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THE EFFECT OF A HIGH-FREQUENCY DISTURBANCE 
ON THE DIRECT-CURRENT CORONA FROM A 
SHARP POINT - 

SUMMARY 

Tins report 1s dlrlded mto three parts 1 d 
xudy of the nature of the ,adm mterference 
caused by a pomt 111 cl-c corona It 1s show1 
that the na\e form of the iudlatlon emanatmg 
from %lCll d point 1s wnllar to that “btallled 
from a re1nxat1on oscll1ator 2 A comp”r”s”n 
of the conductlrity of the d-c colona from d. 
sharp pomt with and ,\ lthout the mperposltwn 
of a radio-frequency corona on the “UnC pomt 
It IS shonn that the form&on of n ladlo-fle- 
quency corona m~rea-x the conducl~lty from 
4 to 20 tunes that of the d-c corona alone 3 
A study of the supp~~sslon b) means of a lngh 
frequency field of the mdlo-fwqucncy dlstnrb- 
axes orlgmatmg from a pomt m intcimlttent 
cl-c coronn usmg a fmqwncy of 5 8 mega cles 
It li demonstlated that the 1~1ure of the d~s- 
charge “ngmatmg on thr pomt IS $0 modlhed 
89 to e11mmate ent1lelJ the 13cho lllterfelellce 

INTRODUCTION 

teudllj mcreased the %gnal-to-noise r&lo.” but 
wpumglv enough, for a different reason 
Eupenments m the slrmg and euly sumnw~ 
of 19% by a group of nw+tlptolr on the UnIted 
Air raw Flymg Tdsboratory. demowtlated that 
1111s tjpe of llltelfercllcr played ‘1 L”nlp‘w<ltlvely 
small lole It uni found that the mayor rhdlo- 
frequency dlstnrbsnce n no; due lo a corona from 
pomts “11 the plane called bJ Iti aLqulS’tlol1 of a 
Iago electrostatic &ugc dnrmg the lapld 
l~ssage thlongh ~hargt’d cloud formstlons 

Thli wrltrr put forth a hqpothesa that the 
IO~SO~ ior the &xc y of the shlcld on the loop 
rcns that the static dlstnrbanw ollgmatecl neu-br 
ancl RBS concaned rlth the so-called mclnctlou 
lield r,, “ppo~cd to the ~ndlatlon field of an open 
.rer~sl al a dlrtance of rno, e than r, quaI tcr of a 
vr BVP le11gth 

In early August of 1917 rxpe”mcllta1 proof 
~.a obtaned for the nbore hypothesis hy tht. 
v Ilk, <lnd 1~1s awstant MI Howard Vollun~ 
In these rxl~erllllcnts a sh1eldeCl loop \% rl> used 
III conne~tlon nlth an autornoblle rndlo so well 
~h&M that no appreaable -lgnnl was leco~rt~l 
lrlthout somp .ort of antenna ‘1 he 5lurld on 
the loop ~onlil be grounded al ~11 It was 
ion11c1 that <L loop ~mbnl~nccd wlh respwzt to 
the ground behn\ed 111 xl1 wlxcts, c-apt as 
to .u,y current low\ mtloduced by the shield, 
the s<un~ as nn unshielded loop The mqx eve- 
men1 ,n the signal-to-now ratlo nlth respect to 
the iltntx canw onl> nhen the shlrld of the loo11 
p1 A. gr”ulKlcd 

Fulthcr expel I~,PIUY ncrc c,r~~wil ,,n \\ ltlr r, 
51gn,d ~Plwlatol 1 tlw ontpnt of nhl<h ,\a. <“,L- 
1IfY trc1 to All Ol’C” 13dldt”1 ‘1 IIC ladlo w.15 
trmd to rl dlstnnt station and the mntlulatc~l 
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011tp11t of the slgll”l gene~ntol tuned to the S‘um? 
f1cqwncy as the statloll This signal then 
operated as a chstubnxg element m the rndlo 
lrwptlon When the slueld was grounded, ho\\-= 
crer, the stntlon would come m clearlq nlth 
practxallq no interference from the signal ga- 
erator In other words, the skneld on the loop 
behaves in the same manner tovard a contuo- 
“us ~a, e from a.11 open mdmtor placed nealb> 
as for the dlscontnluous statuz pulses “r~gmatn~g 
at the h1gbroltage corona The above exp~l1- 
ment \,as repzated usx~g another loop as a 
radmtor Instead of an “pen aerml In this case, 
grounding the shield had no effect whatsoever 
Tlus cxpernnent demonstrated that the effect of 
the slneld on the loop was to cut out il type of 
~a&atuzm ahlch exlstcd from an “pen radmt”r 
and was not present &en n closed 1 admto~ >~a 
wed 

