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INI'rl0)U C"tIOli

In ihe past, sail!]anc llLotsrv- r:ao nc .nsor fol .eL _ li.lL
t:re location 01 re8ions oI lift otner
than their eye6. _:lhey rniflht ilave
hcaCed ior a cumulus cfoud or a con-
verient rid{re orienled perpen.iicufar
ro Lne tlLnd v:,cn :carcl'ln.: :or fisi:1 "

air. Atnospheric efectric iicfd
neasur.enents lron a sailplare naJ. of-
ler anothef neans oI localind ther-
rnals and u6in8 them nore effectlvely
uJ rxcjcarin tl)c.alljcns of ixarx rnun:
liit, Tlis technique ias bee! suE-
Aesied in the past by I'facoreacy (f9ijyr,
1977).

The basic principle 16 delrendont
on the veriical Araolenl oi space
chartc densit) in tho ainospherc.
fr 'enecrl :rr cxcp s o Dos: ' :ve iorrs
(con:parec to tlelTaiivc lcns) exisLs in
the atnosDhere, and tire concertration
decreases with aliitud!. I ])ari:lcLr-
1ar1J dcnse re{iion exists in the
planeiary boundary layar -'rithin a lev
liens of neters fronr the oarthlo sur-
iace. .|lis chcr.ie cax be fcc inLo
convcct-L7e u aratr s Lhrou6h norizor-
taf conrerficnce near Lhe lrround and
bc carried afolt bJ ihe lherrxal.
*nt- r;F.tirr park, N. Y., 12018

Thus ]rockeis or cofururs of posilive
cirara;e can accunufaie in thermafs,
parlicu-LarlJ ncar the topj $here thoy
rill Eet u! electric liclcs. IJea-
surenents of the horizontaf co.'iponent
1'rill indicate the dircciion oi the
char[e cent.r (rxarkini the thernal)
fron a saifplare. This laper vi11
iiscuss use of such meagLlremenis to
increase soarlnaj ef f iclency.

lcviev oI "1ir-v-ath p r a!-.ro5pl--ricffi
trl ".a"t ar "rr".r*nil the re-

char:isn 1l i6 necessar,./ to und.eretand
scrne aspecls o-l fair-treatirer electri-
cit). Thc subject is Sone inio norc
con!letely in texls by Chalmers (I9'rZ)
:rtl Isracl (19?f). "iair-ueaiherrt ina',nosp-rcrj. elc.' ri.c i ,. cs cnir- LlJ: 1p.L.L6r re- onc . ij!. , Icom L. undLr-
siornrs, dust etor.ss (or othcr elec-trical Ecierators) , prccilitatio. or
extensiv e cloud layeis. Thunderstoms
.qclerally rre consiuerod thc nain
efcc trical ;enerai:or naintalnine the
carth I s clectric fie1.1. Potentialgradienl, the tclnl used iD dak:ingelectric field neasureneits, ic tlLer-;ative oI !he eLcctr'_c "Leld, i.€..,iL is c vcclor of equal mrAnituCe bul
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in the opposite direction. ?lhile Ehe
mechanisn by which thunderstorns oake
clectricitv is sti11 nol agreed upon
(and probatrly several exisl), rnost
invesL.iIjaLors concur t],aL the upper
borl.ion of a thundercloud conLains
;xcess poEitive charBe and the botiom
con.1:ns .e;stiv charre excess.
Thus a dipofe nodel can be assumed ln
explaining ho\,l thurderclouds naintain
tha earth I s electric fic1d.

The atnospherc contains ions of
bolh sicns mostlJ cau.eo bY "ocnicraola.ion ionrzi sir rolccu ies.
Because of thc variallon o-t conducti-
vity rrilh height, a snaL] excerjs ln
ions of one siln i'ilI occur, Since
the earth is ciLargcd nc{jativelJ and
thc u!!er almosphero po€itivefy due
to tie pofarlly of thun.ierclouds,
this oxcess ci)arSe in the atmosphere
is , oJiliv . T/, :c-]fr, rea- ,. c
earthts surface -LOOO ion-pairs (an
ion of each i;i:n) -oer cn r,111 a4prc:- 1. -'ourercr, Lre t^L losr,j/e
cirar '- i_ o. Iv , -lr io . r e-r'.eDera11y. Therc apr]cars io be ;rcatr.'ariatiol from one locarion lo arotlerr
3-a ni,; i fu " ro:. or' iir 1. \i ,pollu Lon, _:r iio :vc _ . c.r ,..
ol.l,r r iac(orc. Jrr.i,c I Lo 1O ,.r*nrn-
trrJ c;r3r:^c pcr ci' n:J 5e t)o:cal
ovcr land liilh conl'oction lrcsent,
ncasurenents Ori a nounlain iil New
[:cxico, inuic.]ic .0u clefl^nrarJ chcr-^s
per c,i: llorp l).irel 3r'J.L Lire^
space charEe den€iiic5 oI over 1000
clencnlarli clLaril:es per cnJ Irerc re-
cordcc (Vonneijut and llloor--, (195:l) ).

A thunder€born act6 as a genera-
tor by causing the posilivc space
charge above it to move upi{ard into
the hi6hly conduclive upper Layers of
thc atmosphere. Similarly negative
lons nrove do.ynvJard. iJecauso ol hi.lh
conductivity in tha upper atliospherc
ihe chare;e move6 6ldeways radislribut-
in€t it€e1f honogeneousIy around tire
earth i.n nuch less than a socond at a
height oi 60 irn. For purposes of at-
mo6pheric electricity this height iIr
calle.l the rrequafizing layerrr. Il is
al a potential that is fairlv constant
at any given tine all over the r.or]d.
'l'his lotential is about +J00,000 volts
relative to the earth. The rrequaliz-
in$ layor[ can be considared t]re ouier
conductor ol a sp?rerlcaf capacitor,
the inner conducior 01 l!'hich i5 the
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earth. Between theh the atmosphere
acts as a leaky dielectaic throuEh
vrhich char8e drlfls, ljnder a thunder-
storm large eleclrlc fields erist;
these can be sufficient to cause point
dischar.,e froF charp objccts on tn-
' drlhrJ s.rrfaca. l/'en .no6. oaonoL'1celthis i6 rccoAnized as Saint Elmots

the negative charge distributes it-seff unifornly over the surface, and
a verticaf efeclric lield is estab-
bshed ln the atno6Dhere af1 over the

In fair-weather regions positive
ions in the alnxoslhero drift down-
ward tovard the negatire charge on
the earth, and neAative ions drj"ft
upviard, T,,'/o-lhirds of the atnoolheric
charge r,ould be fo€rt in about 20
ninules in tlle foner aLnospherc due
to conductivity allowinf the char;e
lo leak away iI the electrical Sene-ralor nainbainin6 the field, lhrrnder-
sLormc, ureie LurncLi off. ilov/cver,
lhunderstorrxs are always occurring ah
various places on earth, particLrlarly
ncar longitudes whore it ia ai l-ernoon.

