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                        gntroduction.

    Many have studied about striated discharge figures whieh are

generated in a glass tube at low pressttre of gas under a suMciently

high electrornotive force applied on the electrodes. They have in-

vestigated this phenomenon (it is known also as " Glimmentladung")

Jchiefiy on such points as, the effeet of the use of different gases and

pressures, the electric field distributions in the discharge tube, Faraday

dark space, etc., but the discharge vessels they used are always lollg

and narrow and may be called ``discharge tubes."

    We know, on the other 1iand, some discharge figures produced

on the surface of a dielectric substance.- The well known one among

them is the `` Lichtenberg figure." The phenomellon occurs however

.at an ordinary atmospheric pressure and by an instantaneous eleed

trornotive force.

    Besides, we have recently found the " circular spark"' a new elass

   1) A preliminary repgrt on the finding of this new class of discharge figure was

first made at the annual meeting of the Physico-Mathematical Society of Japan which

Jvvas held on 1 April, 1927, and is also given in our previous essay " Further Researches

･on the Circular Spark" in this ,2lfletnoims, Vol. I, p. 117. A short abstract of a part

-of the present work was published recently in Proc. Imp. Acad. Japan, IV (1928), NO,

1, pp. 16-19.
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oftheformofsparl<discharge." .
    The phenomenon we are going to describe in this paper is a peculiar

type of electric discharge figure which appears on a dielectric plate

at low pressure of gas. The discharge vessel nsed at present consists

of a 1iollow cylindrical glass having- both height and diameter of the

same magnitude. The present figure has an appearance something

like the negative Lichtenberg figure made on a pkotographic plate,

but they are actually quite different phenomena; they have niany

characteristics quite different to each other. The figure is rather near

to the eircular spark in several points as will be shown later.

    We observed, about a year ago, a peculiar class of electric discharge

figure during our previous experiment on the circular spark under

reduced air pressure.2) The rnain parts of the apparatus consist of a

high voltage testing transforiner, a series spark gap and a discharge

vessel above inentioned. The vessel contains a needle point electrode,

'a dielectric plate and a brass plate (whicli is fitted to the lower edge

of the vessel). When a high and alternating electromotive force is･

applied on the needle point and the meinbers in the eleetrie circuit

are properly regulated, a circular spark may appeaf on the dielectric

plate, the eentre of the circle being coincident with the needle point.

Now if the air pressure is reduced gradually, the circle will be enlargedi

hyperbolically. Bttt this kind of spark can 1iardly be observed at one

third of an atmospheric pressure. '
    '
' At an air pressure of several cm. of mercury there appearsa

peculiar form of discharge figure on the dielectric plate, wliich first

becomes quite obscure and then invisible if the pressure be again

reduced to a certain limiting valtre, This figure liowever is quite

another type of electric discharge than the circular spark.

' The apparent differences in characteristic properties between tlie･

circular spark and the present discharge figure are that

i3, .' d¥!l.i58S,a.' .Tti,,i.t?e, 1'Al,Si l:,9gl.)lka,'.A.{gci.<]tip,b",.cad･ y'trpan･ voi･ Iii･ (ig27), p･-

   2) T. Itoh, this uebmoirs, Vol. I. p. 117.
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   1. tlie circular spark is a peculiar type of electric sparldng

   ' discharge, while tlie present figure is a type of `` Glimm-

      entladttng'' which appears at .low pressure of gas,

   2, the circular spark is obtained at an ordinary atmospheric

      pressure, but the present one appears at a redueed gas pressure

                 '      of several cm, of mercury,

  3, the diameter of the circle in one case varies regularly with

      the thickness of the dielectric plate, while the number of

      radiating striae (which are a principal charaeteristic feature of

      the present discharge figure) is a function of the sttrface area

      and the thickiiess of the dielectric,

  4. the potential difference on both sides of the dielectric is mucli

      smaller for the pfesent figure thaii for the circular sparl<

      previously studied,

   5. the diameter of the circular spark increases hyperbolically

      with decreasing air pressure, but the number of striae of the

      present figure remains the same despite variations of gas

      pressure,

  6, the electrie current passes through the dieiectric plate in the

      circular spark, wliile the most part of it fiovys over'the surface

      of the dielectric in the present case,

   7. if the needle point electrode is replaced by tliat of a plane

      circular disc, the diameter of the circle in the one case in--

      creases by an amount just equal to the diameter of the disc

      electrode, while the nttmber of striae in the present figure

      remains unchanged.

  There exist, on the other hand, many characters which are very

ke for both phenomena, narnely -
   1. the principal part of the system on which the phenomenbn

      appears consists, for both cases, of a needle, a dielectric plate

      and a brass plate all set in the same way,

  2. the electromotive force to be applied must necessarily be al-

      ternating for both cases,
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    3. the existenee of a spark gap in the electric circuit, in whiclr

       the discharging system in question is contained, is absolutely

       necessary for producing the phenomena; the gap plays an.

       important r61e to exhibit and regulate the phenomena,

    4. both phenomena are very stable in their positions,

    5. the phenomenon is, in both cases, a result due to a certaiff

       resonance effect of electric oscillations, etc.

    We have receritly made some systematic observations about this･

discharge figure using glass plates and some other dielectric substances,

and obtained results described in the following pages.

   For the sake of siinplicity, we will call the present radial discharge

figure the `` R figure " hereafter.

     Part I. Experimentag Investigations of Radial

         Egectric Discharge Figure on Dielectric

              Plate at Low Pressure of Air.

          , I, ApparatusandElectricalaonnections,

                                                          '
    The inain part of tlie apparatus ttsed in the present experiment

consists of a cylindrical glass vessel having both diametef and length

(height) of about 20cm., the lower edge of which is soldered to a thick

brass plate by means of sealing wax, while the upper is fitted by

rubbing to a thick plane glass and is made tight for gas by means of

wax. This is the discharge vessel we used. It is set with its axis

vertieal during the experiment. The' dielectric and the needle point

electrode are put at the centre of the above mentioned vessel, but the

upper part of the needle is lead obliqttely into the vessel from outside

for convenience in taking photographs of the discharge figure from

difectlv above.
     v
   The electrical connections in the experiment are $hown diagramati-

callyinthefollowing: ' - '
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Fig.1 (II)

            Fig.1 (I)
    1: Primary circuit 2: Secondary circuit
    D: Dielectric N: Needle point electrode
    B: Brass plate S: Spark gap having conicalends
    T:Hightensiontransformer A:Animeter
    R: Rheostat M: Mercury manometer    P:Photographiecamera .E:Earthingpoint t
    Fig. 1 (II) is anotlier 'type of electric coffnection and is shown

here merely symbolically. The difference of these two connections is

the different positions of the spark gap in the secondary. There exist,

beside these two, many kinds of electric connections; they will however

be described later in this essay. .
    The source of our high and alternating electrornotive foi'ce is a

high voltage testing transformer having a niaximum output of 100 K.V.

and 50m.A. '
    The primary electric current is alternating with a cyele of abottt

60 per second. The intensity of the primary current and the secondary

voltage at the same time are regulated by the rheostat R, The

primary voltage at no resistance is 60 volts.