An nnestlgatlon of the “ldlnap equatmns f”r 
an oscdlntlng doublet nxhcated the presence 
of 5 very large electroslatlc field 111 the \ 1c1mty 

of an “pen radmtor wluch would durnnmh xs 
the cube of the dmtance betaeen It and the 
rece~%er This would shoa thdt Its mtenw> 
would rapidly approach me,” at a chstance of 
only a few wave lengths .~way The elzctromng- 
netx radlatlon, howe\er, nould drnnnsh I,,- 
versely as the square of the dlitance and v n&l 
as a consequence be rulatrely far strongel III 
uxne distance from the radmtca 

After the s”,,lce of the “ststx” \><L\ de- 
mmned, the obvmus solution of the ploblpm ~7~s 
to find some method of chscharglng the air- 
plane wlthout u&rference A long tr‘uhng 
%v~re telnnnatu1g In n shup pomt lP.lb fonnd to 
br good for this purpose At the wgge=tmn “f 
Professor George, this pout nili wl&d flol.1 
Ihe plane by means of a resIstor, the pupox 
of which was to damp out any electrx OSL&- 
tlons resulting from an lnterm~ttent dachage 
occurrmg on the end of the wxe <This dev~e 
has been further perfected and 1s 111 use by the 
an-transport companws at the present tnne 
Although It 1s farly satisfactory, the general 
problem 1s of such mayor nnportance to the zur- 
tr&nsport mdustr: that the Rddlo Develo~menl 
Sectlnn of the Cnd Aeronautxs ddmr,lstm- 
tlon has ~~XUF<J cd fulhwr In\estlg.rtl”v Thj< 

I qmt dedls n Ith “nc swh 11~1 eshgatlon calrwd 
“II ,n the Reed Cullege Phyws Laboratory 

EQUIPMENT 

The first and most necessary apparatus to be 
assembled was a rcctlfier and sutable filters Ix 
produce B readdy controlled “hum-free” d-c 
voltnge of wch a magnkude as would be nec- 
essary to reD’“duce the type of radio-flequuency 
disturbance onFnx,tlng on a charged axplane 
Figure 1 gl\e the cn-cut d&ads of this 
equipment Transformer (Tl) 1s a General 
R&o rarmc whxh gwx a smooth control of 
the kngh voltage An a&bon transformer 
(T2) 1s mscrted 111 the cxcult m order that 
rlthor the posltwe or the nogatwe side of the 
blgh-roltage eqwpment can be grounded 
Thlr transformer 1s uaulated for “ler 100,000 

i 

\ “its The hlg21-roltnge power transformer 
(‘13) dell\ PIS a m.xanum of 100,000 volts on 
eah side of the center tup Rechficat~on IS 
.acc”mphshed by the nv of tn” General El&r IL 
Kcnotrons typo RR-3 These are u\ed XI the 
con1 ent1unn1 lam->“ltage full-\\ dW leLtlfir1 llr- 
cult Thv arc lnt has <, dlmd\ autngc of knt- 
,ng the h@voltage output to half the penI< 
111~ wse l>otentntl of the tubes, 111 this LXSR 70,000 
1 olts Home\el, Its c”nvenmnce ontwghs the 
ab”,e dwlvantage, especully ~nxe the lugh- 
voltage transfouner asadable had a grounded 
center tap The cnxut al\” uses feper con- 
densers for the sanv amount of filterlnp and It 
\%a found that 70,000 \“lti 1, greater thun the 
unomlt needed to produce the dewed effect 
The like1 system consists of a 1.megohm llqud 
reulrtmce mcl a $mlcrofnrad condensw 
formed bv t\\” Gener ~1 Elect1 I” P~ran”1 



$‘+ucrofarad condensers (C-1 and C’Q?) in ard aluminum corona shield about tell inches in 
series, each one protected by spark gaps to pre- diameter. 
velit overloading. The entire apparatus is ade- It will be noted in these experiments tlrat the 
quately fitted with corona shields consisting of point C is always grounded. In earlier experi- 
hollow copper sl)heres 3 inches in diameter. ments electrodes B and G were interchanged, 

Figure Z.-High-voltage rectifier equipment. 

Tllc1.e is ILO measurable corona in the system 
up to and including 70,000 volts. The ability 
to ground tither the positive or negative side 
01 tlrc lkigh volt itge \\‘:lq fottncl to be absolutely 
essential in s:lbstqttcllt investigations. 

.\ pictllrc of this liigh-voltage :Lp~Xlr:11US is 
shown in figlit~e 2, in which it will be noticed that 
tile “llot“ side of the out’pat is fed t,hrough the 
wall of the room in a standard insulating tube 
such as is med in ordinary X-ray installations. 
Figure 3 is a picture of the other terminus of 
the high-voltage lead. A is a telescopic brass 
1 ube which a Ilows plate B to be raised or lowered 
by means 01 a string. Electrode R is a stand- 

“ioso;, .- .11--z 

but ne do not find any appreciable difference in 
the highfrequency 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 sinmltanrously. 