efd

. Thc

ihe maximum (about
1900 GMT.

fo'l hi8her) about

the inversion the density Gradientwiff be small, and the avera8e space' .cre irou6r. " c -ix r r,_ l€Jer mo}
t.- or.ly 1 a1€mpo.ary chdfge Der cr'
althou€h ihere still naJ' be a layer
of space charije c1o6e to lhe earth
derending on the dctaifs of low

iire. se the botton of a thundeF

per meter ijr a- ti r :rv ett ir er'-r-ion s

en there i6 strong clixinJ
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level nixing and lerrain. liJit,h ,/,'eak
or vridelJ-spaced conveclion a rcfa-
iivefy dense laJrer oI space charge
can exist near lhe earth, and-10 lc
100 elenentary charges per cn, rl]ay
occur in the fovlest 1O0 neters ol lhe
atnxosphexe. The }Jarticular hi6h
vafues .naasured on a nountain ln lielr
Ilexico were lrobabfJ confined to a
f4yer fess than 50 melers thick.

Another re6ion vlhere hi6h sface
char8e densities l'/ifl occur is at the
interface ol t,,vo horizonlal layers of
Cifferent conductivity such as at lhe
in,/ersion !;hen thick haze exists be-
lov/ that level. llere throudi a depLh
ot ,0 rxeters a !oslti'..e space charge
densitv of 5O elenenlari/ charges per

To a first aplroximation the trvo
char8e centers can be considered as
a dipole that woufd have an electric
fie-Ld confifuration resenb]ing that
oI g.rr' l. l' i- s-en LhaL a1 aj^-
craft nxeasuring the horizontal field
conponenl \uould have the Lar8est si6-
na1 to,,uork wittr near the aflitude ol
the lop of a thernal cofumn or nearl
the hei:ht oI a bubbfe. r{cnexer, er.-
cecE pcnitirre charie also e)rists
rvithin the column, ani thc horizontaf
con!olentE at altituies betr,,reen the
to! of the thermal and the earti vill
Le 3realer ihan susgesled by the dia-
ijran. Anolirer factor not depicted is
that horizontal conlonents ncar liLe
earih ,,1iff lre larl]cr tlran lurlher u!
bccaus,- thc crarted air er1terinii tre

axist. Ther:nals ac

Iigure f illustrates how 6!ace
charge shoufd be redistributed in the
alnos])here by a thermaf and the re-
suflina electric lield equl])oteniial
lines. 'l/hether a lhetrxaf is continu-
ous (as a cofumn extending u! frorr
the earth), a bubbfe, a lfume or a
vortex rinei, essentiaflY the sane
electric field confiSuration r'tif I
exisr. ,ear r'r e ear.nr- su_lace a f
carrying losilive charge converges
to,/ard thc thermaf and is entrained
in lhe risin8 air. iiear lhe toP ol
lhe colunn, where a cloud maY forn
if the air is sufficienllJ moist, the
air wilf decelexate; lhe slace charge
concentration l'rif1 be Sreater in this

:n rne sLrro ln l"r_ J-r.
Similarly' a tuoyant bubble forned

'l \rl-. co' La:n ni;r -r
densiiy 6pace charge than its sur-
roundinas, The diaEran sho{s lhese
volumes as positlve charge centers.
Because the earth i€ a good conducioq'
ar :nao- oI l ,1a e-e.i r:caf c.ar Ds ;1

.- acmospnere ouL oI oppos' 4 10n
can be considered to exisl in lhe
earth in napplng the eLectric lield.

F]C. I. DIPOLE MODEL OF ELECTRIC
trIEI,D CRE-{TED BY AN ACCUMULATlON
OF POSITIVE SPACE CHARCE AT THE TOP
OF A THERMAL.

6F ly sea:rn
salID-Lane 1ro t
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FIG. 2. AIR MOTIONS AND DISTRIBU:fION
OF SPACE CHARGE IN AND AROUND A
THERM.AL.

Lhe siilts as.lelicted in lii,l'rre 2.
!oc).:.is of ncgallve charl.e could ac-
cunufate to +-he siCes cl lhereafs
ncar ilrc nculrat buoJancy level and
-r. '- ... ul
thos. faclcrs wer-- underslood, e.Lec-
tric field ieteciion of ihermals
miShl be quite conlusing and the
p.rtierrs scen chaotic. If a sail-
plaric cc,ne near a.Loca,L pcc:ct ol
ncgative clarrle i'rhile fly1nit tolrard
.r irnerna-L nartred bl' !o6ilive charite
lhere inighi .c a r-cver.al ol the
lioLenlial [raCieni. The auL]ror an-
parenlly cncoun tered such conoitiong
a: Lrlfl be described su)seque]]tlJ.
Thc suljitesi-eld nodel is suprortcd l}'
reasLrfements oi vonne4ul, !.1 aL.Jr. ) -:L po, _
iilaf it:radient llas rccord-od lron an
air']]larla laEEinil under cu uluG
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ba6c oi the colu:nn wiff mix r/ith en-
irained surrounding air thr'ough the
sidc€ of thc thcrmal Curintj its as-
' ard o ri.u. :r
charge concenttalion ivith altitude in
the thernaL will be enhanced because
oI the increaec in conductiviiy \',itn
aftitude r,/hich r'/if1 increase ihe rate
of charrge .lissiIrati.on, 0n the olher
hand, tho entrainnent of 6urroundin6
alr into the thernal as it ])asses
through an in,rerslon coufd sulrDly a
fresh suppfJ of lositive charfe io
tirc uplex porLion of the lhe):nal.