    The width of the spark gap is variable at will, and the two ends

of the gap are sharp conical. An ordinary spherometer is used for

one end of the gap, and the reading of the width of tl]e gap is more

adcurate than one tliousandth of a centimeter.

    The vertical portion of the needle electrode in the discharge vessel

is a steel sewifig needle half a millimeter in diameter and 6cm. in

length havingavery sharp point. '
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    Lastly, the form of the dielectric is comnionly a circular cylinder,

and the axis of the (cylindrical) dielectric is put vertically on the

brass plate. The needle point electrode is made to just toueli the

middle point of the ttpper surface of the dielectric.

    The method of generating the stable R figure is

2.

3.

4.

5,

    Then

of abottt

may measure
height,

    We
the gas

    There exists

ing the

single value even

to set, first, the necessary electric connections, and adjust the

mutual positions of the needle point e16ctrode and the dielectric

plate, paying, attention especially to the contact between the

brass plate and the lower surface of the dielectric, to the ec-

centricity of the position of the needle point and to the vei'-

ticality of the needle,

to fit the thick glass plate by means of wax on the upper edge

of the cylindrical discharge vessel, and then to pump out the

air inside,

to apply a liigh and alternating electromotive force between

the needle and the brass plate of the vessel when the air pres-

sure is reduced to several cm. of mercury,

to regulate t'he inten$ity of the discharge current (rather than

the potential difference on both sides of the dielectric) in the

vessel by the rheostat in the primary circuit,

to regulate the width of the spark gap nntil a stable R figure

appears on the dielectric plate.

 'we may take photographs of the figure by giving exposufes

 10 to 20 seeonds at Fl4.5 of the photographic objective. We

      also the width of the spark gap, the manometric

etc,

       II, Effegt of Variation of Gas Pressure,

have investigated the effects on the discharge figure by varyiqg

pressnre in the dischafge vessel wholly with the air at present,

         a certain amount of air pressure necessary for obtain-

eharacteristic discharge figure. The proper pressure is not a

         for a given dielectrie plate, but tliere exist an upper
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and a lower limit. In this proper range of air press"re, we can obtain

a fine and stable R figure by adjusting and regulating both the width

of the spark gap and the intensity of the electric current in the discharge

vessel, The figure vanishes altogether at other aif pressures, and

there occur unsteady and figureless discharges commonly observed in

a lovgr pressure discharge.

    Besides, there are some regular changes in the features of the

figure caused by varying tbe air pressure. If we reduce the air pressure

gradually from the upper limit, with a given dielectric plate, and re-

gulate the members in the electric circuit suitably for each stage of

pressure, a few dark eanals which are a part of the charaeteristic

feature of a R figure appear first around t.he needle point. The

starting points of the canats then are very close to the needle point.

Again at this stage, all over tlie dielectric sttrface, except in the dark

canals mentioned, appear+unsteady and luminous (blue coloured)

discharges which inay be observed in an ordinary discharge tube at

a low air pressure.

    As the air pressure is furtlier red"ced, the number of dark canals

increases soon reaching to a certain definite number, and the canals

elongate themselves as far as the edge of the upper sufface of the

dielectric. tr'he figure at tliis stage is tl'ie inost beautiful and typical,

and a (certain definite) iiumber of bright striae and dark canals radiate,

side by side, with equal angles to each other, from the centre on which

the needle point just tottches.

    If we reduce the air in the vessel further, the striae and the eanals

appear not only on the upper su'rface, btit also on the cylindrical surface

of the dielectric, and tliey sink eacli separateiy in the brass plate.

'I'he R figure at this stage is stiil more stable.

    On the other hand, the starting points of the dark canals recede

from the centre more and more with decreasing air pressure and finally

the striae and the canals are visible oniy on the cylindrical surface

of the dielectric, and the upper surface is coated wholly with a uniform

blue brightness. The bright striae, however, broaden themselves
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                    '

gradually with decreasing air pressure, ana their boundaries (as well

as those of the dark canals) become vefy vague, when the air pressure

is very near its lower limit. The stability of the figure even at this

stage is not at all diminished.

    The lower Iimit of the allowable air pressure may be defincd as

a stage xnrhen the striae of the figure, in spite of fuli i'egulations of the

width of the spark gap and the eleetrie current, become only slightly

visible near the edge or on the cylindrical surface of the dielectric. In

the sphere of our experiment, the lower limit o£ the air pressure is,

nearly the same for different substances and sizes of the dielectrics,

2 or 3 cm. of mercury.

    Fig. 2 is an example of the figures at different air pressures with

the same circular glass plate of 10 cm, diarneter and O,163 cm, thick-

ness. Data of this observation are given in Table I,

                            TABm I.

No.
Air

pressure
Widthof
sparkgap

E]ectroscopic
deflection

Numberof'strlee

Remarks

1 24.0cm. O.O17cni. nv
Unsteadydischarge
streams,

2 17.5 .020 .-- 10 Imperfectfigure

3 14.5 .046 ny 26 Rfi.crurecorr.I

4 10.8 .046 m.. 25or51 .I,II
5 8.6 .033 18,O 52 ,,II
6 6.0 .026 14.5 26or51 .I,II
7 3.4 .028 7.5 50

8 3.2 .O12 7.7 26

9 2.5 .038 5.0 ,,II
10 <1.8 .034 <3.0 Nofigure

Dielectric: A cireular plate of ordinary window glass having
         10.0 cn], dia. and O.165 cm, thickness.
Diseharge vessel: V (I).
Electric connection: Type CI) in Fig. 1.
Temperature: 22VC.
The width of the spark gap is so regulated as to ca-se the finest figure to appear
   for each stage of air pressure.
One division of the electroscopic deflection corr. to about 200 eff. volts.

