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INSTITUTE NEWS AND RADIO NOTES

Tenth Annual Convention

The Tenth Annual Convention of the Institute which was held in
Detroit, Michigan, was attended by four hundred and ninety men and
ninety-six women and was held in the Hotel Statler during the first
three days in July. The banquet, on the evening of July 2, was at-
tended by four hundred and twelve! There were thirty-four exhibitors
who filled all of the room available for that purpose with samples of
their products and demonstrations of equipments.

Twenty-one papers were presented at the seven technical sessions
which were held. Visits were made to General Motors Research Lab-
oratory, Greenfield Village, and the Ford Motor Plant.

The Institute awards were presented to the recipients during the
banquet by President Ballantine. W. G. Bryant, the Netherlands
consul in Detroit accepted the Medal of Honor in behalf of Dr. van
der Pol and the Morris Liebmann Memorial Prize was handed to Dr.
Llewellyn.

Those who were present appreciated the effective arrangements
made by H. L. Byerlay and his convention committce who deserve
the sincere thanks of all who participated in the meeting.

Personal Mention

C. B. Aiken formerly with Bell Telephone Laboratories is now
Associate Professor of Electrical Engineering in charge of communica-
tion at Purdue University. _

R. C. Ballard previously with General Household Utilities Com-
pany has become a television engineer for RCA Vietor in Camden, N.J.

L. M. Clement has been named vice president in charge of engi-
neering of the RCA Manufacturing Company at Camden having pre-
viously been with the International Standard Electric Company at
London, England.

F. R. Dodge, Lieutenant Commander, U.S.N., has been trans-
ferred from the U.S.S. Detroit to the U.S.8. Raleigh basing at San Diego,
Calif.

J. B. Hawkins has left Emerson Television and Radio Corporation
to become general superintendent of the radio receiving set division of
RCA Manufacturing Company at Camden.
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978 Institute News and Radio Notes

B. L. Hubbard is now an industrial engineer for Philco Radio and
Television Company at Philadelphia having previously been with the
RCA Victor Company.

I. H. Loucks in the Federal Communications Commission inspec-
tion service has been transferred from Grand Island, Neb., to Phila-
delphia, Pa.

M. C. Partello, Lieutenant Commander, U.S.N., has been trans-
ferred from the U.S.S. Biddle to the Brooklyn Navy Yard.

V. 8. Roddy has left Wired Radio, Inc., to join the engineering
staff of the United States Signal Corps at Wright Field, Dayton, Ohio.

E. W. Sanders formerly with the Juniata Radio Laboratory is now
with the RCA Manufacturing Company at Camden.

R. A. Swan, Jr. of the Hygrade Sylvania Corporation has been
transferred from Salem, Mass., to Emporium, Pa.

H. C. Tittle previously with Stewari-Warner Corporation has be-
come chief engineer of the Radio Division of Genera] Household
Utilities Company in Chicago.
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TECHNICAL PAPERS

AIRCRAFT RADIO EQUIPMENT FOR USE ON
EUROPEAN AIR LINES*

By
A. D. HopgsoN

(The Plessey Company, Ltd., Ilford, Essex, England)

Summary—The apparatus to be described has been developed to provide a
transmitting and receiving equipment for small and medium commercial and privale
aircraft which will be extremely simple to operate and as foolproof as possible.

Many features are introduced which, although they have been in use for broad-
cast and other commercial radio apparatus, have not been applied to aircraft radio
equipments.

For example, an electrical remote tuning system is used for the recetver, and
automatic volume control on both telephony and telegraphy is provided. The equip-
ment provides a telephonic range of 180~200 miles, and a telegraphic range of 350—
400 miles, and weighs only sizty pounds complete.

OR communication on the European air routes frequencies
F between 340-350 kilocycles are in general reserved for telephony,

while telegraphic working is confined to the band of 325-336
kilocycles. The majority of large aircraft on regular international routes
employ an operator and carry out all their communication by telegra-
phy, while the smaller aircraft on shorter routes,and machines used for
private charter employ telephony and the equipment is operated by
the pilot, as the extra weight and accommodation for an operator can-
not be allowed.

In some cases telephony and telegraphy are carried out on the
same wavelength, for example, at Le Bourget, where the quantity of
telephony communication is relatively small, both telegraphy and
telephony are carried out on 333 kilocycles. In addition to ‘this, on
other routes direction finding facilities are only available on 325 kilo-
cycles. The aircraft equipment must therefore be capable of working
on 350, 333, and 325 kilocycles, and furthermore a quick change from
one to the other without any following adjustments to obtain accurate
setting is necessary. Again, where aircraft are operating over a long
sea crossing the frequency of 500 kilocycles is also necessary for emer- '
gency work. The equipment must also be capable of transmitting
continuous waves, interrupted continuous waves, or telephony on any

_ * Decimal classification: R520. Original manuscript received bylthe In-
stitute, September 10, 1934. '
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980 Hodgson: Radio Equipment on European Air Lines

of these four wavelengths, and the type of transmission must be ca-
pable of instantaneous change.!

To fix the operating frequencies exactly the transmitter employs
a master oscillator in which a fixed subdivided condenser with semi-
variable trimming condenser is employed, separate sections being
switched in for each wavelength. The master oscillator drives two
amplifier valves in parallel, and to avoid the possibility of overloading
the amplifier valves when the aerial circuit is untuned, the anodes of
the amplifiers are coupled to the aerial circuit via & high impedance
transformer.

This output circuit arrangement has the added advantage that the
operating frequency of the transmitter may be changed while it is in
operation, further if the aerial is lost or if the transmitter Is switched
on before the aerial is run out, no damage can occur to the amplifier
valves. The transmitter is therefore extremely foolproof, and no
amount of misuse of the controls will cause any damage to the valves
or circuit.

Modulation for telephony is performed by the valve grid leak
method, and interrupted-continuous-wave telegraphy is obtained
from a high note buzzer having a secondary winding connected to the
microphone transformer primary. Keying for telegraphy is performed
in the grid circuit of the amplifiers, a heavy negative bias being applied
during the spacing period.

The receiver is a superheterodyne having a detector-oscillator of
the pentagrid type with two coupled preselector circuits, one inter-
mediate-frequency amplifier working at 117 kilocycles, a double diode
triode, and a double diode pentode. Delayed automatic volume control
is provided by the double diodes, and for continuous-wave reception
the triode section of the double diode triode is switched on to an oscil-
lating circuit whose frequency and amplitude are adjusted to operate
in conjunction with the automatic volume control circuits and to
provide a clear beat note free of key clicks from ten microvolts total
input to two millivolts.

