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n airorft jr. flit through. stm condit1on genernily 
becomes charged to a high potential due to the impinging 
precipitation poxttcles. When the potsntia]. due to this 
charge becomes of zufticient magnitude, corone discharges take 
place from the projecting parte or the airplane. 

This corona current, in general, conuista of steady 
ion migration current, with a serios of rapidly repeated 
double-exponentIal transients superimposed upon lt. The 
rapid rate of rise and decay of these transient currents 
induces voltages in the antenna circuits of the radio reoeiv.- 
Ing equipment aboard the aircraft. These circuits are set 
Into (.1 amped asclllations,and because of the low resistance of 
the circuits, the wcve trcine are relatively long and cause 
great interference to radio receptIon. 

Analysis of the frequency distribution of the noise due to these discharges indicates that the noise is of serious 
magnitude over a range of frequencies frt 200 kilocyc1s to 
t least 75 riiegaoyoles, and in some instances even higher 
frequencies. 

The noise produced by the discharge from s positive 
point Is musical in character, and of a rnagitude determined 
by the discharge current. The attenuation at high frequencies 
is relatively large. ìsthematical analysis of the noise 
spectrum indicates that the transients producing It kiave a 
time to crest of 0.17 microseconds, nd a tinte to decaí to 
half V5iU of 0.5 2lcroaeconds. 

The noise produeod by a discharge from a negative point 
is very harsh in character and varies considerably in 
magnitude from one nomont to the next. It is in general, 
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less than for s positive point at the s ame voltage, but due 
to its unstable character often rises io higher values. 

Beoßuae of the oheroter of the noise, all circuits 
which attempt to eliminate this noise in the receiver itself 
aro of little value. eeause the principal component of the 
induction field around the discharge point is electroat tic 
in nature, properly shielded loop antennae have been very 
successful in reduction of this noise, 

Â fine wire trailed behind the sixp1ane i1ll discharge 
current at a lower voltage than the rest of the plane, and, 
hence, will tend to keep the voltage of the plane below the 
value at which general corona sets in. Resistance units 
connected between this wire and the plane help to isolate 
the noise producea by the wire itself. 

When the dihaige point is iimersed in s suitable 
flame, the noise is completely eliminated, and the discharge 
current is resti, Increased. Proper use of such a discharge 
device would completely eliminate the noise and at the same 
time keep the voltage of the airplane below the value where 
general e oroxia sets in. 
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RADIO INTFRENC. C}RACTRISTICS OF HIGI--VOLTAGE 

DIREUT-CTJRRENT CORONA IHARGE 

INTRODUCTION 

Present day aerial navigation is dependent to a large 

extent upon satisfactory reception of radio signals, 

particularly the radio range, or "beam" signal. Conse- 

quently, anything which interferes with the reception of 

such radio signals is a definite hazard to aircraft opera- 

t i on. 

As the size and speed of modern aircraft has increased, 

the electric charge collected by the plane whIle in flight 

through precipitation has become a source of serious radio 

interference. The fact that the most severe interference 

often occurs at a time when visibility is poor, and navi- 

fetion must be ccrried on entirely by instruments, makes 

such interference a great hazard to air navigation. 

This interference is due to the high potential to 

which the plane becomes charged while in flight through 

precipitation conditions. Under clear weather conditions, 

the potential of the airplane with respect to the earth 

is quite small, but during storms involving sleet, snow, 
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ice erystals, rain, or dust, the potential frequently 

becomes of such magnitude that corona discharge tcke 

place from the airplane to the surrounding atmosphere. 

Because of the impulsive character of certain components 

of this corona current, the tuned circuits of the rcio 
receiver are set into damped oscillation, and severe inter- 

ference results over e wide ronge of frequencies. 

The exact nature of these discharges has been esteb- 

lished by extensive tests, under actuaL flight conditions, 

andin the laboratory. (2)(5)(6)(Q)(lO)(12)1 In order 

that e clear picture of the ntechcnism of the interference 

may be had, part of this work is summarized here. 

TYPES OF i) 3CHAhGES 

The discharges which cause rrdio interference take 

place from sbrp points and projecting surfaces of the 

airplane where the voltage gradient is very high. When 

the point of discharge is positive with respect to its 
surroundings, three distinct types of discharge take 

pisce. F easy reference, they have been grouped into 

three classes which are listed below. 

1Numbers in parenthesis refer to the bibliography. 
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Type 1: Produced by a long slender point. The 

ionization takes the form of a bright bead on the tip of 

the point. The relative discharge current for this point 

is quite high, and gencrcllr produces no radio noise. 