Figures 4 and 5 are pictures of the radio- 
frequency transmitter and its associated feeder 
systenr. Figure G shows the other twnlinus of 
this feeder systtwl ant1 the associated tuning 
equipment. A radio-frequency ammeter is 



1)hcctl ill tl\iF circuit. The prillmry of the high- 
freqllt~ll~~- tl~~lll.-fOrlilel’, as can bc swn from fig- 
ure 6: cowi~ts of two turns of copper tubing 
one-half iiicli ~II tliaincter. A large number of 
secoilclaries li:~\-(a lxcn tried, one of the most 
successful of \I-llic*h was a coil wound on a bottlv 
about li inctlw ill diameter, the turns being f:w 
tend in l)lacr 1)~ cellulose acetate cenicnt. ,I 
very interest illg ~~1~11onmml takes place ill wc11 
a coil whrn a 5pnrk occurs in the high-wltage 
system. Tlw very intense mnguctic field be- 
tween tire \\ iws of the coil, due to the high 
instaiitaiirous current, will usually tear them 
from tlwir positions and cause the coil to col- 
lapse. Thwe coils are tu~led by their own dis- 
tributcd calxlcity. Diirilg the process of niaii~i- 
factme, tlw n:~tuml fwq\\eiicy of the coil is 
determinctl l)~, iui accurately calibrated grici-dip 
oscillatoi~. ‘l’llis Illethocl, tlerisetl l)y Mr. Bell- 

Figure I.-Transmitter used to produce medium high-frequency 

field. 

Figure 3.-High-voltage electrodes. 

yille of tlw Icowst k%rvice L:~boratory~ has 
provctl to be very rapid and collwiiieut. T11e 
lxst coil used is show1 in a picture, mid consists 
of 45 truns on a groovecl isolalitite fornl four 

ilwlies ii] diauletcr. Tllis coil is shown in more 
tletail iii figlure 7. Kotf the pim\isioJl la~tle at 
tlw top of tlw coiI fog, tlie iiisertioli of electrodes 
of any dcsirccl shape. It has bee~l fouud that 
points nmdr of viw of less than oiie-eightll of 
ali inch in tliainctci~ burii very quickly, becxusc 
of the local licatiiig. Successful experiineiits 
haw been carried 011 using either brass or coppe’r 
rods 1h inch in &mlCttr alld groullc~ to a POillt 

of the desired shape. There is enough IIXISS and 

good thermal conductivity to take tile heat front 
thr point with si&ieiit rapidity so that even 
with a very hot radio-frrqwiicy xrc, 1 brre is very 
little dxnage to eve11 a fair11 sharp point. ‘II& 

I 

*. 
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Figure S.-Transmitter feeder system. 

The cii,crlit, 1wt1 in c01~11cd i011 wit11 the 
sl utlics of 111~ clwtrical coii(111cl ivit.y of the 
I,:rtlio-f1.(‘(11I(‘11(‘~ arc is s11own in figure 8. A 
1mrtion of 111~ I:tlwr~:rtor~ srt-111) is shown ill fig- 
llre 9. It. w:ls l1cwsh:lI’-y to ,q:1.Olllld the deatl ClKl 
of Cc coil tllrongll :I sllirldrd +rc cable aboiit 
20 feet loiig~ ii1 order to rcmovc sufficiently the 
(1-c :nnl)lifirr froln tile very iliteiise high-fre- 
querr~y fieltl. At the coil :I g:ood tleal of the 
high i’~q~~ency w-as 1,ypassed through condenser 
Gl, which consisted of twelve 0.004 micrOfiUXd 
condensers connected in parallel, and of the type 

iorinrrly ilsrtl in q):nk transn~itltr~s. ‘I’lle total 
wpncit>~ W:IS 0.048 microf:w:tds. Ho\vever~ wen 
willi this large amount of direct bypass, a sufi- 
cirnl high-frequency sigrr:tl n-ill get to Idle gritls 
of the first stage of the xm~)lificr to c:Lllse WC:- 
tificntion of this circuit. This proved to be one 
of 11~ niost cliff~cult c~xperimclrtal I~roblenis to 
solve. A very higli-Q ware lrn,~) EF inserted 
as shown in the djagrnm took care of the situa- 
tiolr. Tt, TX foluld tllnt the tuning of this 
v-i~w trap tlepentled to sonic extent iq)oi~ the 
:~inoimt of cnrrellt in the mail] feeder lines. 
C’onseqnently it, was neccssnry to make frequent 
cl~cclis in order to ascertain whcthcr or not con- 
tlitions had cliai~gd. ii micro:in~nieter was 
l~lr~~~l directly in the ground circuit, and a 
constant check was made bebwcn the readings 
of this d-c inst,rument and t,lle recording mil- 
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Figure B.-Terminus of feeder system showing the high-fre- 

wenry transformer and coupling arrangement. 

lialimietcr. The measuring equipment is shown 
in figure 10. WC can safely say that the data 
given in the cnrres of figures llA-llF, inclu- 
sive, are accurate and exact, and are not in any 
manner dnc to superfluous signals which might 
have (wtered the amplifier. 

A number of various receivers have been used 
in this investigation, the most satisfactory of 
\rlCcll 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- 

Figure 7.--Secondary coil of the high-freqnency transformer. 