On telephony the triode section of the double diode triode forms an
additional low-frequency stage and drives the double diode pentode
for maximum output. With thig arrangement a maximum of 0.6 watt
can be obtained across the telephones for a total signal input of thirty-
five microvolts.

The oscillator-detector portion of the circuit is built into a separate
unit, and the output from this frequency converter is passed via a line

! Note: Since this article was written additional operating frequencies have

been called for, and now the transmitter must operate on 500 kiloeycles, 365,
345, 333, 326 at least.




Hodgson: Radio Equipment on European Air Lines 981
to the main receiver unit which contains the intermediate amplifier and
the remainder of the circuits. By this means the frequency converter
which contains the tuning circuits can be placed near the pilot of the
aireraft and thus enable direct tuning of the receiver to be obtained
without the use of mecchanical remote controls with the inevitable
trouble of backlash.

Fig. 1—Schematic layout of type AC 14 equipment.

Owing to the automatic volume control circuit no reaction control
is necessary, and the receiver therefore has only one accurately cali-
brated control and is extremely simple to use.

Incorporated in the frequency converter unit are two meters read-
ing the transmitter aerial current and the total direct-current feed to
the equipment; these meters are remotely operated. Plugs for micro-
phone, telephones, and key are also provided. This unit thus forms in
effect the main control unit, and is mounted near the pilot togéther
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982 Hodgson: Radio Equipment on European Air Lines

with the remote controls for the transmitter switches, while the re-
mainder of the equipment may be placed in any convenient part of the

Fig. 3

machine. Fig. 1 shows the schematic la

yout of the complete installa-
tion,
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Hodgson: Radio Equipment on European Air Lines 983

The transmitter and receiver are both built on an anodized and
enameled aluminium framework. On two sides of these frameworks
steel disks carrying sponge rubber rings are fixed. These rings engage
in supports in a tubular steel crate; the transmitter and receiver there-
fore sit one above the other on these rubber rings in the crate which is
provided with light removable aluminium sides for protection. The
crate may therefore be bolted direct into the aircraft without any
further rubber supports. In Fig. 2 the crate, receiver, and control unit
with cover removed are shown. The supports for the rubber rings are
shown at A, while the steel disks and rubber rings are marked B. The
two meters and microphone, telephone, and key plugs are plainly
visible on the control unit, also the frequency changing valve.

Fig. 4

The power supply for the equipment may be obtained from a wind-
driven generator or rotary transformer running from the main lighting
battery. Power at nine volts low tension and 600 volts high tension is
required, and on telephony the transmitter has an output power of
eighteen watts with seventy per cent modulation; on telegraphy thirty-
five watts output is obtained. With this power from medium size
eight- to ten-seater machines a range of 180-200 miles telephony and
350—400 telegraphy is obtainable between the aircraft and the normal
airdrome stations.

The entire equipment consists of a transmitter and receiver in crate,
control unit, generator with windmill and speed regulating mechanism,
aerial winch with two hundred feet of wire and two pounds flexible
weight, aerial fair-lead, remote controls for transmitter switches, tele-
phones, microphone, and key.




984 Hodgson: Radio Equipment on European Air Lines

The total weight of these items is sixty pounds. The equipment
therefore detracts but little from the pay load of the aircraft, and yet
is solidly built, reliable, and simple to operatc.

Fig. 3 shows the entire equipment with the transmitter and receiver
mounted in the crate. In Fig. 4 the equipment is seen mounted behind
the pilot’s cockpit in a seven-seater aircraft.
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PARASITES AND INSTABILITY IN RADIO TRANSMITTERS*

By
G. W. FyLEr
(General Electric Company, Schenestady, N. Y.)
Summary—Scveral types of parasites or spurious oscillations and other forms

of radio transmitler instability are described. Methods of locating and eliminating
parasitic circuits are discussed.

place in a vacuum tube circuit other than the normal oscilla-
tion for which the circuit is designed.

Parasites occur as any normal oscillation when the necessary con-
ditions for oscillation exist. In a great many instances troubles which
are attributable to other causes are actually due to parasites. They
may cause additional carriers and side bands to be radiated, voltage
flashover, instability, loss of efficiency, and short life or failure of
vacuum tubes and other cireuit elements. Parasites or spurious osecilla-
tions cannot be fully anticipated in building radio transmitters of a
new type. If the best results are desired it is usually necessary to elim-
inate any existing parasites by special tests after a transmitter has been
constructed. In many cases the determination of the parasitic circuit
may require considerable study and the use of cut-and-try methods.
Detuning and damping of the offending circuit to stop the oscillation
is then quite simple. It is the purpose of this paper to deseribe methods
of determining and eliminating common parasites and a few other
forms of transmitter instability.

Ten or fifteen years ago most vacuum tube transmitters consisted
of an oscillator tube feeding the antenna directly, without much atten-
tion being paid to frequency stability or efficiency. If the oscillator did
not function properly it was common practice to reconstruct the outfit
with one of the other oscillator circuits. Actually, the trouble may
have been due to parasitic oscillations which were not fully recognized
at the time.

We still have parasites in radio transmitters and with high power
tubes and complex circuits the trouble is increased.

During the installation of the WLW 500-kilowatt transmitter using
twenty 100-kilowatt tubes, it was necessary to eliminate approximately
a dozen parasitic oscillations before stable operation and high efficiency

* Decimal classification: R133 X R355. Original manuscript received by the

Institute, March 25, 1935. Presented before Washington Section, U.R.S.I.,
February 11, 1935.

gl’ARASITE in radio work is any spurious oscillation taking
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986 Fyler: Parasiles in Transmatters

were obtained. This was not indicative of poor design; it was the con-
dition to be expected when first testing a very high power transmitter.
Oscillations were found all the way from an audio frequency which
could be heard up to an ultra-high frequency of 200 megacycles, or
one and one-half meters wavelength. The latter oscillation was very
unusual considering the large coils and condensers used in this trans-
mitter. It is desirable to consider the way in which it was found and
studied, in order to illustrate the peculiar conditions which may exist
with parasites.

Another parasite at a frequency of twenty megacycles was being
studied in one of the three large amplifiers with a wavemeter tuned
to the frequency of oscillation. The plate voltage of 12,000 volts was
removed to make a circuit change and the wavemeter current reading
did not drop to zero. The meter reading dropped to zero only when
the bias was removed from the amplifier. Also the oscillation started
up again when the bias was applied. During these tests the plate am-
meters read zero current. It was noticed that the wavemeter current
reading could not be changed appreciably by tuning the wavemeter,
nor could any resonant frequency be found throughout the available
wavemeter range of twelve to 20,000 meters. However, the greatest
meter reading was obtained with the smallest wavemeter coils and
with the tuning condenser at its minimum position. Therefore, midget
condensers and coils were connected with a 100-milliampere radio-
frequency meter in an improvised wavemeter to find the approximate
frequency of oscillation. Finally, with a two-plate midget condenser
connected directly across the terminals of the meter with leads about
one inch long a resonant point was found and a full scale reading of
the meter obtained with the improvised wavemeter located near one
of the large amplifier tubes. The oscillation wavelength was found to
be about one and one-half meters by measurements with Lecher wires.
Since positive bias was being used to obtain this oscillation it was
apparent that the oscillation was of the Barkhausen type. This was
verified by noting the frequency change with variations of the grid
potential. Knowing the bias voltage and the diameter of the tube
anode a good check on the observed frequency was obtained.

