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PREFACE

The purpose ot this myestigation, sponsored by the Radio Develop-
ment Section of the Civil Aeronaulics Administiaiien and conducted
by the Reed College Physics Laboratory 1s to determine a method of
discharging a plaue so as to elimmate corons nterlerence commonl
Enown a~ 1ain o1 snow static

The 1esulls of the mvestigatton ndicate the possibilily of a prac-
tical method for discharging a plane by means of a low-power rado
transmitter operating at wedmm-high oo ultra-lngh frequencies
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The views expressed m thus repoit are those of the writer and not
necessarily of the Civil Aeronautics Admimistration
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THE EFFECT OF A HIGH-FREQUENCY DISTURBANCE
ON THE DIRECT-CURRENT CORONA FROM A

SHARP POINT

SUMMARY

This report 18 divided into three parts 1 A
study of the nature of the 1adio mterference
cansed by a pomnt i d-¢ corona It 1s shown
that the wave form of the 1adiation emanating
from such a pomt 18 similar to that obtained
from a relaxation oscillator 2 A comparison
of the conductivity of the d-¢ corona fiom a
sharp pomnt with and without the superposition
of a radio-frequency corena on the =ame pomt
It 15 shown that the formation of a 1adio-fie-
quency cotona increases the conductivity from
4 to 20 times that of the d-¢ corona alone 3
A study of the suppression by means of a lugh-
frequency field of the radio-fiequency disturb-
ances origimating from a point i mntermittent
d-e corona using a fiequency of 5 8 megacycles
Ii 15 demonstrated that the nature of the dis-
charge originating on the pomt s so modihed
a9 to eliminaile entuely the radio mterference

INTRODUCTION

With the advent of the hagh-speed passenger
plane 1t was found that when the pilot was
flying “blind” through certam types of cloud
formations, 1adio-frequency distuirbances oc-
curred whh would entuely oblicerate the radio
beam the only reliable navigation aid under
these conditionzs Various hypotheses were
offered as to the origin of this disturbance, one
of wlich postulated that charged dtops of rain
o1 snow flakes striking the aenal produced this
mterference by shock excitation ot the tuned
cnncmts i the radio  Aceondmgh, a shelded
loop was used 1o 1eplace the 1ecenn me acrial on
the ship and 1t was found that this device ma-

(1)

ter1ally mmereased the ‘signal-to-noise ratio,” but
cuprismgly enough, for a different reasen
Experments m the sprimg and early summer
of 1937 by a group of mvestigatons on the United
Aur Lme~ Flying Laboratory, demonctiated that
this type of mterference played a comparatively
small 10le Tt was found that ihe major radio-
frequency disturbance was due {o a corona from
powmts on the plane caused by 1ts acquisition of a
lorge electrostatic charge during the rapid
passage thiongh charged cloud formations

This wiiter put forth a hypothesis that the
1eason tor the efficacy of the chield on the loop
was that the static disturbance o1iginated nearby
and was concerned with the so-called mduction
eld as opposed to the 1adiation field of an open
aertzl al a dislance of more than a quaiter ot a
wave length

In early August ot 1937 experimental proof
was obtained for the above hypothesis by the
writer and hig assistant M1 Howard Vollum
In these expermments a shielded loop was used
in connection with an antomobile radio so well
shielded that no appreciable <ignal was 1eceived
without =ome -ort of antenna 'lhe slneld on
the loop conld be grounded at will It was
iound that a loop unbalanced with respect to
the ground behaved 1n all respects, cxcept as
to any current losses intioduced by the shield,
the same as an unshielded loop  The wnprove-
ment 1n the signal-to-noise ratic with respect to
the static came only when the shield of the loop
wa~ grounded

Fuither experiments were cartled on with a
signal generator, the onipnt of which was con-
nected to an open radrator  The radie was
tuned to a distant station and the moduolated



output of the signal geneiator tuned to the same
fiequency as the station  This signal then
operated as a disturbing element 1n the radio
reception When the shield was grounded, how-
cver, the station would come 1 clearly with
practically no interference from the stgnal gen-
erator In other words, the shield on the loop
behaves 1n the same manner toward a continu-
ous wave from an open radiator placed neaiby
as for the discontinuous static pulses orginating
at the high-voltage corona The above expe1l-
ment was repeated using another loop as a
racdiator instead of an open aerial  In this case,
grounding the shield had no effect whatsoever
This experiment demonstrated that the effect of
the shield on the loop was to cut out a type of
tadiation which existed from an open 1adiator
and was not present when a closed 1adiator was
used

Animvestigation of the ordinary equations for
an oscullating doublet mdicated the presence
of a very large electrosiatic field in the vicmity
of an open radiator which would duiminish as
the cube of the distance between 1t and the
recetver This would show that its mtensity
would rapidly approach zero at a distance of
only a few wave lengthsaway The electromag-
netic radiation, however, would dmumsh -
versely as the square of the distance and would
as & consequence be relatively far stronger at
some distance from the radator

