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ABS TRACT

The mechanism of gas movement in the electric wind is
considered and an approximate theory presented which relates
relevant electrical and mechanical quantities. Amona others,
the following relationships are shown to hold: Velocity is
a lineer function of voltage and is proportional to the square
root of current; if the density of the gas is not too low the
efficiency of electrokinetic conversion is proportional to the
density and the velocity is independent of the density; near
snarkover efficiency is independent of voltage; velocity in-
creases slowly as blowers are stacked in series; the rate of
ozone generation in the corona discharge in air is an increasing
f'inction of electric-wtind velocity. The forms of the equations
relating these variables are fcand to hold in a variety of
cases even though assumed boundary conditions are not observed
experimentally. The practical utility of an electrostatic
blower is limited by an efficiency of operation in the neighborhood
or one percent. A survey of the literature and an extensive
bibliography are included.
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IINTRO0DUC TI 0A

'The, Phenomenon variously known as the electric wind, corona
viad and electric aur refers to thca moveineiat of' gas -induced by
the repulsion of ions ýfrom the nei~lghborhood of a, high-voltage
dioharge electrode. The, effect is iost. noramonly observed with
atmospiherle air, but other gases and. i-asti1ting liquids mnay
alc, be employeI Paz the ioa source and cevrr:Ler medium.~

In the fotlowlng, atudy ire shall be concerned chiefly' with
air and, ahall u;Camina the practica~bi-ity of' us~ing the ejectLA-ic
wiud~ an rtn air-anovin- mclhaniwla. An2 eleetrostatic* blov~er
operat-Ing onx this principle d.irectaly converts electrical energy
Inito tbe kinetic eanIrgy of' a movIng ga streami. Thus., lacking

irolf'2g ara it caa have advantages over' conventional f'ans in
arien o,2C applicationa where hidh-voltage lo'ur.current pover io
avs.Uable, uimpJIa ctad onctructlQu Is required and n~oise,
,gyrouscpla efifects9 n-d otLaer consequcer, off rota~tioma motiona
cafnnot be, tolrtell. On the other hazd, for giaGai Itu not
necessarily for Xi~dthe e-lectiostatLc b~loi-er Is seriously
handicapped by vn cf:icienny of electrok~inatic conversion2 of
about m~e parcojit a,, compared to 60 or 70 pearcent coornoiy1
f~oviat izt cionventional3 fcuis.

The older textbooko on electrieity a~nd manaretLism almost~
Invariably coatainQ&. a dtiscussi1on of the _oJ16ctrie m~ind. Today.,
thin phcnomuneon, wii~chI trac deemed worthy of Attention 13y Nfeu*tnn,
Faraiday, Maxwell, and a host of ol'thers, fts generally Ignored.
The current 11ýerat -u on Ghe oiibject is ecanty and an up-to-
"&a-fte bibliography L)y'parently does not excist. The only compre-
e~nuive Curveys o~T theo liter~ature seem -to be that Of Tomlinson

(9ý9), in gi c-vc ,rinE; the pperiod 176o-.186t , and tl"t of
JT.ewaaan, in German, ý'oy tile parlod 1-f60-1898 (61.: 6P) It, --r
cf prac'tical lmiporta~ia'ae and. hintorica. :Interest to extend these-
Catoo -Ii both dlreclcons. The appendeca rev:Lew and bibliojgraplay
w-iJ.1, therefore, be JI-onael than is~ customary in a vueport of
thin type,

;ri~u n~r~~y~Iw rqwtuaeoeto.~tc ~take to
ir~iud 2urc~, *I~h-ýVoltage proervsc-'C, Ana ajectrosatule

Voir iay draiý ua Lr-:drj of o~~Derr t, ci~rren. =~zd 18,V
ilie.:1foivc not strie"tlV a cvclliv device.
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Iý'ectrica1_ffundamental1s. If an electric field is impressed
upon~ a Ionized g~ad the ions w111 tcr.verse the fleJld and, by
repo.,ted cofllai~a iiith the uncharg:ý mnolecules pres~ent., induce
anu tjv:!,-Il ý11 ttiozn In th c-urrauncdia! O1.W of gas. The co-ons

th~ve ý,ozdjtiava~ :,-r a notiv~ea.ble el~ect .01.e-w-'jd effect. it

iz; ~ i nae~ar Mic i' the sa di. -rin~ed Inee.,hev

a t~no Ž e ~r, Ulnei? lt.11Ce O~pU1iMent4aJ. cOXnit.Lofl to~ be

is v:tc

ai~aw~avezt of tam2 tiin; -%Ad Q 1le1atug Ielot~toden permneable to

thie e). Otroes coxv1ain ar electric, chvrgc of densIty /Ocoul~/m 3 *
andt Ir actocd ulpoA 4- an clectriv, flK.-d of' i-.rtoiuity VE ueton/eou1

exexltt- on g% un. )Iula ofiu cV hre Gas. Por--e per unit v2tirne
I v ith~ ýi 1 3 a por von.i a rec,. 1) a u n Ld1 ~tan ce p erP e n di c I IIar t o
tL~e nn 1A quou-tiori 1-n6 ýney bo represetto'( ac, PresstLlre Gra~dient,

ecw;-3ý ar Wlated by Poiscý' c.quEatl~of

vh~c Cj Ict'he abs-.u*itt dioleetzlic ri1rnterl of the oa I ni ra /12

;Z (3)

11e1avcBo violt~vww- *v (v) IV eco' u3I to '6:1e a±.fi'rence ia potential.
o,'or-: tile '-vo CIO.t-Cdese Tlic potcntia.o- I (r) 2anywim:i, la t~ae

ll~ei m-~s 'b)

TLIC ~r-ýnagl 0? 421-rrent vetiroori the al.0ctrodoo Is the rooul&t

to -,h ra:n body oi"*a anxd (2) trumpori. o? ý-Iharge lb, rother

i*A ba~r c-te L 1.ýt?~a a veý:t--r. A Yie'llbon Is
~p~r~iDtQJ.! . *1 1,4 iorev.
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catisfied outside tile active regioal of corona glowi, the first
cornpcnent of velocity ia U, whera b is the ionic mobili4ty in
(To/,sec)/(v/n) . 1-L :V±j the gas velocity (za/ocea) relative~ to.
the el.ectr~ode ayetems I.e. the v~.ocity of the electric wind,,
the totclL tOUtC Ve~ncity irt, Is

IiaQ current density 3(amp/rn2) In the re~ion betwoEna the ej~ectroades

Eimirnazting P between PXqlltioas (2) and (6) 1'@ have

FromL rquatione (3) and (4i) wo can cxpý-so the-generated
pressurc as a flinction of the appl1ied vo-Itageo Equt1tions ('C)
aund (4) jr±vo ~e cat-rout In terms of the voJltagoo Ile r..qulre
ouly a relstjondiipq !I.nking preusaare an ve.locit~y and tý*we
rer.-"ot-ce or~ the olectrontatic, blower iri.J. be com~pletely dc3ncribedo

It In lnteest!Y45 to note that If V44B, wo have 31 r bpfs i.Q.
force per unit vo3.jzao pRIs proportioual to current density.

Blectrokinotic czonsiderat~ionj, Air v:1.move throaieh a
bloier at t~he veloeJ ty at ithick the aerodyn~am.c back preonare is
equal1 to the forwarC electrical. pressure. The total baa,1, precoure
las tho jLum of the In~dividual preouurc dropt. acroso each of the
clenaentL~ of the blai.er eyv;tomo The. ±follcu=Sn prestiure lonsee
are ehlcrutec7ed (77, 36);

lo Entry .tosi as KI&V 2 /. p~Is the gaa denuity PRC/m3 ).
XI vale from WoO. 'l or it properly curved Outrnince tc !ý 0.9
for a plain open enda (re-v4triant) pipe.

2. Lose alon:- atraight auct a fLpq~v2 /'2D% L toe th pipe
iong~th cud 0 Use dl..zater* The Reyno2.ds nuinbez' Re Js eauali to

Irf/j. 6aur I lo Vte vitcoulty of the go. (dokcapaise). r'or
PC7COC I.e. turbulent r1ov, the condition eclJsting la the
experla2entsl blovoar.', the fro1.lutio factor V 1*or smooth -ýipe i~

3. Lonioes at axitnrsacno and cantract.-rs a K.:e&vP2/2 The loua
apperlicieut K2 to a fT~acUIo4 oZ j~eomatry.

4. Luse6 SZ chr1dte Iin dro~tion a --. 012 -V/ 'G a ftunctlon
of Ceoo~ctry. ) e i3

~.DIncbnree o 'ss vCp~v/P. K, a .0 for re-ontraw. pipe.
co1e~~a.~~c(.3)~ .L a . ~a..lbU G
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s~creen vi~lre and a Vtb 'sirueoeparattwn, the pororatty Is given
by 4~t (ý/~ At cajrm&.'? Incidence aud 4e.G,*6 KG Is caventialiy
Inadpenltent of v oxcueýt at very l0V velocitdcs. Empirically
Kc6 0 0.14 (132 -0.57). The fore4ýotng relationas vary soma'vbat i-rttb
type of turbu1eacc.

Exc~ept for' the atraiubht duct and screan looses, ac no4b
the above pressure ilropsas proportional to -the sq~uare of the
velocityVý. It tze, sc~reen I-Lasalutabdidy cboaea., tiie ecflan aO@ro
lit-- bu so oprcportio.LnU0d alse. For a tic t gth oft vflfch
S s not u;tucha larsear than Its Uamoetr thae *-ýraight duct loss is
regligil-le. In a leager blover W~e loss cr-r4fbloient may, to a
i'irut airoci)tQu~~ conscidered coronant. (Over the range
Cof Velocity of 0.3 to -S mi/soc t varies Lroot k.t.x ý2 to

tJ4 Lr16'2 Lotý a T-cn diatietgr bioner duet in room airs) We
miay thun, write

t2a I 3 + !42+ rlo/I' we K3 + K(4 + 4(s/)-ra?2 3

touaiena(±) tuI (6) yievt anotbor user-ul rolatiotiship

; CP .( -p7)/b. (9)

Tho Quanrtity 07 in the extwat to rhich the current dcnoity is
Sncrcaoecl. by t1ic11-- Carrier fluid mov5.zie unctu: the Influence
cf iiigrvttinj3 ionB. In ilqultdo &V macy be comparable to 53 ±In
jUQ's8 it i3,0 for oLUr upc nesta.gihle. Ile have, thot,

Vp V /b. (10)

Ile shall ciafiuo our attention to plane parallel, con.
c:efltytc veph,,-rieal and coaxilal cylindlrIcal Q1O' ct;Cde oona-isnvat~ions.
I pia~no vcictioe ovpmortina a corune dibeharge Is,, of cource,,
rot roa".izable In Practice. A plane Tpeiallel. system 101,
t envrthivleon, an ra4dequato approxcimation to certain practical
t-cometrleo. Conentlric sPherical electrodes, In their CimpLeat
&xpy-riarnutai fvzin OQB'4t10(! a point dischariyi2 and a ocagntent of a
rpboQClCtl 8'arfacc, -rb-, latter acorvtn&G as the colloetinn. electrode.
Coaxial cyl~tndorm ara convenlently rep~re&saitcd by a djscliarelag
wir§ ant. a sesacat oC a coaxial eyadre tiarfaco.

It la 'sacmnozd 4 Ltbti electrical atid 4orodynamlo boundary
-JUlt-nCrs are Ideat¶-a1. Hen~ce tka tiirec3:Lons of tho vectors
1,5ant. -v arc trh?. o ba the oaute at cny 81vau point in the

9nter-e.~ect~rod2v refo:1 Tn order to confo-nn to this restriction,
cnl~r Wth plane para: -. VIc blotver can no ')ual; in a duct of uniform

c~os setio. Te het**cal electrcdoa zliat be housed in aS
4gUAicaM Oc acS"U WO .fj1Inarlcal electrode:;* In a wedge-shaped
dtnct. fl Will W & .oaavever, that 24-r'Red clapartinrec from
Ibese Cctt a~n'-d aot invalidate tho fiaactiowaJ. torm'" o? thle
rolatiorshi2Saoetvrj1 1i tits varta)Aers.
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In each ofthe three coordinate systems mentioned the pressure
gradient is given 13y

--pI = -. /r(11)

wh-nre t- is the distance rorom. the 4iachairoý electrode. Thue-
for g~ases, the pressure diftereatiaI maXuttioing the eleeitric

where rand r,. are. respoctZveiy, the co(.ac-4nateG3 of the%
dinebarZ~e and ccollectflat wlect'ocdue.

Assuming cvnuantes- zuob;-111t31, JXquationo(8 and (12) eomtlne
to i4i

r d

whre3 J(r, 3rV. :4). In au expaudinaZ i'lue- tUG loQsc qouTCluientt
It ~i at ncreu:;-ins fLu~ctieg of~ rca Tha qatentity vL designates the

Velocilty Of the iga as lb penncsc throufzh U.0 colleL~tiorcjvohtrode.
fthv curiocnt denihity iS d~Qpeadout on the gic-zuutry of' the cayatom
anmd Is, in aadd'tion, poyrtoa to t,2e cvrrent. Cuatsoqtientiy,

1hY TGl nu~.EiJfG function o. the. ýýeonc-try (rdct-'/? ) and
iIC .s t 9'rrent. (air,). The 1;cxs velocxixv, Jr, thus proportional

to Vla'Ž oquaro root oi cfle current.