In ]riljure ? a cofunnar therqal
is envisioned in flore detail. The
semi-circular donc near the top de-
pict6 a cloud \'/hich nar" or na) not be
lresenl dele:lding on ihe noslturc of
tlte air. Air trajeclories ar,o depic-jied bJ arrorjrs. At thc top oi Lhe

!'o cir' -lation is shovrn. The air rises above
lhe icuiraf buoyancy l{]vol -- vrhi.ch
mifhi be in thc lo,r,'er portion of the
'.1 --" r':. t s-r'oo-e1-1
recirculatcs back into ihc central

f. ., r.1t
sone nal continue dolvnward with 3lr!r.:
clabl.e veLocily, and sone ma). slrea.]
o. s a, .. cn-r e -lron.6a. rL 6ar t6i.o ..-. ..
a O| e,.-, 11. , , ,rO---:---
tnernal. This cLargr lnouLd iteneraie
ai oloclrical force on the ions oi
the atno6tr]hcre such thal lositive
ones l'IouLi. nore a1!ay and negative
one..i would moire tc-xard t]l. cloud o{
nositive char,tc at i'he top oI a t)r.r-
na]. If a Liouid raLer cLoud exi.jls,
trr. naital:,ive ionE oecomc attacheC io
clcud L:iro!1.i;t r.ar Lne cfcud Ljur.face,
lorninit a laJer ol nc{atire charde
+.hat is liroialll le5s ihan lO netcfs
lni.cli. lhis rra6 bccn called aI'scre.rirLt faJer!r becau.e il can !re-
venl- lhe Ciffusc !oEitri',.e clla.ie
,,,ritlrin Lhe cloud lro:i beinil so!n
eiec'rrj.cal.IJ. ll'rc! irilhoLlt a cloud
of ruaier drops, a llinilar effect xray
tak. llacc if srff].cient haze or !ol-lui:ion part:icle.r arc !fesent for the

L;r io s o ." - i1 ..
The nc...ative ion ljnaaln conerin! ihe
to. and s.ides ol ihe clour1 of lrarerrorl r /
alonr |Jiih tiic aif unioldin{ at iha
iclt oi tirc i,rrerlirl arii a..ccIltjr: Co,jr
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cfouds chariled lron the Ar'ound by
sDace chartie PjeneratinA alrparatus.'r' c.a_;e ]!€s 'rr: o .lo -' 'o
the clouds by the nechanisn su8ges-
ted in Figures L and 2. Their data
shovecl posilive charFie overheaC when
the airpLane was lassing under lhe
cenlraL lortion of thc cloud and los-
itive cn;ree was beinE released on
ine Fround. llePlalive charfe was en-
couniered near ihe for/er edges of the
cloud as suggeEted in l'i8ure 2.

t. r io,s clcctrrc
ol convoction

llefore the eleciric fiefd
measurernenls from a saifpfane vl'ere

J -ar- ax o ':-n
rxalling such aea6urements had beeir
acouiied dllrine a lroe;ran ln rlhich

':_ rJi' lva L r.
ai;cralt, a Starfire one-of-a-kind
llone-bui1i, i6 equipped to rneasure
ine verlical conponent of lhe ahos-
Dr.r-c 1-. r:. f, -. L :1 lolo'l-.rm"(radloaclire) probes seen at the felt
$- : -! : Drrin "
couise of this xloik, rneesurernents
macle vhen flying at constanL altitude
ha.e :- , on ec(; ' o:L-

oet.f f6co_o6j. I rr'6
look al some of ihcse daia will iffu_
stratc lllc potential for airborne
electrlc field deteclion of convec-
tion an{l hovr space chafge m4'- be ac-
cunulatcd bJ convection in lhe atinos-
!here.

,aidure l+ was lnade during con-
a,, le.-l --1s h C,lrs or

and f60 neters over the ocean in Lhe
llaharnas. Alnos' heric conditions fa-
vored orflanized convection. Just
1bo/e a: o ?.a a'""
particufarly rich in positive str)ace
cnar:F DTOoLCpO OV l 6 r^d(-r- ol
o]-loles a o _odc 6c rr

( see Chalnxers (1957)). Measuremcnfs
indicaled a slace charge d-'nqily of
72 elemcntarY charEos ])er cm' ln lhe
_: to 50 neter heiAht fayer. Sharp
increases :in lhe varticaf !otentiai
qradienl vr'hen fll/ina al 5 meters sug-
eesl tne pr-"sence oi posilive charge
above lhe lfane at the tirne lhese
anonali_-s were rocorded, llhey were
trcoo i\ '.ts o o, or. L- d o. '-
Lron -- oir'do. "' .o i o
zor- a- ro,I o-' -- rl,u n-r r. \'
-- frriti a s])acin: oi :ibdui : li'n be-

ll'r'ecn roLfs. The updrafLs werc licah
and periodicily ln lhc lotentiaf
Xradient record vras no foniior present
at a helaht oi 160 nelerE probablJ

6 r...n .. 1a t.-.:_
p.,l,o .;ro I o .,o ll. r )-
i:19.

FIG. 3. STARFIIIE AIRCRAFT 1]SED IN
rt rl,aqsegpruc ELECTRICAT- RTSEARCH.

i
I

FIG. 4. GRAPHiC RECORDINGS OF VERTT-
CAL POTENTIAL GRADIENT ILI-LIST RATING
ORGANIZED CONVECTION OVER THE OCEAN.
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].]q::. G|APHTC RECORD1NG OF VDRTI-
CAL POTENTIAI- GrlADIENT MADE ABOVE
THE TNVE RSI(JN ILLUSTR,\TING ORGANIZED
(]ONVECTION WITHIN TI]E MIXI}trG I-AYER,
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I]IG. 6. SCHEMATIC EXPLANATION OE

FIGURES 4 and 5.

fidure :r, shor,r'ing data talien al
anolhcr time and focalion, illuetratel
sharp decreases in tho vertical po-
tentiaf Aradicnt flying al J.lf km
croseing the Guff Stream easl of
illani. He.c the spacinA oi the ano-
nalous changes in poLentiaf Eradi€nt
is about 5 kn, The6e !/ere presumed
to be causcd by pockets (or lines)
of lositive space charde accunulating
at thlr inversion benealh the aircraft
due to or6anized conveclion .in the
mixing layer, The air nass ovex tha
culf st.rean whcn this ffidht '/ras nade
in December would favor inEtabifity
'xi coo L r:r .! r rv.lrrF_ v.dle_.

!'igLrre 6, depicting air flov
palterne and the refative slace charg'i
Lli6tribution dllrln8 organized convec-
tiorl over lhe ocean, is a schemalic
attempt to explain Figures 4 and 5.
tn h- c.. e o rr^ ri-!lan6 LlJir''
near Lhe sea, positive charge den-
sity i6 increased in the air colunm
.Do,v6 rnn a:rpl.n- rnen if is Dasst.;
throu8h a rising plune; ihus the !o-
tential Sradient increases at the€e
focations. lvhen the airplanc is fly-
ina above the invorGion it taEses
over pockets (or fines) of losilive
oharge which are at the inversion ovor
the thernaf plumes. The potential
gradient decrease€ lvhen the a:irpfane
i6 over lhese regions, Details corl-
cerning bhe€e neaEurenxents r',ilf be
published separatefy.

r\" " n,lt _::___a .r ) . r'-"
orrzo lal ( l c rrc ,eld meabuirL-

nenl m-.hl be rrerrt -n localln - -
or1 -' .,.1 L' 1 , t l'l .,a: rL-

.\

+

)



TECI]N]CAL SOARING, VOL. II, NO. 4
menired io neaEure thc lrotential Frra-
J -p r -!ir/e n v-n !-Ln orobes. :or-
n..,,,-.-5 a :-iou.- a. ---t; I tl
fancl, there should be liltfe or no
horizonial conponent of the aimo6-