 '

                                                      '

          '
                                                     '
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    It may be seen from this Table that the potential difference

(which is measured by an electro$cope connected betvgTeen the needle

eleetrode and the brass plate) decreases rapidiy with decreasing air

pressure.

    Another and the niost important fact in the variation of the air

pressure is that the number of striae of the figure remains always the

same, if tlie dielectric and its size are given. "

    Another example of variations o£ the air pressure (as vyTell as of tlie

width of the spark gap) with a thick glass plate (eonsisting of a nuinber

of thin sheets of window glass and having 11.0crri. diameter and 2.5

cm. thickness) is given in Fig. 3.

                 '
          III, Effect of Spark Gap on the Discharge Figure,

    For obtaining the present discharge figure, the existence of a

$park gap in the electric Qircuit contalning the discharging system

in question is absolutely necessary. (Some gas tubes of low pressure

having certain proper qualities can generate, though seldom, a like

figure withottt any spark gap in the circttit.) Besides, the width of

the gap for obtaining a fine and stable figure is a certain definite

value for any givefi system and conditions.

    Using no gap or a width of the spark gap quite different from

the proper value the characteristic R figure vanishes altogether, and

discharges, noisy, unsteady in their positions and fiowing along random

directions, take place. . ' '
    The spark gap must certainly serve to excite the system in

q"estion and to make the figure appear cofresponding to the same

system. Further, the fineness or the stability ofthe figure depends on

tlie amount of this excitation or, in other words, on the degree of

harmonization between the exciting force and a certain parameter due

to the system to be exeited. In some 'cases of the rnost favourable

conditions, the excitation (or the harmonization> reaches its maximum

value; that is nothing but a resonaflce of electric oseillations in the

circuit containing the system in question, The occurence of the re-
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                        '                   '     '
                                                 'sonance may be tinderstood firstly by tlie fineness of the figure

appearing, and secondly by tlie discharge sound which is especially

re£reshing in t.he resonanced state. .
    Again, Fig. 4 is given in order to show roughiy the variations of

fineness (or stability) and the number of striae of a figure with in-

creasing or decreasing width of the spark gap. The length o£ the

                          - ,"; -inerensing･width
      a, Variation of'fineness of .
         theRfigurewithdifferent o ' ' ; S
                                    ::         vLTidthsofgap. bi ;                                    IL ,                                 1:iF:l .T..:lldecreasingwidLh
                                   ili IX, irreversibierange/
                                   tl/ lpd                                   ia/ g/L                                   tll 11i. .                                   ''l tl':Jnereasnig
                                      :
                                 Nli

                                    l
      b. Variation of number of O
         strice of the figure with

         differentwidthsofgap. !v

                             Fig. 4.

ordinate in the diagrams represents

of striae in each stage of the width o£

and lafger limits for the appearance of

varies by increasing and decreasing

istence of this irreversible range of

an inertia of oscillation'in the electric

    Those resonance and inertia effects

dielectric plate especially when the

tiie brass plate of the discharge vessel

    Fig. 5 shows one example of each

states.

    With a thin dielectfie plate or for an

type (say, (I) in Fig. 1), on the other

evident and there is no limit at which

denly. An example of the figure

various widths of the gap is shown in

             i
             i
             i         ` iL;,decreasingwidth

          irrcversible

                       '
 roughly the fineness of the number

     the gap, There

    the figure, and

  the width of tlie

 width of the gap

    circuit under

     are very evident witli

  spark gap is connected

    and the earth

     resonanced

      electric connection

    hand, the above

     the figure shottld

obtained on a thin

    Table II and

    width

s

 range

    exist smaller

  the latter value

   gap. 1'he ex-

  must be due to

 consideration.

         a thick

         betvgTeen

. (Fig. 1. (II))

and unresonanced

   ' ofanother
   effects are not

      vanish sttd-

  glass plate with

 Fig, 6.
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TABLE II,

No.

1

2

3

4

5

6

7

8

Width of
spark gap

o.ooo em,

.OOI

.O09

,028

.036

.052

.075

.150

> .30

Electro-

 SCOPIC
defiection

20.0

14,7

13.5
m

11,O

10,5

 9.8
10,5.

8.6

<8.3

Number
  of
      '   - st  rlee

o

o

23

40

46

47

:I

Remarks

 No figure, no stream discharge, darl< all
over the glass surface, but iuniinous spots
attheneedlepointandtheedgeoftheglass.

 No figure, no
bright all over
otts band ro"nd

stream,
the glass surface, a lumin-
the edge of the glass.

 The R figure
lation due to the
yet.perfect.

corr. to the proper oscil-
given system, though not

 A
the
greater
second

part of the R figure corr. to
harmonics.

 lishe
to the

most Etable ana finest R figure

second harmonics.
corr.

 The same figure as above, but tl]e starting
points of the dark canals recede more and
more with increasing widtbs of the gap.

 Striae of the R
very near the edge

figure are visible only
of the glass.

 No stnce
glass.

, uniformly brjght all over the

Dielectric: A circular plate of ordinary window glass 10,Ocrn.

          in dia. and O.170em. in thickness.

Discharge vessel: V {I}.

Electricconnegtion:Type{I)inFig.1. '
Temperature: 24 to 25"C.
Air pressure in the discharge vessel: 4.9 to 5.2cm. of mereury.

Primary electric current: O.82 to O.75A.

Electroscopic deflection: One division corr. to about 200 eff. volts,

 In general:

1. The number of striEe of the R figure does not vary with the

width of the spark gap except by a certain special change

(whieh occurs rather suddenly and non-eontinuously) both

in the number of striEe and the feature of the figure. Tlie

number o£ striee of the figure becomes commonly about double

after this peculiar jump.



248 ･. Tadasiltoh.
    2. The potential difference between the needle point and the brass

       plate decreases rapidly with increasing widths of the gap,

       though there are no appreeiable changes of the air pressure

       in tl]e discharge vessel noi' changes of the primary electric

       current. '
    3. The starting points of the dark canals of the figure recede

       more and more from the centre with increasing widths of the

       spark gap, and at last they come quite out of the glass sur-

       face and no $triee are visible. In the 6ase of a thick dielectrie,

       bowever, the figure suddenly vanishes before the last stage is

       attained. ' '
              IV, Results of rcxperiments with Glass,

    Observations concernilig the cliaracteristic radial discharge figure

are made with circular glass plates (or circular cylindrical glasses) of

various sizes. The glass used at present is ordinary window glass

from O.13 to O.19em. in thickness, and some thick plates are prepared

by piling a number of them on top of each other. Thus the glasses

used in the present measttrements have various sizes from 1.8 to 18.5

cm. in diameter and from O,13 to 10.0cm. in thickness of which the

larger values are the maximum sizes which can be set in our discharge

vessel. The stable radial discharge figures can be generated for all

sizes of glass that we have used by regulating and adjusting the width

of the spark gap and the air pressure for each case.