31L-co ll jcvnos, tbe Uetw1cn zictyi vvrv inchiC;

f rŽ ti h outo Qt A C trn rr o zceec t pr oseawctd
a~ t. P~aetlon Or h"'rctg.Ayacu::•naporaetr
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whtere (mU-) in a fauntion of the G003Ct%'.j9 £ it the dielectric
constant of the sat (tirad/m)1 end V10 In tile apparent corona-
ctartiilc voltaSo. Lrqaatioa (16) fin" experimental eoafrmration
over a much wider range of' GeoWetricz 'than ffor which analytical
volutl'.jnse of Equations (15) are available, an. anay be asoumed

f0L20r0134 true for cpace-charge flmite4L diecakrges of the kind
Considqied (6?().

179bpeitui~lEq'ation (16) In riustion (14&) Mad setting
R; 193 Cm- there -7esulte

* 3C/eK)1/[V(V..Va)1 ILA. (17)

171; ar-e zqstinly 1fltOCCL~tGe in the rec.-bon Vtl.Spnigfue
bra.-wetVd tort,' we vbUV-in

"a s(/j)/ (v-%/12 +..)(B

cx a:cppevt~itate lI±uecr reiationship between velocity and voltalle.

'ukisettc ekrt~jzy ct a miass of aiz, M (1a) umterei~aa from a
1'Ao0"er tv.' a tif nl-~;uvval t (ac) is iVr/P. The kinetic power

(Qtu ~ (W) IS then Givea by

"hreA (a )Is the crongaaeotional area of the duct at rur.
i~loxt~tve-,we "FL3 * Vrrhje, 113in; F.uatioaa1 fly'v) and (19)0

Tiu? £rici/a 1C.1)uau orP oletruditi c0vr~n

isE definetd atc

viiec P.. %V1i-, Vic tI&--u~rical piv-:ýb iv-tvt (0). set*ting

3~ (P/#
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94 (hb) ( E/%OJ) /[v-vs)/v]/.(3

Th~e electrical power input may be dlvjdinto two parts,
VfJi, tbe poSuer necess;ary f'or Jion generatn in the, corona dis-
charge, and (V-Vs)i, the POw~er consumed i'n axtingainc
ctVtrrenlt. acroscs the el-*ýectrode gal) (90). In order that the
Cecu3clated efoficilency! may boe comnpared.4 wiith' ki-tz't of a blower

pr~icd it, an ba source gother than- a corozna 4ischarge., it
lii COUNaauent to take, 11--c ntt (-~±a the power inp~ut,

It cter to scrJ evve mIit. u~, %~ ee~r to
o]3rot~a lcn~ dccto ýlparktover. 'CAO ett-`lcency norwafl.y

~%jquantitiusa ljf, andp are kncwvn. The lo03 coefficient
IC nay be twitixatn-d (fl,O-6) onal the ~ecvmetŽ, IIs selectud1, but
for 93rE~ai~el't accuirac;- Is best datermined ezporiiueutally. Thae

I may be 1uae subject t.o ccrttila sispJI tySn cd
porbapstavl'ntn' tannuaptions. They cliould, in all catses,
beý chnc!kcd oxpuriraeaý'mlly.

(11c.,vilt-Lo flaýG.Te g's are :?ottid( as follows. Lot the
s-ib~cip~n y, a draesianate plane paraliel, cylindrioal and
8?lkeitaielec:odo steme roepoctive'.y. We have then

o~ mi/A(26)

=i/r 0 0 (27)

=i/r 0
2 sJ1. (28)

0~r I is tie J;tane c..agie subtended by -zhc segment of t'hea- eye
Li adviudl zurfaýýc tnr-:Aag the cyltndt1,,al collecting electrode, .
1;3 the t'xýttth of le~ -~dr scs u4ie- solid anctle sob-

tŽ~~j-O th e~9U~ ot thle spherical suf Ce coprisinjU tuel
a-31hrr1 ea! co11ectini; eý,ectrode. lntroducinc; these *expressions
i*to ?ýqu%ti-jn (I3)0 iritegratiag,, and ooumparin; with1 Squatlon

(00 th3 vs se t'a~t

¶ (~r 0 A) 112 (29)

r Pr (30)
. P-t 0  010

L1 (/;(.~zo
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The calculation of g2~ Is more complicat-ed. only the final
results jil' be jIe her(2)

p. 2A/v (32 O)

A partic~ularly stpl olution- to Equation (15) is obtainaed oy
asoumi-aG that the e2-ectric-field- intensity close to the discharge
electrode Is efffsctivcrey ze-ro (90). IaThi case

which is of the sam~z *.7der- oX ivagnitude as the quanti tyin
)4Qa19tion (32).

Tht. vallue (IT S_ -&o? cylinders hen; bee-n der4ve rl4U a rnbr
of difrerent wavru. 'ýThe ucre rtsvrcou apptoaachea yield (66., 93)

Upyin41AIr Int rle-r (34)
Ike aorsniption or aeeo electric field near the 4isckerge electrode
results in (90)

(35)

roughly the 88140 83 Aqu-atton(h.

Ac'ein RCtsaimiU- ?,exo uiectt..I ie £1e at the discharge electrode,,

soc obtain for a ophcicvlal system (go)

S? 5  3R~8r.(36)

Pinally, '?a'" LcC ýtdg 154 (Zquation (pp)) from Equations P9

end (r3;)
3P= 2; (37)

froe:m aia (29') lid (33)

-34 a 3/23 (38)

t~ean tin'.ntionoe k 3) sid (34)

6 4y V"Anr/rd) (9)

iron1- %qva:tiojas (30) aid (3ý)

a*7bp15fo stutiec to~'za1 or the .,,.rm : g ta-(vev,3)r as eampared
to in'r 3 = ep IV'.'V-7-I, btle FA bij164 volta~je ?VnVp)2* 'b~ w)
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andl trem CQuhatioas (31)Il aa4(dL

Preamiore *CfVecto. ;-.4 la *hgwn uyý -e.,ceriment and theory
to)tt U0liobflitf uý. Ct ra over a Wid-e rcnge t!s

b -rgo 4, fjog(2

vtiere tbm *ubscrW±ib o L~est3~aates st,.n'teie4 cont-iltlons (66). kl a-

b ~1/212
-~ f (6&/gbo(/iC 3 ) ' l2 (443)

Tae d;.eleatrlac onflt4t E ±0 Lcneiblv c~sta over a wile range
of can nsit.e (It, Th ftin~, 0 toacrore, Xncrd!400s WIth

tnuai :y Ve shall iri~d that the et-fiolenoy js ver.ý low :u
atmospheric aCr and,, for This re~ason, Lt. v122L. W, o:V special.
iitcreat to investli&te blox'r opersxtlon at other th0an atmoopneric
c,ýndi-;i.o as.

The aensity majr be expressed la toruev oV the presi:u~ve andl
t"mp]2aý*tlre (rdog K)

it -a /i(PTo/P0 T) (44)

Vsierle'.3

/9po IC3) 1,2p/T) 11. (45)

0rwe~Eat~n~,The glow suzvroanaincr the cr-aitting clectroder
or a Corona cdscbhar&.e Af air and ceetain. othor ganes mny constjbute
a region of aitniti~tant ciAom~cal activit; (36). in~ air, ozone
and, oa1s~ e.6pt oxides af nitro,,un are tormod. These
5a8Ob are toxic to lumans. 0.1 ppm oC osoue Inl air i3 camnouj.j
accepted as th3 ¶aaxSlwin allowable concent~ration tor pi'ulojased
per"ci: Of VXposFUre(9)

2'ae rate at vhYchA oacae ir- 3en~rateal IA the electrie difehrc~4
is a APznotion ex? tht current and tha ete-trode geometry. Assume
that for a given gecsietr? this rate G (kz/soc) is given by

a 1a ,:l ( 460)

where aKt (gOeC&- /aAla) Is a eonatant of praportionelity. The%
rOsultifl0 meas concetn~ration at oboDO, op (,ntqa'o nr 01rnovf
or mir),I la



M~ (47)

oZ (6et-aA0wf.a-I 3t) ac

in¶k ote cr-iec-i-:'.ul arev WTA101G La tvei3 4angdmeA i

a;.i3 a rd .*-oec-wi1 l ij.%1~I ~j: ranenxt

For Cý0X5 it .1 . IcIrur. *,h;t i6 y %,J azonto')~

13Y inr-.:0.1.iais tAla ai;. -: loy 11 te W."..LL a'? I'll'1~

r~ 'V Cnt.L-' d Oical -O.5 fl týý VOLIC cxtu'nt,

e~u be *. *vid~.b", lik ai~ :)ja.f1 of capacit~y VA

Orx i .n /~ --*dfn1(fs I~'Lmiic:. bl~&ire~rfissma ;ovu a: Ct Lr~U.h.V u &th
va ~Ij.-.1 .oia "y v/u ý?- Ewmeribl ic A iJa -14 cuil tive sc,.*vs

' .~ti ai~~c~ 1~o )*)' 2 w;~ .k''±' J.n-/ -I dviýu PLIn it %os have, fo r

Tie eta'i ncoy :*i teeraO of~ the nx~i bz ' C)ý paruille1 "I±t", '.t4
~o r'b&Liiv3ýI £zrJ.o c (17) aud fp3),

)J./:? )lp
'~r -- ).10

+ '.log Ye
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~tf~ w , Aatiud v, i oa vo luna-"tri.c f low rate.
:: I an atruJJC~fns the 4zone cocnrto½i~the manner

ia-xcrabv4 irij! al arLCt --ccre,3t efct

0-thc backps'olr c -i'le'teraIcd
aOr~e, t16 4`8 Uf Pa.-ti~aLYs iitv16-reat- z.4 "njY*.tigcte the CAdvantage

oft stVe0L.-.fI b- lvesfs~ In ýierloc. Lut ttt¶1 At~ri~tbe -;orieF,
iibtCB.W!-y rovoratj G prozsezre p. tie 'tlc.le +,e~ hell

*,tc Irtt'.naZ bacl' prcr~sa1rz of each b-c~w•-.'c'

0trf X :iPU1

'!, ic~~nr iwuu u st a1.-;o ac'?mn.cab.tc art *e:"o-nai -'ý4d

1,0e S the lotaj coctfilcit oL t'L.e extaraal load. Yto

273 cK3VPa

u~rit t4.~iiu ~. L-r(.C~~'ua.x v, ciy rite 6 ,
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ijcvcr degjnj. t'ovt of taGe ex~orizaent1ai date to be reported
VC1- 4dbnýv uvatne an eltot3cbloh-Fo nLt conforming In
d~oe '..e to aur of tae- genot.Msc corfi&.zratfl'ns eilreatdy described.
ITme dIý;cbarrto electrode in this clotter (vm$ureý i1) COnsists Of
a naeoie po.ýnt,. the Mi_ of WhIob Is eonceiatcic Wital ra wire screen
::c;4viag as the caltec-tIng *3JAltx ode. The electrodes are ho~aa.,e
iu 4n .;'nnulating cylikuler. Ugless ao eta ti-od to the contraryj, all
tcasrwntor_=.t hercaft*2r #V~rf ware oflatn~aI with &6 ao~ativo 415e
chairge with t-hi. 6ovra: In aaosphter~c air. The blower is not
a-, -Ac concentric abrcciMns4 escribei *~bove since the sma¶e
boundary coti~dtion-i are rot imposud aerndyziuml ctliy as wiell as
electrically. It is, hovtrvcr, s11wpior to vtntu~adde
£eIVe Let tvle*± o2U the' rz;tegt to which thirr !av6h erast -1.cL.l assumnptions
a'_ruaay made can be vloiatad without sori>uely ii'nmArinc the

vs;.~tef the ?oA-r.D of t~a derived uqu1L,:onE 2 Other e~xperimental
deukahl&S will. be de,:vribed lat4er. The beinrior of miniaturisod
rt:ojers~r ttoe:;na asz;viwJo bofuadar,ý cooditlones lhaz; kt'n Considered

L7 1 A~tze (9o 1. 92).

EgIeot of fluizc7.lotr onaoirrant. in i;he foregoing equations
dep),'arE~t0t1 on Ejitaiha C7( t ii3 TwtLMCd. twAFA V<bE. This is
equAvatent to srayiisr tnat the cur~eat

j~iA rp(pv+ rF)MAL (57)

las eovuattlaiy indej' evdo-21. of tbe E,% ve'.oeLty. The trnith of
th ;a ascL'mptaog i.. e.cawn~inac -In Fitguco 2. flurrent ise gi'*1-ven as
a eanctica of avri~air elct.Aioiaý the. rocan curve air
notiun Is p-roducad v-jLclj by t~e ,aed.;aanisn- of the electric wind.
Pa extatnnO. fan 1 2vCatae ±'OCfcUtu rr .A>*.'ed to -ach other
'.ulocitj on. T'aa ca -ruat i.0 Conuttnt over et vviooity range
extendire well beyond the aaxi~ium attained by the electric viad.