This parasite is probably present in most class B and C radio-
frequency amplifiers and oscillators during negative peaks of the radio-
frequency plate voltage. Apparently the oscillation is not detrimental
because of its limited conditions of oscillation and inherent poor
efficiency. No high voltages appear to result from the oscillation even
in 100-kilowatt tubes:

Probably the most detrimenta] parasites are those which cause
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fAlashovers or which materially lower the amplifier efficiency. If flash-
overs oceur at the seal of a costly tube or if the efficiency is only half
the expected value, the parasite is most undesirable. '

The tubes and associated circuits in a transmitter may have
damped and undamped parasites depending upon the circuit losses,
the feed-back coupling, the grid and plate potentials, and the re-
actance or tuning of the parasitic circuits. The damped oscillations or
“trigger” parasites as they are sometimes called occur as the result of
a shock or transient with peak modulation, keying transients, or flash
arcs in vacuum tubes. It is well known that oscillations start more
easily with high plate voltage and with zero, or even positive, grid-
bias potentials, due to increased mutual conductance. Hence parasites
may oscillate only during part of a modulation cycle. However, it is
advisable and usually possible to obtain steady-state or undamped
oscillations of all parasites in order to study the essential circuit con-
ditions. The possibility of an oscillation existing may be predicted
mathematicelly or by previous experience under certain conditions,
but with existing parasites it is usually a question of studying the
circuit when oscillation exists and changing or damping the circuit so
as to eliminate the parasite.

There are certain parasites which stop when the grids are saturated
as in a class C telegraph or plate modulated stage, but some of the
parasitic oscillations may still exist even when the grids are well
saturated. This is particularly true of ultra-high-frequency parasites
where the parasitic frequency is much higher than the normal amplifier
frequency and the parasite may oscillate for many cycles during each
- radio cyecle. It has also been found that low-frequency parasites may
be present during part of a modulation cycle in a class B radio-fre-
quency amplifier as described later.

A capacity must have connections made to it and at a very high
frequency the capacity circuit may actually be inductive with negli-
gible series resistance. Also a coil has distributed capacity and at cer-
tain frequencies the inductance coil may be, in effect, a capacity with
negligible series resistance. Hence, one should visualize a capacity
being an inductance, and an inductance being a capacity at certain
frequencies. Also it is necessary to consider the interelectrode capacities
in vacuum tubes as tuning and coupling elernents with high-frequency
paragites. Shunt tuned parasitic tank circuits are more common than
series tuned circuits, but abnormally high radio-frequency voltages
indicate the presence of series resonant circuits and these are frequently
very difficult to locate.

TFor determining whether parasites may occur in a given amplifier,
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the normal radio-frequency grid excitation or oscillation should be
removed without upsetting the normal circuit conditions. Reduced
plate voltage is advisable for the first test and the bias should be
reduced to a low value without causing the plate dissipation rating to
be exceeded except possibly for momentary tests. It is desirable to try
positive grid bias with low plate voltage for dynatronic grid parasites.
Most oscillations have been found to start best in certain parts of the
tube characteristic and, therefore, the filament, grid, and plate volt-
ages should be varied over wide limits, including the emission limiting
region which seems especially important.

On large tubes with tungsten filaments the filament cannot be
damaged by running at low voltage, and it is easy to control the
amplitude of a parasitic oscillation within reasonable limits by lower-
ing the filament voltage. The parasitic frequency and circuit can then
be determined by a wavemeter coupled to the circuit and by finding
the high voltage points. When these facts have been determined, it is
generally possible to deduce the type of oscillation and the circuit.
When one parasite is eliminated it is quite possible that a different
type of parasite may start. Although vacuum tubes have been found
to oscillate simultaneously on more than one frequency, it is quite
possible that one oscillation may prevent one or more other oscillations.

A small neon lamp is commonly used to indicate whether an oscilla-
tion exists and for finding the high voltage points in the circuit. The
lamp may be fastened on the end of an insulated rod and, for best
results, the glass part of the neon lamp should be brought close to the
various conductors, coils, and capacitors where parasitic voltage may
exist. The plate and grid connections have the highest parasitic po-
tentials In most cases. For studying a low-frequency parasite it is
sometimes desirable to add a piece of wire to a terminal of the lamp
to increase the voltage sensitivity of the lamp. ‘

If it is not possible to obtain steady-state oscillations, the various
transmitter circuits may be checked without power being applied for
resonant frequencies by inserting small radio-frequency meters at
various points and coupling a radio-frequency oscillator to the circuits.
If resonant conditions are found which indicate possible parasitic cir-
cuits, the necessary changes may be made without applying power.
This method is useful for locating the circuits of highly damped
“trigger” parasites.

An all-wave receiver is very useful for checking( the transmitter
output for spurious frequencies in addition to the normal harmonies.
One must be careful not to misinterpret image frequency response if
the receiver is located near the transmitter. An oscillating detector or

‘
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Fyler: Parasites in Transmitters 989

auxiliary beat oscillator further increases the value of this method of
checking parasites. A pure tone should result in listening to an un-
modulated carrier from a transmitter. A rough tone usually indicates
the presence of parasites.

The cathode-ray oscillograph is useful for studying low-frequency
or weak parasites in the absence of the normal transmitter oscillation.
Little coupling is usually required for obtaining sufficient deflection,
and the oscillation frequency is easily obtained by comparison with
a known sweep frequency.

Following is a list of common oscillator circuits (Fig. 1) in the
order of their importance for analyzing the various parasitic circuits:

(A) The tuned-grid—tuned-plate oscillator circuit is found to be the
basic circuit for the most common types of parasitic oscillations. There
must be grid and plate circuits approximately tuned to the same fre-
quency with capacitive feed-back through the grid-to-plate capacity
of the vacuum tube. The oscillation may be stopped by excessive
damping or by detuning of the circuits. The grid circuit is detuned
preferably to a much higher frequency than the plate circuit for
parasitic elimination. '

(B) Grid dynatron oscillator circuit. In large tubes a negative slope
of the grid-current characteristic corresponding to a few hundred ohms
negative resistance (due to secondary emission from the grid) may
exigt with positive grid potentials and high positive plate potentials.
The negative resistance of the grid may permit spurious oscillations
in several grid circuits. In general the plate-circuit constants are not
important in determining the oscillation frequency.