. O1/.6, rr--
lial neacurements indicaLed ihai fr'c-
.tr .J ur" .or '.- n'
1n both cfear anC cioudJ strles appre-
ciable horizonial field5 were lre6enL
!'yplcal values r,/ere f Lo 2 v/n (toals
pcr neter). sometimes as r4ucl as 5
lr'/ \uas observed. TlTese values vere
at a hel8iLt of I lrn lriere typical
vcrtical fiefd inlensilice are 15 to

The airlfane proved to be a lroor
pLatform for electric field neasure-
nents relalive to iherrnafs becaus-o oi
its relalively fast sleed and lai'de
turning radius, :ven ore irrrporLanl
..ds rxe olooren olffi.
coflDon.nt ntf oruc-o r" t, i"6 ,iI .1 :-

o-i'J1nsl-lD neasuaeneni 1n a
qu

field strength aE a funcliox oI dis-
iance from a charged lhermal, Iror
si pliciiJ, 4i.ror iri,a/te c4ar3e whlch
rvifl decrease the horizonlal fie-Ld'o.-J a ,eartir's suriace, ras been neltlectoLl.
J,] . o'.
ing tnerrial cofunn ,,rhich ,vill ir.jl ed-*
lh€ horizonial iield to ilie sides ot
t4e thernaf co'Lurnn ha,: been ornitted.
r.iAule / ill a set of lables hsringpoLeniial gradienl al dlstancos from
O.t to JO i-,rn lrorn a cnarge certer t'or
,:jlace charSe .lensiLies oi irom_0.1 t.o
1000 elernentary charfies per crnJ. ,"or
.,r,1:c.\. - , o..-
dere.i Lo be at trre cenrer of Lhe
spheros on along Lhe ax1$ cf ],ie cJ-
fir,der. The thtee Lo! lables ar'e for
sphericaL clouds ol ch.rrAc r,,,hi-fe the
botton o:re is 1or an infinitelJ tong
cJlinirical colunn of c4arge. The
la "r r.o.-c ap(r'ox,'ld . o ,: o..6
na-lf v/ay up and ,o lhe side of a
cofurno of chaxge, without the charge
concenLralion at the top ol the lhor-
mal thai lvou1d add to the ltorizonlaj
coinponent of Lhe co-lunn itseLf.

Ior.xanple, il, ls seen lhat in
the case of a fOU ineier dlaneler
Ephere of char$e rvilh a dgnsilJ of fO
elementary charues ler cn: t.he eLec-
lr-lc lield ivoufC be 0,2 V,/n at a d1s-
tance oi O.J kn fro the cerrler.
Tirls is aboul lhe.ietection threshofd
ol tlic meaEurin€t syslen indicated by
Lrile Cia:tonal .iashe.1 llnes (to be diE-
cussed). Il is estinated thei fiel.t
inlensities to ihe left of the lir-.

litu{re rvhere sai}pfanes frequentl}.
lLJ. ar. r ' .lac lJ u- rol- r'. o on
I.r 'lc. ro. c acr_on
noLl . o .o.a p:..e :o s nce

ihe verlical eleclric field, re
najor source of noise, is iypicalli
reduceC by a lactor of t\,/o i.o tcrloa i'l Lo .-o. r '. ': c o o--
cause oi l-he correslon.iing increase
in conductivity.

rvouLd be necessary to ueasure the po-
tential fradient longii:udinallJ,
Large verlical separation occurs be-
lrvee! r,insLils v/hen a pfane is banked
'o"Ia-6 , :o :io r . io'r1.-L a) .

ivhich renains essen Lially horizonlaf
in a turn. nven ii the vertical com-
]]one L ivere comlensated for bJ fbln8
al a constanl lanir an61e and inti'o-
ducin: 3blas l'oltage, 1l is lnherent-
lJ more diilicult i:o nailr]:ain a co|i-
sLant banh ancle tllan a con€iant
pi'.ci1 angLe. A-L€o, vnen ffJint a
sailplane, ii is nececsaj.J ro ire-
querLtly vary lhe bank an:t-Le r,hile
scarciriils for lift arLd thernalinG.

A sin8lc cnSine air! Lane .lees
no! tiro,j ldo 60l].l sites ior LocaLinu
ar'.cnnas ai the nose and iaif itich
voLrld liare Jccn required to measu.e
t)Le lonsitud-inal Lrorlzonial conpo-
reni. llLuE a 6ai11)lane rvas acquired

. o.... ..
Jcs:!igati04, ljesldeE fl;in! s LoiJlJ
it offers EuilaoLe nrounLins locaLions
al the ]]osc an.1 tail lor the necos-
sarJ aniennas.

ts Lir:at es of horizorlal elecLrl.c@
'ilu/o siJn!Le cLlarg€r goo{elries

ilate been assuned -- a ljI)icro ani a
cy-linder -- in orLier Lo esIimaLe

can be detecteJ,
esl that thernals
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srnourts oi loiver to drive the rota-
., r. l . o. a _-
craft requires struclural nodifica-
tion of Lne airfra,ne. l'or tiese rca-
sons thcy arc not altractive for use
il] a sailp]ane,

l{odern rniniature solid state
efectrometers ofler fiShl 1i/eight, lorv
'or.^, lo,v oor a r qJrr''. n eJ' -.
capaLl. ol neasuring the picoarnlr cu.r'-- r: , ,.ri .. .l rr 1'pL

l0' o . ./. . 10-
lransistors are Lrsed, rnahes then
suitablc for efectric tield measure-
nentc usin5 raCioactive probcs as an-
tennas. ladroactive probes arl] vrofL
6uitcd for aifcrafi- neasurenenLs be-
cause oI aiequaLe renLifalr:lcn which. n..-s ,pa.F . .. 6 fr-o- Lo !'ii. _
1il_ - r. lrob. r' ic -L 6r.{'-a
coul,l {iistort the neasurenenl, The
el.ectroretcr/r:adioacti,.re nrobe liech-
ni.lue seems clearfy !rclerabfe i:o
field mifls lor lotentlal gradient
measurenents fron a sailplane.

:- r(d n lrool-n i &{:rr a r-
borne polcntial gradient measure-
menls is e-tnrinatirg fleLds create.l
by charde on lre aircraft iron th€
neasunemenl-. Tlis iE dillicufl riLil
a poi6^6d aif -.- b- a.-a I'a e ':.
cnarges lhe airfrarne and consi.lerable
precaulion and eraperierce 1E reqlllred.
;iiih a saa-Lplane tire problen is con-
siderabfy easier but stiLL tire syslel,,r
nust bc alr-Le lo ha11d-Lc ciraritinil ihaL
car occur uhcn i,ie crafl i:trilre6 !ar-
Lrcfes in ihe air or by nove ents in
t;rc cockpai; r:ubbi4F a !leli13Las
caropJ can jive it a ilit\ ciaritc.