After the source of the “statie” was doter-
mined, the obvious solution of the piroblem was
to find some method of discharging the air-
plane without interference A long trailing
wire terminatmg 1n a sharp pont was fonnd to
be good for this purpose At the snggestion ot
Professor George, thig powt was 1solated t1o1a
the plane by means of a resistor, the purpose
of which was to damp out any electric osuilla-
tions resulting from an intermiitent dischaige
occurring on the end ot the wire This device
has been further perfected and 1s 1n use by the
arr-transpert companiles at the present fime
Although 1t 1s fairly satisfactory, the general
problem 1s of such major importance to the ar-
transport mdustry that the Radio Development
Section of the Civil Aeronantics Administra-
tion has <poncored further mveshgations This

1eport deals with one such inyestigation cairied
on 1n the Reed College Physics Lahoratory

EQUIPMENT

The first and most necessary apparatus to be
assembled was a rectifier and suitable filters to
produce a readily controlled “hum-free” d-c
voltage of such a magmtude as would be nec-
essary to reproduce the type of radio-fiequency
disturbance originating on a charged airplane
Figure 1 gnes the circwmit detals of this
equipment Transformer (T1) 15 a General
Radio varae which gives a smooth control of
the high voltage An isolation transformer
{T2) 1g inserted 1n the circuit n order that
either the positive or the negative side of the
high-voltage equipment can be grounded
This transformer 1s 1nsulated for over 100,000
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Figure 1 —Schematic diagram of rectifier and flter

volts  The ligh-voltage power transformer
('13) delivers a maximum of 100,000 volts on
each side of the center tap Rectafication 1s
accomplished by the uee of two General Electric
Kenotrons type KR-3  These are used in the
conientional low-voltage full-wave 1ectafier cir-
cutt Thrs enrcint has a disadsantage of limait-
g the high-voltage output to half the peak
inverse potential ot the tubes, 1n this ca=e 70,000
volts  Howesvet, 1ts convenence outweighs the
above disadvantage, especlally since the high-
voltage transformer available had a grounded
center tap The circuit also uses fewer con-
densers for the same amount of filtering and 1t
was found that 70,000 volts 15 greater than the
amount needed to produce the desired effect
The flter system consists of o 1-megohm hiquid
recistatice and  a  I4-microfarad condenser
formed by two General Electiic Piranol



Vo-microfarad condensers (-7 and (€-2) in
series, cach one protected by spark gaps to pre-
vent overloading. The entire apparatus is ade-
quately fitted with corona shields consisting of
hollow copper spheres 3 inches in diameter.

There is no measurable corena in the system
up to and including 70,000 volts. The ability
to ground either the positive or negative side
of the high voltage was found to be absolutely
essential in subsequent investigations.

A picture of this high-voltage apparatus is
shown in figure 2, in which it will be noticed that
the *hot” side of the output is fed through the
wall of the room in a standard insulating tube
such as is used in ordinary X-ray installations.
Figure 3 is a picture of the other terminus of
the high-voltage lead. A is a telescopic brass
tube which allows plate B to be raised or lowered
by means ol a string. Klectrode B is a stand-
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ard aluminum corona shield about ten inches in
diameter.

It will be noted in these experiments that the
point € is always grounded. In earlier experi-
ments electrodes B and ¢ were interchanged,

{HIGH VOLTAGE EQUIPMENT

Figure 2,—High-voltage rectifier equipment.

but we do not find any appreciable difference in
the high-frequency interference with either con-
nection. As will be shown in later photographs
and diagrams, there are certain inherent advan-
tages in grounding the point, since this may be
part of a high-frequency coil, and it would be
dangerous to have this coil connected to the
radio-frequency transmitter and to the high
voltage simultaneously.

Figures 4 and 5 are pictures of the radio-
frequency transmitter and its associated feeder
system. Figure 6 shows the other terminus of
this feeder system and the associaled tuning
equipment. A radio-frequency ammeter is



placed in this cireuit.  The prinary of the high-
frequency trans=former, as can be seen from (ig-
ure 6, consists of two turns of copper tubing
one-half inch in diameter. A large number of
gecondaries have been tried, one of the most
successful of which was a coil wound on a bottle
about 5 inches in diameter, the turns being fas-
tened in place by cellulose acetate cement. .\
very interesting phenomenon takes place in such
a coil when a spark occurs in the high-voltage
system. The very intense magnetic fleld Dbe-
tween the wires of the coil, due to the high
Instantaneous current, will usually tear them
from their positions and cause the coll to col-
lapse. These coils are tuned by their own dis-
tributed capacity.  During the process of manu-
facturve, the natural frequency of the coil ig
determined by an accurately calibrated grid-dip
oscillator.  This method, devised by Mr. DBell-

Figure 3.—High-voltage electrodes.