NEON TUBE 

r 
D. C. 

AMPLIFIER 

MICRO-AMMETER 

RECORDING 

MILLI - 

AMMETER 

c 

Figure 8.Schematic diagram of circuit used for studying the electrical conductivity of the radio-frequency arc. 
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Figure Y.-Equipment used for studying the electrical conducti\ 
ity of the radio-frequency arc. 

wirer. For tllr l~urpose of receiviilg tile inter- 
ference front tile crying corona, an nnshielded 
loop has been far more sat~isfactory 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 tlie 
coil as shown iii figure 13. 

An analysis of the d-c coroila consisted of two 
parts: 1. A series of experiments to determine 
if other pliysical ailcl eleclrical phenomena 
similar in nat iue :rccoinpx~~y the interference 
originating in the corona discharge. 2. A de- 
termination of the lo\\-est audio frequency ap- 
pearing in the output of the radio and associated 
with the “crying” static. An arrailgenient Fas 
made so that, the wave analyzer could be very 
quickly coniiected to points AR, EP, or GH as 
sliown in figtire 14. l)iLtil fro111 tllr, first ar- 

rangrmcnt gave the cll:ii.:lct,eristics of tile audio- 
frequency current flowing in the ground circuit ; 
from points E and F t,he ontpiit of the radio 

receiver, and from G and H the actual sormd as 
received by a c~ystxl microphonr. In this ITIHJI- 

ner it could be ascertained whether or not the 
disturbance was connected with the point alone 
or \vith the a s s o c i a ted circuit elements. 
Attempts were made to use a photo-electric cell 
ililt associated amplifier to check further on t’his 
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 mcas- 
urements, the dial of the analyzer was operated 
manually, in an attempt to keep it in synchro- 
njsrrl 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 
niilliarnnieter. Figure 15 shows a picture of the 
analyzer, recording milliammeter, and the flex- 
ible connection. Since the graduations on the 
dial of the ardyzcr are JIO~ 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 K 
is a singlepole double-throw switch which nor- 
mally connects the milliammeter to the amplifier. 

Figure lO.-Apparatus used to measure the conductivity of the 
radio-frequency arc. 
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As 111~ ~IW~II~IIC~ dial on tlw ;~~i:~lyzer rotates, 
111~ lwy is depressed at those times when a gradll- 
:ttiott ~m.ses the index. The battery is arranged 
Co drflcct the recording milliammeter in a direc- 
tion opposite to that normally encountered. 
ThPse marks, therefore, giw an accurate cali- 
bration of the record. 

Figure 12.-Receiving apparatus used in conductivity and 

interference tests. 

Figure 13.-Circuit used to couple the receiver to the corona 

appRratU8. 

Figure 14.-Circnit arrangement used to study characteristics 
of the corona discharge. 

t 

Figure lS.-Wave analyzer and recording milliammeter. 

5 

I S.P.D.T. SWITCH 

Figure l&-Circuit for calibrating wave analyzer record. 

J 
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TESTS AND RESULTS 

The first test was to detenmne the type of 
lnterferellce or1gmatmg 111 a crymg corona when 
the pant was posltm Accordmgly, the output 
of the radm was connected dmctly to B cathode- 
1 zty oscilloscope, and It 1, as found that the yl’a7-e 
shape was very sm~lnr to that ohtamed wltb the 
ordmarq gas d~cbalge relaxstlon oscdlator 
Figure 17h shows the type of wa\e obselrcd 

on the screen It w&s apparent that these osc~l- 
latmu take plnce at an audm rate and the 
proposrlmn has been advamxd by tins munter, 
In agreement n1t11 several others, that the act1011 
m a radm 1s a shockmg of the tuned crcuts Into 
osclllatum by the very steep wax-e front charac- 
ter&x of this partmlar mterference 

To check this conclusm, an ordmary neon 
tube osallator, the cn-cut of nhxb 1s gmen m 
figure 17B, was constructed, the output of which 
through a. 0 0001 mmofarad condenser was COP 
netted to the antenna of a radm racerer The 
actmn of this tqpe of mterference on the radm 
xas ~dentml, 5s far as could be ascertnmd, 
-71th the mterference due to the crymg corona 
It, therefore, seems farly conclusive that mth 
t1us particular type of mterference, there are no 
radio frequenms of the order of magmtude of 
300 kdocycles, such as are used for the radm 
range beams It \YBS found that when the radm 
was adJusted to maxnnum sensltmt>-, It was not 
e, en necessary to couple the output of the oml- 

1sto1 direct to t11e anlenn,z clrcult the e1ectro- 
mngnetlc field bemg of suffimnt mtenslty co 
xtuate tbo tuned clrcults of the radm This ex- 
perment shows that such mterference as that 
caused by the crymg corona can ongmate mth 
an ordmary relamtmn osc&&ar performmg at 
n comparatmely low audm frequency, the funda- 
mental of winch can be less than 3000 cycles 