::1dure i i€ a rrloctr diaurar]r ot
the najor conponcntE ia ihc 6ail-
!1ane efectric l:Lelti measurirg sJs-tein. An antenna viirh a radloactii.e
piobe is in frcnL oI tile nose; aio-
the.r 1s ne4inn the ruCdcr. -{n inputbulfer a,nphiier rs near each iintjenna.
Theil Elilnalc 5o ro a iifter.enLl:rL
amllifier irL ihe coct!p11. toadout 1€
on a:lusliah recorder on thc cabinf1ooi. Ill1s .iiarlra.i lllurrrates hoiv
char'ije cn i,ire aircraft ill eliirina0ed
frorn the ineasur€nent. 1! ncrc de-
tailed descripLion oI lne insirunerr-
Laiion anci iLs .tel'etop:nent \r/111 be
pubfls,r eLl separatcly. Ttre Jrotentlalcifferencc is nreasured beit'reen ,.r,rc

rad-Loactive ]rroDas cr1 hi:hlJ insu-
lal-e.l antenlas! ;iDce the eftectiva
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FIG. 7. POTENTL\L GRADIENT AS A FUNC.
:TION OF DISTANCE AND SPACE CFIARGE
DENSITY FOR CHARGED SPHERES OF DIF-
FERENT DLA.METER AND A LONG CHARCED
CYLINDER.

Instrunert.ti.n

F'oter,Lia] Eradienii has beer oe.L-
. .r.. '.u rjr..ar .) - - - . L-j

t,,. ( a,.( ))
Lers "./itlL radioaclive probe ai.itennas
(Vonnegul and Moore(1961) ). Iietd
i:Lls suffer from inherent noise ,.o-

.o1. a". po
rotatins conpon€nis. TheJ are re:ta-
tively heavy, and require farfc
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FIG. 8. BLOCK DIAGRAM IT\
FIELD MEASUITINC SYSTEM.

ELECT RIC

constani. Ior tlLcrtral (ietccLio[ onti. .. i 
" 

,

\:r "a- , . - rLtU .,. .-oL -.i . _ L_- c r .. o.
]A

1oarl the saltlat lrout.ce. Chari:e olrine a:Lrcraft is eliminaLed irou Lirenea.uJ.eflelrt Irrot-til t]i1t{jferltial
funcLi.orr oi anothcr oljoratio:1al ar_

'rr 
:, 1:,-,.. -o... o, ^o. .;o.

erounilcd, In a diffc.reniiaL neasure-neni Uile poLetiiial_ oi tt-a .ol noxoo, -. v r E..
. o -i ..:.dpob,l

ferertce bcLveen bo l inluts; i.e., ai
i6;..-i..,,-

!ut yolLaSe i..j J anll Lhe comrnon ro1-

"aijc 
is 11, Lllen AB - CB = lll + BC:

AC. TLc ouLpul of t;re .lifi:erenti.rl
arxlfj fier gocs lo a recorier iha1,
scfv,.s as a meter asr rL.reLl ai a dcvice
ior'lelting lie pifol r.erdenber thc
ileld intensitJ as a funclion oI
hcarlin:ts l'.Lol/n. raain axd zero con-
tro16 are lro'ririeC.

1.'j:jurc t is a side vie'lJ of ihe
Tcrn saifplane u$eli 1n lhis rc.icarch.
'llhe iront to bacir IJolentiaf diftefcrce
is neasured bctlvcejt antenna.r at irhe
nose anLl laif.

FIG. 9. SIDE VIEW OF TERi\] S-A.ILPLANE
SHO1VING LOCATION OF FI],ONT AND ITEAR
ANTENNAS

,{ cfose up of Lhe front antenra. . :.. .: .r^' , r^ r€.i . -tive ele enl 13 mounte.l on an an-
ienna rvhlch is a neLal tubc exLen-6ioi oI tllo !i!oi !ube. '1his ar-
rantsenonl does not effect thc func-
i:io.r of the airspeed ir).llcator and
a-LLol'r's Lhe antenrla to bs !osit.i.oncda a pai a r-.-t -y '1iront of Lhe nose to reducc trobicnsassociated l'rith aircraf l cil:rrge,
The antenna is insulated fron thepitot bJ a tel'Lon sLeeve and is cor-
nected tio Lhe i puL arplilier bJ a
'rr'ire route.l ihrough ihe air ducl.

I 5 -L-- 1l
shcvn. Il is a flexible rod nounted

DlFFtRt 
^r 

Tr A r-

1!r.EJEi:e . h Lhc raiIITEiF.1lf
ohms as irsed to iruinrzc :c lt,, rl
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ai r' I :

t --. (.lia ar ol t'j-c ( .ar- oox)a. : o. a. -, 11 i,tL ,..r L.:Er.{s1 lt \\ 'o'. :r -o or .- ein5trunenl laref. llacL input arx!Ii_fier is iocated as cLose t; its an-
tenna as.ossibfe to mi:linize ilietine co|stani. fire ditlerentiaf am-p)i r r on coJ..
snaLle. t:1an the on. nictured ivhichilad been use{l iL trhe airrLane andconiains a pcr'/e. 6upp1y.

FIG. IO. CLOSE UP OF
SHOITINC RADIOACTIVE

FIC. ]2. FRONT INPIIT AMPLIFIER AND
DII.FERENTLAL AMPLII.IER. UNITS LO-
CATED IN FRONT OF INSTRIIMENTS IN
CABIN.

'li1e ourpui oi tlre iiiflcrerlial
1-t '' r,, -.p .-. o. " p

C -- ! Oa'r'rO!- e O- -
ffoor iTilere rt ca:l 3e rea.l aloitll
rvitlL ihe reEt oi lh.r f ]i;.j,r t instru-
rnen ls (see !ilure .Ll).

napi.1 reslronse lirLo iri desiralrL-.
in Lre sJsLen so Liral field strcn!:llr
'. I -\. - d l I ,d.!L.or -n
inj, FLyir- a Liltnt circie:La vhicn
1t l,a{es 20 seccnds to corr!letc J-C
dcgreos, ih€ headina,j ..,ariatj.on i:r la
degrees !.r' second. "ire l1.rq colt-

b I d, dd ..,

1t vas deci,,lec io i.reasu.e th.r
hcrizontaf pot ential rradienl frors
Irori to rcar since the LonFituiinal

FRONT'AN1'ENNA
ELEMENT.