(C) Relaxation oscillation circuit. This type of oscillation usually
occurs as a modifying feature of other types of parasites. Certain
parasitic oscillations, as for instance, the tuncd-grid—tuned-plate
variety, may start and stop at a rate determined by the periodic charge
and discharge of a grid-blocking capacitor through a resistance, similar
to the operation of a relaxation oscillator. This type of oscillation is
uged in superregencrative reccivers of the self-quenching type. An
amplificr may have two different modes of high-frequency parasitic
ogcillation and change from one {0 the other at a low-frequency rate
due to a gimilar relaxation effect.

(D) Hartley circuit.

(I) Colpitts circuit. Both of these ogcillating circuits have a com-
mon tank circuit with inductive feedback predominating hetween the
grid and plate portions of the circuit in contrast to the capacitive feed-
back in the tuned-grid—tuned-plate oscillator.
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(F) Meissner oscillator. This is somewhat similar to the Hartley
and Colpitts circuits in that it has a single tuned tank although the grid
and plate circuits are inductively coupled.

(G) Electronic oscillators. These include the Barkhausen, Gill-
Morrell, dwarf oscillations, etc. These internal tube oscillations require
positive grid and approximately zero plate potentials.

The following diagrams show several types of parasites and these
are simplified where possible by omission of neutralizing circuits and
other circuit elements. Two very common high-frequency parasites
will be considered first. A series parasite is arbitrarily defined as a push-

A TUNED GRID TUNED PLATE

RN

B GRID DYNATRON E COLPITTS
g TUNED GRID TUNED PLATE MODIFIED F  MEISSNER

8Y RELAXATION 6RID OSGCILLATION

Fig. 1—Common oscillator circuits for parasitic analysis.

pull oscillation with the grid potential 180 degree out of phase. Simi-
larly, a parallel parasite indicates the paralleling of tubes with the
radio-frequency grid voltages in phase. The oscillation is seen to take
place through the capacitor circuits and at high frequency we may con-
sider the inductances of these circuits as being the grid- and plate-cir-
cuit inductances of a tuned-grid—tuned-plate oscillator. The inter-
electrode tube capacities are the coupling and circuit capacities. Due
to the inductance of the neutralizing leads the circuit is not neutralized
for the ultra-high-frequency parasite. These short-wave oscillations
may be quite vicious and produce high voltages and currents. Fig. 23
shows a high-frequency parasitic arc standing on an insulator. If
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the parasite occurs in but one tube, the push-pull circuit or the tubes
may be unbalanced and this is easily determined by checking the tubes
and circuit constants. If the oscillation is a parallel parasite the grids
or the plates may be connected together without appreciably affecting
the oscillation. The neutralizing capacitors may prevent the series or
push-pull oscillation if the neutralizing bridge happens to be balanced
at very high frequency although this is a very remote possibility.
It is obvious that the neutralizing circuit is of little use in preventing
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Fig. 2—High-frequency parasites.

paralleled tube oscillations since the neutralizing capacity adds to the
grid-to-plate tube capacity in supplying coupling between grid and
plate circuits. This will be shown in more detail below.

The high-frequency parasite may be eliminated in a number of
ways. For class C amplifier circuits, resistors in the order of one to
twenty-five ohms may be added close to the grid or plate connections
of the tubes for damping the circuits. The resistors for damping the
grid circuits should be noninductive wire-wound or preferably carbon-
stick resistors. In class B linear amplifiers, and also with large tubes, it
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is not desirable to add very much series resistance in the grid circuit
due to possible limiting on the positive peaks of modulation caused by
grid current flowing through the resistor. In this case low resistant
chokes may be added in parallel with the resistors to carry the direct
current. It is also possible to eliminate the oscillation by detuning the
grid and plate circuits so that the grid circuit is tuned to a much higher
frequency than the plate circuit. This is accomplished by making the
grid to filament circuit as short as possible, or in other words, by
mounting the grid tank capacitor close to the tube. This lowers the
inductance of the parasitic grid circuit. Small choke coils with one or
two microhenries of inductance may then be added next to the plate
connection so as to add inductance in the plate circuit. This method of
eliminating high-frequency parasites is particularly applicable with
tubes having the grid and filament connections brought out at one end.
Also the plate circuit dimensions in practice are much larger than those
of the grid circuit. Resistors may be added in parallel with the small
parasitic plate chokes or the chokes may be wound with resistive wire if
necessary in order to prevent “trigger” oscillations. However, sufficient
detuning of the parasitic circuits usually accomplishes the same result.
Simple choke coils next to the plate tend to improve the amplifier
efficiency and reduce the harmonic components of the plate current.
The parasitic plate choke may form a series resonant circuit with the
plate-blocking capacitor at the fundamental frequency for improving
the plate efficiency. Hence it is desirable not to dampen the parasitic
plate chokes unless a trigger oscillation takes place in this circuit. In
push-pull amplifiers the neutralizing circuit commonly used is shown
in F'ig. 2. If the neutralizing capacitor leads have appreciable inductive
reactance the amplifier may become sufficiently unneutralized as to
oscillate at a frequency near the norma] operating frequency. Complex
resonance conditions due to tapped circuit elements, coupled circuits,
or chokes may further complicate the difficulty. In high power short-
wave transmitters the large size of the apparatus and length of connec-
tions also tend to aggravate the parasitic trouble. The usual representa-
tion for the bridge neutralized circuit is given in Fig. 3A. This may be
modified by considering inductance in the neutralizing capacitor
branch of the circuit Figs. 3B and C, and it is evident that the bridge
is not balanced except at one frequency where the net capacitive re-
actance in the neutralizing circuit equals the plate-to-grid capacitive
reactance. If the grid tank circuit or excitation is connected at the mid-
points S as shown in Fig. 3C instead of directly on the grid connections,
and if the capacitor C, = Cyp, the circuit will remain neutralized over a
wide band of frequencies. Similarly if parasitic plate chokes are con-
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nected next to the anodes a balanced bridge may be obtained by
making C,=C,, and connecting the plate tank circuit to the points
marked T in Figs. 3D and 3E so that the inductance of the parasitic
plate choke between the plate of the tube and the point T equals the
inductance of the circuit from the point T to the grid of the opposite
tube. Care must be taken that the inductive reactance in either circuit
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Fig. 3—Wide frequency band neutralization.

is small compared with the C,, or C, reactance and in very high-fre-
quency transmitters this is accomplished by using short wide neutral-
izing leads.