Such discharges are relatively unusual in practice, since 

the point quickly becomes du].]. due to the oxidizing action 

of the ozono produced by the discharge. 

Type 2: Produced by a sharp point such es a 

sewing needle. The ionization takes the form of a long 

slender streamer projecting into space from the tip of the 

point for 2- 3 centimeters. The relative current for this 

point is somewhat lower than for the extremely slender, 

sharp point. The radio noise produced is severe, and has 

a harsh rasping sound. 

Type 3: Produced by e blunt point, such as a 600 

conical point on a small wire. The ionization from this 

type of point takes the form of a brush extending out 

into space a short distance from the point, end of a 

diameter about equa]. to it length. The relative current 

for this type of discharge is lower than either Typo i 

or 2. The radio noise produced is particularly severe, 

and has a distinct musical character, rising and failing 

in pitch with changes in the discharge current. The three 

types are illustrated in Figure 1. 

When the point from which the discharges take place 

is negative, ail types of points, with the exception of 



TYPE I TYPE 2 TYPE 3 

Point: Sharp, slender Point: No.0 steel needle. Point Sixty-degree con/cal. 

Current: 425ML/A Current: 480 MUA Current: 4/5 MUA 

DIRECT-CURRENT CORONA DISCHARGES 
ELECTRODES: POINT TO PLANE. POLARITY: POSITIVE. 
SPACING:IO.2 cm. VOLTAGE: 44.0 KV 
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the sharp, slender one, give similar results. The appear- 

ance or the discharge is similar to that of a very slender 

positive point; i.e. a bright bead of corona. The current 

is, in general, somewhat greeter than for the positive 

point. The radio noise produced is very severo and 

unstable, and of a harsh rasping nature. 

For all of the above poiits, the current which flows 

from the point appears to consist of a steady ion migration 

current with abrupt, double-exponential current transients 

super-imposed upon it. Because these transients are due 

to the space charge formed about the point, they are affected 

in both ríwgnitude and shape by the voltage of the peint, 

and by the polarity of the point. 

Some cathode-ray oscillograms showing typical tren.. 

sients produced by positive and negative points are shown 

in Figure 2. Although these oscillograma show the relative 

shape of the discharges, the time scale is too long. 

Later investigations have shown the period of the transients 

to be much shorter. More detailed considerations of the 

exact period of these impulses will be taken up later; 

they are shown here to give a qualitative picture of tio 

phenomenon. 

BIPULSE EXC ITATION OF OSC ILLATORY C fltCUITS 

When a current consisting of such impulses flows in 

the antenna circuit of a radio receiver, the grid circuit 
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A 

MICROSECONDS: O lOO 200 

C D 

FIGURE 2 CATHODE-RAY OSCILLOGRAMS 
OF POINT DISCHARGE CURRENTS 
ELECTRODES: 60° POINT TO PLANE 

SPACING, 10.2 cm. 
POLARITY: A and B, POINT POSITIVE 

C and D, POINT NEGATIVE 
CURRENT: (average): A and B, 8 MICROAMPERES 

C and D, IO MICROAMPERES 
DISCHARGE RESISTANCE: A and C) ZERO 

B and D, IO MEGOHMS 
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of the first. stage is set into damped oscillations nt its 
natural frequency. In order to show the rnech8nisrn of 

these phenoinenc, the circuit of Figure 3 ws set up. The 

constants of the oscillating circuit (L2, C6) were adjusted 

to give an oscillation frequency of' Dbout. 250 cycles per 

second. The mutual inductance between the primary circuit, 
which corresponds to the antenna circuit of a rcdio 
receiver, and the oscillating circuit was made small. 
(Less than critical coupling so that the reaction of the 
secondary circuit on the primary circuit could be neglected 
for cil practical purposes.) To show the manner in which 

different shapes of impulse transients affect the secondary 

circuit, several oscillograins were, taken. These are shown 

in Figures 4,5,6, and 7. From these oscillograms, the 

following criteria for impulse excitation of oscillatory 
circuits may be set up. 

(a) The oscillations are proportional to the ampli- 
tude of the exciting impulse. 

(b) The oscillations are proportional to the rate 
of chcng of current in the front of the impulse wve. 

(c) The oscillations ere approximately proportional 
to the arec of the impulse wave which 11es In the first 
quarter-period of the secondary circuit. 

(d) When the decay of the impulse occurs at ch e 

rate that a low value is reached in approximately the 
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half-period of the secondary circuit, oscillations o' 

greater amplitude ere produced, all other factors remaining 

cost8flt. 