Figure 4.—Transmitter used to produce medium high-frequency
field.

ville of the Forest Service Laboratory, has
proved to be very rapid and convenient. The
last coll used is shown in a picture, and consists
of 45 twns on a grooved igolantite form four
inches in diameter. This coil is shown in more
detail in figure 7. Note the provision made at
the top ot the coil for the insertion of electrodes
of any desived shape. It has been found that
points made of wire of less than one-eighth of
an inch in diameter burn very quickly, because
of the local heating. Successtul experiments
have been carried on using either brass or copper
rods 14 inch in diameter and ground to a point
of the desired shape. There is enough mass and
good thermal conductivity to take the heat from
the point with sufficient rapidity so that even
with avery hot radio-frequency are, there s very
little damage to even a fairly sharp point. The
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Figure 5.—Transmitter feeder system.

above statements might imply conclusions which
could be erroneously interpreted.  There s, of
course, a limit as to how sharp a point one can
use for discharging a ship.  When a long taper-
ing point is used, burning of the point takes
place without any radio-frequency are.

The civeuit used in connection with the
studies of the electrical conductivity of the
radio-frequency arve is shown in figure 8. A
portion of the laboratory set-up is shown in fig-
ure 9. Tt was necessary to ground the dead end
of the coil through a shielded wire cable abont
20 feet long, in order to remove sufficiently the
d-e¢ amplifier from the very intense high-fre-
quency field. At the coil a good deal of the
high frequency was bypassed through condenser
(-1, which consisted of twelve 0.004 microfarad
condensers connected in parallel, and of the type

formerly used in spark transmitters. The total
capacity was 0.048 microfarads. However, even
with this large amount of direct bypass, a suffi-
cient high-frequency signal will get to the grids
of the first stage of the amplifier to cause rec-
tification of this circuit. This proved to be one
of the most difficult experimental problems to
solve. A very high-Q wave trap ZF inserted
as shown in the diagram took care of the situa-
tion. It was found that the tuning of this
wave trap depended to some extent upon the
amount of current in the main feeder lines.
Consequently it was necessary to make frequent
checks in order to ascertain whether or not con-
ditions had changed. A microammeter was
placed directly in the ground cireuit, and a
constant check was made between the readings
of this d-¢ instrument and the recording mil-



Figure 6.—Terminus of feeder system showing the high-fre-
quency transformer and coupling arrangement.

Jiammeter.  The measuring equipment is shown
in figure 10. We can safely say that the data
given in the curves of figures 11A-11F, inclu-
sive, are accurate and exact, and are not in any
manner due to superfluous signals which might
have entered the amplifier.

A number of various receivers have been used
in this investigation, the most satisfactory of
which is shown in figure 12. This is a field

strength measuring apparatus purchased from
station KOIN. Incorporated in the equipment
is a Philco battery type superheterodyne re-

HIGH FREQUENCY
COIL WITH POINT

N HIGH FREQUENGY
CORONA

NEW POINTS ARE
INSERYED HERE

Figure 7.—Secondary coil of the high-frequency transformer.
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Figure 8.—Schematic diagram of circuit used for studying the electrical conductivity of the radio-frequency arc.
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WITHOUT HIGH
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HIGH FREQUENCY
| 5v PAss CONDENSER

Figure 9.—Equipment used for studying the electrical conductiv-
ity of the radio-frequency arc.

ceiver. For the purpose of receiving the inter-
ference from the crying covona, an unshielded
loop has been far more satisfactory than an
aerial. In order to increase the disturbing sig-
nal from the crying corona, the loop was in-
ductively coupled to the ground circuit of the
coil as shown in figure 13,

An analysis of the d-¢ corona consisted of two
parts: 1. A series of experiments to determine
if other plhysical and electrical phenomena
similar in nature accompany the interference
originating in the corona discharge. 2. A de-
termination of the lowest audio frequency ap-
pearing in the output of the radio and associated
with the “crying” static. An arrangement was
made so that the wave analyzer could be very
quickly connected to points AB, F'F, or GH as
shown in figure 14. Data from the first ar-
rangement gave the characteristics of the audio-
frequency current flowing in the ground circuit ;
from points Z' and # the output of the radio
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receiver, and from @ and H the actual sound as
received by a crystal microphone. In this man-
ner it could be ascertained whether or not the
disturbance was connected with the point alone
or with the associated circuit elements.
Attempts were made to use a photo-electric cell
and associated amplifier to check further on this
point. This method was later abandoned.

In order to have a record of the frequency
range of the crying corona from a given point
and with different field strengths, it was found
necessary to arrange the wave analyzer for the
insertion of the recording milliammeter. This
was accomplished by connecting the d-c ampli-
fier with an adapter to the last tube of the
analyzer, so that the presence of this connection
in no manner interfered with the normal opera-
tion of the instrument. In preliminary meas-
urements, the dial of the analyzer was operated
manually, in an attempt to keep it in synchro-
nism with the motion of the recorder. Later
experiments were conducted with the dial of the
analyzer connected directly by means of a flex-
ible shaft to the driving gear of the recording
milliammeter. Figure 15 shows a picture of the
analyzer, recording milliammeter, and the flex-
ible connection. Since the graduations on the
dial of the analyzer are not a linear function of
the frequency, it was necessary to devise some
means of calibrating the record. Figure 16
shows how this was done. The key labeled &
is a single-pole double-throw switch which nor-
mally connects the milliammeter to the amplifier.