FIO, II. CLOSE UP OIi REAR ANTENNA

on the bottoi oi ihe ru'Jdcr bv tci-
lorr insulalors and beni ul|rerd 5c as
to be Leref ,r/iti iile lront anLerrn::t
v/hen lhe saiLllane is iL its rrorral

; . -..r'. .rE '. o: -
tne 

_elfec 
ir of the vcrtical clectric

field iI] llLe measure e!l!! The rear
axlonna is co4necteo to ils ilput arx-
.--ho- o t L:r . rn.I L o 1

rtl,lder caolc hole in tie fuEefage.
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TECIiNICAL SAARING, VOL. T1, NO. 4

FIG. T3. PILOT'S EYE VIEW OF INSTRU-
Mnfri nrconoeR MoUNTED oN THE
FLOOR DISPLAYS ELECTRIC FIELD DATA.
ELECTRIC FIELD SENS]TIVITY AND ZERO.
ING CONTROLS SHOWN.

axi6 renxains refatively horizontaf
during turn6; if the neasurements
,irexe nade between ingtips, a farge
signal {oufd be introduced in a bank.
l]JingLLp prooes on a I 'reLFr windJpan
6ailplane in a J0 degree bank would
sense a potentlal difference of 15O
vofts in a vertical field of 2A V/n.
This is ten tlmes the horizontal !o-tenliaL difference available if the
horizontaf potentiaL gradieni i6 I
V/tu, i.e., the noise wou-Ld be !en
tine6 lhe signal. The l-iniring fac-
tor ln determining rhe sensitivity of
the syEten is l11e vertical comlonent
of the eLectric fiefd. i,Virh froni ro
bac\ p.ooe , rl rs rflpo-tar-L 'o mtrt-
frLz- ta^,aL.onE 1n .l c p.Lcn a_rjs,
If the clistance bet{een front and
reax probes is 7 neters, a pltch
varialion of ,L degree cau6e6 a t2.5
cn verlical separation lret{een theprobes. In a vertical field of 201,1/n, Liris is 2., vo1tE. A horizontal
liefd of -L V,/m woufci procluce a signa-L
of 'l volts between the probes. Inpractice, smal-L varaations ln pitch
vl.Lt be occuring, but they can be
soneri/hat averageci out -- especialfy,rlth the gra])hic r'ecorder -- 6lr that
a mean value ca1] be estimated. This
wil-L be a furction of angle of attacE,
i.e., air speed. The nean needfe

poEition can ire Bhified to rhe center
of the recorder sca-Le ri/lth the zero
control. ilhen the saif])lane can be
ffown snoothly wlth L:Ltile varlatiot]
in pilch angle, at i6 estlnated thai
a field a6 snalL as O,2 V/m can be
detected. The diagonaL dashed lines
in ligure '/ r,/ere uhLrs pfaced ai rhis
sensltivlty lin1t. The ulrlmate
sensativity of the system as a few
nv,/fl obrja-aaoLe on lr : a sLaL1.
sitLal or. Pi-Lo. ind -k'I.I in fl.ir-
taining constant pitch angles v,rilt be
an important lactor in maximizing the
sensitivity ol the instrurert, In
rough air near thernals taxger pitch
variationE wifl occur, but stronger
field strengths nrill produce a com-
pensatinA effect.
Oirerationaf procecLure

Huw is thi6 instrunentation
used? Before takeoff the zero is ad-
justed 60 the needle is ln the center
of the neter and sensitivity is fow.
The systerr is set up so that a de-
lfection of the needfe to the right
indicate6 posilive charge is alead
of the glider and deffection to the
left means positive charge is to the
rear. 0n toll' lhe needle shoufd nrove
Lo Ln- rit'h t a6 the gliderrs nose i.
up and the verticaf field is sensed.
If the needle does not roove the s€n-
sitivily should be increased; if it
goe6 oll scale, sensitivity shoufd be
reduced or the needle can be brought
back on 6cale rrith the zero control.
Rocking the nose up and doi/n shoufd
cause corresponding needfe novenents
to the right and 1e{t. This is a
test that the systen is operating
properly. The sensitivity is adju€-
ted ao typical piich variations of a
few degrees correspond to abou! ' 15%
of fulI scafe deflection. The devlce
naJr not work on tow becauEe of chaxge
on a non-conducting tot^I rope. This
can be recognized by the needle de-
ffecting to fuff scafe on either side
and the zero controf belng unable to
bring it back on scale. After re-
lea6e fron the tow pfane, the appara-
tus shoufd worL normally. The needle
vrilf cone back on scafe and be ad-
iustable v/ith the controls. Read-
justnent of the zero center posilion
i: ne.eJ.ja-J v nenaver r-Lr-peF I l]j
changed because ol the pitch angle
var-aL'loo. TL 6 :inDor dn Lo rnair-
LaIr aS Onstant an a-rspeocl as DOs-
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" 
ii'?ii:ill 1..

F; r cn-- vEiia' ' b- s lh' ^rL rcar 1o1s'
source. f:initing the Sain at uhlch
the in;trun€nl rxaY be set. llhen
reqlo,rs oI soace 'harge aro aoD"oa-
ched, the gain will have to be
g.eally reduced'

o locaie Ij.l, rne 6a: Lp a " is
llo,,n in 3 crrclp, ar o Cen"ra llY
ncr-. u,11 be -nouA: hoc zonLal t!elo

present so that the needfe viiU have
a rlaxlmun right deflection on one side
ol the circle ar1d a naxirnum left de-
"lecLior or cne orhcr sio-. -LJing
in continuous circfes vrith the chart
paocr .1ovir e -n tne rccoroerr 3 .:n'
vrave wifl be produced on the chart.
The heading at na{irnun right needfe
dealccLior w:11 oe touard po6 L:ve
charge; for maxirnum -left del.Lection
thc reciprocal heacting can be tlolvn
ioryard the positive charge. Zero and
sensitivity controls are adjusted so
L oaxi 1Lr and nLnrm.fl o- Lhe -i
lvave occllr near the edges of the
chart. The zero posltion can be set
by centering the sine vJave on the
char L. Another zeroing procedure
r1.. .an,e dscl / er 10! l'f,rno -n a
circfe is to roci! the lonAltudinaf
a"is ol (re p rne . 'r'o-G tr P lo_izo1.
The needle should le near center
scale when the pfane i€ horizonta-L
and nove oach ard lorth throuSh this
losilion a€ the sailpLaner6 no€e
pas,6. Jp .nl lon. Lrou ', t\- ior:-

Gain can be increased if the
gllder gains heighl Eince the verti-
caf fiefd d-.creases \,{1th aftitude a]rd
ihis noise source .rJifl be fess. In
practice iL is frequcntly nccessary
to readjust gain depending on flefd
slrenghts over a range of as nuch a6
loo to l. 1'he needle centering zero
conlrof may also have to be readjus-
ted if gain is increased because sone
ol rr-! ver. rc?I .. ct i I-elo ,L-
probably being sensed and nu1led out
.y l\c z^ror'f voli afte. .i.nlLril;:r.ecn.f -e.lLifP. - o _a'e t.-\. oL-
as .Locating one fron a distance. -I!