    The proper width of the spark gap in the electric circuit is

different for each glass having different,size, but it is always small

and commonly less tlian O.1 cm, though it must never be zero.
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                    ･ <I'ABmlll.･

Variation of Number of Striee of the R Figure with Tliickness

  of the Dielectric Plate, its Diameter being kept the same.

No.
Thickness
ofglass

Air
pressure

Widthof.serlesgap Numberofftriee

IIIIIIIV
1 O.129cin,

6,9cm.
4.9
4.9

O.030cnl.
.O14
.023

55

28
52

2 .185
5.3
4.0

.026

.O18
46

23

3 .227
3.5
3.7

.O17
,038

I9
41

4 .Z75
4.5
3.3

.O19

.O18
38

19

5 .348
4.7

2.9
.024
.02i

33
17

6 ,515
4,2
4.2
3,1

.045

.O16
,O16

27
16
14

7 .675
4.0
3.1

2.9

.026

.023

.036

11.5
22
38

8 .900
4,7

2.6
.022
.O16 IU.53121

9 1.24
5.3
3.1

.030

.041

10 1.66
5.6
2.9

.022
,043
816.525

11 2.15
3,5
5.7

2.2

.038

.024

.045

14

12 2.83
6.7

3.4
.026
.035
61215.5

L13 3.80
3.7
5.7

2.2

.040

.064

.e45

1015
15
14

14 5.02' 4,O
2.g

.030

.056
914.5

15 6.52 2.4 .054 11

16 8.42
7.2
3.0

.082

.090 7.5･i4
   Dielectric: A number of circular plateg of ordinary window glass each of 10.0

            cm. diameter. '
   Discharge vessel: V (I).

   Gas in the discharge vessel: Air.

   Electrical connection: Type (II) in Fig. 1.

   Temperature: 20 to 23" C. .
    In the above Table, I, II, etc. in the column of the number of

striee denote R figures which are eorresponding each to the proper

oscillation, the second harmomcs, etc, if we suppose the existence of

                                                             '

-
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a 'peculiar electric oscillation'due to the system in the discharge ves-

sel. 'I"his remark is applicable also for the following data.

                              '                          TABLE IV,

                                          '                                               '   Variation of Number of Striee of the R Figure with Thickness

     of the Dielectric Plate, its Diarneter being kept the same.

No.

1

2

3

4

5

6

7

8

9

10

11

12-

13

14

15

16

17

18

Thickness
 of glass

O.142cm,

.165

.186

.227

.262

,333

.395

.496

.628

.820

1.050

1.325

1.745

2.23

2.90

3,65

4,68

5.88

  Air
presEure

r
l

'

5,gcnl. ･,

3,s l
      /･

"Jidth of
spark gap

O.032 cni.

 .024
6.7

4.7
.048
,028

5.8
3,2

[

.633

.Oll

5.7

3,2
;
I
I

.030

.O14

4.1

2.9

3.2
3.4

l
.030
.032
,O16
.032

4.4
3,3
2.4
3.5

F

I

.054

.034

.020

.032

3.4
2.9

3,5
2.2

l

I

.042

.O19

.044

.032

2.8
2.8

l

1

1

,O19
.037

3.8
3.0

'i

.020

.042

3.2

4.0
1

1
1

.042

.021

3.7

2,3
.034
.056

3.9
3,2

1
l

,027

.046

4.0
2.9

3.9
2.8

2.9

3.8

4.1
6.0
5.9

3,9
4.9
5.2

7.1

3,6
4,3

.030

.e58

.og2

.056

.076

.032

.116

.022

.067

.208

.030

.080

.094

.024

.30

Nutllber

I II
of striee

III IV

2g
56

24
51

23
45

20
41

21
19

40

3g

18
17.5

34

33

l6

32

'46

46

14
32

12.5

38

.14
22 32

l2 19
29

18
28

13
15.5 31

20
20

12
18

10
15

21

9.5
13.5

20

8,5 -

12.5

17
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'ISABm lV. (continued),

No,

l9

20

Thickness
 of glass

7.34 cin.

8.84

  Air
pressure

3.8 cm.
8.0

Z5
5.5

8.5
5.1

Width of
spark gap

.206cm.

.050

.O16

.080

.092

.084

Number of striee
I II III IV

7.5
10.5
15.5

10
13

13

Dielectric: A number of circular plates of ordinary window glass each of 10,O

          cm. diameter.
Discharge vessel: V (I).

Gas in the discharge vessel: Air.

Electrical connection: Type (I) in Fig, 1.

Temperature: 20 to 220 C.
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Variation of Number oE

   the Dielectric Plate,

  'I'ABLE V.

StriEe of the R Figure with

its Thickness being kept

 Diameter of

the same.

No.
Dianieterof
glassplate

Thic.kness
oEglass

Air

pressure

XXTidthof
sparkgap

Nurnberofstriee

III
1 18.5cm. O.170cin. 4.0cm. O.028cm. 41

2 17.0 .162 4.5 .028 37

3 15.0 ,185
3.2

5.1
.O19
.045

33
65

il･ 14.0 .160
4.1

4.4
,O17-
.e41

32
64

5 1.3.0 .170
4.6
3.7

.037

.O16
55

30

6 12,O .160 4.0 .031 52

7 11.0 .169
4,5
4.7

.O18

.03Q
25

48

8 10,O .166 4.8 .027 46

9 9.15 .165
3,7

3.8
.O16
.O18

21
39

10 7.95 .162 4.0 .O19 36

11 7.0 .166 5.3 .040 25

12 6.3 .165 4.2 .O18 28

13 5.2 .165
3.8
4.5

.o22

,O16
23
21

'Dielectric: A circular plate

Discharge vessel: V (I).

Gas in the discharge vessel:

ICIectrical connection: Type

Temperature: 20 to 220 C.

of ordinary window

 Air.