The condition of (d) is well illustrated by the 

oscillogreì of Figwc 4. Here the decay ei' the transient 

occurs in very nearly s half-period, and the oscillations 

set up are relatively large. 

Figure 5 shows n trarient 'ih the saine amplitude 

cnd rate of change in the ut with a longer tail. 

The oscillations produced are of smaller amplitude than 

those of Figure 4 by (e) and (d). 

Figure 6 illustrates the condition where only the 

front of the wave has a large influence °n the magnitude 

of the secondary oscillations. In Figure 7, the front of 

the wave has been sloped to give a smaller rate of rise 

in the front, and the oscillations are greatly reduced. 

It ws felt that the low frequency analogy did not 

give a sufficiently complete picture o± the phenomena 

occuring in radio receiver circuits, and en attempt was 

made to get more accurate information by e study of the 

actual corona transients. The tudy of these phenomena 

Was divided into two parts; the effect of polarity end 

voltage, end the effect of receiver frequency. 
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THE EFFECT OF POLARITY ANt) VOLTAG.I1 

To ccrry on a study of the effect of the rndient 

ct the point cnd the effect of the poicrity of the point 

on the radio nois, the circuit of Figure 6 and 9 was set 

up. The output of the high voltage rectifier rn's made 

continuously vcrieble from O to 50,000 volts by means of 

the induction regulstor. Either positive or negative 

polarity could be obtained by reversing connections to the 

rectifier. Voltage was niesured by iecns of a special 

high resistance and a micro-ammeter connected in series 

acoes the output of the rectifier circuit. 

In order to get accurate values of radio noise, a 

coaxial line w's used Lo couple the noise from the point 

into the radio receiver. A coupling stage was used to 

eliminate the effect of the reactance of the antenna coil 

of the receiver un the termination of the line. 

(See Figure 9.) 

To eliminate the effect of variable ettentuation of 

the coaxial line, an exactly similar length of line was 

used to couple thestandard signal generator to the coupling 

stage. In this manner, accurate measurement of ti-ìe LOi5C 

at the s our e t we s insured. 

A micro-ammeter was connected, as shown in Figure 9, 

to measure the average current to the point. Because of 

the short duration of the t.ransients, this current is very 
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nearly equal to the steady ion migration current. 

The standard signal used to measure the noise ws a 

steady radio-frequency carrier, 40 modulated by a 400 

cycle sine wave. The input voltage of this carrier which 

produced the same audio output voltage from the receiver 

s the noise was taken as a measure of the noise. The 

value of all circuit constants and further data on Figures 4, 

5, 6, and 7 will be found in Appendix III. 

Curves showing the effect of polarity and voltage on 

the noise and discharge current are shown in Figure 10. 

It will be noted that there is a considerable irregularity 

in the noise curve for the positive point noise at about 

25 kv. Although no cause could be definitely assigned to 

this phenomenon, it is probably due to the inception of a 

secondary discharge from the point which interfered with 

the major discharge. Measurements of the noise were made at 

several frequencies in an attempt to verify this conclusion, 

but positive results were lacking. For this particular 

voltage, however, e considerable increase in the noise in 

the region of 30 megacycles was observed. It is quite 

possible that this increase was caused by such a secondary 

corona transient of different period which became prominent 

at this voltage. 
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FREQUENCY CHARACTERISTICS OF CORONA NOISE 

To investigete further the nature of this phenomenon, 

measurements of radio noise were iucde over a wide range 

of frequencies for several values of point to plane 

voltage. Curves showing this effect re shown by 

Figures 11 and 12. 

Here again, the irregularity in the noise from posi- 

tive points in the region of 30 kv. is apparent; taking the 

form of e relatively large increase in the noise at approx- 

irnately 30 megacycles. Smaller vari&tions are observed 

at voltages of 20 and 40 kv. These indications tie in 

fairly well with the tendencies observed in the curves of 

Figure 10, showing noise es a function of voltage; for 

from these curves it is apparent that the deviation from a 

smooth curve is greatest in the region of 30 kv. and 

considerably less for voltages of 20 and 40 kiloolt, 

These observations seeni to bear out the hypothesis of a 

secondary type of discharge having an extremely steep wave 

front end rapid decay. 

The relatively smooth character of the noise curves 

for a negative point, (Figure 12), can be explained by 

means of the oscillogram of Figure 2 for a negative point. 