TC.HN,cAL SOARINC, VOL. " I, NO-
Tire recorder clispfay helps shov

Lho direction to ffy lor lift, In
additlon il provides a rerlinder ol
the relative fierd strength. i'fylng
tolvard charged re8lons fiefd strerlglh
Ehoul-d increa€e. llolvever, ihe Gliua-
tion nay be confuEed by co lng near
pocrd s o .;93cr ..Jrc- o't: e opoo-
..f,u. _i61. A_ p^-/jou6t, d--..rilac1,
tho roeter novenxents lrequenl ly cLo not
pieseni a collereni piciure.

r./hif e the o!erationaf lrocedure
"aJ sor d cor lu :r; aL f.r.L, i'
practice one raDidly fearns to use
the equilr[ent. The challenge 1ie6''I n - _a.: L tr- .on i'r.al .aria-
tions of field strengLh and direction
wil,h othex factors such a6 the foca-
tions an.l configurations of clouds
and inountains, vrlnd f lo1'r', tyle of
lerrai', raz-, luroufelc. r o v1r'o-
neter readings. It is believed most
soaring pilots will lind the chal-
lenge enjoyable and rervarding.

Tnitlat results
Durina the €umr.er of 1972

fhghts ,,{ere collducted from the'
Itrorth Adams, l.{a66achu6ett s, airporl
to test the electric fiefd detectin6
system. In general, it wa6 neceEsary
lo fly in ridge fift or in thermafs
cfose to the mountains which surround

nountains and create horizontal com-
ponenLs. 11-s- jn ellec" are noLse
and rnade it difflcult to 6eparate
horlzonta r i".o6 clu- lo h-r.0a l,'
from those caused by the terrain.

favorabfe soaring locations, the
above illustrated a lirnitation that
electric fiefd thermaf detectio!
will have to live vrith. In addition,
standing waves rnay carry 6pace charge

the airport. I-L tras appaqqnt that
hile thd syst em oDeFetE

FtIFte-s-86fr-th e
v€Tiical fair-r'realher electric field
lines df force would bcnc torvard

rom the

anA-iidges ai6-par ti cu lar 1y

the 1)re.cise center sti11



TECHNICAL SOARING. VOL. ]1, NO. 4
Pushin8 through lhe slron€; dovrndrafi
while ho-Lding course, a therrxa-L was
eventually reached. This downdraft
wlth no nogative charge rnay have been
ir adr--nent l,1itn l':6ur- 2 ou., 6in_€
there rras no cloud or haze, a 6creen-
ing layer did not forn. Lar8e l-Luc-
iuations of the needle were frequenb-
ly oboerved rvhen fifb v/a6 nearbyt

On this day, tike others, any-
lirne a circle vras flown, a 6ine wave
va6 ilenerabed on the char!. Thug
information su6ge6blnB preferential
headinas to -Locate tift re8ions vas

FIG. 14. DISTORTION OF THE VERTICAL
ELECTRIC FIELD LINES DUE TO UNEVEN
TERRAIN.

alolt and confuE' 'hc PLcLu"e in
nountainous terrain rvhile possibly
offering a new way to locate vaves.

0n october 1r, 1972, a strong
l,ri flow orough! Fxcellenr soarire
conditions lribh cloucirJtreets to the

at about 2 kn and appeared capab-Le of
locating therma-Is from distances of
I to 2 krn. The c-Louds alpeared to be
about ?00 to !00 meter€ in diamel:er
and -ioo to 20O neters high.

0-t larlicular intere$t werc re-
versals in the sign oi the potenliaL
Bradicnt and etrong dorvndrafts en-
cornLe_n L 1r r. ffJing o,/aro a reS'on
ol positive charge. lhcse are inter-
pretco as pocslolJ due L, ne:rtive
charge pochets associated l'rith down-
dralbs ai bhe periphery of bhernafs
as suS8ested in Fi8ure 2. By contln-
uing on course, regions ol Bood lift
vrere generafly encountefed. In one
case, 3*aJ fron .lou.is v/n1IF Ilyins
tolvard posilive chalge, very slrong
descending air was f-Lown into ixith no
Irar'nln8 on the electric fieLd neter.

a6f, a cloud street, posltive chaige
area6 could be associated with the

field m
enf

It is emlhasized that so far
very litt1e experience has been ac-
quired with this technique. ilo1l/ever,
lrr Bood soarinA weather, there have
been encourag'ing indications that
thernals can be focated and ceniered
u6ing the system. Sufficiont elec-
tricaL slgnafs cortaj-nly are aval1-
able. The problem is to ,nahe sense
out of then because they can be qujle
varlable. The plcture is not as
clear as the ideafized nodet sugges-
ted ln the faguroE of this article.
Undoubtedly the structure of ther-
mals and 6pace cnarge disLributions
can be complex. Potential grad.ient
neasufing instruments uill Sense a
field that is the resultant of com-
ponents contrlblrted by a1l Eources
of cha!'8e. With 6everaf char8ed re-
Sions close to the polnt of rneasure-
rnent, the electrical picture is anbi-

location of clouds. once lift was
encountered and the sailpl-ane started
spiraling, a maxunun positlve needle
delLection was usually observed at
one side of the circle during each
tu_., IL appeared Lhat corr-cLlng
i:he ci.rcle 1n the direction indlcated
resuLted in better litt.

al,i/ays available. A1

efore fi

i{orth Adams aroa.
when it was possible io get

It seemed particularfy ef-
ectj-ve rvhen flying near cloud-oase
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Puou . fhis is {hY :I is 6. ilI :n-
;os-:bIe ro locale preciselJ Lne
nunxerous charge centers in a thunder-
c1oud. 'y'fhen two or nore charge cen-
ters are close to each othert and
each has about the sane charge, it
wifl be neceE6ary for the saifplane
to be closer to one of then in order
to define its direction. This i6 be-
cause e eclric tie-Lo inI'ensilJ is in-
versefy proportionaf to the square
oI L\e ciis-ance fron the mcasdrir g
location to the center of charge. If
charged regions contain unequal
charge, field intensity is directly
proportional to the quantity of
charge so the measllrenent will be in-
fluenced nroxe by the larger charged
region of equidlstant sources. These
cois,LoeraL-o.s rend Lo il tustrat -
lhaL e.Lectrac t-Le-Lcl measureraenLs trom

Futurie plans and possiblllties

Ihe research deEcribed above
vri-L.L be continued to exlfore the
lractical posEibl-Iities ol e-Lectrlc
fie-Ld therrnal detection. It would
b- llnport.n L Lo .rJ L1- sJsLer . r
various part6 of tbe country where
different space charge concentra-
tions and convective patt,erns exist.
The systen nxight be particu-Larly use-
ful over lfal country at1d where ther-
mal€ are -Large and widely Geparated
such as in desert regions. Also,
high space charge concentralions,
Euch aS apparently el<ist over soioe
mountains in the Eouthl'rest Unilecl
Staies, shoufd produce re Lative-Ly
large horizontal eleclric fields
!,hen convection i€ present and nay
naKe pos6lb1e thernxal cletection a!
greater distar:1ce6 than e lsewhere.