The typical amplifier circuit of Fig. 2 is redrawn for illustrating two
forms of low-frequency parasites where the tubes are in effect paral-
leled. Figs. 4A and 4B show the parasitic circuit with series-fed plate-
voltage and Figs. 4C and 4D show the parasitic circuit with shunt
fed plate voltage. 0




994 Fyler: Parasites in Transmitters

With a parallel parasite it is possible to connect both grids or both
plates together without influencing the oscillation since these points
are at the same potential. It should be noted that the grid circuit con-
sists of an inductive branch through the leakage inductance of the
grid tank coil and the grid choke to the cathode. The grid tank capaci-
tors are in parallel. Also the stage is not neutralized for parallel para-
sites. In fact, the total feed-back capacity between the grid and plate
circuits is the sum of the grid-to-plate capacity in the two tubes plus
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Fig. 4—1o w-frequency parasites.

the two neutralizing capacitors. This large amount of feed-back capac-
ity makes possible very low-frequency oscillations.

In a class B radio amplifier this parasite has been found to exist
even with normal carrier excitation on the amplifier and to vary in
amplitude with modulation.

Modulated carrier waves may be found on each side of the normal
carrier at a spacing from the carrier frequency of plus and minus »
times the parasitic frequency. The modulation envelope may be dis-
torted and flashovers may occur in unloaded circuits due to high para-
sitic voltages generated at high percentages of modulation. These
flashovers have been found to be most prevalent with low-frequency
audio modulation which allows sufficient time for build-up of the
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oscillation. In a 50-kilowatt broadcast transmitter having a 30-kilocycle
parasite, flashovers occurred at 200-cycle, 100 per cent modulation,
but as the audio frequency was lowered, flashovers started at lower
percentages of modulation. At thirty cycles the modulation was only
about fifty per cent for flashovers. Apparently the build-up time of the
low-frequency oscillation was appreciable.

The parasite may be eliminated by reducing the size of the grid
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Fig. 5—Parasites due to ungrounded split-tank capacitors.

choke and by increasing the size of the plate choke. This follows the
general procedure of tuning the plate circuit to a lower frequency than
the grid circuit. Resistance may also be added in parallel with either
choke, although in most cases this does not appear necessary.

It is common practice to use a split capacitor with the center point
grounded when a push-pull radio-frequency cireuit is used or when a
single tube is loaded into a double-ended tank circuit. If the capacitor
is not grounded for radio-frequency potentials, a parasite may result
in the circuit of Fig. 5A. The circuit as simplified is given in Fig. 5B
and this is similar to the Colpitts circuit as modified for ultra-high-fre-
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quency oscillators. The current flows through the neutralizing lead and
the plate tank capacitor. By-passing the center point of the tank capaci-
tor to the cathode effectively shorts the plate cireuit of the {ube and
this should stop this type of oscillation.

A low-frequency parasite may also occur in the single ended circuit
particularly if chokes are used in grid and plate circuits. One possible
circuit is shown in Fig. 5C.

This oscillation may be stopped by using a split stator capacitor
with the rotor grounded, or by detuning and damping of the parasitic
circuit as explained previously for low-frequency parasites.

Tl T

A. CIRCUIT WITH EXCITATION AND LOADING TAPS

B. CIRCUIT WITH TAPPED TUNING ELEMENTS
Fig. 6—Parasites due to tapped coils and capacitors.

When taps for loading, Fig. 6A, or tuning, Fig. 6B, are used,
additional circuits for parasitic currents are found. If the parasite is
caused by the use of tapped coils for loading or excitation, it is apparent
that detuning of the coupling circuits by the addition of reactance is
indicated, or else a change to inductive coupling is necessary. When
tuning capacitors C;, Fig. 6B, are tapped across part of the tuning
inductances for obtaining a vernier adjustment in tuning or to reduce
the capacitor potential, a complex circuit is formed which offers reso-
nance at more than one frequency. In an oscillator this may aggravate
the drag loop tuning effect. In an amplifier a parasite niay occur at a
frequency for which the neutralization is ineffective. In general this
method of obtaining a vernier contro] of tuning is undesirable, particu-

larly if the capacitor C; is tapped across a relatively small part of the
inductance.
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If grid and plate transmissiontlines, or either, are connected directly
to the tank coils, a parasite may be found at a frequency close to the
normal operating frequency due to the fact that the transmission line
offers multiresonance conditions and the amplifier oscillates at a
frequency for which it is not neutralized, as described above. This
parasite may sometimes be stopped by changing to inductive coupling
or by detuning of the transmission line circuits so that the grid and
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Fig. 7—Transmission-line parasites.

plate parasitic circuits are widely detuned. It may also be stopped by
adding damping resistors at a point of high parasitic current in the
transmission lines. In the case of a parallel parasite through both
transmission lines to ground, the damping resistance can be added so
as not to cause any loss at the normal carrier frequency.

If “shunt feed” of both bias and plate voltage supplies is used,
considerable trouble may result from complex reSonance conditions.

Fig. 8—Choke-coil parasites with “shunt feed.”

The choke coils tend to resonate at various frequencies with the tank
elements causing parallel or series parasites of the tuned-grid tuned-
plate variety. After studying choke parasites, one is tempted to elimi-
nate all choke coils, due to the fact that sufficient trouble can be had
without tolerating choke parasites. If chokes are to be used in a trans-
mitter for a specific purpose, as for instance, eliminating the direct
plate voltage from the neutralizing and plate tank capacitors, then it is
desirable to use the shunt feed in either the grid or the plate circuit
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but not in both. In the 500-kilowatt WLW power amplifiers (push-pull
circuit) the shunt method of feeding plate voltage is used for these
particular reasons and the plate chokes were very carefully resonated
at the assigned frequency. Even then it was found that very high radio-
frequency voltages existed at certain points along the choke coils and
arcovers occurred to near-by objects. It was also noticed that consider-
able fourth harmonic of the fundamental radio frequency was being
radiated from the antenna. A wavemeter near the transmitter showed
almost as much deflection on the fourth harmonic as on the funda-
mental. All of these results were traced to a resonance condition in the
grid transmission line and the plate choke coils at the fourth harmonic
of the operating frequency. It was necessary to change carefully the
number of turns on the coil and add resistance to the grid line in order
to eliminate the difficulty.

%% %@?@;ﬁ% E

Fig. 9—External link circuit parasite.

Considering the Meissner oscillator circuit, consisting of an external
tank circuit coupled inductively to a grid coil and to a plate coil, a
parasite may occur in transmitters having additional circuits as a
framework link coupled to the normal circuit elements. There has been
found one case, where the internal framework of a set link coupled the
grid and plate circuits to cause a parasite. This was eliminated by
opening the framework circuit to prevent the link coupling.

