect Current and Roslstance
analysos. Just the Instru-
mont for sorvicomen, radlo
amatours, Industrial engl-
necers and laboratory teoh-
nlclans, With RED ® DOT
Lifetimo Guarantood Moas-
urlng  Instrumont. . . .

Doalor Not Price....$14.60

WRITE FOR CATALOG
Section 2112 Harmon Drive.

TRIPLETT ELECTRICA’L INsTRUMENT CO.‘
. Bluffton, Ohio
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Current Literature «

New books of interest to engi-
neers in radio and allied fields—
from the publishers’ announcements.

A copy of each book marked with
an asterisk (*) has been submitted
to the Editors for possible review
in a future issue of the Proceedings
of the I.R.E,

* TELEVISION RECEIVING EquipMENT,
By W. T. Cocking. New York: Norde-
man Publishing Company, Inc., 1940,
Viii+2954-3 index pages, illustrated, 43
X T7tinches, cloth. $2.25.

* FESSENDEN BuUILDER oOF TOMOR-
Rows. By HELEN M. FESSENDEN. New
York: Coward-McCann, Inc., October,
é940. vi+362 pages, 6X9 inches, cloth.
3.00.

* BROADCASTING IN INDIA. By LIONEL
FIELDEN, Controller of Broadcasting, All
India Radio. Delhi: Manager of Publica-
tions, 1940. xiv+212418 index pages,
illustrated 63X 10 inches, paper board.
Rupees 3 or 5 shillings. '

ELECTRONIC PROCESSES 1N IONIC CRYS-
TALS. By N. F. MotT and R. W. GURNEY.
New York: Oxford University Press, July,
1940. 287 pages, illustrated, 6X9% inches
cloth. $5.50.

* TELEVISION TODAY AND TOMORROW.
By SypNEY A. MOSELEY and H. J. Bar-
TON-CHAPPLE. New York: Pitman Pub-
lishing Corporation, 1940, xix4+175+3
index pages, illustrated, 53X82} inches
cloth. $3.00.

* MODERNE MEHRGITTER-ELEKTRON-
ENROHREN (Modern Multi-grid Electron
Tubes). Second Edition. By M. J. O.
STRUTT. Berlin: Julius Springer, 1940,
viii+27845 index pages, illustrated, 6 X9
inches, cloth. 25.80 rm.

* GEOPHYSICAL EXPLORATION. By C. A.
HEemaND, Professor of-Geophysics, Colo-
rado School of Mines. New York: Pren-
tice-Hall, Inc., November, 1940. xiii +963
+48 index pages, illustrated, 6X9 inches,
cloth. $10.00.

* SPECIFYING A PoLice Raprio Cowm-
MUNICATION SYSTEM. New York; National
Electrical Manufacturers Association
May, 1940. 24 pages, 8 X103} inches, paper.
50 cents.

*THE METER AT WoORK. By JomN F.
RipER, New York: John F. Rider, Inc.,
1940. viii 4 152 pages, illustrated, 51X 81
inches, cloth. $1.25,

*ELECTROMAGNETIC THEORY. By J. A.
STRATTON, Associate Professor of Physics,
Massachusetts Institute of Technology.
New York: McGraw-Hill Book-Company
1941. xv 4 608 4+ 7 index pages, illustra-
ted, 6 X 9 inches, cloth. $6.00
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“Best Wishes for
Your Happiness”

from your friends and neighbors in the
telephone company. May the friendly spirit
of the holidays carry through all of 1941.

BELL TELEPHONE SYSTEM




“DON'T JUDGE A BOOK by its cover” is a proverb as
shrewd as it is ancient. The true worth of any volume_ is
found in its pages, not in the binding. So, too, with
capacitors, quality lies hidden. Look to the ingredients
always for extra value in capacitors.

N the hidden ingredients of Cornell-
Dubilier capacitors lies their differ-
ence. The important reason why there
are more C-Ds in use today than any
other make. It's extra quality! Finer
materials and finer engineering,

because Cornell-Dubilier, with the
broadest capacitor experience in the

industry, knows how! That's why so
many engineers demand C-Ds today
for evey capacitor use. They know

Only Corpell-Dubilier Electrolytics

Cornell-Dubilier builds in the kind of v iU LHOLYuE
quality — finer performance, longer offer all these EXTRA FEATURES!

life, surviving soundness — that SE8ciel Bightollage paper sepd;

means extra capacitor service.

For complete technical information,

REMEMBER-’ : iny C-D union-made capa- write for engineering bulletin 170.

citors give you the EXTRAS at no extra cost. A
| S U CORNELL-DUBILIER

M‘.L'C?'alc CORPORATION
1006 HAMILTON BLVD, « SO. PLAINFIELD,.N. J.
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... RCA AIR-RADIATOR
TRANSMITTING TRIODES

Hundreds of RCA-891-R’s and 892-R’s in daily service in
leading broadcast stations testify to the sound economy of
operation made possible by these popular RCA Air-Radiator
Transmitting Triodes. Lower first cost—simplified installa-
tion—no water-cooling worries—ample output for general
btoadcast requirements!