Tcrts vlta, 0lm.3cuodai of 3everall di.fur._erst gecmctries on2
o..z7,tn aive :e0sUtS ciulallr to tho3V Of jc1"UvO P.

in ilr<laGnc JguidL,, joe.auae C~he 1.na mobility to ebout
&Er C-reut 'iP. it i&, for gi.3cZ 9Z), a n0 longer ne&Le;gioie

zcKLatIv& to bT sad in aseisato con:tLx currant jia aot

Vic- flw'da -e1 ý.L. V "S h Cd1 Ma Y f.I±A~n'ýO tie0 current is
rnt Tiefcla.*ily ta.e ;,tLraL63 i'1i:.d-t L .sr v. ]itpartioularly

&:.t ac bript .ini - r ct.-.;tn 'toL~ilt pa Ii.f T.his fact
in orIe0h4~ 1 L.iuifl., it-l.li(cere-in blower

Is *jruri', ;'d >c" a '-s a's- _u - t0L!4 anýAl ued to rmv
t~ttat ~1 O&. ~'s~.sacisd Ia~awIn cur'e-nt aoconpenirinva



the vz~sjgs *1t It too =06o. t@ tt-Cennt £-tr 1ha %Oros e et' 41Ye
av-raa'm Cli wg1ocitt. It I9 readv oftned bcvener, tbet
ctreulctury oil cuirrents arrset tip to i ta.4 spAce b'et':sec thae
4jiý:flaeji-3 ehecbrede *zýad tti Crca sgs~tt~t of the li1#Arni4. These
oil. carr~jotc re±C at11iti!T lat vvot Just above the noodle

t ne0 M20th VC-1le of tUt fr-ubO. TtŽj ar.toyvelocit6Y Can be
au ils iier tfalaz the BvircreI3 valeloct~y 0YJ"tv'e or" vhich the ail

oa-e';-1 )v.!I its couat8±aO. If,4 at ¶.k3 Stein io tao current
denr~lty is srew.,,er aLoag the r-cis ci' tfl2r Lt.ie than near Its

titisn tho currant zriot, Ircreane u4th Lila ino'oaar1r3 circulation
aceurnganying % rice '.1 arc rage ves*citj-). Pjhta. tac cttrrcmt density
Ceaa vu'ry LIn ti i. airar va3j, yeare ag*j, -31-:pcriaen tally contirme4
by Chattock (16) foe' a point t-scaa,:eiag orto a plane and inure
recently by Haisor aad ItarzG " 45 for & pcint discharging ontt;
t",o coacave saur~ace of a &piierc.

circulatoray gas c'zrrents can b-a prvoticed in P. blower by
pirtlt.ly or conplct':l; aliatructing tha ttcifv ci gas upstreau&
of t-h l dwscharee ee~tor LUC,4 tlAi has ac., proaioitced effect
on t elect-ric eucu:r'zP at. electr_._-wia" jClo0CitiE&G. It
8L.oi;_jd be poiutc4 ous,. huvevur,, that JAdi--Souuly dea±gned cone
8tnikctioL19 Liz the SLin!paaah. zama t'uycnd, the diucharge
e.1toi.-rsc raayaezve in lininate,, and not trdnce,, wastpeful. ead;_es
In 1;he~ roving- fluid :soP£).

Carb~n.; s aE..Itir'oC vo2.4ap,. Tact ecron~a starting
vcx"'t.as Vs of .6hqn4-C.'nncTa no ireaiao2 ph~nicclv '•ifwtu
tilt is an indisponv" 3l1 erU&0t: coal~tettiunO.I puC-pv0ibo
Its vc2.ee in roidilv 73aZae y notIng,3 biat,, tizvP.:e /v is Ctincaar
tun'-tian or the Voltt. 0 , 13 Is thu %Y ±ntervapýt. The slope of tile
strali~c*t li.ne ',o eEVFo. !The goczietrio £4anfti'ozu S2 can, ther-fore.,
to ir~nec.iately dotsiriaiued. Pijur'i 4 ohoY3 that the measured
cu:'~Ct*t Is g;re&"Wr' i.t hgnVlCat~LII thecuea-otg

equathnI-r 1nd-IcatoiP0  Thit; ic a conoecuenz'o of tha assux.nptIca of
connttit 00A~1414 ZaA' doeb; Utt lead to erA.',cr censurs eAQugh to
lnvzlli&Ate our sfsjetresults.

!"-? CC &_ALI at cI OZ i'L4) r',e~tcts tht'. the ve~locity of
t vu e'cti,!tud Yc1tt ba mprinetttcnrl t'. t'e quare r-oot of
t 4(. ctir';et, Thilc '4 le4inIs r -lp -~Otact by the ezpeai-iatatal
wUa&,& (!IaCUre CO), ?:i3 voelctc~iti renortad In all cu~ase v.1s

rre~gc V~ciC 0 ooaltto't W taveraiiag tke cLladeiear of' t&"O
t4olJurcr s-vt v~tt,;i a £lttt a-bc cr .at-i"nac~arnetCer. ( 1uality

.- ' Air4I~l,214 a L;rea aC~ctVtic- dvices dtiffaeraiay
t.atiir :esult tnV enis&V 1 3 C sut tsny ?Ccduce

i-%-vL~uty ~ ,oiy ,(crvdi taw, -n tn-. tu'o JInatrun12tuts, In
I"1I: tc rCkJoiLO 3't 3-fýtU L1~tp.c3 as J&u as P I ojle the pi:,ot

tUn tw a2~attr 14 0 1?libratz~dwagaot an orif 4cein;rer
* AI2,L --. uied no -i at0adard.

':rter:Eas 0 Ia. oati &edi ~'co the q~ ~of~a the 11ne of
~t'31X e i rxi, -01iflft.oAI e4: the vil1v -~ of af aact

t~et..z'ttic's ~zr'~n, oI~tsa.e, vetciaty, ýrver and efticlencv
.-tn term. of the o~aora3 a ;jrinoinle g 1 /,,. 4 2 2 adV a
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low 4aV*=niara for s P.wvfl blownq- simply 4.y meý.6uricag the current
atri VaC-ccity cocrespenlnj~a to 3o tingle awrbftrnry volta4e,-;j

vfac nt too aloe. ta, sporkovn.X

Air velocity au' % tflaCtlo.1 of vajta~z e Itow IbVn 11gwra 6).
qhvýq1ýd Ilsne oepccseats Bqueabioa (10j) u!ý:.cf the vs1~e

~/ri~?already An-ývm Zroati *zparJent. It lec seen tfrlat t~te
utir?e it almost, 11acaro C.o811 fo-lcv1re qufstlou (18).

For comqIete1%'4t meo--a gtaite ions Igi fiti Qleotrio field
t4.i Iantcsltj of tinlc' I is not iWo Zilch, tlrn Ica Mobility is
a constant indoleandeat of that rle1 and of tbze coordinate% r.
!ýe hMva asr-ute4. this to be noe coaacA in qui~t~v(3) Property.,
it la aoit Xilea et6-c.t$;l t&1or!t,o but th-n field strength/amb. -if at
lrcra suite rattto thaot "a'Cen lOG the reLý,utsed arltcrion. Th@
Lrtj.ýCa1 valJue Of'tw qurtnbtwr for air et room terporature
aS about 1. 6 a 10 6 (J /t (66 ).

Plti staeno;. *In aiýt3racbl±cal. app] aoVic-ns thxe off iciency
cf clectroktnetic ccaacrs.-on ý. or prlmvry concern. For 1 a
:0te-&goz.-try va4Va2)~vasthat thte of±r~ciuncy is

j~rpntlculto EI / it In a nC~aet-F1v1 8ischcrl~e in
S.*!'3oa.)ihttLie air 0b1V qianl~lty Le eOxutl to 0.O4-h, but for
3ii qu4o It- is niachl :e.?azo kcrogt1eno, b IL3%-
0-10c civ/ui) 9(9),j ,cý -50 I;/n(,i hAd ca.e%.
liquid (-ensity) and I= -18Vr0l'arad/r, vbc'neo El~b imo. 5
lin acncra±, tflýp ef~-,Lý:CnCy of i. lyziud r' w:.111 exceedtJ41to
the corrcnpupýJog c pump by :)nef or twe c dr of magaitude.
Inhio ici T thu-i, lou %;as blower ofricieuievcft; nhoifld be
SWnticipcttcd~. Vadun'4 o' the orlor of on(: pFrccnt have Deen

ic4E)Xetfe a'tavs~ :' ese&ro~ ara~e!0n3 (q,41, 9p).

B1.ili,ýoienetc caLc'flatý;ed ca a ptarelý tlworotic&1 baitas &re
C it~ruit£c: co±~~rat~ee Puoses. TI 3oloviagMl

!h ý, bta, ivcd fr-og 0~i~on(5),. C3?), and (3s) for parallel-
~1ute iou~'a aicr: L. Thlv loss coc'f-.clcant will vary

at:t' dt,.tt &0V1L43, 1)v bto no c;44- COvi.j. be taue thjr Knit CAi
Io~:ititf art! ~&tv ion zooi13.tkoc arc i. 4c.*.o- and 2o;1-

(uw)Lvm 34i 4 2ai3ly

- fl-a f l -r

- ., -. - - - 9



technical Paper -TPGO-2 page i6.

fliowers of this toypi, It 0ee.;, arca Iniartntly lifmite4
to atficiletels or the qrder at one Percen2t. Cylindrical
geometry dose not materially afteret th1s Si8sppointiugy ReV
valiae. Althoughb Q~, calciflated from Elpations (39) or (40)
can be &a @r*4sr Of L~agjnittaa crýeater tlan 64a (taking

*cr~ 102 or 1o 3 ), thte e~reater loss coettilient of the vedge-t
shaped duct compensates cr? this ix4 terms of efficioucy.
Similar considerations apply for a spherical system.

Figure (7) gives the expe:'imental datae.and theoretical
curve (Equatioun (22) "nd (23)) matching output and input powers
in the aeedl~eascreon b2.gwer under consideration. The eflansinG
elops ±ndicated by Equation (23) is not evideut In the curve.
Althou~h efficiency iGe sensitlls to voltage changes at lot
-voltage, 10'? voltage yiel&s very low power, vith the result
that the expecte di In the3 curve occurs too close to the
origin to be noticed'. Plottin.- efficiency as a function of
Vol-tags In Figure b the scnight-after effect becomes apparent.
The curve Is that of Eqjuation (23). The sharp deviation Crram
theory in the neighborhood of 20 Isv is easily explained. Since
eff:Lciaecy is6 proportional to V3 relatively smell instrumental
errors iu measuring velocity are grosuly magnified in efficiaeny
calculations. Note TVhe ezperizuental velocity readings between
15 and 25 Xv la FIgur~ea 5 a~nd 5

Pressure and density effects. It Vas. shotrn above that
sinewMi dut/09 Pg isin epen41dent of the pressure, the gas
velocity an given by

V c ý g(i/,.OgbK)1/'2  (

must also be Independeut of the prenmnre. In order to confirm
this behavior the velocitWy output of a needle-screen blower
was mneasured In air at rocbrn temperatmreovraaneoabit
p~ressures from a fr7.action of an atmosphere to 8 atm. The current
vas held constant at several pressure levels by adjusting the
v%,oltage as the pressure varied. Whe results are reproduced in
15Ugurý.9. For air/ Ayb is 2.1421r coul-see/uJ. F1tare 5 gives

/.7 I/2 'Using thiese values Equation (14) yields
:L3011-/2 ., a relta'on closely folilowed by the data.

As the pressure i3 r&4 sed the ion moojillty decreases
causing the current at %~ Siven voltatre to fall. In order to
tuintaiit a constant current- the applitile vQltage must be
raised u-ith the pnessure. Although the s~arkover voltage
increasce with the riessarure it does n-ot rise fast enough to
permit a coustant czt-sreflt to be maiatained without exceeding
sparhover. Consequently, the lines of constant velocity are
bounded at higgh pressures aa shown. With decreasing pressure
the sparkover voltagýe drops mozo rapidly than doea the applied
volt;age require," to sisaztin tuhe- eonstaat vc*rrent. Lines of
comstant velocity %rcD, therefore,, bounded 1;y operkoner oc the
low pressure side 1ilo. 7)1. described effect to illustrated
in ?igar@ 1C.
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$~q1&tatio (63) tctlhuat *1rswrtVnCY jatrfiass vtLA
gas density* It it tmpotttnt to tot*, 1rj this COnsect1ca,
that mere pceasurizativa, witlwtzt rogar4 to teaperature~way
not be sufficient to raiae the efficiency. It is got the
pressure per se but the density vhieh is tac governing jact~or.
We observe from Equation (45) that operating at atmospheric
pr-essure and reduced tesperatuar Increases eC-'Icifecy.

The product Agb has au approtimate1-'f eonutmatu ralue- for
a given G~as, i.e. it is indepeadett of density, a~mbient pressure
and teLIperature. It follows at ones from ;q~uation (1.4) that
the vel'ocity of the electric vind is likewise isciependeL-t of
these t;hree quantities. Changes in ufficinujc brouaght stbout
by manipulating presEure or temperature reault from altiriag
t~he density and with it thfle mafs of Sao mjoved per unit time.

Au the temperature varies the aecurwey of Equation (44)
must not, in all cas6es, be insisted upon. Thus, the mottil~ity
rises linearly with temperature at constant pressure but. at
beast is" only alproxiniiately constant as tie temperature changes
at conutant. pressure (66).

Equalt.ion (42) hvnat been roughly verified for most gE.SeS at
room temperature at proessures extending from about 75 to about
0.92 acn. Above this range the mobility of negative ionsý
decreaoes and. 301ov it increases rapidly. It appears that at
high p:-essures many i-ons consist of several molecules bvuna
to,,getiul!rJ, the cocmbination having &- corceapoladiugly hie-htr sass
anti, therefore, lower mobility. At low pressures, the negative
ions maost likely exist largely as highly mobile free ele~ctrons
(68).