In the case of a negatm pomt colona, how- 
el er, the pattern on the screen of the cathode-ray 
oscilloscope IS entnely different There ale no 
d&r&e wave shapes wlthm the audmfrequency 
range, and later tests of the wave analyzer mdl- 
do no audio frequencms below 17000 cycles 
The disturbance 1s of a lugher fmquency Ex- 
pcrments by others have shown that the fre- 
q”ency of t11o negatm pomt corona may run as 
high as 200000 cycles This has been the cause 
of a rather mterestmg phenomenon observed 
recently m the laboratory There v\ ould be very 
httle mterference m the radm except at c&am 
defimte electroslatlc field strengths A very 
shght change m the voltage on the plate mmld 
cause the mterference to dm out An observa- 
tmn by Mr TV E J&son, Chxf of the Radm 
Development Sectm, Cm1 Aeeronautm Author- 
lty, to the effect that It sounded hke a letero- 
dyne, led to the explanntm The dmcharge 
flom the negative pant takes place at a radm 
frequency, and the frequency of the discharge 
1~ a functmn of the strength of the electrostatic 
field at the pout With a gwen spacmg, It 1s 
of course proportmal to the wltage difference 
between the two electrodes C&am mtense 
radio-flequency fields due to local broadcastmg 
~latlolls, etc , are prese11t m the room when 
the voltage 1s just right so that the radlo-fre- 
quency dlaturbance from the negatm pomt 1s 
of such a value that It can heterodyne wvlth one 
of these h&frequency fields so that the sum or 
difference fmquency 1s that to wblch the radm 
1s tuned, a luge dmturbance 1s noted It was 
found that when the voltage on the pomt was 
changed, It was often pmble to get the mter- 
ference by vatumng the radm It 1s also pos- 
able that the mdmfrequency nltaference from 
the pomt may reach Into the broadcast band 
In tlus case, there IS a posslbdlty that It nould be 
recenxd III the ordmary manner by “beatmg” 
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with the local oscillator hi the rcccivcr. Fur- 

ther investjigation of this 11).pot,hrsis is contem- 
plated. 

With this esplanatioii iii miJid, it, is natlural 
to seclk for tile iww~11 for the larp~ ;rilicwJlt of 
intcrfereiice ~lren the pl:uie is ~lrgat iv-t:. nry 
explaiiatioJi is that a large Jmnrlwr of pointi: 
probably are brralring into a corolla. The frc- 
quency of the interference Will tlcpe~ld up011 the 
character ant1 positioii of the poiJJt. The clec- 
trostatic field x-ill Jiot be const:xJJt as in tile 
laboratory, but, will undoubtedly xxry over very 
wide limits. The total interference rr:wliiJlg tile 
receirilig anteillu 011 the ship will cover a large 
band of radio frequencies. There will, there- 
fore, be a practical ceJtninty that these radio- 
frequency disturbances lJeterodyning with each 
other and their harmonics together with incoin- 
ing signals will conrplet ely corer the frequency 
band to whicll tlw ratlio is tnntd. The action OJJ 
the radio itself in this case will be elitirely dif- 
ferent from the action when the plane is positive. 

In the early experiments rritli a corona dis- 
charge, the vriter used a method for visual 
obserratioll which was extremely satisfactory 
and which lie GLJJ recommend to otlier iiivesti- 
gators. An 18.ill& concave niirror: such as is 
used ill the older type searchlights, was l~lacctl 
behilltl the point and at t,he proper distance. 
Tlic observer co&l t,heii stand at a safe distance 
and observe the greatly magnified image of the 
point. It was therefore possible to note the 
streamers, etc., nhich are ortlillarily very difficult 

Figure 1X.-Mirror used to focus corona arc. 

Figure lg.-Photo cell and shield placed at focus of mirror. 

to sea ul11ess tile o1~erv-e~ is \-pry closr to the 
l~l~c~~o~~~c~~o~~. It is not feasible to make visual 
otwrratioils iJJ tlir iJJindi:tte vicinity of tlw 
point, because of the pJw&nity t,o ilJe higll- 
\o1tagc electJYJtlo. The large condeJisers in the 
lrigh-\dtagr systeJl1 make it a very daiigcrorrs 
1)iece of apparatiis Neal’ mliicli to work. 

01~ of the earliest observations of the writer 
in working wit,11 the d-c coron:a was that the 
sonntls from the radio seeJncd to be of the same 
frequency as the sound which could be heard 
directly from tlJe corona itself. This lctl him 
to attempt an inwstjgation aJJc1 corwlation of 
phenomena occllrring simultaneously with the 
intermittent discharge from the positive point 
known as the “crying” corona. Four different 
types of plicJJo~nc~ia may bc present : 1, As the 
COI’~~R buJ-st wcurs, it would be natural to sup 
pose that, xii eiiiission of light would acconl- 
pany it ; 2, Therr is a s~~dclcn evolution of heat 
and :I correspon&JJg csp,aJJsion of the gas iJJ 
tlw ~~eiglit~orliood giving rise to the soruid ; 3, 
‘I’lw motion of tliis charge sho~dd giw rise to 
aI1 elcctronlaglrct ic field ; and 4, The clraige 
llrrlst come froni tile g7~ouiid. If, glow, the poiJlt 
is conJlectec1 to tlic gromid through a resistor, 
t IKW sl~ould appear across tllis resistor a diffev- 
cncc of potentid correspontl ing to the passage 
of the charge. It was the hope of the writer 
that he could pick up these variow phenomena 
and by means of electroJlic switches, show tllrm 
simultaneously on a large oscilloscope. The first 
inwstigation was an attempt to focus the light 



focus it on the mic~rophone ns shown in figure 20. 