It is pfanne.l to experlmen! with
other !echniques that nay lnprove
soaring elficiency. one vl1L be ro
measure conductivity wiLh a cerdien
caorc lor:. -ne .o'ro-c i\ -J ol air
near lhe ground is irlcreased by
raclioactive gaseB and racLloactive
e analionc _-o.4 Lne earLn, L is a:r
carried afoft in a therma-L can be
much more conduclive (two to te!
iimes) lhan the surroundin8 air.
Ghder flrghte by Rossnann (Israef,
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-19'lf) have been conducled in \rhich
a tC. TCa6Urempnts rJ, IC flaoe.

Another aplrroach wil,l be to mea-
sure vet-bu1b temperature gradienls
between the r'rlngtips as \'r'e1-L as !os-Eibly fron nose to tai1. t'ler-buib
neasurenxentE indicate humidity, and
thernals are sisnificantly moiEter
than their surroundln€ls, Both com-
ponents can be dispLayed sinultaneors-
1y on a dual-channe.L graphlc recorder
ox with cross-])ointers on a single
neter. The instrurnentat:Lon is belnrl
oe-; nad : ,' ra i J .io ,aL e . cr0pe..\-
.ira oi ffa-pr ce o o.,Loc .vil_ ;lv^
fuff-6ca1e deflection on the neter at
''ax ' l,r _en6;ILvit). l.tacCrFad,
(. r .) ueg-s. ecr ' i- rFcl,t qu. ro
lrovide infomation that would indi-.ale \Ll ic. oir'clion ro l"r1 ro pos -tlon the sailpfane in the region of
naxinurn lift once a therm.if is loca-
led, It niff be interesling to coix-
pare the ,,!et-bu1b, conductivlty and
alectric field rxeasuring techniques.
',Yhile the first tx/o cannot be used
for remoLe therroaf detection, al1
jr raa snoLld b- Jse"Jl in ol rarni g
informatlon on the thermal structure.
Centering thernals nay afso be en-
hanced through neasurements of bhe
vertical electric field as suggesled
by ligure 6.

In the futurer varlometer read-
ings wi-l1 be graphica]ly recorded.
With sitlultaneous records of the
el-cLr'c I:eld, conduc. LVLcJ, 010+6-
ture and 1ift, lt nxay be po66ib-Le to
gain a betler understanding of the
Etructure and growlh patteins of
thefi0a]s. A tape recorder vould be
usefuf for verbally recordin8 addi-
tional data 6uch as air-speed,
proximity to clouds, the location of
smolre and haze, temperature and ter-
ra 1. A f rmr co amoJn of thi6 rn-
r'o/nalion can b- wr:r.e1 01 lre

An attenpt roqy be nade to
nxeasure the fateral (left-to-right)
horizontal efectric field conponent
in addition to the front-to-back con-
ponent. Eflnxinating the vertlcaf
cornpone[t vloufd be the bi8 prob]en in
this neasurement. It night be done
by efeciricalfy biaEing the 61gna1
vith a volta8e proportional to the
6ine of the bank anSle sensed by a
Syro horizon, The vertical fiefd

Uffi
Lron suesesL1nP lhe d recLron or

axae cen! ers ou! no
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naAnitude vould also have to bo
knov/n and coufd be neasured xrith ver-
ticaf probes when the v,,ings vere
leveI. Continuous recording of the
vertlcal conponent shoufd be vafuable'n conter''r9 I 't' as 6L ges!ed 1
Iigure 6.

A s flpler approach 'o n.asurin-
lhe left-lo-right horizontal componslt
would be to position the radioactive
elemenis at Lhe ends o-t -ne horizon-
tal nenrber of a tee shaped antenna.
The verticaf nerrber of the antenna
would be the mast. It \rould be molrn-
ted on a longitudinal pin in lhe top
of lire canopy so it could be pivoted
left or right. The bottom of the
antenna.nast vroufd come do1|in in the
cockpit in front of the pilot. lvhen
circlinq, the pifot could move the
ma6t by hand to keep it lerlendicularto the horazon; thuE the lop ol the
tee ll/ith the radioactive elements
coL ld ba kapt par. . -F] lo .. - no.izo'r
at any bank angle and the vertlcal
conponent ellninated. ;{aving both
honzontal field conponentE, the re-
.r1,ar i Lol 11 norLzonLrl Fle.Lr'ic
field roufd be known at all tinres,
and ir xoulo roL oe neco6 arl'o c'r-
cfe in order to find the direction of
the positive charge. figure 15 iffus-
trates how both electric field corn-
ponenls could be displayed on a
meter r,/ith cross pointers -- an ILS'rd:crlor r:Lr -1io opc cou,l be
used. In Flgure 15, F/B indicateE
the front to back component and the
J,,/R is for the left to right con-
Fonent. . The system would be arranged
so that the direction fron the centerqf the neler to the point lrhere the
rleedfes cross r'/ould be the direction
iovard the po€ilive charEe Irom the
aircraft. ,l,rhil-e it rvoul.n be nice to
have both horizontal conponents, this
is not nececsary for Lhernal detec-
tion since lhe circling technique
utilizine the front to bach conponenl
alo.e .e.T . In tacr, jr
is generally nbt necessary to lly
compfete circles; the nose can be
s,,vung back and forth horlzontally
throu8h a heading correslonding to
rxaximun right deflection of the
neodle in order lo define the direc-
tion to ily for lift.

B -:dcs dtre. t L irorovi'rf
soaring efficiency, efectric fiefd

FIG. 15. CROSS POINTER D]SPLAY OF TWO
cotrapollrNrs oF THE HORIZONTAL ELEC
TRTC FIELD.

neasurenents fron sailpfanes nay
benefit soaring indirectfy by pro-
viding a nelll tool for learning r4ore
about convection. Maccready (1971)
has suggested that instrunentation
techniqueE should provide a consider-
ably nore efficient path tovard in-
proved soaring perfonnancc than fur-
ther develoinents in sailplanes then-
sefves. Prelininary results in the
present prograr indicate that elec-
i:rlc fleld thermal detection is pos-
EibIe, The potential oi this tech-
nique seens conslderabfe.
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