According to Equation (14) the veloi.ity is inversely
proportional to Oo/b1/2 Figdre 11 illastrates the ex'tent to
whiich this quantity varies among r. number of gases. Awgionia
and ve~ry pure argon are separated by three orders of magFnitude.
The reduction In mob:I-2ty caused, by impurities 18 probably to
be ex-32-La-ned by trwo impurities becomi~ng *2btached to ions and
forming- large slower, moving molecular clietters. Inert gases
like aeliumr and argon, if extremtely pur-.e, pass a current of
high-veloci~ty electronc. Oxygen a~nd othber electronegati-ve
gases, even when pure, shoiw a strong a:C-finity for electron
attLaci-.eiat and, as a result, hoave much lower mobilities than

131 crde-e to- ach _elte hnax-'imwrz. outputý o)wer an electrostatic
Dt')wer must be ooerateu- at mayx¾.ium inpult power, i.e. at
',olta3rGo just" beow11 sr'arkhover. Operatio-a during; spijrko-ver
rezult;3 -.n lot-ered gas veloci-'tzr This is )Aikely due to Lhe
fact t.Aatý apa~rkifng not only pro6-uc:es mn-b tIP free electrons,
but at so conf'ines 1,be eccerkAt ;; v. vet.; rai ve-lo'2 of the
tota~l v.olurue betijee(n tite electr-odes.
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Incressin& the density of' a &ae wills excepto *t asttciemtly
.)v deursi'iem, raise the .yartover voltmjeo operating c-lose

to spariwver we niave Vr-IŽV 8* vacre the subscript Ap dtoeslnstes
the maxima4 pre-sparko~rr voltLase. Equations (17T) and (2)
then "ý.e-T the convenient approtinAticas e~pW1 %ad

En:cpýciment-!l. vel.ocity., povir and voltage data Just belov
s.)arkover are :3t-OVf as fuucticons of gas density inh Figure 12.
T'xc smootia curves of ve~loC4ty aud power! represent Eqaations (17)
a-ad (2'3) respectively. Egiic iency at uaparkor-r is# by Equation
(:?5), proportional to /l"-Thie relatloiaship is bornec out
by Figure 13.

The gyantlit .1i;t V1 t~ro'gb 36 are, by definitiog4, runetions
of geonetry onlb. Accordingly, they must renain fixed for a
"gi-Mu -zc~trod;- arrangement regardless of clectr-Ical conditions
oz' the nature of the Case Ia coneidering, the affects of
pressure wje have made certain assumptions concerning the!
¶rEciat'%on of mobility writh density. A-t4 tow enough densities,
howuever, for reasons al1ready giver., these assumptions fail.
We chall now det-erntine at what 9oint anid to Vhat extent this
o .2 cur'3 s

The functilons g are all defitreu in tem of S.,, g4, and
A. It wjill, thecrefore, s~ufrice to txaxuilie S). and S2 alone.
Wuý do this by :.J-acinc; no limits or. the validity of Equation
(42) and t~hen observj-ng the apparent chianges in 41and 1;2
as the density varies. Thbe experimental results calcula~ted
from Equa-cions (14) and (16) for L. needle3-SC en blower in
a4.,, appear in 2?igure 11t. The qiotleat gf 1 2 rte ka

g gulzne is ginca s'rn ce the former is. more readiy mesrd.
61 -L,1and g2are both constant at 4gnlsities down to about

atlaos2Iieric. Below this level -1tt/KM f.-ls to zero andL Sp
lucreanes rapidly. These varigAtonn result from the

auntinthat, b reviaino proportional t> S//0 lýOW/0A; Int
ro~a1±ýy, t.a riser- foasteri In this region taais des 1/0g, und

tkv d.spcpocioncc ;pCreaSe is, bY ?qia4tiol (14),, reflected
a3s a decrease trt gj/f/C Similarly, 1)y lEquation (1L6),. a 2
sMIX-t 'n.LCa.

3omz, blolocv verxabP--s are -Pore sejisitive to apparent
iwiaiflqin ch~e E' thaa arc 3tters. rhius, thct expected dips
2tin caou tar.t--cur:*--cnt cvxriet. o." Eigu-;.e 9 are clearly in.

tŽ;'-dence. On the otlhe.: hiand, thae experi-nental powers.,
v-ttages an%,' vofiie:c Figure 1;2 sneen to Collb tile

tw-ioretiýcal valtxes ujess, even at low gar; ftEasl. Mes,

Thie int~rt itn; i h ~ bElo,)v it curta In iceusity dioo%
aUc ; ,&P- ec' the 2Cd1'zof the telleriti th!eo-:cy tioj-w thlat
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density. At low densities Equation (4P) sn4 tle relations
contai1in6 it should be disregarded aad c-ppropfate valuel of
mobility be introduced into the theory diceetiy uad act as
fulhctions of density.

ozone geueratioa. Equations (47), (48), and (49) assume
that It-e rate ot ozone generation for a Givon geometry Is
proportional to a power of the errent. Exrerimental support
for this hypothesis Is offered in figure 15. Ozone con.
centration was Leterminaed by the potasslum-lodide method of
Bitt (l2).

Electrostatic precipitators designed to filter air for
human consumption commonly emlloy a positive discharge mince
rev.son exists for b*lisving that such po.a4rity vill yield a
lower ozone output (36, 106). Similar considerations evidently
do not apply to the needle-soreen blover. Contrary to
expectation, Ye observe from the curves that positive corona
generatea ozone at several times the rate of negative corona.
The negative cutrve for a single blower Is fitted by the follovlng
form of Equation (46):

G a 0.1 12. (49)

Day-to-day varlations in the data are, porhaps, attributable
to fluctuations in atmospheric conditiont (97).

A blower operating with negative co2ona near sparkhver
generates about 0.8 ppm by volume of ozone in air, a quantity
in excess of the usual acceptable limit. This ozone c•n-
ccntration may be reduced at constant vo.LumetrIc flow rate
by adopting the arrangement of parallel blowers described
aove. Experimental &ad calculated data for such a case are
siown in Figure 16. Ozone concentration measurements were
a!tually made with a single blower ove0 a range of currents;
for this reason experimental points corresponding to fractionl
bloverv appear. In Figure 16 the assuoed parallel system is
taken to have a conatant voiumetrio flow rate of i.54 x 1o- 2

m3 /se,', the maximum delivered by a single blower. The drop
ii- ozone concentration as blowers are added in parallel is
stiking. Two blowers produce 13 percene; of the coneentration
o? a :nnle blower and five blower. only 0.8 percent of that
a*'ount. The efficiency loco aceoopanying a large decrease ia
o.one concentration is small.

Polarity. We cc.n generally expect -*erformance to be
ct)pen~ent o0 the choiec Qf polarity of the diseharge when the
.inic nobility appea)'s In tke tovevming; 2quatioaa. Is
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atmospher c air the w*biliot of stable negatlve loin is
2.'J X 10- (atfsec)/(v/.) and that of stable pw:slbtivef ins
.X 0 Inserting these vlues Into Equatioa. (13) and

(2) we fl1d that IC* v 14. ve- at constant current and that
+ • 1.410. The fcrue 05 Am Lou in an electric field depends,

of eor��., otld. on i-s Charge end on the intensity of the field.
A elowly aov.ng io& osxerts its drag rorce on the g•a ihrough
uhich it is migratl.t_, over a longer peri@d of tme thau an ion
of high mobility. ile*ae, at a given eurrent, the snomentum
(cfdt) transferred to the gas by aloy tons will be relatively
greater. In conisequo:%nce vQ+>vc"+ and 4>Tr as above. Ozone con-
centration Cv ,at constant velocity iv by Equation (49),
proportional to Rba+ In the needle-acreen blower a reversal
of polarity .ill can;e R and b to change in opposite directions.
Variation, ir' auy, of the exponont a In Figtire 15 is not clear.
5evertheless, if minimutm C is desl::ed at a given output, positive
corona remains preferable.

According "o E:-uation (17) velocity Io independent of
polarity for a givrn voltage if tiva small effect of the corona
startiag voltage is aegle'tea. Th1c is shown experimentally
in Figure (17). Sgpa+,kover during negative operation occurs
at atbout 1.8 times the positive s,.arkover voltage. Since the
kinetic power delivered %t sparkover is approximately proportional
to the cube of t+he saaaraover voltage (Equation (34)) a single
zegative bloher cpx ,roduee the pouer output of six positive
unit"•

The streamer theory of sparking has been proposed in order
to explai, the ?ig-ier negative aparkover voltage (66). According
to this, eparkover is initiated at the positive electrode. If
this electrode is also a region of high elec.tric intenslty, i.e.
if it Is. a dtscbarCc electrode, sparkover i-* then doubly
facilitated. Sparkover in a negative discharge is retarded
because the spark streamer must originate at the positive low-
field electrode.

Blowers in 002.1'2U. :quatbon (5) reO+cts the velocity
to be exl-t- Tser'eso arraangu.sent of blowera vor~king
E'gailbt a loud. Fo::" simplicity, jeC shall continue to aasume
that the loss "oot it are indcuendent of velocity. Screen
!oefaiieufts arc, hk,:a-ver, kncc to Increar- ait low enough
'0lneit.Es '48). 'W; rlal operatijzg vciteS such low
velocitIes res .' t lsi.sge extecnal ica6.:3. In that case
l .L/u IF; 1ikeiy to ;b. 2 much larger thart departures

from the "conctsnt' r:ilue of tie latter dr- not materially
eoffect the vel10oCity calculated f ro Ecuetion (56).

Fivure lb sho.'z the velocity outpputi five blouers in

rer ., aC. f.LunCt5bo' t- e ex•terU:_cf wth • pt±r blower. Sltee
i.~.Vr C!2227 ~ dh~edWith !%~wI~allot mud a
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re-eat•rst outlet the minimum possible value of KL is uaity.
The aharc@etistic g, of each of the five needle-screen blowers
en-aloyed in the series teat is, for an undetermined reason,
signiiicautly lvwer then in 'he preceding cases. Because of
this, tha output ot the asseably does act exceed that previously
cbtaisted for an Individual unit.

The increase in velocity per additional series blower
is small. SettiUG KLtau we note from Figure 18 that a five-
blower aesem-ily delivers 3.5 m/sec of air as against 3.0 m/sec
for a zingle blywer.

Velce-!t4_ profiles. In rnsasuring gas velocities it must
r.ob be ~sime, thEt b-ecause oP the turbulence created by the
corona wind an approximately flýt velocity profile exists across
the diameter of the blower. Serious errors are Introduced if
ceater-line velocitles measurec close tc the discharge point
are consideredz repreoentative of the turbulent cross section.

Velocity profiles for the needle-screen blower are shown
n iFigure 19. A relatively high-speed &as movement is generated

Ulong the axis of the discharge electrode. Hence, the
rezulting velocity profile io espscielly steep close to the
point. Further away the profile assumes the flat shape typical
of turbulent flow. As the voltage is reduced all profiles,
regardless of distance from %he discharFe, tend to assu.ae the
same relatively flV.t form.

'The velocity p rofile Is noticeably dependent on the
electrode geometry, i.e. the electrodes exhibit a focussing
vroperty. Tihus, if a ring alone is uceCl as the collecting
electrode in Figure I, trans4 7er of momentum in the axial
&irection is reduced and "he profile flattens.

_Je..ser (44) reports that the profile for a neLdle-plane
screen system has the f o.t a nocmal Cistrbution.

Other electroV> g-ometrter. The e~perimental results
CescribE-6 above have almour;t .0.31 been obtained using the
neeille-cuirve-d screen blower shown in FiCure 1. Many of the
expr~rirtt, he.v?, .:1i,.Z, b.-Len repeater. fcc electrode con-
i'iurationo :;f' othev: cjites aad designa, viz: wires and olane
f:creeno, ,wlracs and .:od;, ±o and plat•e screens, pointa and
r:n&a.. 14 :upt for t1.: a-tlc u bod variations in tlhe conýýtanto
; and, thz rcult. ,rz simil.r to tnocc already given.

!.tcremznt -r tqe ti.-o;-:v .:;th *ic experl;;ental data of otwer
investigat-Dro ew-nl-o)!',,in,- various eleetroc.ce ar:angemcnts is, in
recaera-, g. For exoie, t.:rney (1, in an expcrime- thila:-" t c b..t o4 ?iguc'e P 2,:i.s cotoo-x cur-et .. so-eenhac
r-orr zonsi L'i.Y, LG IluL3 of as:: veelocity, but 't Iii not
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sufficiently So to ae of consequence'at electric wind valocities.
Linear velocity-currcat1/2 curves (Figure 5) are also rsported
elsewhere. Ladenbw!g a&d Tietze (57), in examinlng the role
of the electric wtna 1an the electrical precip.tation pr-cees,
Lote such a velocity current depe4dence for point-plane and
concentric cylindrical electrodes. The form of Equation (17)
is supported by the recults of Heiner (44) fOor a point dis-
charging into trae iterior of a sphere but, oddly, not Cor a
joint discharging against a plane. Several cf thef fore3oing
relationshins are corroborated by the experiments of Staetzer
with liquiS_• in a •iaue parallel system (90, 92). Add&-Ltional
supporting data is found in references 1, 16, 45, 65, and 76.
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C0fZSIONs ANDl HtQOMENEDATIQNS

An approximate Thecry 4as been &eveioped relating the
electrical and machaucaiL pslameters of an flectric-wini
tLlower 9  Althceih derived for speoeflc boundary conditious,
the forie of the equcatiunu are found to be widely app1icabLe
and should be u36ful In PrCl:.ctln6 the performance of
electroutatic blowees of a niruber of diverse ceometries,
provided only that two geometric oonetsmts are deteri•iae4
experimeuta•ly.