With large water-cooled tubes operating at high plate voltage, a
large amount of secondary emission from the grid may occur with
positive grid potentials. The negative slope of the grid-current char-
acteristic indicates negative grid resistance which will produce oscilla-
tions in conjunction with a tank circuit. The grid-current characteristic
shown in Fig. 10 indicates a negative grid resistance which will produce
oscillations over the range of A to B. The oscillation frequencies which
occur are largely determined by the grid-circuit constants, and, there-
fore, the cure used for the tuned-grid—tuned-plate oscillation does not
apply. In connection with dynatronic grid parasites, it should be
noted that the grid-current meter will usually read negative grid cur-
rent. This fact often helps in determining this type of parasite. There
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are several grid circuits or grid paths to ground, especially in a push-
pull circuit, any one of which may cause a dynatronic grid parasite.
Parallel and series oscillating circuits have been found. The inductance
of the armature of a bias motor generator and its associated filter
capacitor may control the frequency of a very low-frequency oscilla-
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Fig. 10—Dynatronic grid parasite and dynatron rectifier.

tion of the radio-frequency carrier amplitude in a class B radio-fre-
quency amplifier. In addition to all of the oscillations due to the various
grid circuits on a tube, it should be emphasized that the amplifier may
oscillate at the fundamental frequency even though it is perfectly
neutralized, since the grid circuit oscillates at the grid tank circuit
frequency and the oscillation is amplified as usual in the plate circuit.

Some success has been obtained in damping the oscillation circuit
with resistance, but for complete protection it is most practicable to
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add a dynatron rectifier to the grid circuit which will draw positive
grid current when the amplifier grid draws negative current. Serics
grid resistance is undesirable in class B radio-frequency amplifiers,
especially with wide variation in the value of positive and negative
grid current. A runaway effect in the operation of the tube may result
from the use of series grid or biasing resistance when incipient gas
flashes occur in large tubes, since the grid may suddenly assume a high
positive potential.

With 100-kilowatt vacuum tubes, the dynatron rectifier, I'ig. 10C,
may be a two-element 50-watt size kenotron tube having resistance
Ry in series with the plate circuit in order to control the current drawn
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Fig. 11—Parallel connected amplifier tubes.

by the tube. The rectifier tube and resistor are connected between grid
and filament of the amplifier tube, so that current flows only with
positive radio-frequency grid potentials.

A series resistor R, shorted by a capacitor C; may be used to bias
further the dynatron rectifier so that it does not draw current until the
negative resistance region A-B is reached. The resulting over-all grid-
current characteristic over this range may be made approximately
zero or slightly positive as shown in the upper curve of Fig. 10A. The
rectifier tube current may be emission limited for high positive values
of grid voltage, and this is desirable to limit the peak grid load in a class
B radio-frequency amplifier for minimizing audio distortion.

When tubes are paralleled it is well known that intertube parasites
may exist. The oscillation is at very high frequency and of the series
type. The frequency is determined by the inductance of the conductor
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between the grids, and the input capacity of the tubes. The plate cir-
cuit similarly has a conductor between the plates of the tubes, and, of
course, a tube output capacity. It may be eliminated by connecting
small resistors in the order of twenty-five or fifty ohms in series with
each grid or the grids may be tied together with as short leads as pos-
sible, and small choke coils may be connected in series with each plate.

Fig. 12—Paralleled amplifiers.

In the WLW 500-kilowatt transmitter there are three identical
amplifiers, each of which will deliver 170 kilowatts. The grid circuits
are excited in parallel and the inductively coupled output coils are
connected in series. -

Additional parasitic circuits with the paralleled amplifiers were
largely due to the common grid transmission line. A parallel parasite of
all tubes was stopped by grounding the mid-point of the grid loading
resistor. In addition to the common grid line circuit there are parasitic
circuits between amplifiers. The plate chokes and tank capacitors
formed the plate circuit for the tuned-grid—tuned-plate type oscilla-
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tions. Damping resistors were added in the transmission lines to each
amplifier as shown and these effectively prevented oscillations between
amplifiers. There were two resistors in series in this circuit between
amplifiers, yet for the excitation current from the driver stage the resis-
tors are connected in parallel. This minimizes the power lost in the
resistors at the fundamental frequency.

In a push-pull amplifier with transformers in the grid and plate
circuits, high-frequency oscillations above the audio-frequency range
may occur on peaks of audio excitation. In the high power class B
audio modulator at WLW this oscillation was found at a, frequency of
550 kilocyecles.

{1

Fig. 13—Class A and B audio amplifier parasites.

The oscillationis commonly of the push-pull tuned-grid—tuned-plate
type. The interelectrode tube capacities become significant at radio
frequencies and the audio amplifiers are not neutralized in general
practice. In general, audio transformers have natural resonant fre-
quencies above the audio-frequency range where the impedance is
very high or very low corresponding to shunt and series resonance. The
high-frequency resonant points are in approximate harmonic relation
as modified by the fixed stray capacity of the terminal bushing insula-
tors and winding. Above the resonant frequency range the transformer
impedance may be low and capacitive at a power factor determined by
the characteristics of the insulation. Transformer impedances vary
over wide limits with different input and output transformers in a class
B stage and the oscillation frequency will be determined by the opti-
muim circuit conditions. -

There are many ways to stop the oscillation. The grid transformer
secondary is usually loaded into separate resistances, but this does not
- necessarily prevent the oscillation if the grid leads are long and include
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a large loop area. The grid loop area may be reduced, or, better still,
by-pass capacitors may be connected in parallel with the grid and fila-
ment connections of the tubes close to the tube connections for circuit
detuning. Small resistors may be connected in series with each plate
lead. Also a resistor may be connected across the primary of the output
transformer close to the tubes in series with a capacitor which has high
reactance at audio frequencies and low reactance at the parasitic fre-
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Fig. 14—Cascade amplifier instability.

quencies so that the resistor is effective in damping the output trans-
former primary at radio frequencies.