(II) in Fig. 1.

glass.

'
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Variation o£ Nttmbef of

   the Dielectric Plate,

  TABm VI.

StriEe of the R Figure with Diameter of

its Thickness being kept the same.

No, Diameterofglassplate
Thicl<ness
ofglass

preAslgrurelii"Tidthof
sparl<gap

Nun}berofstriee

IIIIII
1 4.1clll. O.176cin,

i8.5cm.l･O.030crll,

5.3
17
27

2 5.0 .161
6.3
3.7

.O18 23
24

3 6.0 .172 8.5i.0307,2L.o2s4.6I.022 24
39

4 7.0 .163
4.9
6.0
4.6

i.030
.O18

i.O18

30
16
33

5 8.0
4.0
3.3

1.032
,Oll

36
20

.178

urm-
.1716 9.1

5.7

3.5
-.030

l.O16
41

20

7 10.0 .173
5,5

3,7

l.030
.O14

46
22,5

8 11.0

'.173 '4.9
4,3
2.0
4.6

.051

.O19

.O19

.044

51
26
25
49

9 12.05 .166
.044
.025

53
27

･10 13.0 .15g
5.7
3.5

.o:)o

,020
58

30

11 14.1 .160
4.6

3.3il
.062
.033

64
34

12 15,O .177
34
68

13 17.0 .173
5.2

3.3
.104
.033'

7t
38

14 18.5 .174 2.7 .033'l 42

Temperature: 20 to 230 C.

Dielectric: A circular plate

Discharge vessel: V-(I).

Gas in the discharge xressel:

Electrical connection :' Type

of ordjnary window

 Air.

(I) in Fig. 1,

glass.
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Variation of Number of

   the Dielectric Plate,

     ]o

   Fig. 9.

 TABLE VII.

Strice of the R

its Thickness

15

I

20 c="

Figure vvith Diameter of

being kept tlie $ame.

No.
DiameterorIAir
glassplatepressure

IXXidtllof

sparkgap
Numberofstriee

IIIIII
1 18.6cni. 4,Ocm.

2.9
o.o2scmJ
.032

20
40

17.0
･2.6'
4.2I.023''.'039 19

38

3 '15.0 4,6
3.1

,02S
.033

16.5
34

4 6.5
3.8

.024

.038
14

31
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(continued).

No.
.Diameteror
glassplate

Air
pressure

"Tidthof-
sparkgap

Numberofstriee

IIIIII
5 13.0cm. 3.5cm.

7.2
.035cm.
.030

29
15

6 12.0
3,7

4.0
.O15
.031

12
26

7 11.0
6.7

3.5

.068
,020

24
12

8 10.0
3.5
4,5

.023

.ozo 112i11

9 9.1
5,7
4.0

.057

.30
15

1531
10 8.0

3,4
2.0

.035

.021
18
18

11 7.0
3.9
2.5

.O19

.028
16

24

12 6,O
4.1
2.3

.021

.022
13

18

l3 5.0
3.2

3.1
.026
.O16

17
17

14)o 4.1' 5.3
5.1 913

Dielectric: Circular glass plates each consisting of 4 sheets of ordinary window

           glass. Thicknesses of the plates=:O,70±O.Ol cm,
Discharge vesse!: V (I}.

Electric connection: Typ: (I[) in Fig. 1.

    )O: Electrical connection of type ･(I} in Fig. 1.

Temperature: 19 to 22'C.

                                                III
50

                                                                 II

40

30

20

io

o

'

-i'

/
+

+

'

es

,fi +

's
+

+ -
H=z/

-e'

/+}
-.-
--"-t-.

"-"-'

DiaineterofCircularGlassPlate.,

o 5    10

Fig. 10.

15

I

20 ctn.



Radial Electric Discbarge Fignre on Dielectrjc Plate at I/ow Pres:,ure of Gas. 257

 The above Tables and Figttres tell us the following:

 1. If the dielectric. (glass at present) and its size are given, the

     number of striae of the discharge figure generated on its sur-

     'face is the same for two kinds of different electric connections

     relating to the position of spark gap, though the figure for

     (I) type is generally rnore stable than the other for (II)

     type connection. Accordingly, the variations of the number

     of striae of the R figure eaused by differeiit sizes of glass

     plate are the same for these two kinds of electric connection.

 2. Tlie inost remarkable fact in the result of the present experi-

     ment is that

     (a). for a given glass plate, there exist two (or soinetimes

         more than two) kinds of radial discharge figure which

         are quite different from each other,

     (b). the number of stria6 of one of these tvg7o figures is just

         twice the other (or the ratio of the numbers of striae is

         very simple such as one to three or two to three).

     If we suppose the phenomefton to be due to an excited effect

     on the system or a resonance effect of oscillations in the

     electric circuit, one of the above two figures may well be

     considered to correspond to the second harmonics of oscilla-

     tion proper to anotlier figure. Later we will diseuss these rela-

                                       tt                                   '     tions precisely. (Fig. 11).

  3. The above different kinds of figure with the same size of glass,

     cafi be obtained ehiefly by regulating the width of the spark

     gap and next by varying the air pressure in the discharge

     vessel. The width of the gapsuited for generatingthestable

     R figtire corresponding to the liigher harllionics is generally

     mucli larger tban that of the figure correspondiiig to the proper

     oscillation.

  4. The number of striae of the radial figure decreases hyper-

     bolieally with the square root of the thickness of the glass

     plate, when its diameter (if the glass plate be circular) is kept
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5.

6.

    The

present

sarne. The diagram representing these relations consists o£

rectangular hyperbolas which have a common origin on the

zero point of the coordinates and have such regular intervals

to each other that tlie ordinates of the second, third, etc.

curves are just twice, thrice, etc. that of the first curve. We

seetheserelationswellinFig.7.(TablesIII,IV). '
Consequently, a diagram showing the relation between the reci-

procal of the number of striae and the $quare root of the thickness

of glass consists of straight ,lines which pass tlirottgh the origin

and have regular inclinations to each other (or) more preeisely,

the ordinates of the second, third, etc. Iines are just a half,

one third, etc. that of the first line) when the diameter of the

circular glass plate is kept thesame. Fig. 8 shows the relation.