Figure 10.—Apparatus used to measure the conductivity of the
radio-frequency are.
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As the frequency dial on the analyzer rotates,
the key is depressed at those times when a gradu-
ation passes the index. The battery is arranged
to deflect the recording milliammeter in a direc-
tion opposite to that normally encountered.

RADIO —E
RECEIVER F
AF
AMPLIFIER

These marks, therefore, give an accurate cali- wave oo -gI RECORDING
bration of the record. ANRLYEER AUPLFIER : HETER

o 1Jf
|
l = . S.P.D.T. SWITCH

Figure 14.—Circuit arrangement used to study characteristics
of the corona discharge.

INDUCTIVE COUPLING
O GROUND CIRTUIT
OF CORONA POANT

Figure 15.—Wave analyzer and recording milliammeter.

Figure 12.—Receiving apparatus used in conductivity and
interference tests.

IGH VOLTAGE

D.C. RECORDING

AMPLIFIER METER

LOOP OF
RECEIVER

TO TRANSMITTER

A ORI — '*

S.P.D.T. SWITCH

Figure 13.—Circunit used to couple the receiver to the corona
apparatus. Figure 16.—Circuit for calibrating wave analyzer record.



TESTS AND RESULTS

The first test was to determine the type of
mterference originating 1m a crying corona when
the point was positive  Accordingly, the output
of the radio was connected directly to a cathode-
12y oscilloscope, and 1t was found that the wave
shape was very stmilar to that obtaimned with the
ordinary gas dischaige relaxation oscillator
Figure 17A shows the type of wave obseived

NI

a

Figire 17.—{A) Wave shupe of posilive pont corona wnterfer-
ence (B) Schomabhe dingram of relaxation escillator

on the screen It was apparent that these oscil-
lations take place at an audio rate and the
proposition has been advanced by this writer,
1n agreement with several others, that the action
1n a radio 1s a shocking of the tuned cireuits into
oscillation by the very steep wave front charac-
teristic of this particular mterference

To check this conclusion, an ordinary neon
tube oscillator, the circuit of which 1s given 1n
figure 1713, was constructed, the output of which
through a 0 0001 microfarad condenser was con-
nected to the antenna of a radio recerver The
action of this type of interference on the radio
wag 1dentical, as far as could be ascertained,
with the interference due to the crying corona
It, therefore, seems fairly conclusive that with
this particular type of interference, there are no
racdio frequencies of the order of magmtude of
300 kilocycles, such as are used for the radio
range heams It was found that when the rado
was adjusted to maximum sensitivity, 1t was not
e1en necessary to couple the output of the oseil-

11

lator direct to the antenna circuit the electro-
magnetic field bemng of soflicient intensity to
actuate the tuned circuits of the radio  This ex-
periment shows that such interference as that
caused by the crying corona can criginate with
an ordinary relaxation oscillator performing at
a comparatively low andio frequency, the funda-
mental of which can he less than 3000 cycles
In the case of a negative point corona, how-
ever, the pattern on the screen of the cathode-ray
oscilloscope 15 entnely different  There ate no
definite wave shapes within the audio-frequency
1ange, and later tests of the wave analyzer indr-
cate no audio frequencies below 17000 cycles
The disturbance 1s of a higher fiequency Ex-
periments by others have shown that the fre-
quency of the negative point corona may run as
high as 200000 cycles  This has been the cause
of a rather mterestmg phenomenon observed
recently 1n the laboratory  There would be very
little mterference m the radio except at certan
definite electrostatic field stiengths A very
slight change in the voltage on the plate would
cause the mnterference to die out An observa-
tion by Mr W E Juackson, Chief of the Radio
Development Section, Civil Aeronautics Author-
ity, to the effect that 1t sounded hike a hetero-
dyne, led to the explanation The discharge
fiom the negative point takes place at a rado
frequency, and the frequency of the discharge
15 a funetion of the strength of the electrostatic
field at the pomnt With a given spacing, it 18
of course proportional to the voltage difference
between the two electrodes Certain intense
radio-fiequency fields due to local broadecasting
slations, etc, are present in the room When
the veoltage 18 just right so that the radio-fre-
quency disturbance from the negative point 1s
of such a value that 1t can heterodyne with one
of these high-frequency fields so that the sum or
difference fiequency 1s that Lo which the radio
15 tuned, a large disturbance is noted It was
found that when the voltage on the point was
changed, 1t was often possible to get the inter-
{erence by retuning the radie It 15 also pos-
sible that the 1adio-frequency inteiference from
the pomnt may reach into the broadeast band
In this case, there 15 a possibility that 1t would be
recerved 1n the ordimary manner by “beating”



with the local oscillator in the receiver. Fur-
ther investigation of this hypothesis is contem-
plated.