A.Itlr”ngb the sound from t,llc corona is pwfectly 

:rndiblc~ and it, would scrrn t,hat a microphone, 

phced nenrby would be sufficimt for the oxperi- 

metrt,, it ~LS found t,lmt whelr the a,mplifier ha,d 

t,bc proper gnin, all of the sour~ds in tlx hnilding 

were also rccrircd by the system. Rommx~, by 
nieat~s of then :mmngcment of mirrors, it, mu 

possible to incrc:w t,be signztl-to-noise ratio of 

tbo combination so as to eliminat,e all noises 

except those occurring in the imnedinte vicinit,y. 

The output of tbr n&2rophone was fed into an 

amplifiers the output of which WE fed tlirough 
a. selcxtov swit& t,n l,he input of a General Radio 

mw :mnlyzer. The output of the radio also wits 

connected t,o t,he amplifier tbrongh t,he proper 

t~erminul of the select,or swit,ch, ns was also the 

r-“lt,nge ocmrring xross the resistor of the point. 

It was fonnd that in case of the positire, point 

carom, the fneqnoncies of the noise received by 
tbe microphone and of the static received by the 

radio md of i.he signal occorring zmoss t,he 

resistor wwe idmt,ical for any give.n electro- 

stnt,ic field strength. Beca~~~se of t,he rapid 

:~tt,enmtion of high frequencies in the andio sys- 

trm of t,he radio, very fw harmonics of the 

fnndmlental frequency vale received. As far 

as could be ascertained, t,he an:llysis of tbe~ sound 

from the microplmnc w&s identical with the 

analysis of the roltage “ccnrring across the 

resistor in t,he grouncl circuit. Tl~se could not 

bc conqmed exwtly, because of the fact. tbst 

the microphone md its associated amplifier did 

not hnw the same charscteristics as the amplifier 

which would recrire the signal across t,ho 

resistor. Time did not. permit accurat~e calibra- 

tion of these instnuncots. which mould be unjus- 

tified hocause of the fact tlxxt the d-c volt.agr 

i~np~ssed npon the point could not, be held to 

tbc required constancy to make exnct experi- 

mot:~l comlmrison posGble. However, there 

scelos to be litt,le doubt that, t,he,se three phe- 

nomena bavc rsse~nti:~lly thr sane frequency 

ch:rr:rc,t,eristics, md for this rwxon t,he writer is 

lonth t,” accapt t,hc negative result he obtained 
wit,11 t,he pbotoelec~tric~ cell. 

Later t,he recording milliammete~r was ar- 

ran& to drive t,he x~-vnve analyzer, which bad 
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been connected electrically to the recordmg 
m~lhammeter through the ploper amphtier ns 
shown m figure i5 When the point was neg&- 
twe, It was found there was no definite andlo 
frequency which characterued the mterfercnce 
This type of interference has been described by 
pllots as “hash ” It 1s now well known hon- 
wer, that under c&am condltlons one can get 
wry defimte Ielaxatlon oscdlatmns when the 
pomt 1s negat1\ c nut 11, our expenments, v e 
hare faded to obtam any defimte hequency 
wlthm the range of the >,ave analyzer, namely, 
o-lC500 cycles There was, however, a defimte 
high-pltched note as hearcl by the ear, althoogh 
the VXLT e annlyzer would not she\\ It at all The 
writer puts forth the h>p”thcw that this note 
as heard by the ear 1s due to the beatmg of tn o 
high-fiequenc: osc&tmns above 10000 cycles 
‘I he nonhnear characterlstlc of the ear would 
allow the bat frequency to be head 

Loeb (p 5173, F~m~Za~~ntal Processes of 
Ekctmd Dmhmye z,n Gas, states that these 
peuodlc discharges have been observed at fre- 
quencms as 10% as 5000 cycles per second We 
can only say that \P Ith the VWlous pomts me hare 
nwestlgated. no frequenaes this low have been 
obsaved The analysts of this general noxe 
lewl of the negatlvo pomt corona lndlcates that 
moqt of the energy 1s m the higher zudm frc- 
q~~encu~s, rery httle “ccurrmg below 2000 cqcles 
It 1s to be noted that what IS referred to as noise 
1’ Just the random disturbance characterlstlc of 
this type of statx 

