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C:onforfigaR RepreseAtation aAd Egectric Discharge

                        Figutre.

     By

Yosjr6 II<EDA･

   In this article are shown some photographs of eleetrie diseharge
tal<en in such favourable cases where eaeh eleetric discharge figure indi-

catesthe direetioll of the electric field. As a eonformal representation

with ordinary (matheiinatically not so coinplicated) boundary can be ob-

tained easily by our method, we ean compare the photograph of the
eleetric discharge with the eonformal representation having the same

boundary, and can see at onee if the eleetric djseharge occurs along the

direction of the eleetric field.

   If a glass plate is put on a metal plate conneeted to earth and if a

terminal of high tension is put on a glass plate, then brilliant sparks will

appear on the glass plate. Instead ofthe glass plate a photographie plate

is used and high tension is applied to the teTminal on the plate for a very

short durat･ion of time. Then Liehtenberg figure is obtained. It does

not indieate the direction of the eleetrie field generally, but if all the

apparatus is put in an evaeuated vessel, the Liehtenberg figure in sueh

alow pressure of airindicates nearJy the direetion of the eleetrie field.

Now let two terminals be nsed whose boundaries coincide with equi-
potential lines of the conformal representation shown in Fig 1, (e), a･nd

letthe high tension of alternating current be applied to the terminals.

The Lichtenberg figures in sueh a low pressure of air are shown in
Fig. 1, (a) and (b). Next the glass plate i$ used again instead of a photo-

graphie plate and an electrie are is produced on the glass plate by mal<ing

the pressure of air suitable. The photographs of the arc are shown in

Fig. 1, (c> and (d). It can be seen that the arc ,is formed along the diree-

Lion of the electrie field.

    Next a high tension and high frequeney eurrent is applied to tl]e

terminals by inserting a small series spar]< gap ii} the high tension eireuit.

Then very beautiful streamers appear on the glass plate. The figure of

the streamer is inost stable, jf the pressure of air in the vessel is a few

inin.in Hg. This figure has been investigated fully by Dr. [I]. Itoh,Ci}

   (1) [I]. Itoh. Radial [Electric Discharge Figure on Dielectric ]Plate at Low IPressure of

Gas. Vol,1,No.5ofthismemoirs.
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[I]he reason uThy the figure appears is not yet perfectly explained, but it

is certain that t･he direetion of the streamer coincides with that ofthe

electric field. In order to n[ial<e the problem tNaTo dh[nensional, the edge

of the glass plate is covered with metal eonnected to earth. The photo-

graphs taken in such a ease are shown ill Fig. 2, (a) (b) and (c), The

conformal representations which correspond to the photographs are
shown in Fig.2, (a') (b') and (c'). Fig.2, (a) isthephotographtaken

when the one terminal is eonnected to the elliptic boundary of metaland

the other termina] to a metal wire laid between the foei of the ellipse.

Fig. 2, (b) is the photograph taken when the one terminal is connected

to the triangular boundary of metal and the other t,ern]h]al to a point at

its eenter. Fig. 2, (c) is the photograph taken when the one terminal is

connected to the cireuiar boundary of metal and the other terminal to a'

point eccentrical on the circular glass plate. It can be found at sight that

the diseharge figures indicate the direction of the electric field.

    Next let the metal which eoyers the edge of the glass be taken away

and the metal plate under tl]e glass plate be connected to earth. The

figure ofthe streamer changes into another type. The streamer is not
perpendieular to the edge of the glass, but perpendicular to the metal

plate. Then there appears sueh a figure as js shown in Fig. 3.

v
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h-h

M

V: Vessel in which thepressure of airis
   a few mam. in Hg.

N: High tension terminal.

G: Glassplate.
B: Brightestcolumnofthestrearner,
Atl: Metalplateeonnectedtoearth.

Fig. 3.

[I]hough the brightest streamer appears along the shortest route between

the terminal N and the metal plate M, the streamers exist all over the

glass plate. As this phenomenon is three dimensional, the direction of

the eleetric field is not shown by the copformal representation exactly,

but it can be shown roughly if one assumes that there exist two poles at

.ZV and B. Further by assuming the intensity to be 1 at .ZV and 113 at B,

t'
ki<,,'s･Ilil,i,

 kec ee}

ss d with the photog

nformal representation is obtained as sl)own in Fig. 2, (d'). If thjs is

                 raph shown in Fig, 2, (d), the assumption may



10 Y．Ikeda，

（a）

（c）

（θ）

Fig．4．

雛
　．

一一
P一一一．・ゑ．．．＼〔．ン．喪

　　　　　　　　　　（a’）

　　　　　　　　　　　　

　　　　　　ヘ　　　ア　アモ　　　　．鋸　ゼ：．㌧．．ξ一．9．．．．美

　　にヒド　　　ぜ　　ぐ　ド　　ペコペ
．・i．蹴・駈㌧二．．｝．・，．1＞．．1

　　　　　　　　．・．圃，　、　噛

rて♪．．、∵：．．．、・’ミ「．’「．．．．．ジ

　函へ．．：＼．7．一－1一．ヤ’

（b）

（d）

（f）



            Con£ormalRepresentationandElectricDischargeFigure. 11

bejustfied. Thus it can be concluded that the diseharge figures investi-

gated by Dr. T. Itoh indicate the direetion of the eleetric field.

    It i.s very remarl<able that the equi-potential lines are obtained with

the same apparatus as above if the eleetrie potential and the pressure of

air are varied. The photographs taken in such cases are shown in Fig. 4,

(a) (b) (c) (d) (e) and (f). The last figure indicates the equi-potential

line shown in Fig. 2, (d) and the others indieate nearlytheequi-potential

linesoftheeonformalrepresentation1rythefunet.ion Z=logzZ-+: as

shown in Fig. 4, (a').

   Lastly we willexplain how to have the conformal representations. Fig.1, (e) is the

conformal representation given by the function

    , Z== (ff2k2-1)F(z, k)+E(z, k)
wher'e F and -EJ are the first and seeond kind of elliptic integral and

            .?kf =- g , Dt =- j:/tJi-ig--'-.Z//te dx., i{7 == Si,/(in.2d)7i-kt2.2)

Fig. 2, (a) is the eonformal representation given by the function

                         Z == cos-iz

Fig. 2, (b) is the conformal representation direct]y composed from the one given by the

funeVion
                         z= f(u)
where
                        Z" S r"'('rSil),.2 , tt := ioge

Fig. 2, (c/) is a part of the conformti1 representation by the ･function

                        z= log-Zz- iacu

which is shown in Fig. 4, (ai)

These representations have been published in the " Seientifie Papers of theInstitute of

Physieal anct Chemieal Researeh. No. 561."

Fig, 2, (d/) is the conformal representation given by the £unction

                                                   '                                  3
                        Z= log2lL4" log (x-a)

The conforrnal representations by means of the funetions

                                        3
                         Zi=logz Zle=L4'log(z-a)

are given by the concentric ciTcles and radii whose centers are at z mu- O and 2 e- a. Ac-

cording to method II in the preceding artiele we can obtain Fig. 2. (d').