With this explanation in mind, it is natural
to seck for the reason for the large amount ot
interference when the plane 1s negative. My
explanation is that a large number of points
probably are breaking into a corona. The fre-
quency of the interference will depend upon the
character and position ot the point. The elec-
trostatic field will not be constant as in the
laboratory, but will undoubtedly vary over very
wide limits. The total interference reaching the
receiving antenna on the ship will cover a large
band of radio frequencies. There will, there-
fore, be a practical certainty that these radio-
frequency disturbances heterodyning with each
other and their harmonics together with inecom-
ing signals will completely cover the frequency
band to which the radio is tuned. The action on
the radio itself in this case will be entirely dit-
ferent from the action when the plane is positive.

In the early experiments with a corona dis-
charge, the writer used a method for visual
observation which was extremely satisfactory
and which lie can recommend {o other investi-
gators. An 18-inch concave mirror, such as is
used in the older type searchlights, was placed
behind the point and at the proper distance.
The observer could then stand at a safe distance
and observe the greatly magnified image of the
point. It was therefore possible to note the
streamers, ete., which are ordinarily very diflicult

Figure 18.—Mirror used to focus corona arc.

Figure 19.—Photo cell and shield placed at focus of mirror.

to see unless the observer is very close to the
phenomenon. It 1s not feasible to make visual
observations in the immediate vicinity of the
point, because of the proximity to the high-
voltage electrode. The large condensers in the
high-voltage system make it a very dangerous
plece of apparatus near which to work.

Once of the earliest observations of the writer
in working with the d-c corona was that the
sounds from the radio scemed to be of the same
frequency as the sound which could be heard
directly from the corona itself. This led him
to attempt an investigation and correlation of
phenomena occurring simultaneously with the
intermittent discharge from the positive point
known as the “crying” corona. Four different
types of phenomena may be present: 1, As the
corona burst occurs, it would be natural to sup-
pose that an emission of Jight would accom-
pany it; 2, There is a sudden evolution of heat
and a corresponding expansion of the gas in
the neighborhood giving rise to the sound; 3,
The motion of this charge should give rise to
an electromagnetic fiecld; and 4, The charge
must come from the ground. Tf, now, the point
is connected to the ground through a resistor,
there should appear across this resistor a differ-
ence of potential corresponding to the passage
of the charge. Tt was the hope of the writer
that he could pick up these various phenomena
and by means of electronic switches, show them
simultaneously on a large oscilloscope. The first
Imvestigation was an attempt to focus the light



from the coronn onto a photo-cell. Two search-
light mirrors were used, and the photo-cell and
amplifier not only well shielded but balanced
with respect to the ground, so that with respect
to the photo-cell the amplifier acted in a differ-
entinl manner. The mirror used to focus the
are is shown in figure 18, and the mirror used to
focus the photo-cell is chown in figure 19. To
the writer’s great surprise, no recurrent charae-
ter of the emitted light was noticed, even though
the cell and amplifier were many times more
gensitive than necessary. This was checked by
putting a very feeble intermittent light in place
of the point.  Although these experiments ended
in failure, the writer is not yet convinced that a
sudden emission of light does not accompany
the burst of the corona, but feels that some other
phenomenon occurring has masked the effect
which he sought to measure. These experiments
will be repeated later with different. apparatus.
A great deal of trouble was encountered, since
the plhoto-clectric cell is inherently 2 high-
impedance device, and consequently is very dif-
cnlt to ghield from the very intense electrostatic
field which is present with the d-¢ corona, 1t
may be possible that In some manner a partinl
blocking of the amplifier took place, althourgh
the wiiter felt that Le had thoroughly investi-
gated this possibility,

The other experiments in this connection were
more sneeessTul. Two 24-inch mirrors were

used to pick up the sonnd from the corona and

Figure 2¢.—Reflectors used to focus sound from ihe corona on
ihe microphone.

focus it on the micvophone as shown in figure 20,
Although the sound from the corona is perfectly
audible, and it would seem that a microphone
placed nearby would be sufficient for the experi-
ment, it was found that when the amplifier had
the proper gain, all of the sounds in the building
were alzo received by the system. However, by
means of the arrangement of mirrors, it was
possible to increase the signal-to-noise ratio of
the combination so as to eliminate all noises
except those occurring in the immediate vicinity.
The output of the microphone was fed into an
amplifier, the output of which was fed through
a selector switch to the input of a General Radio

- wave analyzer. The output of the radio also was

connected to the amplifier through the proper
terminal of the selector switch, as was also the
voltage vecurring across the resistor of the point.
Tt was found that in case of the positive point
corona, the frequencies of the noise received by
the microphone and of the static received by the
radio and of the signal occurring across the
resistor were identieal for any given electro-
static field strength. Because of the rapid
attenuation of high frequencies in the audio sys-
tem of the radio, very few harmonics of the
fundamental frequency were received. As far
as could be ascertained, the analysis of the sound
from the mterophone was identical with the
analysis of the voltage occurring across the
resistor in the ground cireuit. These could not
he compared exactly, hecause of the fact that
the microphone and its associated amplifier did
not have the same characteristics as the amplifier
which would receive the signal across the
resistor, Time did not permit accurate calibra-
tion of these mstruments, which would be unjus-
tifled because of the fact that the d-c voltage
impreszed upon the point could not be held to
the requirved constancy to make exact experi-
mental comparison possible. However, there
seems to he little doubt that these three phe-
nomena have essentially the same frequency
characterigtics, and for this reason the writer is
loath to accept the negative result he obtained
with the photoelectric cell.