The number of striae of tlie radial discharge figure inereases

with the diameter of the cireular glass plate when its thickness

is kept the sairte. The diagfam showingthis relation conslsts

of straight lines whicli pass through the origin and have sucli

regular inclinations to eacli other that the ordinates of the

second,third, etc. Iines are just twice, thrice, ete. that of the

first line. (Tables V, VI, VII, Figs. 9, 10),

For a thick glass of small diarneter, the radial discharge figure

corresponding to the proper oscillation does not appear (or

the suitable width of the spark gap for obtain;ng this figui'e

might probably be negative), and only some figure corres-

ponding to tlie 1iigher harmonics appears. The R figure

generated on such glass (narrow cylinder) is very beautiful

and has thin and elean bright striae. Some photogi'aphs of

this kind of radial discharge figure are given in Fig. 12.

  V, Effect of Different Kinds of Eleetric Conneetion

            on the Radial Diseharge Figure,

 most convenient methods of determining the loeality of the

discharge figure afe to repeat the experiment, witli the same
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   '

dielectric plate, by varying

    i. the source of the high and alternating electromotive force,

    ii. the discharge vessel,

   iii. the air pressttre, the intensity of the electrie cttrrent, the

        width of the spark gap, etc,,

   iv. electric connections,

and to measure

    v. the frequency of the electric oscillation to wl]ich the radial

        discharge figure corresponds, if sueh oscillation exists.

The effects of the third kind of variation have been mentioned

already, and we are going now to describe the fourth of the above

effects,

    If the source of the liigh electromotive force is a transformer or

an induction coii, the ehief part of the electric connection for generat-

ing the R figttre is of eourse the secondary circuit, and the possible

members comprising it are

    (1): the system in the discharge vessel,

    (2): the secondary of the transfornier,

    (3): the earthing point or witliout earthing,

    (4): a series or a parallel spark gap,

    (5): such that are not absolutely necessary, namely

        A:aseriesoraparallelsparkgap, '
        B: a resistance (low pressure gas tubes)

        C: a capacity,

        D: an inductance.
                          '
        E: a stretched conducting wire of which one terminal is to

             be left free. '
When we choose (1), (2), (3) and (4) in the above members there exist

15 possible kinds of connection, if we choose (1), (2), (3) and one of (5)

there are about 78 possible kinds, and if we prefer (1), (2), (3), (4) and

one of (5) there are indeed more than 300 kinds. These different kinds

of electric connection are, on the other hand, classified in three or

five types relating to tlie position of each member. The 11 kinds of
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fundamental

ing Fig. 13.

      'rype

        (1)

]

]

I

        (2)

        (3)

        (4)

In the earlier part

II, (5) is used, and

always generates

    Observations

complex kinds of

which consists of

£orml,ahecirrecsullirs polfate

    (i). Membei's

               Tadasi Itoh,

electrie connection are given as examples in the follow-

                 Type ll Type lll

              ]p ]

                  (5) (9)
                      '

              ][Zl}

                  (6)

                                     '                                             '

              ]b ]Cu
                  (7) ' (10)

              in ]ge
                  (8) (11)
                Fig. 13.

      o£ our experiments the electric connection of type

      afterwards the type I, (1) is used, for the latter

    a more stable R figure than the former.

    are now made for the above 11 and some other more

    electric connection with the same dielectric plate

     1iine sheets of ordinary vgTindow glass combined to

        o£ 10.0 cm. diameter and 1.50 cm. thickness.

      the observations are as follows:

     of the Secondary: (1), (2), (3) and (4).
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                       TABLE VIII.

    R Figures for 11 Kinds of Electric Connection.
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 Electric
connectlon

I, (1)

(2)

C3)

(41 ,

 II, <5)

(6)

(7)

(8)

 III, (9)

(10)

(11)

  Air
pressure

4.4cm.

4.5

5.0

5.0
5.2

4,6

4.4

5.2

   5.0

5.6

3. 0

S, width of
 spark gap

O.059 cm.

.035

   .038

rwTt4o
   .O05

.092

.068

.042

   .094

,085

.054

Nun]ber
of striEe

17

16

16

16
9

17

16

    27

18

Remarks

 A stable and very fine charac-
teristic R figure appears, Fig. 14. (1)

 No figure, no striae; unsteady
blow discharges from the needle
point all over the dielectric surface.

 A char. R figure, beautiful and
quite stable.
 A pleasant discharge sound caused
by resonance is heard. (2)

 R figure, even more stable than
{1). (3)

 A char. R figure, but somewhat
less stqble than (1). (4). (5}

 A figure, very poor an(l quite
unstable. <6)

 R figure, more stable and beau-
tiful than (5), c7)

 R figure, the most stable and tlie
finest of II. (8i

 A fine and stable figure, having
thin and very clean bright striae
which vanish suddenly on their
way, on a circle concentric with
the dielectric plate, (9)

 Ditto, but more stable. The left
lower quarter oE the figure shown
in the photograph is due to the
third harmonics. (10)

 Ditto, the most stable and finest
ofllL (11)

   Dielectric: Nine sheets of ordinary window glass eombined to.form a circular

              plate of 10em. dia. and 1.50cm, thickness.
   Gas in the discharge vessel: Air:

   Temperature: 20 to 24"C.

    The chie.f properties obtained by the above experiment are as

foliows :

     i. The number of striae of the R figure is not a]tered by different

                '         connectlons.

    ii. A characteristic R figure is also generated for the connection

        having a paraltel spark gap similar to tliat having a series
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       gap, but there are some difference betsveen the two in the

        appearance of tlie figure.

   iii. The stability or the fineness of the figure is more or less

        affeeted by different earthing points or without earthing. T'he

       figure obtained withont earthing is commonly more beautiful

       tlian tlie others.

   iv. For the conneetions (2) and (6), we can obtain no R figure or

        a R figure which is quite tmstable and very poor; for, the

        spark gap is excluded, by the earthing point, from the

        effective oscillatiori circttit as showti by a dotted line in Fig.

        13, (2), (6). Thus a spark gap inust necessarily exist in the

        circuit of electric oscillation for cattsing the appearance of a

        characteristic R figure.

    (ii). Members of the Seeondafy: (1), (2), (3) and one of (5).

 . Some like observations are made with the same glass.plate for

connections having, in place of the spark gap, a resistance, a capacity,

an induetance or a $tretched condueting wire. T･he five types of con-

nection concerning the position of eacli of the mentioned inembers

are shown diagrammatically below:

                           TABLE IX.