Complete lack of sotv.na parts gives the electrostatic
blower advantages ver conventional faes: vlbratlonless,
elmost silent operat..ion; absenuce of gyroseopic and other
rotational eftecte; =-i lubrleatiog requirements; minimal
ren3lacement due to waO~r (discharge electrodes). The chief
&isadvantages of the blower are the very low efficiency of
energy couversion andj Lin certain casess the generation of
extraneous gases in the coronas discharse, e.g., ozone In air.
The theory, as deveo.aped, offters o hope for a radical break-
thrcugh in overcomin• elther obstacle. Neverthelese, limited
suceess can be *npected by careful geometric aesign, e.3.,
lmrwroving cfficlenclr by controlling the c'l and K's or
reducing ozone oy par llel operstion.

Several areas of interest suggest themselves for ?.ature
Iuvestigations; coutamination of the gas uith dust or high-
r:olecular-weight (i.2. loir-mobulity) lons, pulse or &-c
en3rgization, furtihern sady of the g'v os functions of 3cometry,
combination of the blower with an electrical precipitatsr.
Lrie± lockshavo been tLken at each of the foregoing; adequate
data is not availlae to ¶.r+•-ant conclubsono at this time.
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VIETICLATUR!,

A 2 vs~.e~i3J

c Inoluzb conce ra'-i4*VLo. of ozone,, d±imensionless
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I z current., amp
cuvvrrent density~, amp/M 2

f ±u;ction of gas; CQUI-/m
K to-tal. verodyrnara::c 10ze coefficient, diatcasionle~s

5 w nrodynaiLUle lots coefficieut. di~nensionle8B
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ini-lar-nl back prcL~sure of' a single blovuar,, nevtýQn/rn'I
P:) :J atuaid,.d rs surec prowsur/

P L unA i mict-t po rero utputsV v l o i oe' o~ p t

- ua:2ce fromi c~~f f caurdifcterip n
r.-.- coordinate of cicXiactinE; Wectrarde. a

co)qrd-,1Qate of' dlLucharge' c]ectroile, w,
R~ ra:*'i -f -on~e c1in-.ratio!-., k1~conlJ

f 3e-3&ra2t102Omf U3CrCfl lIMIrC, ZI
t ti- e 3c
L tep-ars.tueet deL. K

To -. tcdard3 'ro1sctre.--L .Vcw J¶ecr tu~rc aU, leulb3 j<

U U5 nu -rc(t -,.,ljct-;ne e-led 'i.hodi &*/QJagect&3c~toe /Ž
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V=mELx±Ema .!re-spark-over voltuiSe. v

I=fracztional. eft~flqecy of etectrc1kiDzt-ic courverion,, dimensionless3
?0= &Bymptotic frac4i-oipal1 vfficouecy vf c1ectrokifletIc conversion,

cdimnslonl~eas (0q. (4i5))
9 = plaue angle subt.'!,1d by segment of cy1luder forraing collecting

electrode, radlia:iz
(= charg~e dene:Lty, ~~L/uLMB

gas deusi.ty, kg/ . 3

Sgar, de~nsity at i~te~adarcl conditions..
P=ozone density, i'ju

0-electric: potent-ýaljl v

-r-= solid ang~le subtýý%~ d by fbegment of apberi-eal surface forming

collectingS electi-o2cl, radia~ns
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M; I.-PlY ýOF '!RM "LECTRIC 14119-

E!,2ieiut <ýbsLvuti Qua AJ.-thoughl ;.U existe~nce of an
CcirqCti'oitatic Vroce of attractiorL ha~d ijen known to cla~ssical

sz~.u:tyit rJmi~.,olr Ni]cole Cabeo., an Italiank Jesui.t and
* )>eýrrry~ C&aiV E!0, 'to oblaerve vkr~ record in 162'9 tbe

P vnoinnc of .C!~ rt c Z uIlsln ;'13). Cabeo aotecL that
tiJ-L-f 1:1eht fili&tB iyr x~audicht were est-Lr.ctcd. to an electrif'ied
b:)iy, -Aiey woaidic txu~h it and th~en be -epielled. Re expLained
`%1aI'A bcha-idor -an thv suppoaltion, that is chlarged bod;f pi-oduces
ai electrical :ýf?1InvIAuLv w12-1h driv~en oý,t the currouiading air

a*Q C:ma a eiciuluhiory vAnci whichi, 04i itS return, bl.ov"
e.1traillett p rti,~2eP1 _f, tQP. bo0,y wltb slichI force3 thst the!~

SIn _iome camet, rebound.. An electric vlud wans thus
cJ).:.cel'!eed la lptienforQ It vait, dla.:uorered Ina ph.sicu~l reality.
Aet O1-cia1er ieter cvibeolu hypothe&1i; 4.as conclusivel)y djaproved

bi thG; Ir-JIg :&.iturul i1)V.Lopqer' flol~er, Doy-e 'who denonastrated
-u.t e2lcetroat.%'ic vc.or as pz'esent it, a va~cu3am an~ well

Til iii~teo-fary c-; J"he electric ¶7151 couidt not have unrted.&ted
cti_ d7e-ieop-mcat of blt!i-volitage generating m~achine. A
fi'rtionu). amist~np couria-itJnG of a Laul:'uz aphere mouinted on a
cerkinkaiiat waa dcocr_%; hcd In ltU7? by Otto vor Guaerlc:, better

kaon f his tinV~n!rk.u. of týLe vacauum -:uml) and the Magcioburg
'!;1-tp! CertI(39~). "111o sulfur uapiiere tr;s Cha~rged by rub!'lng the
Wiknd o.i,,&~innt it irLit!4.i 1't was rotated 1- a ýmvcoden frame. Uaing
triiiz e~jpartut3.a, Von Gtfrickr'% n~ the- '1a.mprtart disý!wery of
tii. - efj~ectJivenaesr. n:' jpolited corductor.-I a. ttraucting charged

0 "'s. I teGfo n-ated .":crihat UP2 rubjed globe gloved :in the
dic n:d th~at vinen was bioueht to tic ear, "rcarin~f; and

wert' hea-ý, ifl I.. Thir le the ecirliest reao:!-ded
o~ti-evý,%on of tlie dlt.4Thrga; 1w11U tnu~o ncrltion, hovever,,
(if an1 aaeccatnui Oie-,14%ii 'JU14A.

V!ca ~laet' e~o', .Aetop raehh'n2 %L0' Lnt~equet limrovemeate
~ It ~ ~' 'vrn~ o C t'ia1 ciece.III 1709j,

He'uhubeu eiilfttor .)I f'.'r~e~ o.- t~he ACYa.1 Society
Of Loul.on, reptc&. .t Le hftIc e':peei~nuad3 M weak blow~lng

'14~~ e~ý44i hc-r'ývA V21-10~ cl).e to hli face (.1,3).
~Ikc~e;aanzsuuceiýLý;f ol: h±. di iovacy tbrcbva I tit,Žzesttd

Le!2ib~¶h At Mfe iLLPV ýIvj-U P e5CMIj' F ýa ¶u~e ... Of as*
0-91 .. " bas vwr~it. ". It pretty v~g'orauuiy ... ub0til
arqnijcýi o.?i~ F i1c~tA ... !?40ii thQ Tibe became

O .'w the A'~'~t .t-rltOn, Ii'a i-oree j6 i the 1ý3eetricmai4
UV ' u-C, rei4U.- itro - a *** le bende .-. of

i4 a~ Thucy 'Al to _-W L'ttj t, c 'p n the Face ... It
tb..ý u~i !E'i vie ':eiri 3C- it.. Ant viie, L'ero1ed to iws~@ veryP
*1e1 1017 ouc~h s-'rt 0O" 4t003Ojk5 4LPQL *UP~ S:11n &a a jaucI'jr O[L flue
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1..w.Yber ItsIrs puehing ajainst it ... Thfs vigorous Acti,'op of the
ESVluvla put me upon- an attemptw, to tir4 iu vUmiat anaer such a
Motion was mrvpogate&-; &Ard lin what ... Sort 0oV track It vent
a--c V=G For whz-ach eat' 1 k~eid the rab&&c Tvibe near the FVainc of
a C:andle, Smoke, Steam. Dust and ttaQ st~r .a-ceU --f Ltquida; but
wi-thont anly mankner .if sýUcce$J.

"The8 weapon t'o: wcich, I attrloa~te *-c% the flapedinents the
E;'fluxvia met i-Y. th t-oa %`hece Sodios tbc Tiut was plstc'd near.
Fn) the sma.ll partt cmf D~asts mad Pqd~. law Steami.; c Liquids,
t-A( oleaginousA .?Vunke of Fladlie, and th, - _.ike oort or' parts in
&iav~e -t stir imdtlyaethkarcd to the &ýu~facrm of the Tube,
a.~ji go Itept In the tfvl:which thzerefore requi2'd the
e3n;istanIce of a fresIh kttri5tion to open their paesasile tad give
tic'm venat at,34in.'

In the cot-iras of ais iaves2tigatioit or -the eiew-ric wind,
&W~k4i~CC hlal uatuminoJ c& upon electrcest:tc preeipitat-Lon, much
tie iame fam StvccarI;_, ;YhQ in ~Czneraily creeditedl vitil the

dioovcrywan to doi r-31rv! &ity Years ..tce2.

Shortly after leIsae V~ev-'-oa: repeated -the experiment
(74."The eieýctriz Vqpour", be vfroto "..excited b3y the

Cr ttoofth ... phraj asainct thc' `Ieaa will.~ be put
i'*-ýo such an aý--itatic'n as -4-a e-mit Tigh;. . .. and. in paching

of tina ... jsphcccjl will sometimes p:uh agsinat the Finger
s) a6s to be felt.,2'Xt may have been faullitbeO'o vork, the.t
ca':ied Newton's; attcntion to the etee;'jic wind. Thc account
qan-tsd appcars in, tite :-ecoud edition o:7 'am 'Opticka' but is
ia--ting ia tbha firsti -,ad :ý.n the inter-rat aaakabee'. reEesarches

I11 171f6. the dtnu.se.French ptileeiopher, Jean Antoine
.13 Li&t roveale$. 1iA.5 dug that elc~il&points di[.played

;-.- of 114t"of )L Jhc folkmzwlia; )-ear,, Benjamin Franklin
_a iart~d in a lette_¼ hic frienid, Pa ýer Colliinsou of the

Q% 'i oelety, "tahe -;ui~d(-r'l effect o-- pointed bodies, both
i odra,:iiug orft ard uofoj 4f the el~ctrirai fi~re (88)."
latLet' I LnUd i''rank'- 'r obuervva~tioni- w,!ra Lm-rgaly a redc'hnCQcVery

a pacnn~e3L1ear '3  tc- Aced tby vufl Gueecicke and long msince
fo-g.4)t ý,on. la view o otit thene laveistigatore' suose~qkent
Joml vi t~i v)ui-ited eca1t' La',I sspr±izig t.hat tiexr

tirt-&Yi~u wi tt uictruvld _;id i~h,9) At .-east
Žu~~~~~~~~~~W tilin .O rc':#shsiarVt II*~"n~ N'aebr(iarey

-t* ;t ~o ';f v'jj. ~.U 4 ' oilegc Of pevrixylvsnia sad a Clorue
u~ucteci Fsn'. na ot~rerioed .oi 1Lj5P that "You ma:' feel

c. ½e..Lu. L, uLAfC blow O tf!lYO lanld ag s a cool

.I'- ~ ~ ~ ~ "' -;fltL)Ua!O13$iat,11. JC dj zui;a W0iilSo01,
* A'! C t 12 *i .1OC i9W )e "e :raa blu 'ttoa. reL~emuijjxis

,A-)I f¶.hlem'(hj sr:.'Iont pitrti' _es '1,% mmi, be%!ng pt
;cŽ~~~ -I Cije lier• Q c xtm sle.j rftocct

3Aatr.. at rA1t ,h "r3e5 v~srfa ~nutou" 'rug h
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tiý tlrt. &uo obtliu thgi e~lectric. viad isa an exhausted vessel,,
W:xe.on !)roved that thie win&i in jindeed ¶rbat its name vupposes
iý_ to3 W'-, not a rco,-rim Ue ti "electrIcal matter" per se

Ademaute .:ofliu 1~jc-tios 4vltweýý tht: eiecontiets of t~
p!1ri'fd does no&C S42e~i! te; hnve existed dr'rjitQ tile no;. in-

c~r~idcrultpucaor-c.I ceQ~respondene~e anLd publiecrtion of' journals
a~ir rn1o&&oaraphs that uz knov'n to have oc-aurrta4d0  It i, ermlsing
t:3 rac,21i timve and tQ!.r2 o the pr@5u~nity;N independent

"ts~veres"ofthu uict~ewnd rePo:'t., In the "'2rantactions
o?~~~~ t' oa Uce ' the "Annalan do- ?itvsi~k" and stwt~ry other

pi0-ltitttiones, scnet-nc--c; within only a ts ears of tfach other.