Later the recording milliammeter was ar-
ranged to drive the wave analyzer, which had



been connected electrically to the recording
milliammeter through the proper amplifier as
shown 1n figure 15  When the pomnt was nega-
tive, 1t was found there was no defimte audio
frequency which characterized the interference
This type of interference has been described by
pilots as “hash ¥ Tt 15 now well known how-
ever, that under certain conditions one can get
very definite 1elaxation osallations when the
poimnt 1s negatine But m our experiments, we
have farled to obtain any defimite fiequency
within the range of the wave analyzer, namely,
0-16500 cycles There was, however, a definite
high-prtched note as heard by the ear, althongh
the waie analyzer would not show 1t atall  The
writer puts forth the hypothesis that this note
as heard by the ear 15 due to the beating of two
high-fiequency oscillations above 10000 cycles
The nonlinear characteristic of the ear would
allow the beat frequency to be heard

Loeb (p 517), Fundamental Processes of
Electrical Discharge wn Gases, states that these
pertodic discharges have been observed at fre-
quencies as low as 5000 cycles per second We
can only say that with the varions points we have
mvestigated, no frequencies this low have been
obsetved The analysis of this general noise
level of the negative point corona indicates that
most of the energy 1s 1n the Ingher audio fre-
quencies, very little occurring below 2000 cycles
T4 15 to be noted that what 1s referred to as noise
1= just the random disturbance characteristic of
this type of static

Interference from the positive point corona 13
always characterized by a definite audio-fre-
quency note and 1ts overtones A complete
record of tlus interference was made at voltages
varying between 25000 and 50000 as measured
between the pomt and plate

All of the energy of the crying corena exsted
mn high audio fiequencies and at no time have
we observed a frequency below 700 cycles This
would mdieate that 1f the cariler wave from the
beam station were keyed with an A or an N
and 1f the mtermediate frequency amplfier of
the pilot’s receiver were only 400 cycles wide,
he could by means of Ius beat-frequency oscil-
lator receive the signal even though the ship
were heavily charged with many points m d-c
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corona However, for certain very practical
reasons, to enable the simultaneons broadcasting
of weather reports and the radio beam, a beat-
frequency oscillator cannot be uvsed 1 this con-
nection, smce it would beat contmuously with
the wave from the central tower The carrier
waie from the ceniral tower 13 contmmuous and
differs i frequency by 1020 cvcles from the
beam which 1s keyed A possible arrangement
of the radio receiver suggested by my research
assistant, Mr George Guthrie 1s as follows

It will be assumed that there are two mntermediate
frequency amplifiers in the pilot’s radioc  The sharply
funcd one would he used only 1 case of an emergency,
such as when the static wounld drown out the beam
The other intermediate frequency amphficr would be
used as at present  To illustrate we will assume that
the mlot's radio 15 tuned to the Porfland range The
centrdal tower has a frequency of 332 kilocycles, and the
keyed cariier 15 on a frequency of 33302 Tet us as-
sume that we have an mtermediate frequency amplifier
sharply tuned to 464 kilocycles and the regnlar amph-
fier to 463 Lilocveles, hut which has a crystal of the
type used 1In the R M E 60 This crystal can be in-
serted by the same switch as used to divert the signal
through the narrow band amplifier during conditions of
extreme static The signal from the central tower 1s
stronger 1n all cases than the keryed carrier from the
pairs of towers The pilot will tune his radio so that
the local oscillator will be TO7 kilocveles

It, therefore, 15 seen from figure 21 that the
automatic frequency control will tie into the
continuous cariter, and will hold the radio in
tune This would answer the argument that
would 1mmediately be presented that this tun-
mg would be too precise for a pilot to make m
an emergency If no other method for the
elimination of the static were available, these
experiments would mndicate a possible and prae-
tical method for the reception of the desired
navigation signal TFor mstance, the pilot stall
wonld be able to take bealings in static 1if his
mtermediate-fiequency amphifier had a filter
which would cut off at about 200 eycles Ex-
periments m the laboratory verified this result
With the 400-cycle crystal of the R M E re-
ceiver 1ngerted m the intermediate-frequency
amplifier, 1t was found posmible to receive a com-
paratively small signal fiom a signal generator
even though under normal operations the inter-
ference from the d-c corona was many tiumes 1oo



intense tor reception  The mmmediate praectical
difficulty 18 the constinetion of sucl a filter wlnch
cannot be shocked 1nto oscillation by the shaip
bursts of static Some trouble was noted even
with the single cristal used 1n these expeliments
These experiments are included in order that this
1eport may be a complete record of all experi-
ments performecd rather than a proposal for a
practical method of elimmating the static dis-
turbance Undoubtedly the most satisfactory
method for accomplishing the latter would be
to keep the charge off the plane