× Membler x.t･/x

    xType "'･..
       x

I

     A:
･A sparl< gap

a

(4 kinds for diff.
earthing points)

II

I
I
l
･1

(4 ,, )

III

f

l
l (3 ,, )

    B (C, D):
A resistance (a capa-
city, an inductance)

(4 ,, ).

(4 .)

     E:
A stretched wire

(3 ,, )
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TABLE IX (continued).

 Member

Type

IV

v

    A:
A spark gap

      ge

s[ t>
t2 }  )1

   th
(2 ,, )

    B (C,' D:
A resistance (a capa-
city, an inductance

     E:
A stretched wire

]
(4 ,, )

] !IIL=.
    o

(4 ,, )

{3 ,, )

(3 ,, )

15 +19 (+19+19) +6:=78 kinds.

    Experiments are made for the above different connections of

eleetric circuit ttsing the same glass plate, and their resttlts are given

in the following:

   For most of the connections of the first column A in the pfeceding

Table, one can ob.tain fine, stable R figures (as already described). For

the connection A (IV or V), 1iowever, one cannot obtain the R figure,

though the discharging appearallce then is somewhat diffcrent than

that of the connectign having no spark gap.
                                                              '   For the connections of B where some tubes of low pressure･gas

are connected as a resistanee, one could not obtain the R figure but

for a few cases given below:

                          TABLE X.

Eleqtricconnection Airpressure Remarl<s,
B(II) 3.3cin.

Achar,Rfigure,notfine,accorn-
paniedbyalocalized,brightdis-
chargestream.Fig.14,(12)

B<I) 4.2 Ditto,butmorestablethanthe
preceding.(13)'

Ditto,butwithout
eartbing

4.4
Ditto,butaccompaniedbynodis-
chargestreamsasareseenintlie'
above.(14)

  Dis:harge vessel: V (I).
   Dielectric plate: As in Table VIII.
   Temperature: 20-230C.

   For the other electrie connection C (I, II, III, IV or V), D (I,

II, III, IV or V) or E (IV or V), one can obtain no figure at all.

   We see from the results of the experiment that a certain proper
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resistance is necessary for producing a characteristic R figure, and

such a resistance serves, like a spark gap, as an exciter of generating

the figure. Therefore we may obtain a somewhat more beautiftil R

figure if we can apply more suited resistances.

    For the connectioiis of C where a condenser consisting of two

circular brass discs both of 25cm. diarneter and a plane glass of O.17

cm. thiekness between the dises is connected in the cifcuit, no figufes

are obtained. Using however an air condenser consisting of two

circular discs of 10cm. diameter and regttlating tlie distanee between

the discs, we ean generate similar fine R figures as in the cases 1iaving

aspark gap. It may be of no use to say that sparks must occur

between the discs for bringing about the appearance of the figure.

Thus a condenser of small capacity acts just like a spark gap.

    For D where an inductance from 10 to 100 milihenries is con-

nected, or for E where a stretched copper wire of about 12 meters

is connected, the author can obtaia no figures at all.

    In short, we see that a spark gap or something which acts like

a spark gap must necessarily exist in the electric circuit in ofder to

generate the characteristic radial discharge figure.

    We have made some observations besides tlie above, with the same

glass plate, using different connections having rnore rnembers than

the preeeding, and obtained variotts results. Some of them being

worthy of remark are shown in the following:

    (iii) MembefsoftheSecondary: (1),(2),(3)andTwoSparkGaps.

                           TABm XI.

Connection Air
press,

Si SL) Remarks

cm. cm. Clll. AftergeneratingtheRfigureby
A(I)andA(I) 6,O

{Disch.
O.028

vesselV
.030
(II}}
oneofthetwogapskeepingthewidth
oitheotherzero,letthelatterin-
creasegraduallyfromzero,thenthe

4.7 ,020 ,020
figuresoonbecomesquiteunsteady,
butifitreachesverynearthewidth

{ (I)} oEthefirstgaptheinitialstal)lefigure

A(II)andA(II) 4.0 .021 .02 Sameasinthecasehavingasingle
{ (II)} sparkgap.(17)
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Connection

A (I) and A (II)

A (I) and A (III)

 Air
press.

Si

 cm.
4.7

 {Disch.

  cm.
.O18
vessel

S2

    cm.
   .02
V (I)}

5.4

{
:1

.034    .10
V (II)}

6.0

)

 .042
{Ditto}

l

.04

Remarks

 An unsteady R figure; each gap
disturbs the figure which results from
the use of only one gap. (18)

  R figure, $ame for
Si only, and stM
finer. {19)

 the

more
case having
 stable and

  R figure, which is due to S. but
much disturbed by S2. <20)
  If S,, is very small compared to S,,
a figure due to S,, will Appear.

   Dielectric plate: As in Table VIII.

   Temperatnre: 20-230C,
   St and S2: Spark gaps having sharp conicai ends.

The first case of the above suggests the existence of a

of electric oscillations in the circuit.

     (iv) MembersoftheSecondary: (1),(2),(3),(4)

                               TABLE XII.

     .certam resonance

and a Resistance.

Conneetiott
Air
press.

Remarks

A<I)andBcl) NCIll.

4.4

Gap

'crn.

0.116
AstableRfigure,radiatingandvery
luminousstreamssnperjmposeoneach
striaofthefigure.Fig.14,(21)

AfineandstableRfigure,notatall
affectedbytheresistance.

v

Nofigur,nostria.Unsteadydis-
chargestreamsradiateonallsidesfrom
theneedlepoint,sameforthecaseof
nogap.

Nofigure;
unsteady,radiatingdischargestreams,

Lil<ethefirstcase,butthefigureis
muchlessfine.
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TABLE XII (contintted),

Connection
Air
press.
Gap Remarl<s

A(I)andB(I)(otherc6n-
nectionsthantheabove)
A<I}andB(II) Likeeachoftheabove.

A(II)andBCI)orB<II)

tttA<I)orA(II)andB<III)'
cm.
5.1

cm.
.039 AstableandfineRfigure;there--

sistancehasnoeffect.(22)tt

Rfigurecorr.totheproperosc.,
stable,butnotveryfine.(23)

Ditto,butwithAirand
Hetubes.

5.0 .eos
Rfigurecorr.tothesecondharmonics
isveryfaint,foronlylittlecurrent
shoulclfiowthroughthegap(thewidth
ofwhichmustnaturallybelargerthan
thatcorrespondingtotheproperosc.)