The electric i'i. Tho pocssbi.bflit;r Wr employing, tbc electric
.y ud as the drivin& auechaatsta of sn elt'ctrostativ mojtor occurrv~d
t., a nub.ibar o;: tanu-& Jzators over the *,ean,,. In 1150 WIlson
%si,-ceected -in produv1r.- rapi.-d rotary mozi1on of a pinxeheel. by
ti-eztxo& adaflzht jr. tdt e~lectric wind from a point a~acharge
( 1(,). iV,,t long af"tcr;ardui, hiami5ton, Professor of Philosophy
at tho Uuivcro!ty ti Dablin, reaconing that IX a fllee pointa
CZ)11.ld iove air e. tr P. urponded poin-, viaouzld i~tsetr move In

(ccltxvly)still1 &-%.r, miockitJ.ed klileoii' apparatus to G. single-
st-&ge device (WP')., This, iLn Iton asnp_ýeit form, eoiuslted of
ai s-shaped irii~e oespeidod. horIzantall., at, Its center pcinat on
a vert:.ecal coaduitlatiz t,1hatt'. The ends of the "a"~ were rharpened
t) Points fromn whici t:;-.e discharge too': /L)aco wheni hgh roltase
WL!2, 9.ppiated to tihe a Ltaft. Thke "a voa.-d taeca spin about Its
ItK,8 L. Th!!e~cr f-y,," as it van cuiltod In Englncil (IFrench:
"tr-urniquet efcrre"German- "ele,:trischer Flugrad") -quickly
b3*2_a'ne a favorite cz,-iosimenta_1 device ~~o~students of
el." ,ctrIcity. Di4ver-o eoxplainatioaD of h fly's behavior were

3anmil~ton :!oasft.c~rcd that "the eloet~r.c particles,, by their
e t)betl ci fv:ýree, tssu,;- di 'rtctl:; forwards friom the pioiats, and
e¶C "etVOt to es-ptAnd_1F tIJ~VeS, but mae.Arig with some resistance

if i n hoai, 4o -o thwi2@ to move bote ;uavda in a contrary
d1 -ection - nu-ch in~ -;Ae saer- mianner thnt a Catherine wheel is
ri~ite tc; turn riuana _u a diL-ectoan cout-sary to that in Vrhich the
saiv:l :ýocket0 itteac'le to ,'ra per~pher 'r lie-charge tnemseivea."

Di~tt~ eTAIi-1 Law Itac bc-en publl -shed 4)vw' eighty years earlier,,
' twQL; stil3. co,_xfýiftr~tc nece~saryr 40o 21 back orj air

I::s ta inz- Crit 0o eCplain the eet;Qoi of' n rocket.

U t3in;i~ 3 ývgat>.t -c attur than Hami 6t~jn"It positive &.sCharge,
Kixn.*Lfte::lcv repc'atedi 'ý..jic experasent 11a Lki-t (52). *k% expected
t: flw t c tura Ir 3a4e oflVc:i te dirwect'.o~ asa iL U hv7hve on

i~.:6kcr' i4p.~ u. _" 4L- w forrd r~acetr it
st 4i ,rent -h1? sal'"; av itroaO A- Q L~r~e att tcQ

*c :~ii to CALS t! iEUfc~tugcnrne lUA~r: 'Ut-1eri t4he
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s t,ýn d Ispun-porting] the fly Vas electrified positively,, I
suppose that the nat.ural quantity of eiectricity in the air
bei~ng increased. on tinc sid-e 1)y what :153%uod from the points,,
th:-. neeýdle was attcre,,teod by the lesser quantity on the oither
S i -e. When electrx:k:iie..d nci-atively, I suo3poet Viat the natural
qus-.ntib1-y of electriul::ty it; the air "#as diminished near -,he
po-.nts; i.'n corusequOH'_,c:e whereole tthe squiliorium being deatroyed,
the! needle was attrne-_-,(ed by the greater quiantity or. the other
a I dle.

Joseph Priestly,, tac earliest ?&istorian of electrical
sc~cnce and celebrato~d discoverer of oxy~en1 p in commenting on
these experiments in, 1767T, remarhAed that the fly turning the
saue way, regardileut- of polarity,, might be talren as a pr-oof
'that the electric fluid Issues out at tha points in bot11h

cases alilke., and by. týhe reaction of' the air io together with
th.e_ points driven bukacs-contrary to whiat ought to have
been thie ease -if thec ele-ctric fluid ha4 really issued out of
th ý! points iii the oat:- casu and entered in the otter (80)."

In 1771., the itulian electri clay!-astronomer, Giambatista
i0--ccazia., observed, ¶(h1'e tealebrated quastion of why points
dri.'ve the air forward', -ehatavozr the direction of the fluid, is
red;uc-ed to the genc'ctL1 fact that the electricity forces in
opposite direction3 'he res3.istance through4 vhich it pasues."
3eocaria associated a certain expanci~va force with electricity;
tfLhu point was there'ýuoe driven back by the electricity -Thought
-to be expanding intoc thecir()

Ie ove the corr-ect explanation riC thc e~kctrie vinci to the
AU.ia- Italian naturcv1l phiilosopher., Tiztrkua Cavallo who wrote
In 1777 that tile motion *I' the fly lepeanded "upon the repulsion
e~xisting betwieeni bofeoi possessed of Vie same eieetrici-.y; for
xa.!ther the fly Is cLectrified positivily or negatively, the
air opgoosite to the powinte of the wlres (on account Of ThI-e
po__nto easily trnc~i~ electricity) acquireth a strong
oiectrkucity analogo'.--; to Vuat of the points; and therefore the
aje and3 the poiutt ' rcopell each other." This reason-ing, he
ad41ts, 'is confirmejd Ja obfr-rving, that the above fly not only
:Joz,:G not move in va6-:'AO, bvt even if placed tinder a close receiver
it" will turn ror a - I-r~ nle and- thzen stop; 2or the quantity

_2or coataiaed Ifl -he eeaeiv)er may b-Jct3ne readily and equally

Thiis view vwao - .3, actrever, universali.1y acceptable.
Ja:;Wph Wooer rea§i~e. .cod !KoariS's argimnont In 1791: 'K.The
.2lnctricaJ mattler va~"in]ot of the po .eZa of tho crost,

1> ., the t7 J±,SUtC&fyt LAIC U.?. as a ?esai.;tive
Ly.. uto Aortves; -,-k ti10 cat3Iiy movabl)e Jirefa of the crost].

:3 theý czettis' CGS le etectrirAi !Lter pasoes into theC
,e.Utfý frja t-1 ii a±, bQ~at4tLn3 that C&1asir aal~e withouit preoure L

2,1 ag exitdaai Teno nto 10).
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John Cuthbert3on, English "plilesphial Instriument maker"
oftferel the valid e.planation in 10,j ttat -tbh motion
of the fly "is occa.s.onied by the actio•a or tae electric fluid
a.-.-insL the electri.Lied air near the point (25)."

Jean Baptiste .- ot, professor oi uatural philosophf at
tha CoLlege de France, held, with Poisson, that electricity is
retained on a body's -- nrface by atmospheric pressure. On this
ba is, Biot maintained in 18i6 that the motion of the fly could
no• be produced i .n a .c.Uum because the electricity of -he •LYw -i bepoducestantl iz s...~pze6,.•u•
woald oc instantly &is.sipte&. I% 1 the air, on the othe:: hand,
motion could be readily- produced :f the points were sha;:p
e3ugh to cnable th'e electricity, to accumulate there anti over-
co-ae the pressure A' tie atmosphere. Biot thought motion then
resulted in much the same manner as in a common variety of
ro-atiag lawn sprinlec (8).

TPe retrogresolon in ass&igning a cause to the electric
wind continued. The wv:iter of the article "Electricity" in
thQ Encyclopoedia ic-tropolitetna, published about 1824, ,3tated,
"Stich *:f these poin!,o *.rill give off s current of electricity,
which from the reection of the resisting medium (the ai:), will
caane the system o.-' points to revolve backwiards with considerable
rapidity (S9)."

The English physician Peter Mark Roget, secretary -to the
Royal. Society, is t,,oday less remembeied for his scientific
rceoarches than fo-:i hifL famo1us dictionary of synonyms (05). In
a treatise on electr'icity published in 1832, Roget discussed the
f!y: "Currents of air always accompany the discharge o:r
eloctricity, uhether• poEsitIve or negative, from pointed bodies;
for each particle o? ai1r, as soon as it has received it:3
elactricity from tlae point, is immediately repelled by the body.
Those currents tend powrerfully to increase the dissipatlon of
electricity, by orlngiaIg in contact with the point a coatinued
su.-cession of part•clc of air that ore not yet electrified and
are, therefore, rea-y to receive a charge." After this clear
et:ibemrnt of the pxenc-ieno-n it -is surprioing that Roget proceeds
with "Each of the mK. n4 If the £1yt will give off a stream of
electricity: this w.:ili remove a part of the pressure whiich the
fluid .olda nave o.Lrt.d on t,,aiat _•tdv if no efflux had taken
place; but an the ?-rejs-ure of the filid on the opposite side of
the wire in the onnosic direction StiiJ. operates in full force,
tq-3 wire tv-_1 be Inmilcct in the direction of that force', that

i, . lu a direction mn-.ite to that ef the stream." Roget goes
oa to deUc cibe an 1 e 2tricaJ. orrer-f," "an apparatus consisting
o2;rzs ter.niaorti Ia points, and Laiintf balls annexed to
tWitGia t: represent ic a•±aeto ... constructed so as to .:evolve
wh.a-' ee.cct):ifed; 2. d 'hits to inltatc the planetary motiLons."

A.suci--• Ie )" C 1w. cc d n l.3e y An.toine Cetar
Lc32uOVCI.p pr c- C'ph3 e - Lie: 1U4Lc-o *i'Iistoire Disturelle
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and M~rsadfatkar nt ta'in Uar,' Bez~vuartc, discoverur of
raio;lcativity: "T.ic- esper-Imczt of ah lectric fly shoves that
tV'-ý mobten of bodies-: :La eluct-rice.1 'lbeuzomna Is really due to
tniv difference jn :rcrvur tt.t h ir exerts on all the points
of thAem;_ bodies*.Th 3rcpet eseapiag by the points, the
prc.ý,suce exerted by the ai:o~ the -x~tremities3 ljeing greatly
d1-At1ni7:hed, The nef~cKLc. turas i',n a contrary di~rection(6.

T-ie mechanism o the )electric fly wasi aluo conside:red by
DoinreLz (1837) (281P LeaPV*WX (184.1) (56,59), H1arris (1851) (42),

deYa nyc (1353) (60,), _Pouti.Let (1356) (79) and 'Wiedeman (1865)
(10?), al11, of whbom advocateýd the recoil axplanation. Contrary
to the opinion of thu, othct'7s who held- thiaq the jiechanical reaction
roault?-d from t~he eXlxof tlecuricel matter at the poiLnts,,
Wio-deman believed todischiarge a-? metallic vapor to be responsible.
Rit-ms (1853)% (84), Th,_noýt (1857) (35),, Eiseial~ohr (1860) (301) and
Ta-ftino3n (1864%) (9) Einýaine tho tacory of mutual repulsion

b:re.At-he electrifýied poinuts -fid the ar Tomalinson experimented
intJt air and dielectric! lioni-do and alone among numezous
ta\'c~st~gators elaita1e-d to observe rotation in either direction3

Ina 18907, SvantcQ August; Arrheniusj, taw! Swedish Nobel laureate
w'ho:;c ."ame 'usually i~j,j:& -to mind the theory of electrolytic

d~actaio, iea.~~Ždt~he intenslty off the electric wind of a
point iischar~gc La'.. zev'ra.l c:ases over a raenge of ambient pressures
(1). Arr-heniura note-d tVhe :rflng off an elec-tric fly so constructed
it couAd defisct underý torjion but naot rotate freely. :cn permanent
ga:;o-es the deflection~ of the ff4y, a imeasure of the pressure off the
electric d-Trd, was fo.'und to be proportional to tW'he ambient pressure
of t.-he gas and, i02- different gases, to výary as the square root
of. the nolocular v'::.glat. The reauon for t'his became cloar within
tn,:t nc':tA few yearn ';lth the &emonut:ration by Chattock (:LT) -that
theý: pr-issure- of' the;. oloctr-Ic wind vari-3d Inversely with the
moJti ½',- the latterý q'aaattty an turn de-pending on the ambient

pt~stteand imolcc'xutIr veifi~tl in such a tiny as 1(o give 5he
obaov~dresults..