From this oscillogram, it is seen that the discharge 

current is made up of a rapid succession of transients 

varying shape and magnitude. This relatively si11 
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attenuation of the noise at very high frequencies (See 

Figure 12) may also be explained in tue same manner, for 

it is reasonable to suspect that sorne of the transient 

discharges would be extremely short in durstion,and, tience, 
cause interference at very high frequencies. In the case 

of the noise produced by a positive point, the attenuation 

at high frequencies is much greater since the discharge 

is composed of regular transients of comparatively long 

duration. The maximum noise for negative point occurs 

at a lower frequency than for positive points, indicating 

that the major negative transients are of somewhat longer 

duration than that specified f' positive transients. 

In order to provide a further check on the foregoing 

conclusions, end to obtain sorne quantitative information 

about shape and duration of the corona transients from 
n positive point, a mathematical anrlysis of he equiva- 

lent circuit was made. 

The corona transient was assumed to be a double 

exponential expressed by equation (1). 

Ed : et _e_bt 
(1) 

The differential equation in terms of the charge 'q' on 

the capacitor for a voltage of this type applied to a 

simple resonant circuit without dissipation becomes 

LD2q + q,'C Ed (2) 

D ;d 
dt 
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The details of the solution of this equ8tlon ere given 

In Appendix I. Expressing the coefficient of the 

oscillatory term, the solution in terms of w gives equation 

(3). a t 
r( LU & - b (_--_ - k- 3) R:; wz#b2) \w'4cf c4,1#& 

This term represents the magnitude of the oscillating 

voltage produced and, hence is e niessure of the radio 

noise produced by an impulse with constants a and b. Since 

no explicit solution for e and b in terms of w can be had 

from equation (3), a trial and error solution must be 

resorted to. Values of a : 3, b - 10 were used in equation 

(3), and the curve shown in Figure 13 resulted. No attempt 

was made to get a closer fit, since the maximum ordinate 

difference is within the limits of variance in actual 

noise values. 

Substitution of these values in equation (1) gives a 

transient wave with a time of 0.171 mIcro-seconds to crest 

arid 0.50 micro-seconds to half value. It should be noticed 

that the time to half value is approximately equal to the 

half-period time for the frequency of maximum response. 

This relation has been checked by solution of equation (3) 

for widely varying values of L and b, and holds quite well. 
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In view of this reletion, the irregularities in the 

noise curves at approximately 25 - 30 megncycles might now 

be eseigned to a transicrt having a time to half-value 

of approximately 0.066 inicro-econds. If the same ratio 

of O. to b holds for this transient as for the one calcu- 

lated from the iñajor part, of the noise curve, a time to 

crest of 0.0226 mIcro-seconds is indicated. Although this 

is an extremely rapid transient, it is not Impossibly 

rapid, and seenis to be the only tenable explantion for the 

Irregularitieì in the noise-frequency curvc. The fact 

that lt is iaiuch less pronounced at different voltages, 

and Is to some extent affected by the geometry of the dis- 

charge point gives further support to the conclusion that 

due to some particular arrangement of the space charge 

around the point at a definite voltage, transients of 

relative sniall amplitude and extremely short duration ore 

produced. When blunt points having more than one discharge 

streamer were used, the irregularities become very slight, 

thus indicating that interference betveen the streamers 

almost eliminated this effect. 

The foregoing discussion has presented briefly the 

characteristics of the impulsive corona currents caused 

by the high potential of the airplane, and indicated the 

manner in which they act on the circuits of a radio reeeiv 

The problem now remaining is to devise some £lethod of re- 

ducing the interference caused by these discharges t a 



23 

point where it will not impair radio communication. There 

ere two general types of solutions possible; those which 

attempt to reduce the effect of the noise on the radio 

receiver, and those which attempt to prevent the production 

of the noise itself. 

REMEDIAL MASURßS 

One of the iiiost successful iiiethods has been the use 

of a completely shielded loop antenna for receiving the 

radio signals. Because of the nature of the source of the 

noise, the major component of the current induced in the 

antenna circuit is due to the high-voltage electrostatic 
induction field; the proper shielding on the loop eliminates 

this effect, leaving only the magnetic component of the 

induction field to be dealt with. 

Several other schemes have been tried, such as the 

Lamb Noise-silencer, noise limiting circuits, etc., but 

due to the rvndom character of the noise, they have met 

with little success. (3) 

CURÂT IVE MEASUR ES 

Obviously the most logical approach to the problem 

is the elimination of the noise itself, since this allows 

any desirable type of receiving equipment to be used. The 
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most succesfu1 xaetbod in use t the present time is the 

pp1ication of selected dichcrge pointe which keep the 

potentii1 of the irp1ane at such v1ue that no corona 

occurs on the neta1 pert of the plane Itself; the ais- 

charge current flowing entirely from the discharge point. 