Interference from the positive pomt colona 1s 
always characterued by a d&rote audlo-fre- 
quency note and Its overtones A complete 
record of thlr mterference was made at roltdges 
varjmg bet\rePn 25000 and 50000 as measnred 
between the pomt and plate 

All of the ener,gy of the crjmg corona exlstrd 
m high audio flequencles and at no tune have 
we observed a frequency below 700 cycles This 
would mdlcate that If the cnll~r wax-e from the 
beam statmn nere kcycd Rlth an A or an N 
and If the mtermedlate frequency amphfier of 
the pdot’s recc~ver were only 400 cycles wide, 
he could by m~“,s of his beat-freqwx) owl- 
ltitoi recelre the sIgna even though the ship 
\I we heavdy charged mlth man;\ pomts 111 d-c 

corona Iionerer, for certan \ery pract1ca1 
reasons, to enable the wnultaneous broddcsstmg 
of weather reports and the radio beam, a beat- 
frequency oscillator cannot be used m this con- 
n&Ion, smce It would beat contmuonsly nith 
the wave from the central towel The carr,er 
wale flom the central tover 1s contmuons and 
d&i-s m frequency by 1020 cwles from the 
bcam nhlch 1s keyed 9 poswble arrangement 
of the radm receiver suggested by my research 
ass&ant, Mr George Guthrle 1s as follons 

. 

It, therefore, IS seen from figure 21 that the 
automdtlc frequency control all1 tx mto the 
contmuous carller, and ~111 hold the radio m 
tune This would answer the argument that 
would nnmedlately be presented that this tun- 
lng would be too precw for a pllot to make ,n 
all emergency If no other method for the 
elunmatmn of the stntlc were wwlnble, these 
expernnents \~“ulcI mdxate a posslblc nnd prac- 
tlcal method for the reception of the desmed 
nsr rgdtlon signal Fix mst.mce, the pllot All 
wonld be able to take beaungs 1” stahc If hx 
Intrrmedlate-flequenc3 amphfiel had a filtel 
which would cut off at about 200 cycles Ex- 
pelnnentr m the laborstory venfied thx result 
With the 400~cycle crystal of the R M E re- 
cel\er Inserted III the Intermediate-frequenLy 
amphfier, It was found posslblo to recelre a com- 
p”r”tlvely small sIgna fl om a signal generator 
e\-en though under normal “peratlone the Inter- 
fe1encc from the Cl-C co1ona n as mnny tnnC3 loo 
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Irlkllse tor 1P~Cl~h11 The lmmKllnte pldCtlLd fwenw Unfol tunately, these shapes ae SULII 
rllfficult) 1s the Lonstlllctlon of WC11 n iate nlllLll a? to gme a long tapermg pomt vihlch IS \ery 
c;nmot be shocked Into “sclllatmn by the shall’ radv buned and the chara&r of vhlch will 
hIStS of static Some trouble R&S noted even therefore change 
with the smgle cq stal used m these expelnnent- \n exammatmn of these CUIV~S ~111 show that 
These expelm~ents are mcluded m order that this the rsdmfroquencq arc has %. “figure of ment” 
report may be a complete record of all expcrl- mlth respect to the point rangmg from 4 to 10 
marts performed ratha than a proposal for n R-e \>]I1 define tlus “figure “f ment” as the ratlo 
puctlcnl method of ehmlnat~ng the stahc dls- of tbecurrent wlucb ~111 pass through the radio- 
tnrbance Undoubtedly the most sahsfactoq f1equcncy arc to t1uLt passmg from a sharp pomt 
method for sccomphshmg the latter would be n lth the same voltage difference The ratm IS 
to keep the charge off the plane especx~ll) high at I”\+ field strengths. and It 

A large numbel of curves mere plotied to mdlcates II posslblht~ of usmg the arc to keep 
detcrnlnle the efficacy of a raa10-f1equenq arc the charge on the plane to a very lam ralue 
for dwhqmg the plane The cuve\ of fig- The mam part of tins mveshgnt~on has dealt 
ucs ll&llF, mrlosn~e, all show that the arc 1s \\ lth the elmmahon of the mtrrference present 
much bettel than a sharp pant It V&S felt nhen the pomt IS m eAPr p”sltlve or negatwe 
that flom the prndul &nrdpomt, the effirq d-c corona. The lnterfprence IS due to an mter- 
of CL shalp pomt ibonld be the baw npon \,Incb ruttent xtlon That IS the charge mhlch passes 
compmson IS to be m;tde. S~CP a slw p l)omt IS flom the pomt mto the snrroundmg region IS 
11, use at thr prewlt tune 111 connr~tum with the lwt contmwus such as ,$ the case of a curlent 
trallmg xlle Punts of ~alwu- shapes were flo~u~g m a battery cmcut Some changes m 
used, and It IS seen th<lt not onlj does the current t11e nmount of charge fhmg p-2 rm? to electro- 