F;smtt. and Pliwc1 ichacl Farida,,y'8 0cbseryatioul; ont thle
electric -wind tjere dhia din iO jP as prnfa more s;enera.
Eta>ý, cdf the elciksid-isch~arge in gases aod liquidB. Faraday
ro incel Cut, that `kthoL part. [of' the t vr) hi4ch is chargel may

toI lu:snLI port]ionii of' that which is ul1timatelyr set In maotion".
J'a i '' ti ;§cogn-fflg hat -,-ha elect`-riL ft..ind i13 a momeatu~M

-' i~b pc~czs . ri;-n r co2iilsicin bet-ween charge!d a-nd
t 2 @0 ~a~S&L\, ut '4.~a~i~ty c:te~edijis ex;E~rime:ats to

cicic(til 'Uidn3 n.d :_epo)rted, "Mie-n r phe-nomeiia of currents
c . - co.,erved in dea.;n incuta."ing dceri:,they preseant us with
t:xtro, dinaryV .degn-. of n:!c)±an cal force. Thus, if a pint or

.cL "KtILY~iand. tleri. ,i or. bvpr~te put in a glasE
,o-c.. uýnd two 1>2:2; Cc uiCnflDýif .- Ju Jtdf'ferefit oiaccs,

C a '- ~A),on F*•:tcnahaehA 1u14i will 11 thrm'ur_
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j*4violon~t C3tJOU %.?ougxaout %to .7holc :itas, irhi1lt a~t She;
ea~a~ tim It v1i1 rla,, Itur, three, or four 41aceba up the alaichine

t:,,antd dart off' i i jest Crq-M It Intz -ýbt at.: (33)-'"

Jamen ClOarl giaItv. attecaied grest ii*portaiiince to tbe atudy
cf eaocua 4iechar:10, r-11enozeham l!e wriate, opraletteaullj, tha~t

th 4!b ac proct~icrs :1.ra U.tter understood -6-lzey Vill probahl.y
th::ovV reat l~ight oui the nature of electrial~ty so ve12. as ou theu
Mature of euven ... " 93±vce -ILU 1lazveliot Mae~ the gSzkeode id~i-
charge Vag not e.Mo~aQej to eVen, r-.d1Me-VtErY eM3-LOMat1,Ca1
ttrkatmenr, he confthicd his di-tctue3ion 01 thie subject In 'his
(.i(see1C5l "'Treatina on M~eetricity an~d tagnatis-a" to a few pages.

jaiierestinglyg halt~ obiivap 'Ime devoted to a~n accotint oir thie
(213CtrivMaind. vK211"o' qualitative 8evlp~ila of the wind

u-e,.haza±s vu&a the x-1J.3t coJmpletia t~ien vritten, and even2 tod~y,
-eitainaui -tch of itwo z~alid'ty. F'or this reason It in Worth

c-l') tg tat ienjgth (69)-

".e.Misc a couliuctoz haingia e. sarpx poiunt1 is electrif~.-ed,
1i'i the-orji, Onsed oaL tho hypot.12291s that it ret~ains its chaarge.,
iea-ds t~o the cancluilJon, th..t, au we apprcuach the point the
tuierficial denal-c-7 o±" L-h alectricity iaic4,asee vit~hout li=1t.,
tj thmi. at uh poic'b Itoeif tthle siirrace-density, and th~erefore

l: rujult~aat ae~ct-ono 1;Ive iaten*l-Ity, vould ve infinite. It
riia t or othaer *-.arounding dielectl.zi;, hae. an Itiviacltole

ia.-"2.atir~ power, tiat resaul-, would, actL.allj ocecur; but the
,ýaz~t is, thant as 800Ji c,.3 the risjultaat inteas~ty -in the
itceLghbiortood of tii..-in h2aa reachaed a aer-6.a-n limait, the

iltlz povar3 o: the air giveni way, EQ wAast the air cl1ose
ic tie, neirt. bcom-ij a c-ondtictor., At, a certsin distance froia
1Ill, point V~ie resul1 tna Lntenelty Is cot. sui'flu±@n¶. to breaQk

tL~oug'i Uze Instiilavon of tho air,, so tk-at ithe electr~ic curreut
chiec)hýCd,, eod tiiw o-lectie,1cty aceunt.1ates in thouIr &round

l~it T,411 Po~ , a *-A;ua aurroauiuae. by par~ticles of air charged
tiL46 ! e'-ect:icty ol" thie same kilaid as 1tt own. The effect of

'ni- arsed air ,~ tuze plina-L. Is tc r'ellicive the air at the
icirt rrom Pa:ilt oX thio enormus t-Uetromotivie iatenL!.Lty
vt-!ict .-t would kiavtoi.coerie n*,,d If the conductor alone had been

ii~i~f~d.In the Starfrce off t.e electrified bod in

ra loci;o ponic )-leiLue th pou 18 eneo by a rouunded,
riaaoi'ch-cel -- , Oxe sr~iaca of qb1kc1', rather, then tile

.z;4L -urtduiurm, Oil b-rt~aced -so the oc.tin electritried

'Ti' hy ''tr 5C sa-3ed air COLI-4 ;* kert Ot~lll, thic

1! 1,711 1-9 t: bt~t tAe C138rC CJri --a1-tiC1eG of, r~ix
at -, -- ~ V -- tic 140 J~I(roi~oet
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rYitb the soavS 3&n6 of *leetriflty. The Qhtataoi particles of air
-ý-heroTawn tena? to tayt @tt' to tbc direr-ioa of the lines of
.'----rszito appro~ach those *uirroucdlue bo&.1e5 vhich are apposituly

*2Jetrf.L4.When th;:y use gone, otheir uncharged particces tale
:~heir: place r.oueid ite, Qontp and eiaCt --.-here cesnoot shield those

.Cxexz the paintý Itself free- the exaceon.Iva electric tension, & new
Ii~schesrgc taktes place, after vhic~h thvo newly charged particles

offe :1, &ad so or &a Iota as the body remains electrified.

In tve wy the &oilovIns, phenone~ta are prod-aced: At and
flose to the point. t..ere isb asteady ginv, ar-asing from tMa
.ýonsta',nt dischtar~ee which %re tazing pla1ce betveen the point and
the .x--i -riery near t

;'Th- cbnzraed pemrticlcvs of alir tend to move off in the same
-Tenert-l Mrection,, end thus produce a cirrent of air from the
9olnt, consisttrr i.ff the. charged partltetes., and probably of
:ther~i; carried alnxze., by tituw. By artlilcilally Siding this cnrreafl

-3x ma.! Laerease tlwý g.1o'i, aad by checsiag the formation of the
ctvrremt *;e may pru-vunt the continuane,3 of: the glow.

'The2 electric ilrid it: the noh-'hooriood of the poZlnt Is
sometlmes very, rajr 0c, but it Boon lOD'30 its veoccity,, and the
air Ji'th its clvtrtwci part:Aolee iii carrieýd about v~ith the general

na';o:isof tne atxiwriphiere, and consti~tuts au invisiblael*1ctoric
cloud. T4hen tnei e:i'.nrjed particles co:3Ce near to any conducting
ourfaýe., tsuca au ia lfalv .¼h(y Induce on that surface a charge
Ofl~posi 1 to their owna, and are then aitracted ktowarda tie wall,
but OtOOBc ths- ele&;41.orotive force is *3mall they may rouaI~n for

A ID. tme aer tCc wal1l itrithout Cici- drawn tip to Pc surface
and d-Scharg'.;d. tuythus form fan elactrified atmosphere
chingtng to condu,.:Lors, tue presence .f which may someti-mes 1ýe
3,;tected by the e'com r.The el~ctrical forces, however,

z~ti n;; t~o~l [u ics ei~oi clia:me'i Li b* taric Oth.r bodis3 care
exce~lglyfeeýble :,owparorl 'ith the ;.rd~inary forces ¶th.ioh

pvod::e inds, andt which rFipenCl vo iunpzailitics ot density due
CC) di'.':ver0230e of ne~ett1e o that itr is vary im'probshle
tVit ;It josvub- u of the rnotioz ' crdinarj t~m.Ler cllouds'i

41 t13t1s;1$ikit. ther-eflor! ) 4'Oducei by VIC Constant
o~wa~2 2 ~ht~¶.:Ith:tnough & sm~alL Joctilon of air -,i whaich

*AC t;ri io to ~ oan c htirrýa tue blarraOund nrtir:l@es
3 LI 'hich zure L:-:iaa1 *It~ 'jt cD tu eetr wid

rr1 K a a - ;i pe.r~ ; tI O it ) J.44 S.

.eaas of ro :n ie eicc-;r:c rtiql x"jjefie. recr,±
foiliowc0d Gil?2 £:cutrcc 3sV the cn-ectr1c tddbyosevng me

f¾) line of the eic c, AAucniaiv u-in'iorur n the4lcrg
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Another method for- rendering the electric wind visible was
giv nit 1786 by Cuthbertsou (24). He placed a piece of heated

cawpho:.f on a discha-rge point and formed., by the joint action of
air cur-!rents and condensing va-por, moss3-like camphor dendrites.

E:.pi o)ration o:? the electric wind by noting the deflection
of a Emuall. flamte in the palý* off the air stream hav been
occiasionally employed. Oboervationzi are complicated by the

Jzed structure oJ: the flats. A canile flame, for example,
is pcs lttvely chargsud arld. will consoquantly eatace n

re-.e1edat t-he samne time by a negative discharging point.
Theo canidle techniquc isn old; -Itt was usead by Cavallo (14) and
Catýhber!tson (25., 26) in 1-177 and by Rerner in 18oi (83).

xIn i168, Tbplor eatended the earlier smoke-tracer method
for renadering visible -*g~h flow pattern of the electric w7ind by
iamroducing a schlier-en technique (:OO). He wrote, "an
uavarnlshed boxw~ood rod. with-1 rounded ends was attached to the
ele-ctrical machine and its Tree end brought near to a
groundead wire cpher-;e ... When the a:.?rangement in front of the
inaAn leýns system of 'the optical apparatus was examined at
consta:3t light intono~ity, at simmering air movement,, flane-like
i41 apptearance, vas cobserved between the rod and the sphere."
Tboler demonstrated -*thut the electric wind uras not quite the
"Ocpool .Ynd" of Kinnc-rrsiey,, for If the air had. cot been warmed
by the glow., differ'cnc-ýs in refiracti1ve index required for the
schilieten effect wuV~Ld not have existed.

I i was shown by,- Warbu.rgC in 19012 that under certain
ci-,cum3tances th~e vlcri-wnd could be made lumlnous (102,,
1033, iJ.4). Warburg dernons-,rated that ~easezt Into motion by a
neg;ative discharge in oxygen.-Cree nttrogen underwent chemical
chcm:ýge at the dischiarge electrode. The phosphorescence
accomp;-nyi-Ang the retuiruj of' the gas -to its original state rendered
It vis tble and so mchil-Oiled the pattern of the flow.

lore recently Qi10 'adcnbUrg atid Titetze employed scblieren
niLutogýaphy ia coYnu.erti.on_ with a jet of carbon dioxide gas
i-atroci::ced. into Ithe a>ý. -in W region, -f the discharge (57).
Thu 4 dceetion and tn-rh'alcnt, character of the electric Wrind was
ea2F ;11y ctiplaycd.

74~~~, ot~~rzVnti(l about the last quarter of
-It bovucoml~o-l takcan for gr-anted

a~''t)ir Oarticles "tcru o )UL of ole trit.aiaor sw
¶fl)-lAd .3ay, gas molotuie,_- are capabFŽ a? ioniziation. Coulh-mb

(on)'530in 17085 ioixen -iga1;e6 the -toss oif electricity froma a
CIri4b:jay suepeiz(_ed_ by :_mulatioag sýrinrla thought that after

for~ ~£0 leakage-, aI:_~ruL tje cjpprort:ij, vern lost eýharae still
r~t~r'@to bea accout)Urjtý tor-( by e.CnvbeIicra tbriouck

tLA- ai1g. Conccti-ýc d:-cohnrcýfo or eC>Ctricti "!ouveet;LoD veto thes
t~i op~i~to tix p'saecictriy vo one place to
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E-flther Py, the motion of charge-bearing particles of ordinarily
utnvhar-ged matter, e.&, gas molecules, CIust, etc. Coulomb
i.opoocd that air particles in contact with a charged body
acquired an electrical charge of the same sign as the body and
that the particles were then repelled by the body. Accordingly,
r.olecullec of air could be charged with electricity, much like
bits of metal.

H•ere and there an occasional question was raised regarding
the validity of this charging theory. Ferad.y, though voicing
onne reservations, wlent along with the prevailing belief.

Kianecsley and Franklin had objected wore strongly. As Priestly
tells us "Mr. Kinnersley of Philadelphia, in a letter dated
tiarch 1761, informbiusfriend and correspondent Dr. Franklin,
then in England, that he could not electrify anything by means
of steam from electrified boiling water; from whence he con-
cluded. that, contrary to what had been supposed by himself and
his fxiend, steam iias so far from rioJnl .electrified that it
"..eft its share of common electricity behind (52, 80)."