A lJarge number of curves were plotied to
determine the eficacy of a racho-fiequency are
for discharging the plane The cuives of fig-
utes 11A-11F, incluzive, all show that the are 18
much better than a sharp pomnt It was felt
that from the practical standpoint, the effiracy
of a shaip poiwnt should be the basis upon wlich
comparison 1s to be made, since a sharp point 18
1 use at the present time 1n connection with the
trathng wite Pomnts of vailons shapes were
used, and 1t 15 seen that not only does the current
which will pass from a point to a plane mncrease
as a pomt 18 made sharper, but there 1s a corre-
sponding tncrease m the current which will pass
through the radio-frequency arc originating on
the point  In this connection figures A and B
of this gerles should be compared Tlere 15 a
hmit as to shaipness of a point which can be
used, sinee 1t 18 Tound that even the corona dis-
charge with the high-fiequency arc will generate
sufficient heat to buin and thus change the chat-
acter of a long tapering point  For this reason
the writer has not consudered to be practical the
<uggestion advanced by another worker n this
field to the effect that points of ce1tain shapes
can be u-ed to discharge the plane without mter-
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ference  Unfortunately, these shapes ate such
as to give a long tapering pomt which 1s very
easilv butned and the character of which wall
therefore change

\n examinatron of these curves will show that
the radio-frequency arc has a “figure of merit”
with respect to the point rangmg from 4 to 10
We will define this “figure of merit™ as the ratio
of the current which will pass through the radio-
frequency arc to that passing from a sharp point
with the same voltage difference The ratio 15
especially high at low field strengths. and 1t
mdicates a possibility of using the arc to keep
the charge on the plane to a very low value

The main part of this investigation has dealt
with the elimnation of the mnterference present
when the pomt 15 m either positive or negative
d-c corona  The interference 1s due to an inter-
mittent action  Thatis the charge which pas<es
from the pont into the surrounding region 1s
not continrous such as 1s the case of a curient
flowing 1n a battery ciremit  Some changes 1n
the amount of charge flowing give rise to electro-
magnetic fields which are picked up by the radio
receiver either in the frequency band to which
1t 18 tuned, as 15 probably the case of the negative
point corona, or by shock excitation of the tuned
circutts hy very sudden pulses, as 13 1n the case
of the postive pomnt corona The method
which will be described below for the elimma-
tion of the mterference applies to both the posi-
tive and negative pomt corona Iowever, the
mter ference from the positive point coirona 1s
more difficult to eluminate and 15 much maole
severe although more seldom m practice In
hoth cases. the 1omization of the gas in the neigh-
horhood of the point of sufficient amount to pass
the required curient must be due to the very
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mtense electrostatic field existing there T
1s evidenced by the fact that no cumrent flows
without that held For the exact mechanism ot
such discharges the reader 1s referred to a recent
book by L B Loeb, Fundamental Processes of
Electreal Diselarge an Gases 1 which there 15
an excellent diseussion of the fundamental
mechanmisms of the corona discharge  Without
Iooking too closely at the mechanmsm, one might
postulate that 1f a continnous amount of 1omza-
tion could be produced by some external source
and not by the electrostatic field, a contimuous
flow of 10ns could take place without the dis-
ruptive action characteristiec of the intermtient
positive point corona

The aboie 19 a post-1ationalization of the
series of experiments described below  Actually
the writer thought of this method while listen-
g toa paper by Mx Alfoid and Mi Pickle= of
the Mackay BRadio Co presented at a IPacific
coast convention of the T R E m 1933 My
Alford described experiments with the high-
fiequency corona and then stated that as the
frequency was giadually raised to ahove 3 mega-
cycles, 1t was impossible to obtaimn a corona  that
n place of this corona an arc would suddenly
appear The words “it was impossible to obtam
4 corona’” immediately roused the mnterest of the

witter  He puct forth the liypothesis that pei-
haps a d-¢. corona could he * squelched™ by the
~uperpositton of a radio-frequency field of the
proper amount and trequency  When the «ub-
jeet was broached to My Alford, he tentativels
agieed that such o phenomenon nught be pos-
~ible and mvited the writer and Dr Knowlton
to go to Palo Alto to wilness the experunents
Tlus we dad 1 the fall of 1938, when M1 Alford
and Mr Pickles atte.ipted to set up apparatus
tor obtainme the ‘c1ymng” positive pownt corona
The object of the experunents was then to <uper-
impose upon these points m d-c corona a high-
tiequency field The experiments were 1ncon-
clusive, because of the fact that 1t was impossible
to make any pomt *ay” We now know that
the reason for this was that the very mtense
lngh-fiequency ficld from the tranemitting
aerials located 1n the immediate viemity so modi-
hed the d-c corona as to eluminate the inter-
mittent action  In Portland, a tiansmitier was
hurriedly assembled 1n the laboratory on 35
megacicles  Thele seemed to be some reduction
in iterference but the results were not too con-
clusive at that time Special care had to be
taken to keep the radio tiom bemng blocked by
the Igh-fiequency field This high-1ioltage
system was not completely colona-free at that
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lime, and other difficulties prevented an imme- gram for this set-up 1s shown n figure 22 As
diate and clear-cut proof of the above hy- can be seen, the 1ecording milliammeter through
pothesis  However, m December 1939, all con-  1ts ascocialed amplifier 18 put 1n the same cireuit
ditions leading to extraneous results had been as the ‘R-meter’ of a RME-6% communication
chmmated, and 1t was definitely shown that the  1ecenver This 1ecenver 1s directly coupled mto
pre-ence of a verv amall lugh-fiequency axc at  the ground ciremi of the point as chown  When
the pomt would elimate all 1adio interference o high d-c vollage 18 1mpressed between the plate
caused by the d-c field bemng applied and the pomt nterference originating at the