uhlch ~11 pass from n pomt t” il. plane mcrease magnetic fields v hxh are plLked up bJ the radm 
3s n pout IS made sharper. bnt there 1s a corre- reee,ver elthe, m the frequency band to whxh 
spondmg IILLIWL\P 11, the cunen~ nhxh ~111 pass It 1s tuned, as 1s probably the ~nse of the negstwe 
through the radx-frequenq arc ongmatmg on pant corona, or by shock excltatlon of the tuned 
the pomt In thl? corrnectlon figures A nnd B ai-cults by very sudden pulses, as 1s m the case 
of this seues shonld be compared There IS a of the posItwe pomt c”mna The method 
lumt ns to shapnes~ of a pomt nhlch can be mhlch ~11 be described below for the ehmma- 
used, smce It 1s found th&t e\ en the corona dls- tlon of the mterference apphe~ to both the posl- 
charge wth the Iugh-flequcncj arc ,vdl generate t,\r and negstve pomt corona. Ho\\ever, the 
sufficient heat to bun and thus cburgc the &a~- n~te~ference from the posltwe pant colona 1$ 
actcr of a long tapenrrg pomt F”r this TGLS”~ mole difficult to clnmnate and ~b much mole 
the \Fnter INS not coni~le~rd to be prn&xl the seve~c although more seldom m pratux In 
cuggestmn advanad by nn”ther norker m thn both CBE~S, the lonlzntlon of the gas m the neigh- 
field to th? effect that pomts of <rltun Thapes borhood “f the poml of suffiaent nmonnt to 1’“s” 
can be n.ed t” rbrcbnrge the plant wrbont Inter- th? rrqwx~ curlent must br due to the ~-en 
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llltense electroctatlc field exlstmg there Thli 
IS e~ldenced by the fact that no culrent flon\ 
nltbout that held For the exact mechanmn of 
wch discharges the reader 1’ referred to n recent 
book b: L B Lceb, FundmentaZ Prormses of 
Electrrcal Zhclmge 211 Gam 11, which there 1s 
an excullent dlscusslon of the funcln1r~~lltal 
mecl~amsms of the coronz dmharge WIthout 
lookmg too closely- at the meclmmn, one mght 
postulnte that lf a Colltlnuous amount of 1”,117& 
tlon could be ploduced by some extrnl<Ll source 
nnd not by the electrostatic field, a (antmuons 
flow of ions could t.tke place mthout the dls- 
ruptm nctlon chsractenstlc of the mtelmlttent 
positive pomt cororl5 

The xbme 1~ a post-Iat~onalmt,on of the 
senes of expermemts clescnbed belom Actuallj 
the writer thought of this method wbde hsten- 
ng to R paper by MI Alfold and 1x1 Plcklw of 
the Mackay Radio Co presented at a Pmhc 
coast colI\erltl”n of the I R E 111 1938 MIr 
Alfold described espermmts nltb the blgh- 
flequaxy COT”II~ and then stated that as the 
frequencl v as gradualI;\ ramed to above 3 mega- 
cycles, It vxs mposslble to obtam a corona that 
I,, plaw of this corona. an arc nould ~uddenlg 
appear The words ‘<It was mposstble to obtnm 
A corona” mned,ntely roused the mte,c?t of the 

r SlGNAL 
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ailiiilation of these curves will shorn the folhn-- 
ing points : 

1. When the st,atic interference is present, no 
signal is received by the radio from t’he signal 
generator, since the line is approximately 
smoot,h 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. IT IS TO BE 
EMPHASIZED IN THIS CONNECTION 
THAT THE LACK OF INTERFERENCE 
IN THE RADIO IS NOT IIIJE 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. 

Figure El.-Forest Service 32 me. transmitter. 

Figure P5.-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 t,han 20 watts was necessary to 
eliminate the interference from t,he point in d-c 
corona. Tile small size of the coil and the asso- 
ciated transmitter added to its practicability in 
connection with its application as a discharge 
device on an airplane. 

CONCLUSIONS 

The results of all t)he 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 strcugth, etc. 
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2 In the case of the p&m pow carom, the 
mterfelence IS at an audio-frequency rate altb 
a very steep wave front which shocks the tuned 
cmxuts of the radio Into osclllatmn The fun- 
damental frequency of this dmturbance 1s mu- 
ally above 1500 cycles, and the lonest frequency 
detected was 700 

3 The mtermttent character of the corona 
which gmes rme to the radio-frequency dxturb- 
ante can be elmnated, If, from some exterml 
wurce, suffiaent lonlzatlon can be produced m 
the mghborhood of the pomt to pass the 
reqmred current 

4 It has been conclusn~ely demonstrated that 
a comparatmly small high-frequency field 
exwtmg nt the pomt and mposed upon the d-c 
field can produce the requxed amount of mmea- 
tmn to elmmate entmly thm mterference 
This spphes to both the posltm and negatwe 
pomt corona 

5 The radmfrequoncj arc emstmg at a pomt 
IS several tunes as offiment ns a sharp pomt alone 
for dmhargmg the plme 

6 The small sue of co11 found necessary at 
32 megacycles mdmtes the pmtml apphcatlon 
of thm phenomenon to dmhnrgmg the plane 
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