The input transformer in a class B amplifier should have low leak-
age reactance in order to minimize audio distortion and parasitic
oscillations which may be aggravated by periodic commutation of the
grid current. #

In large transformer coupled class A amplifiers it is possible to have
parasites similar to those described in the class B audio amplifier and
the method of prevention is the same.
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Cascade amplifier instability is a function of the amplification and
interstage coupling, particularly between the output and input circuits.
Frequently “motor-boating” or low-frequency oscillations may be
caused by resonance conditions in filter circuits which are common to
more than ¢ne stage. In resistance coupled class A amplifiers with a
common plate voltage supply additional complications result, in pro-
portion to the size of the interstage coupling capacitors and the grid
resistors. It has been found that the ¢ product of these two values is
limited to about 100,000 (ohmsXuf) in typical amplifier circuits for
stable operation.
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Fig. 15—Trigger parasites.
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Decoupling circuits, consisting of resistors and capacitors, Fig. 14B,
or separate filters, are ecffective in preventing instability between
amplifiers having nominal gain Separate resistors are connected in
series with the plate supply to each amplifier and each lead is by-passed
on the load side in each amplifier. Separate power supplies may be
required to prevent feedback from & high level amplifier into a low
level amplifier.

If capacitors alone are used in by-passing common grid or plate
power supplies, Fig.~ 15A, interstage coupling is possible at very high
frequencies where the by-pass capacitors form parallel resonant cir-
cuits with the common connections, Fig. 15B. A small change in the
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length of a lead may produce stability. Nevertheless the decoupling
circuits are most satisfactory for preventing instability.

Input circuits usually require careful shielding and filtering to pre-
vent stray magnetic or electrostatic coupling, particularly from the
radio-frequency output of a transmitter. Electrostatic shields between
audio transformer windings are sometimes required.

In high power amplifiers requiring high plate voltage, an inter-
mittent parasite may cxist due to shock excitation by a transient of
some circuit in the amplifier. The parasite may be a damped oscillation
of any of the types mentioned.

It is conccivable that steady-state parasites may be eliminated but
a high voltage oscillation may exist for n few cycles during a transient.
If parasites are eliminated by circuit damping rather than by circuit
detuning the possibility of transient or trigger parasites is reduced.

Very spectacular flashovers may result when a parasite excites a
series resonant cireuit. It is well known that the voltage across both of
the series elements may rise to one hundred times or possibly one
thousand times the applied voltage depending upon the ratio of react-
ance to resistance of the circuit. If a series resonant circuit exists in the
plate circuit of a high power amplifier where the series inductance
happens to be the plate lead to a tube, and the stray capacity of a
coupled tank circuit to ground forms the capacitor element, it is pos-
sible to obtain extremely high voltage.

During testing work with a ten-kilowatt oscillator, a momentary
flashover of two feet occurred from a secondary circuit to ground when
the plate voltage of seven kilovolts was applied to the oscillator. The
arc was thin and blue in color and only occurred for a fraction of a
second on the starting transient. Apparently this type of parasite may
be stopped by circuit detuning or damping as previously described. In
the test oscillator a small capacitor from grid to cathode eliminated
the trouble.

There is another type of surge in radio transmitters which simulates
the phenomena of a “trigger” parasite. This is the internal flash arcs of
large vacuum tubes. The flash arc has been called “gas flash,” “Rocky
Point effect,” and “arcback,” although the latter designation i1s com-
monly reserved for mercury-vapor tubes. The internal tube flash is
primarily a function of potential gradient and gas pressure in high
vacuum tubes. Potential gradient is a function of the potential between
elements and of the curvature of the tube elements. The random occur-
rence of the flash arc in vacuum tubes, frequently not concurrent with
modulation peak potentials,indicate spasmodic gas-pressure variations.
The intensity of the visual flash are varies from a barely noticeable
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incipient breakdown in the tube producing a momentary audible ping,
to an intense power arc resulting in a virtual short circuit between tube
anode and cathode or grid accompanied by aloud metallic sound from
the anode. It is possible to burn out the filament and grid wires with a
sustained arc. The amplitude of the short-circuit plate current in large
tubes must be controlled by a series plate resistor, Fig. 1613, and the
high voltage power supply to the tubes should be opened or discon-
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Fig. 16—TFlash arcs in vacuum tubes.

nected very quickly if the energy dissipated within the tube is to be
kept within safe limits. Protective plate resistance in the order of 100
to 200 ohms for a 10-kilowatt tube and 20 to 40 ohms for a 100-kilo-
watt tube has been found desirable. The tungsten filaments of large
tubes permit gradual clean-up of gas and a circuit tuning condition has
been found advantageous, especially with new tubes. If the plate circuit
is tuned to a slightly lower frequency than the normal operating fre-
quency to produce a leading power factor of plate current and a five to
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ten per cent increase in the direct plate current in a class B or C radio-
frequency amplifier, the clean-up action of the filament is apparently.
improved. The plate tank inductance or capacity is increased slightly
in order to achieve the leading power factor. (Fig. 16C.)

Frequently a screen-grid tube amplifier will oscillate when con-
nected in the usual circuits even with the sereen grid suitably by-passed
to the filament. The tube may oscillate at the fundamental frequency
due to stray coupling between the grid and plate circuits, Fig. 17A.
Grid and plate choke coils or other circuit elements may be mounted
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Fig. 17—Screen-grid tube oscillations.

too close together or the grid and plate circuits may be coupled thirough
paralleled leads. If the screen-grid by-pass capacitor is too small, or if
the lead connecting it to the cathode is too long, also, if the frequency
is too high, the screen grid may not be effective in preventing feed-back
coupling through the control-grid-to-plate capacity in the tube. It has
been found that a variable capacity may be substituted for the fixed
sereen-grid by-pass capacitor as a possible means of preventing this
instability at the higher frequencies of operation. The screen-grid radio-
frequency potential may then be reduced to a low value by series
resonance of the external circuit to the cathode. This does not mean
geries resonance of the circuit including screen-grid-to-cathode capacity
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as this would give high radio-frequency screen-grid voltage, and permit
a tuned-grid~tuned-plate1oscillation with an ineffective screening ele-
ment. |

Fig. 18-—Screen-grid tube parasites.

If the screen grid is supplied with voltage through g high value of
series resistance from the plate-voltage supply, and if the excitation is
low in a class C amplifier, an unstable oscillating condition may result
which is similar to a relaxation effect. The frequency is determined by

Fig. 19—Crystal oscillator instability. |

the RC time constant of the screen-

grid circuit. This condition may be
corrected by using a voltage divide

r for the screen-grid voltage supply,
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inductance or resistance to the grid cireuit cither to detune or dampen
the circuit.

When a very high-frequeney erystal is used, the spacing between
the plates becomes small and the shunt capacity, therefore, increases.
If the leads between grid and filament of a crystal oscillator tube are
too long, a high-frequency parasite may exist between the grid and
plate circuits as a tuncd-grid—tuned-plate oscillation where the grid
inductance consists of the long grid lead. The plate-circuit inductance
consists of the plate-tuning capacitor lead. The tube interlectrode
eapacities form the capacitive elements of the tank circuit. It is desir-
able to keep the grid circuit short and lengthen the plate circuit, possi-
bly by adding a choke coil next to the plate of the tube. Inductive
feedback is reduced by separation of the grid and plate leads and by
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Fig. 20—O0scillator parasites.

decrease of the area of the grid-circuit loop. Certain crystals have
abrupt frequency changes due to a slight change in temperature. One
cure is to reduce the crystal current to a low value to prevent heating
by the use of a pentode oscillator. Another is to change to the new low
temperature coefficient crystals which permit even greater output from
the crystal oscillator.