This point is usually in the form of fine wire trailed 

behind the tail structure of the plane. Between the wire 

and the plane re connected resistance units to help in 

suppressing the flow of the impulsive current. (See 

Figure 2). The action of resistance in the discharge 

point circuit is shown by the cathode-ray oscillogranis 

of Figure 2. This scheme has given good results in actual 

practice, but in the case of large aircraft flying at 

high speeds has failed to discharge enough current to 

prevent corona on other parts of the plane. It should 

also be noted from Figure 2 that this method only reduces 

the noise, it does not eliminate it completely. 

Another scheme which has been suggested is to excite 

the discharge points with an alternating voltage of a 

frequency somewhat above the audible range. This would 

tend to cause the point to discharge in bursts at the time 

when the alternating potential adds to the direct potential 

to which it is charged. By feeding some of the alternating 

voltage into the radio receiver, blanking of the output 

could be accomplished during the periods when the point 18 
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discharging. Although this method seenis to be possible, 

the practical uifficulties encountered in its application 

have prevented its adoption. Also, like the trailing wiìe, 

difficulty is encountei'ed in confining the discharge to 

the selected points. Any discharge from the structure of 

the airplane itself would nullify the benefits derived 

from the noise elimination system applied to the discharge 

points. 

It is apparent from the foregoing survey tbn.t any 

method which is to succeed in elininating the noise et the 

source must completely suppress the impulsive discharges, 

and at the same time discharge enough current to keep the 

potential of the airplane below the point where corona 

sets in on the projecting parts of the plane. 

since the impulsive dischvrges are caused essentially 

by the building up of space charges around the point and 

the subsequent sudden collapse of these space charges, 

any arrangement w}1ch would produce a copious supply of 

ions in the Immediate region of the discharge point would 

tend to prevent the formation of space chnrges. A further 

effect would be to increasé the current discharged from the 

point; particularly et low potentials. 

There are a large number of arrangements, such es eri 

electric arc, incandescent bodies, intense ultraviolet 

light, etc., which produce large supplies of ions. One 
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0± the simplest and most esi1y dcpted sources is an 

ordinary flame, such s that produced by a small jet of 

illuminating gs burning in air. In oider to study the 

effect of a discharge electrode immersed in a flame, a 

burner such the one shown in Figure 14a ws constructed. 

This burner was used as n discharge point, and the curve 

of radio noise and discharge current shown in Figure 15 

was taken. It will be noticed that the radio noise is 
completely eliminated, and the discharge current is much 

higher than for the point without the flanke. The presence 

of the flame et the point completely eliminated the radio 

noise for all types of positive points at all voltages. 

In every case, the current was higher than for the point 

clone. 

The behavior of' the flame in the high voltage field 
was particularly interesting. Without the high voltage, 
the jet burned in e normal manner, with a smoky, yellow 

flame. As the voltage was increased, the flame deflected 
towards the plane, becoming nearly horizontal et high 

values of voltage. At the same time, the combustion 

improved markedly; resulting ifl a pointed, blue Llame at 
voltages above 20 kv. 

When the polarity of' the point was changed to negative, 
the results were quite different. The combustion improved 

as before, but the flame burned in en uncertain manner end 
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showed a tendency to deflect away from the end of the 

point, and at high voltages, deflected sway from the piene. 

The cuxrent discharged from the point increased to 

several times its value without the flame. The radio 

noise wrs completely eliminated et low voltages, but at 

high voltages the flame was deflected away from the point, 

and severe noise occured. Introduction of carbon particles 

into the flame caused it to envelope the point in e normal 

manner, and the radio noise ceased abruptly. 

This led to the conclusion that the combustion products 

had a definite effect on the ionization produced at the 

point, and mixed gases were tried in the jet to determine 

the nature of this effect. A mixture of illuxiinating gas 

and acetylene proved to be very successful when the ratio 

was adJusted so that a yellow flame was maintained in the 

presence of the high voltage. With this mixture burned in 

the burn3r of Figure 14b, successful operation w con- 

sistently obtained, and the curves shown in Figure 16 were 

taken. It should be noted that the current for the negative 

point without the fleme is less than the current for the 

positive point without the flame. This wcs due to the 

difference in the points. 