These experiments show that when a visible  point will become very mmtense This imterfer-
arc from a radio-frequency source originates ence which ocenrs al an audio rate 1s too fast for
at the point and thus produces the 1omization, {he mlliammeter to follow, and therefore shows
direct current can flow through or from the pomt  merely as an mcicase 1 signal  Coupled di-
mto the curtounding medium without any m-  1ectly mto the radio receiver 18 a signal gen-
tetference A phonograph recond to demon-  erator which 1s being “keyed” slowly TFigure 23
strate this effect was made and sent to the Cival  shows the normal reading of the R-meter with-
Aeronautics Anthority, 1t bemg the most satis-  out a signal, with the keyed signal impressed,
factory and spectacular method to show the with the d-c voltage applied, and with the d-c
effect  However, phonograph records cannot 1oltage plus the 1adio-frequency are It 1s to
be pubit~hed, and the tollowing method was de-  be emphasized that m the last thiee cases a
vised to show graphically the effect on the radio  keyed signal 1s being 1mpressed upon the radio
mterference of a radio-fiequency are  The dia-  whether o1 not mterference 1s present  An ex-
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amination of these curves will show the follow-
Ing ponts:

1. When the static interference is present, no
signal is received by the radio from the signal
generator, since the line is approximately
smooth and does not show the keying of the
signal.

2. The interference from the point due to the
d-c field impressed upon it is eliminated entirely
by means of the radio-frequency arc.

3. The signal comes in exactly the same as if
the d-c field were not present. 1T IS TO BE
EMPHASIZED IN THIS CONNECTION
THAT THE LACK OF INTERFERENCE
IN THE RADIO IS ¥OT DUE TO ANY
PARALYSIS OF THE RADIO CAUSED
BY THE RADIO-FREQUENCY FIELD.
This is shown by the fact that with the radio-
frequency arc and the d-c field both applied to
the point, the radio is receiving the carrier in
exactly the same way as it did without either
radio-frequency or d-c¢ field existing at the
point.

Most of these experiments were carried on at
a frequency of 5.8 megacycles at a radio-fre-
quency power of approximately 100 watts.
Recently Mr. Bellville of the Forest Service
Radio Laboratory has constructed a small coil
for use with a 32-megacycle transmitter. Mr.
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Figure 24.—Forest Service 32 mec. transmitter.

Figure 25.—Comparison of 5.8 mc. and 32 me. coils.

Bellville is shown pointing to this coil in figure
24. A comparison of the two coils is shown in
figure 25. The ultra-high-frequency coil, when
used in conjunction with one of the semi-port-
able Forest Service 32-megacycle transmitters,
produced a radio-frequency arc which behaved
in all respects the same as the coil operating at
a lower frequency. In this case, however, a
power of less than 20 watts was necessary to
eliminate the interference from the point in d-c
corona, The small size of the coil and the asso-
clated transmitter added to its practicability in
connection with its application as a discharge
device on an airplane.

CONCLUSIONS

The results of all the above experiments can
be summarized as follows:

1. The interference from the negative point
corona is in general of the nature of a radio-
frequency wave modulated by variations of the
field strength, ete.

~



2 In the case of the positive point corona, the
interference 1s at an audio-frequency rate with
a very steep wave front which shocks the tuned
circuits of the radio into oscillation The fun-
damental frequency of this disturbance 1s usu-
ally above 1500 cycles, and the lowest frequency
detected was 700

3 The intermittent character of the corona
which gives rise to the radio-frequency disturb-
ance can be ehminated, 1f, from some external
source, sufficient 1omzation can be produced 1n
the neighborhood of the point to pass the
required current

19

4 Tt has been conclusively demonstrated that
a comparatively small high-frequency field
existing at the point and 1mposed upon the d-¢
field can produce the required amount of 1on1za-
tion to elmunate entirely this interference
This apphes to both the positive and negative
pomt corona

5 The radio-frequency arc existing at a point
15 several times as efficient as a sharp pomt alone
for dischargmg the plane

6 The small size of co1l found necessary at
32 megacycles indicates the practrcal apphcation
of this phenomenon to discharging the plane