One form of superregeneration detection depends for its action upon
the use of a high resistance grid leak so that the oscillations in the tube
start and stop at a superaudible rate as determined by the value of the
grid leak and capacitor. This type of composite oscillation might be
considered a form of relaxation oscillation. The interruption frequency
is determined by the values of the grid leak and blocking capacitor.
An oscillator may break into this superregeneration or intermittent
blocking, due to the grid-leak resistance being too high but it may also
be due to the fact that the ratio of grid excitation to plate tank voltage
is too high, or in other words, because of overexcitation.

Oscillators of the tuned-grid—tuned-plate, Hartley, and Colpitts
types have parasitic circuits through capacitor leads and chokes as de-
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scribed above for amplifiers, and similar methods of prevention apply.
The Meissner oscillator parasites easily at a frequency determined by
the grid and plate coils and tube capacities, especially with loose
coupling to the external tank circuit.

In receivers, the loud speaker, together with variable condensers,
tubes and other elements, may cause an objectionable howl due to
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Fig. 21—Mechanical resonance oscillation. L

mechanical coupling. Similarly, the tube elements in transmitting
tubes, and the coils in large transmitters may sometimes mechanically
control the frequency of an audio oscillation. This oscillation may also
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Fig. 22—Standing-wave parasite on plate of tube. !

depend upon the transmission of sound through air or other medium |
for coupling between mechanically vibrating elements. In any case the
solution to the problem is quite simple because of the fact that the
sound may be heard. The mechanica] coupling or damping may be
changed sufficiently to prevent the oscillation by the use of shock
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mounfing or more rigid construction. In the diagram shown, (Fig. 21A)
vibration of the screen-grid tube was found to cause an audio oscilla-
tion due to mechanical coupling between the tank coil and the tube.
The oscillation was easily stopped by more rigid mounting of the coil.

About six years ago an interesting parasite was discovered at
WGY with developmental 100-kilowatt tubes. If both grid and plate
leads are by-passed to the filament, standing waves of voltage at an

Fig. 23— High-frequency arc standing on an insulator.

ultra-high frequency may be found on the tube elements. The voltage
is, of course, low at the by-passed end and high at the free end of the
tube (Fig. 22). The frequency of oscillation was about 50 megacycles.
Many kilowatts can be developed in this way although the circuit is
rather inefficient because of the fixed loss in the lower voltage end of the
tube. This parasite may be cured by removal of either by-pass capaci-
tor and by inserting an inductance in the plate lead as described above
for elimination of high-frequency parasites,
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PrECcAUTIONARY NoOTE

The study and elimination of parasites require close adherence to
safety precautions because of the attendant exposure to high power
circuits while making test changes. High-frequency parasitic currents
have been found to break down the insulation in safety interlocks and
in start-stop switches. The moral is to use adequate safety devices in
working on any circuit with voltages over three hundred volts. A red
light which shows when the high voltage is on, gives a certain protec-
tion but is an indicator and not a safety device. All high voltage filter
condensers should have bleeder resistances and best of all a safety
switch should be used to short-circuit high voltage filter condensers
when working on the transmitter.

CoNCLUSIONS

In the elimination of parasites from a transmitter, the circuits
should be kept as simple as possible to prevent complex resonance
conditions. Radio-frequency choke coils and shunt-feed circuits should
be kept at a minimum. Wide band neutralization circuits are desirable.
The grids of vacuum tubes should be effectively by-passed capacitively
to the cathode through a capacity, and inductance added next to the
plates of the tubes to eliminate short-wave parasites. If necessary, the
plate or grid parasitic circuits should be damped with resistance.
Inductively coupled rather than capacitively coupled input and output
circuits should be used wherever possible. The mechanical layout of a
short-wave transmittér should be well planned with short leads and
compact tank circuits to keep the current where it is supposed to be
and to minimize stray coupling between circuits.
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DEVELOPMENT OF TRANSMITTERS FOR FRE-
QUENCIES ABOVE 300 MEGACYCLES*

By

N. E. LINDENBLAD
(RCA Communications, Inc., Rocky Point, LI, N.Y.)

Summary—The fundamental functions of the electrons and their work cycle,
in the interelectrode space of high vacuwm tubes, are discussed. It is shown how the
triode feed-back circuit becomes inoperable at very high frequencies due to space-
time and reactance characteristics. It is further shown how the space-time conditions
can be organized to benefit the maintenance of oscillation instead of becoming a
detriment. Some of the more familiar arrangements, such as the Barkhausen and the
magnetron circutts, which are based on this principle, are discussed in some detarl.
With these illustrations as a background the author describes a new method of fre-
quency multiplication at very high frequencies. This method yields much greater
power outputs than hitherto possible and promises to become very useful.

Various means for frequency stabilization are referred to and the merits of
frequency controlling devices, such as crystals and low power factor circuits, are com- ’
pared.

Special problems encountered in the application of modulation at very high fre-
quences are described and reference is made to methods developed to meet these prob-
lems.

Practical considerations of circuit arrangements are described in some detazl.
Several examples of transmitter design are given. These sections are tllustrated
with photographs.

Important points in connection with antennas and transmission lines are
discussed and the results of some measurements are given.

The paper ends with a brief reference to some propdgation results obtatned by
RC A Communications engineers and others.

INTRODUCTION

YHE purpose of this paper is to report progress in theoretical con-
ception as well as in practices pertaining to the application of the

frequency band between 300 and 1000 megacycles to radio com-
munication.

TeE ELECTRON PERFORMANCE IN Hica VAcuuMm

Since electrons are negative electric charges, their presence in the
interelectrode space of a vacuum tube causes, by virtue of electrostatic
“induetion, positive charges to be distributed over the electrodes which
will vary in accordance with variation in position of the electrons. If

the external circuit consists of a resistance it can be seen that the cur-
* Decimal classification: R355.5. Original manuscript received by the
Institute, June 11, 1934: revised manuscript received by the Institute, Novem-

ber 19, 1934. Presented before Ninth Annual Convention, May 30, 1934, Phila-~
delphia, Pa.
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rent produced in this resistance, by virtue of the electron motion in the
interelectrode space, always causes a voltage drop on the electrodes
which retards the electron motion and decreases the rate at which elec-
trons ent