It is apparent from Figures 15 and 16 that noise 

produced by the corona discharge currents may be completely 

eliminated by allowing the discharge to take piace from a 
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point i2mnersed in the proper type of f lame. The noise 

produced bj the positive point is easily eliminated by 

any type of flame, end the noise produced by the negative 

point may be eliminated by using a suitble combustion 

n-iixture, end by keeping the flame velocity high enough 

to prevent the deflection of the flame from the point by 

the high voltage field. 

APPLICATION TO ACRAFT 

The problem of maintaining a finme in the slipstream 

of an airplane in flight requires several design features 

not necessary in the burners used in the laborat. The 

flame must be protected from the effects of the slipstream, 

end at the same time the gradient around the discharge 

point must not be disturbed greatly. These limitations 

suggest a burner similar to en ordinary blow-torch in 

construction. Figure 14c illustrates such a burner. In 

this arrangement, the combustion takes place within the 

carbon shield, end the hot combustion gases ere ejected 

through the opening in the end of the combustion chamber. 

Due to the high temperrture of the flame itself, the carbon 

tip is kept at a red heat, and materially aids in the pro- 

duction of ionize artioles. The tungsten discharge 

electrode provides a point of very high gradient to local- 

ize the discharge in the region protected by the flame. 



32 

In this manner, a fleme is produced which can be projected 

into a region of high gradient, and is still protected from 

the high-velocity slipstream. In actual practice, it might 

be necessary to provide some sort of airfoil a short 

distance ahead of the burner to provide a region of com- 

paratively quiet air around the flame so that the tempera- 

ture of the entire assembly could be £1ainteined et a 

sufficiently high value. Because of the small size of the 

flame, the gas consumption would be small, and the cylinders 

containing the gas would not be of objectionable size. 

Ignition of the flame could be accomplished by means 

of a small igniter electrode inside the combustion chamber 

or a suitable catalyst. An ignition coil could be used to 

excite the igniter, and the spark to the chamber wells 

would ignite the gas. 

C ONIJLUS IONS 

The radio noise experienced by aircraft flying in 

precipitation conditions is due to corona discharges from 

projecting parts of the airplane. These corone discharges 

are composed of a steady ion migration current with very 

rapid double-exponential current transients super-imposed 

upon it. 

The circuits of the radio receiver are set into 

damped oscillations of consider-ìle length by these tren- 

sienta, hence noise elimination cIrcuits in the receiver 



are of little use. 

Since the field in the vicinity of the discharge is 

mostly electrostatic in nature, the shielded-loop antenna 

is of considerable help in reducin the noise. 

Trailing wire dischargers with resistance in the lead 

connecting them to the plane are also very beneficial 

since they localize the discharge, and the resistance tends 

to reduce the magnitude and steepness of' the transient 

currents. 

When the discharge point is immersed in a suitable 

flame, the noise is completely eliminated, end the discharge 

current is greatly increased. This increase of current is 

also beneficial in that it tends to keep the potential of 

the plane low, thus eliminating corona discharges front 

other parts of the plane. 

The noise is considerably reduced at high frequencies, 

and hence some improvement in reception should result 

from the use of a high frequency. At frequencies high 

enough to reduce the noise to a satisfactory level, trans- 

mission is limited to a line of' sight distance, and there 

my be regions of considerable frequency range in which the 
noise is objectionably great. Ignition noise at such 

fr3quencies constitutes a very serious problem, for it can 

not be successfully eliminated by ordinary types of shield- 

ing. 
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APPENDIX I 

Derivation of relative noise fact', R. 

Consider a simple parallel circuit of an inductance, 

L, and a capacitance, C. If the resistance of the ofroult 

Is assumed to be neglible, the differential equation for 

this circuit in terms of the charge Uqht on the capacitor 

becomes, when written with the differential operator D, 

defined by the relation D d 
t. 

IDq+ : E(t) (1) 
C 

In the case under considerrtion, the voltage in the 

circuit is due to a corona transient, and is iven by the 

equation 

E(t) e_at 5-bt (2) 

Inserting this voltage in equation (1), and solving 

for Lq, we have, toking only the first term of E(t) 

Lq : (D24 i 
)_l et 4.. (3) 

Making the substitution w = ]. and applying the shift- 
Ing theorem, 

2 -1 
Lq : [(D - a) 4. w2] 1 4. 0 (4) 

Performing the indicated operations gives 

2 Lq:ea24P.w J ,LD24w210 (5) 



Operating the last term on zero gives 

Lq et [2 
.4_ 

,2] 
-3. 