Similar in construction to water-cooled units, these tubes
are equipped with highly efficient air radiators which pro-
vide great cooling areas in a minimum of space. Anode heat
is dissipated quickly, quietly and efficiently.

Double-unit filaments permit operation from two-phase
a.c., thus minimizing hum. Filaments used in these types
operate at lower-than-ordinary temperatures and contribute
materially to exceptionally long tube life. Ask the station
that uses these tubes!

Both the RCA-891-R and 892-R are designed for class B
and class C services. The 891-R may also be used in class A.
Amplification factor of the 891-R is 8; the 892-R, 50. Max-
imum ratings of the 891-R for plate modulated class C tele-
phone service are: d-c plate voltage, 8500 volts; d-c plate
current, 1 ampere; plate input, 8 kw; plate digsipation, 2.5
kw. Typical power output 1s 3.5 kw. Net replacement costs
compare favorably with water-cooled tubes of equal size.

Complete technical information gladly sent upon request.
Write to RCA Mfg. Co., Commercial Engineering Section,
RCA Manufacturing Company, Inc., Harrison, N. J.

& This Triode Takes its Full Rated
Input of 50 Watts up to 500 Mc.

i incering features, make the
Outsmud“-l%ég%g!rranusmimugil Tri el uuex-t
neﬁved in its class. A double- elical fi angft?e
fl:\s a center-tap jead that1s brought o:; gc e
bulb through 2 separate seal. llyl (t:grough 0
the three filament leads in parallel throvs o
by-pass condensers it is now pracuc i

o 'ge the effect of lament lead 1q<éucu:j eat
“i]tlra-hi h frequencies. ouble grid an sl:. L
‘lleads also brought.out_thtough T?ﬂéfﬁv e
simplify peutralizationin r-fampht
¢the ultrahighs by elxmmaf-
ing common impe ances
between, tank ao
neutrall;zm cxercs;:ltcs
" within the tube. (108 -
;‘:g:?gridandplqtedecreases
electron transit time, thelr]t;
improving efficiency at hig

frequencies.
Data bulletin on request
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'“Experiments

Here!

As essential to the operation of
Air-Radiator tubes as good tube
construction itself, is the design
of the finned radiator with which
they are equipped. Pioneered and
perfected by RCA, each radiator
supplied with RCA-891-R’s and
892-R’s carries the fine reputa-
tion which has been established
through more than four years of
extensive use in many of the
country’s leading high-power
broadcasting stations. Exception-
ally low operating temperatures
are assured at all times.

For real economy, it paysto invest
in experience—not experiments!

FIRST IN METAL—FOREMOST IN CI.ASS-—FINESTAlN PERFORMANCE
RCA MANUFACTURING CO., INC., CAMDEN, N, J.

A Service of The Radio Corporation of America
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Why Not Modernize NOW!

IN MARCH of next year, most broadcasting

stations shift to new frequencies, requiring a
corresponding change in frequency in their fre-
quency monitor. In preparation for this shift, why
not modernize your entire monitoring equipment
to take care of the F.C.C. Rule allowing only 20-
cycle tolerance for all broadcasting stations? The
G-R Type 25-A Frequency Monitor is approved
by the F.C.C. for the new Rule and bears F.C.C.
Approval No. 1461,

So why don’t you kill two birds with one stone
and shift to the new frequency and to the new
tolerance in your monitoring equipment and get
it over with?

Many new electrical and mechanical features are
incorporated in the G-R Frequency Monitor. Some
of these are:

1—~Large deviation meter with 30-0-30
eyele seale

2—High-stability oscillator cirecuit as
used in primary standards

3—Amplifier to isolate crystal oscillator
4—Input amplifier to isolate tramsmitter

5—~New foolproof temperature-control
system

"GENE R

6—Improved high-stability frequency de-
viation-meter cirenit

7—AVYC circuit on deviation meter
8—Simplified operation
9—New simplified layout for easy re-
placements
10—Diode voltmeter to adjust input level

G-R Monitors are equipped with dress panels
so that you can now secure a monitor to match any
of five standard broadcast-equipment panel finishes
from stock. Unfinished panels can be supplied for
finishing by the user and subsequent assembly by
us so that your monitor can have ANY panel ﬁ‘;ﬁsh
you desire,

You can’t go wrong in selecting a G-R Monitor.
G-R has pioneered in broadcast frequency measur-
ing equipment since broadcasting started. G-R
Monitors are used by hundreds of the leading
stations.

Type 475-C Frequency Monitor. . $330.00

Type 681-B Frequency Deviation
Meter .....ccce0... 145.00

Type 376-L Quartz Plate....... 85.00
Type 25-A Frequency Monitor. . $560.00

AL RADIO COMPANY

CAMERIDGE, MASSACHUSETTS

~ Branches in New York and Los Angeles

PRINTED IN U.S.A.