In time, howev-r, experimental data accumulated which
ueeme6 to be explicable only o- the hypothesis that molecules
of gazses or vapors resisted eleotrification. Warburg in 1872,
ziuppoxted. by Nahrwold in 1887 adduced compelling evidence that
the icss oi. charge trom an Isolated electr.•fied body could be
accourted for by the presence of dust In the ambient air (73,
_.01). These resea.crhels held that it was the dust and not the
aIr striking the cha.rged body that war reeponsible for carrying
off the electricity. In this newer view the dust did not even
have to be present in the original air. It might, it was
bellowed, be given off by the charged uonductors utder in-
vestivatiuon. Thus Lenard and Wolf demonstrated in 1889 that
IThen trz'avic-let light fell on a negatively electrified platinum
E;u.rface, a steam Jet In the neishborbood of the surface shoved
by it• change of color that the vapor had been condensed
(63). Lena-rc. and Wolf attributed the condensation of the
jet tc dust or metallic vapor emitted from the illuminated surfac:e,
-he dtot producing condensation by for'n-mnk nuclei around which
,'.he u.cller droplets coalesced. The exiperinentere were, of courses,
observing the photcemission of elcctronut from the muetelllc
U:Lrfa(e by means cf a primitive cloud chamber. Bat being unaware
of thtc exisence ot electrons or gaseeu:; ions and aupposing
• hat Cot was indisneusible to droplet (condcnsatioaL, Leuard and

l c1 -ir e'l! to cccludc tb:st the net.& "as disintegratinG
,hrader The action cf the light, the mel-a'lic vapor carrying oif

-h& n~ative elecIC'-g and leavina be'hinud t.ie posltive. A
-rmil-Z .expe'iment, -i--e-tly bearfug cu the electric wind,, was
'crfoi"ned by Ri. vc-n :iclhoUz in i&7 (46). lie had directed as

,-ccti'.tc irind agains!t a jet of steam c.udi observed i.;e eonversiot
,.I tht. :heu to •vpoi s10 'cg .iut &C it dust- patticr.es had bLee"

rtro CAllcd. rn1jo, lic Taut &ir acsuc ould not @tcatee
'u"~. 4 yje ~ppor'_ - 1 t ie exeietiresults; of Blak:e In
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£333 &:44 Sohacks In iLSe30? 89j. Those studies seemed to show
tiict*0 not only is t-ltre nO felectricity ,iroluced by the evaporation

of n -.imelectrifie-A liquid,. but* also tssat the vapor rising from
&ai clez~trified. liquid Llees aot carry a ch~arge, It wau natural
ewf~ugh to srgazr that if aoleculers of vapor are capable of
redwiing a charge under &uy oircunstaieos they shoui4 be
e.:,ect~nd to do So in tVaiu :Saes.

The convictioj tinst tue presence of dust is a necessary
condition for the !;e:-~ discharge in General and the electric
wiaid in particular died hac'd. Aspe'rln reported in 1888 that
the preQsence of' dust11 had. no ef~fect on tLbo intensity of -the
electric viad and t:_aetiforo could not contribute to Its
exl~an-ation (2).

L63rd Kelvin ant Magnus UnicLean further observed In 1894,
"That air can be etnatrifi&i either positively or negatively
to obvious from the tact tiat an Isolated spher'fle of pure
iataer, electrified. citlier -positively or negatively, can be
vholly evaporated lii the air ... This demonstrates an atfirmatire
ans~wer to the questton, caa a molecule ci' gas be chargel with
electric-ity? sau 63'a)JS that the experiments referred to as
toflntiaat to the op7),situ'L conclusion are to be explained other-
yitrjo (50).' Dospit!? ttaie -T. £raun could write as late ass 1L896
C(I1) , "The quastloti of whather a ga con be electrified Is
mneweredl mostly in &enegative., at least among German Investigators.
/l11 phenomena indie:it.--Ag tue possibility of eloctriflcation can
I~e explained. by th2ý presenoe of dust particles that might have
teen contained in t~ie gaz from the outset or alse introluced during
t~ie process or electrl:2ication." It was not long, however, before
the last vestige of' doubt an this score was eliminated. K-rays
vere dincovered in 1395. Almost Immediately J. J. Thomson at
the head of a brill.-'aat group of young ecientists at the Cavendish
Isoioratory of Cambridge undertook to answer the question of how
5-aSOu are mnade coniiaotive by the new raciation. It was quickly
Joi-.nd that gas ren&Žred coaducting this way lost all its con-
c-u-tivity when filt'sred through glass wcol or traversed by an
tklectrJ-c field. Tha conc1asion vras Inevitable that gaseous
cc izduuctivity was 4w-! to the nreaence of electrified particles.
t~hasc pa)rticles er called Ian$ by analoj~y with the term coined
LbY LUr~dyi 1834 sit-0 reference to the cbarge carriers of
t-in3trolytie ouin 3,9)

'rnlntltative -viory-of tile electric( wInd., D. rasemprer,, In
Is, iJv~lur dieactation at arburs -n s33  soens to have been

4`1 fir'st tro atte~r; a Rpaaytitativc theory Of the electric wind
449). !Wclareins, oii tbi earliear vork of Xcldc (70, 71)# Kaempfer
-terivti4 c-quctionn lin_ýing the pressure i-enere-ted by an electric

51Iui iaa tii'f cA~iiair loot :02 tile 3o6l. n193, 0. Lebman,

cflcuiat401-441ta6t( tile Ofct @1le ttcJ4cotric WInd a. aaot4-_er
¶ar~A~r~(6P-). The &_cvrly tbiao~oy wase IQteCý on a numiber of



qtetinsbe c~up~ms;:aroirus -,ar, tz) ZCc made only by
aPAfliUU31g th;n olid atpp:vaciaes and s-ýsrv~iai afrei.-h This vas

t~eInA. P. Chst-Oc3,1 N~a~zaesor of paysiccý at the University
of' &fltol r~ho, in 1899v *evolope4 sao~iabt betveon
l~catrC vind orcioc:v &!!t ~ntrrout .fer piaune Parallel, eleottodes
(34.Chattoekta p::usstiaro-ecrrect equa~tioa na eatoeidert to

etiliar; gxeosettitee bi; 1k n J.954 (65). Ij' 19S51 llarimey examinked
tiic- af Leta o.a the e: Xeýtrical parnaztens of a coriona diucharge

*&b re broug~ht abjou.- by the miotion of the jaSa stream (41).
lint1 eCVeats are snrA. In jaseu moving at electric wind
vus.ocilcs but need no-,- reRZCU so If a dielectric liquid is
sit~itj :;uted for the ia:acoua %,edium. PayiaZ special attentiou
tt) ouci-_ a case 5tuotýýr:,;, Su 19 59 and 1960, lurther expanded tixe
'wark 0i Ldb avrl Ha.?acy, giving the most complete analyoio 041

ian-dr,ý phonneac 3ha hati yet boeer offered! (90, 91, 92).

Electrical --prey %,7ptptation cr0 the aloectrio vind. In 1930
Lt4Lebabrg-ad ¶tieai E;±at tV cli the %1@ctric
xuiitd Li the Oct dpreý:1Lrftatton proceos (57). The
coztcluiloa of theouca irrtarn - that the rind plays t4 significant
tWA% iQr transportinta-gpartilfles to the collecting electrode cof the
nroc ipitaetor - Was c-iia.Llartled by the experiments of Deutech in
193.% (30). 'hIrs, vu~th the reaulte of iAierdcel aad Sieli~cr in
19-5,, .rovided conv.-nclznr .?oof that tae cleacinS effects

au~vidIn coaxere.*tlC. pre.elpitators could be understood Witnout,
tnvokicg the e.Lecttzo nin (7(2). in tie c~4J of labo-ratory pre-
eC.q~.tato.-ýO, hooe:elutrela couoed in 19a5 that the prscipitating
toai-c it the eleCatric wind may be considerable (29).

DI-odle et at.L.1 1954 *3oaotructed a portable electrical
O&192 n~precAta -.p:rovided with an electric-wind air: flow

M tt (4). A sliallar apparatus was patented by Hahn In

Sirona lrtdsget.w cr. Atuch of the recent Interest in the
e.L.~t±&~flhas Tjt~cro.xtive to the corona loudspeaker. This

c'e-rtcv con0-'sts eaa';iýtiaflly of a oorona-discharuro eloct.-ode Vie1
3-1: puljtcutlal of va: atL ±.- ýaoduY.atec by an aitcraating iaigua±.
ih! oi,!tv outpuw- tioreaipon appears eat prvescure variatiolas in
tLibt re--ul&-ocaat elect IcW~.Since there i'i no ponaleraftoe

bi:t~ 8 distlragm - cifly (gas -Iono and &asoociated moleca-losa
rzv-re - Lizti 'r ?rcst-: cios 4hn n convc-nt 4 oral loudapeakorai
('"a, i-r9LtLZ311108 '*3! 4O1iJ nod.

PtIn n .9,<ttda point dtschar~e !yj neans or
2oa4dr(J; U13ic bil~pcl~ ad a ozaoptki freqjuency response

,a_.5 !Xv/.u sat; cir'zv aW a-o povez, trona *,a tUcouotic signalt
CIOaa'c #Areel*aInIo~ar irT 'ya s severe .!,t&s (98).

!¶ rrr.ios~ -L priucle psitve ijfl itatiffoalooerte
atr Wee deui.c.31 by teoin 1i '946o. An erltu.ng surfAce ecstV44
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vitb a suature of p'_aticus,. alsictiau p'Vonpbste* graphite sal
irttitwe replace4 a roiat *lectroto (34, 35.$, 514,1 55 s6).

In 1954~ Lob aaala a theoretical study of tbq relations
ei:.stIng between static *JACttlC-bvind pre~astre and applied 4-c
ro:.tate for plane-parallel, spherical and cyllindrical electrode
configurations. HID equations held within limits also for
*i';oarniting pressures resulting from a superposltioaof at &-c
to-btage on the dischiarje 4-c voltage (65).

Patentse A nnae~er of patents have been issued In
re'ientdecades on d-ýviee a Fr propelling air by the action of
thut electric wind. Among these may be nieatione4 the eeto
stntttc blowers of Beanet (7), Sla~jter (8;7) anc Liadlenbia~d k64).
Pa.lueff proposed to :ofl 1digh-voltage transforza.sru vyoUQýa
tnem with corona diuicharge points (78). U"ahn devised v.
cenbination blover-eleetrical precipitator in aj~ich the corona
Linultaneously charoad sue-2euded dust and generated the preesure
resided to Insure gaas flow through the system (40).

?4Iocellaneous nYric. At thu turn of the ceatury, one of
the first problems caonaectzd with the then nettdy disrnvre4r-
uvevhanisr of maseoa..' conduction was th-ýA of measuring Ionic
rmo~Ility., tie velocA;t of an Ion in unit elecTric rietaL.

ctttccc ucccidJ in detW-nYijain3 ionic e mcbility in 1899 by
E'etablisa-inc a relatploush,_; bet-ween the mnobiltty nod the presaure
cof the ulectric viadl (16). Chattock's later vorhý In 1901 and 1910
elctendtda these nteactracual-s to otwur Gazes than air (17., 18).
k varwiant o.--' thin tacliniqua was developed by Ratner in 1916 (82).
Thin electric-wind iu'bdf-r ineasurine ~oti.Lltil3O ise relatively
Inaiccurate and has today been cornplcte1N replaced by more
taLls;factory modern Qrocoeiarez.

74e first quanti0tativa study on thie electtric wind apperar
to have been performeod by !ioltz. IC .I.Bo he determined the
'e-Oilociuy of tile eletitric win-I botl by otoerving the rotation
ct ean rltcatric fly :taci by jacaariaG the pressure produced by
tkin vind atainat ta- a1-ijneoat sOurfact.Y4

Von Obecwayer and van Pichler rneast red tae ve!Qcity nore
cireetlyj, in 33664, 37y aeana of an azier-ototer (76). They

imzntrLedtie el'ctri2 iiJad trl~n a b-.ndle of di1 "ar-ý'! points
.s Vell e~s C-o-a a Si.iLelC point. S!-- hoo1-ine thre'e Influence

L~flaiflev in PS±eh~ey attl~aned Yoltaj!3r c~f tup to oj icy4.

Lelutafl, i~i' tvc plvbibbttIons, i4 i8c' and 14398,, gave ans
etxenaevc jwni1!tatirý accotat of the elcetric wind. The electric'

wavifs aced to C'&21atn e-rt'ain str;itlij1ed electrical die-
rifltcec and tsj3 shc.)ic ant 1,ch3v!,_r of tke electric are. The
V~il Pitnttgrn s ar 3aL i of ti'e '~'r'ca E4r0Ory VaO Con-

£G4~ndth ~)r4ntsU f t-t¶aga4 ulia! Was Introduxced.
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Lhe lter is tj@ staxe £ekasct gays to &.a electric wind deflected
in a ua1•Stic fielrj, am ttffect whieb J.a (8 untior room condition,3,
to jau;lzalfiaant (61# 62).

,.,he 4istributieo of the electric wtnd vllocity in terms of
týectrode geometry, current and voltsge s"As coasidered by fReiter

in 95 (%4 45).

iuer and Sherba.uch reported on the puaping of dielectric
liquitS oy a corona dich•rge in 1958 (3). A method for producing
low-c•irrant hieh-volv.tge p;over by trans:;orting electrical charge
in a n,)ovlng- jau strc,:, inctea& of a belt as in a van de Grasf

:3teritLtOPo wns daecribed by Gcurdine in 1960 (37, 38).

Cth'3r recent w-riters to mention Abe electric wind include
"•nrbur 1in 1927 (i0c), zhomson In 1933 {94) acn vont Engel and
;Jteinbecs in 1934 (32).*

W Wor!: o? related irorest dealing with the movement of liquids
In elect.cic fie14s inmeltdes Vonnegut, a. and Ueubauer, 1. L.,'Production of Monodisperse Liquid Particles by Electrical
.xtomi:;ation," J. Colloid Eel. _, 616-2?2 (1952); Drozin, V. .,*
:'The Electrical Dispersioz of Liquids au Aerosols," J. Colloid
;3(A.6, 158-64 (1955); iawab, N. A. anid Iasonj S. G., "The
-'reparation of Uniform Emulsions by Electrical DIfpersion,"
J. Co'.Ioid Sci. 13, 179-87 (1958); ?O•1l, A. A., "Some Effects
0±f NoL-ufliform Fields in Dielectrics," J. Appl. Phys. L9,

By: %~7w
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