+ 1si wt J- 2COS wt (6) 

Adding to this solution the part due to the second term 

of E(t), we now have 

-at C' 005 wt et ,!_ Sin wt , 
2 Lq : e 

2 2 
(7) 

2 
a--w2 b4w 

(at t:0 qO Dq:0) 

To tain the values of the constants, the initial condi- 

tions are substituted in equation (7), and the resulting 

relations give 

1 1 (8) 

b24- w2 
24_ 

w2 
Operating on equction (7) with D gives 

LDq : _aet + bet .4. wo ces wt - wc2 sin wt 

2 2 2 2 5,-w b4-w 
hence 

c':J. a b 

T ; f2,2 b2-- (9) 

al so 

: ; or E0 : w2Lq (10) 

To find the voltage po: 

is applied to equation 

w2 e 

[ 
w2 

Ioss 

(7), 

e 

g-) 

'J 

tdie capacitor, equction (10) 

yielding 

- ¿f I - 1 \cos vt 

2 12 2 2 2 
w b4-w a-4-w 



4- (j 
(WI 2 2 a- w 

3 

b \t - (1) 
2 2 

b 4. w 

The voltage which causes rodio noise will b proportional 

to the square root of the sum of the squares of the 

trigonometric terms, hence 
(12) 

R : 2r E b 
\24.f1 

i 
\I12 

1(824_ w2 b24- 
2) 

t b24 2 2 21 1 

w 8T-W)J 
Simplification of thi equation gives 

2 2 2 2* 
R . 

[2 
2 b2+ 

2) 1 2 2 2_ w2J I 
(13) 

a wb \ ,-/a b 

(n,-w b 

The frequency to which the circuit of Land C le resonant 

may be expressed in ternis of w by 

f_l : w 
i. 

2'rr 
(14) 

Thus if the constants of the transient voltage, E(t) are 

known, the response R at any frequency may be determined 

from equations (:1.3) and (14). 

when the value of R is known, the constants a and b 

must be obtained by a trial and error method, since no 

incerse solution of (13) exists for a end b in terms of 

A solutionof equation (13) was obtained by a trial 

and error method, and the constants of the impulse wave 

determined for the radio noise produced by a 60° positive 

point. The values found were a : 3, b : 10, 
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Substitution of these values in equation (2) indicates 

the transient hes time of 0.171 micrc.seconds to crest, 

and a time of 0.5 micro-seconds to decay to half value. 

The values of relative noise obtained when these 

velues are inserted in eqw'tion (13) are tabulated below. 

Table 9 

Frequency, Relative radio Frequency, Relative radio 
Megacycles noise, R Megacycles noise, R 

0.05 0.0722 5.0 0.2114 
0,10 0.1435 10.0 0.1099 
0.15 0.20B8 15.0 0.0739 
0.25 0.3207 25.0 0.0445 
0.35 0.4041 35.0 0.0317 
0,50 0.4829 50.0 0.0223 
1.00 0.5348 100.0 0.0111 
1.50 0.4854 150.0 0.0074 
2.50 . 0.3694 250.0 0.0045 
3.50 0.2871 
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Table i 

Point -- 600 positive polarity, 8.0" spacing. 

Voltage -- 20 kilovolts. 

Current -- 4.5 micro-amperes. 

Frequency, Noise, 
Megacycles Micro-volts 

0.6 1850 
1.0 1000 
2.0 1600 
5.0 1250 
4.0 1000 
5.0 815 
7.0 555 

10.0 280 
12.0 210 
15.0 150 
20.0 335 
25.0 120 
0.0 110 

40.0 62 

Table 2 

Point -- 60 positive pclarity, 8.0" spacing. 

Voltage -- 30 kilovolts. 
Current -- 15.0 micro-amperes. 

Frequency, Noise, 
Megacycles Micro-volts 

0.6 1650 
1.0 1550 
(D f\ 

3.0 1050 
4.0 790 
5.0 580 
P75 245 

10.0 210 
12.5 145 
15.0 . 89 
20.0 180 
25.0 100 
30.0 570 
40.0 88 



Table 3 

Point 600 positive polarity, 6" spacing. 

Voltce -- 40 kilovolts. 

Current -- 26 micro-amperes. 

Frequency, 
Megacyoles 

0.6 
1.0 
2.0 
:3.0 

4.0 
5.0 
7.5 
10 O 
12.5 
15.0 
17.0 
20.0 
25.0 
30 O 
40.0 

Table 4 

Noise 
Microvolts 

3000 
3000 
2250 
1750 
1300 
985 
415 
280 
190 
120 
270 
240 
100 

110 

Noise as a function of voltage 

Point -- 60° positive polarity, 8" inch spacing. 

Voltage, Current, Noise, 
Kilovolts Micro-amperes at 1 mc. at 5 mc, 

lo 0.0 0.0 0.0 
15 1.5 1300 515 
20 4.5 1600 715 
25 7.5 1250 475 
30 12.5 1500 540 
35 18.0 2000 700 
40 26.0 2800 965 
45 34.5 3500 1200 
50 45.5 4500 1500 
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Table 5 

Noise and current as a function of voltage. 

Point -- 6 positive, with end without flame. 
Spacing 8" 

Voltage, Current, Noise 
Kilovolts Micro-amperes Microvolts 

With. flame No flnriie With fleme No flame 

10 2.5 0,0 0.0 0.0 
20 8.0 4.5 0.0 1600 
25 L.0 7.5 0.0 1250 

19.0 12.5 0.0 1500 
40 35.0 26.0 0.0 2800 
50 52.0 45.0 0.0 4500 

Radio noise as n function of frequency. 

Point -- 60° negative. 

Voltage -- 20 kilovolts, 5 micro-amperes. 
30 kilovolts, l535 micro-amperes. 

Frequency, Noise, microvolts 
Megacycles at 20 kv at 30 kv 

0.6 300 500 
1.0 285 450 
2.0 250 390 
3.0 190 295 
4.0 180 245 
5.0 180 250 
7.5 125 .140 

10.0 130 160 
12.5 85 150 
15.0 53 

. 110 
20.0 67 150 
25.0 40 120 
30.0 47 140 
40.0 44 95 
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TaUe 7 

Noise and current as a function of voltage. 

Point -- 600, polarity negative 

Spacing 8fl, frequency 1.0 megacycles. 

Voltage, Current, Noise 
Kilovolts Micro-amperes Microvolts 

10 0.0 0 

20 3.0 180 
30 9.5 445 
40 20.0 750 
45 27.5 980 
50 37.0 1200 

Table 8 

Noise and current as a function of voltage. 

Point -- 60 negative polarity, with and without flame. 

Spacing -- 8" 

Voltage, CurrerAt, Noise, 
Kilovolts Micro-amperes Ivllorovolts 

With flame No Llame Withf1ame No flame 

10 3 0 O O 
20 10 3 0 180 
30 32 9.5 0 445 
40 60 20 0 750 
45 80 27.5 0 980 
50 95 37 0 1200 
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APPENDIX III 

Table 10 

The values of the circuit constants shown in Figures 8 

and 9 are listed belcrj. 

Ti --- High voltage testing transformer, rating 
75 kilovolts rina. 

T2 --- induction regulator; output voltage continu- 
ously variable from O to 120 volts. 

T3 --- Kenetron 2.Jcment transformer; insulated f 
150 kilovo to gaound on the secondary 
side. 

Kl --- General Electric Kenetron rectifier tube, 
maximum inverse voltage, 100 kilovolts. 

Rl --- Filament vo1age control for Ki, 10 ohms. 

R2 --- High voltage resistor for measuring output 
voltage, 4 x io8 ouns. 

Non-inductive line terminating resistor, 
150 ohms. 

Ci --- Filter capacitor, 0.5 microfarad, 25,000 volts. 
Cl, 02, 03, 04 are identical 

The co-axial cable used to couple the point and 

signa]. generator to the radio receiver had a characteristic 
impedance of 150 ohms at i megacycle. This cable was 

donated through the courtesy of the American Phenolic 
Products Company 



Table 1]. 

The values of thc circuit constants of Figure 3 for 

the osoillograms of Figures 5 to 6 inclusive are listed 

below. 

Figure 4. 

Figure 5. 

Figure 6. 

Figure 7. 

Li --- 0.236 henries. 

R4 --- 503.7 ohms. 

C5 --- 1.05 xdcrofarads. 

L2 --- 0.146 henries, resistance 17.8 ohms. 

06 --- 0.17224 microfarads. 

Li --- 0.236 henries. 

R4 --- 703.7 ohms. 

05 --- 5.38 microfarads. 

L2, and 06 same as for Figure 4. 

Li --- 0.236 henries. 

1000 ohms. 

CS --- 32.5 inlcrofarads 

L2 and CG same as Figure 4. 

Li --- 1.534 henries. 

R4 --- 803.7 ohms. 

05 --- 5.38 microfarads. 

L2 and 06 same as Figure 4. 