.t

Ditto,butwithAirtube
only. Nofigure,

'

Otherconnections.

Achar.Rfigureduetotheseries
A(III)andB(I} 3,8 .106 resistance,somewhatrefinedbythe

sparl<gap.(24)

A(III)andB(III) 5,O .050 AstableandfineRfigure;there-sistancehasalmostnoeffect,(25)

   Dielectric plate: As in Table VIII.

   Discharge ve$sel: va).. t   Temperature:20-23nC. .
In short, the characteristic figure due to the spark gap appears if the

effect of the unsuited xesistance in the eireuit is small, but if that

effe'ct is large, unsteady R figures appear or figureiess discharges take

place. For special and favourable cases where thereis a resistance

just suited to th.e given conditions or the resistance is excluded from

the effeetive cifcuit, the characteristic R figures shottld be generated.

    (v). Members of the Secondary: (1), (2), (3), (4) and a Capaeity.
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tll}A.BLE XIII.

Electri¢ connection

A (I) and C (II)

A (I) and C (I),
A (II) and C (I
 or II)

A (I) and C (III)

A tl) and C {III)
(another than the
 above)

A (II)and C <III)

]

A (II) and C (III)
(another thall the
  above}
A {III) and C (I,
  II or III)

l)istance
  betw.
discs of
condenser'

    cm.
  0.17

1.00

,17

1,OO

,17

,17

   ,17
   .17
.17
.17

.50

.17

,40

  Air
pressure

    Clll.
   4.1

4.2

5.1

5.4

3,2

4.0

   4.6
   4.7
5.2
5,3

5.9

3.7

3.8

Width of
spark gap

    Clll.
  0.041

.045

.041

.035

.170

   .054

Tt79
   ,034
,050
.074

.102

.112

.10

Remarks

 A stable and fine R figure, ac-
companied by a local dischcrge
stream. Fig. 14, (26)
 Intense blow discharges occur
betw. the plates of the condenser,
emitting a pleasant tuned sound,
  A sirllilar figure to the above,
but slightly less stable. (27)
 Sparking blows from all the
margins of the plates of the con-
denser, emitting a noisy sound.

Similar to the above.

 R figure, most beautiful and
quite steady, just obtained by a
resonance. (28)
 Intense blow discharge at the
condenser, emitting a clear tuned
sound.

 R figure, quite stable and the
most beautiful of all. No surface
discharges at the condenser. (29)
 A stal]le R figure, having knots
on each bright stria. (30)
 Very intense surface discharges
take place at the condenser,

No figure, unsteady discharges.

 R figure, very faint, accompani-
ed by a very intense local dis-
charge･ (31)
 R figures, fine and stable. (32),
(33)

 Ditto; the capacity seems to
have no effect. {34), {35)
 A stable and fine R figure; its
bright striae are very broad com-
pared to that without the capacity.
(36)

 Like figure,but quite faint and
unstable. (37)
  A stabie and beautiful R figure,
the bright striae are especially
broad. (38)

Dielectri¢ plate: As in
Discharge vessel: V <I)
Temperatqre: 20-230C.
Capacity: It consists of
          an ordinary
          the plates.

Table VIII.

 two circular
window glass

brass plates both 25 cm.
O.17cm. in thickness

in diarneter, with
inserted between

'
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    For the cases

   --teristlcR if
itself should

will never vanish.

    (vi).           Members

        having a local discharge stream besides a charac-

figure, the electric cufrent be xNreakened, the R figure

  naturally become faint, but tlie local discharge strea'm

tallce.

of the Secondary:

TABI.E

(1),

XIV.

(2), (3), (4) and an Induc-

Electricconnection
Induc-
tance

Air
pres-
sure

XVidth
of

spark
gap

Remarks

Mnil{.

100

-Clll.

4.0

N-CHI.

O.100
Rfigure,veryfaint,1-mjnousstreams
ofordinarydischargebeingJ.uperposecl
oneachstriaofthefigure.Fig.14,(39)

A(II)andD(I
orII)

'

100 4.0 .OIO Rfigure'corr.totheproperoscilla-
tion,(40)

10 4.3 .OIO Rfigure,stable.(41)

4,3 .058
Rfigure,accompaniedbyunsteady
dischargestreamsoneachstriaofthe
figure.(42}

Ditto,buttheir
relativepositions
aredifferent.

10

4.7 AfineandstableRfigurecorr.to
theproperoscillation,(43)

100 5.9

.O16

mt.

.064

Afinefigurecorr.tothesecondhar-
nionics,accompaniedbyshortluminous
streamsoneachstriacofthefigure.(44)

Theinduetanceisofusetogenerate
thefinefigurecorr.totheproperoscil-

A(I)andD(I
orII)

FineRfigures,notaffectedbythe
inductance,

A(IorII)and
D(III)

-100 -4.0 -.050 Rfigure,verybeautifulandquite
.qteady;brightstriaenarrowandclean.
(45)

Pischargesoundattliesparl<gapis
highbutsmall.

'10 4.3 .067
AbeautifulandstableRfigure;bright
striaehoweveraremue.hbroaderthan
normal.(46)

Astheindugtancedecreasesfrom100
to10mH.,thebrightstriaeoftheR
figurebecomebroaderandthedischarge
soundatthesparkgapIQuder.
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TABLE XIV (continued).

Electric connection

i

A (III) and D (I
 or II)

A {III) and D (III)

  L,
Induc-
tance

Tt  100
100

100

Air
pres-
sure

   cm.
  6.1

4.4

6.0

Width
  of
spark

 gap

   Clll.
  .100

.064

.122

Retnarks

Nodiischarge,nofigure.

Nofigure;
unsteadydischarges.'

Rfigure,veryfineandstable;the
brightstriaeareverythinandclearancl
vanishsuddenlyonacircle.(47)
Ditto,butthebrightstriaearesome-
whatbroaderandveryshortinlength,
(48)

Apoorandunstablefigure,muchdis-
turbedbytheinductance.(49)

Nofigure.

/

10

 Dielectricplate:AsitiTableVIII, Dischargevessel:V(I).
                                                Variable                                                        from                                     Inductance: Temperature: 20 to 23eC.
to 100 rnilihenries.

  (vii), Mernbers of the Secondary: (1), (2), (3), (4) and one of (5).

                (Connections of IV and V types)

                           TABLE XV.'

Rerllarks
Connection

R,DorEearthed B,DorEnotearthed'
4tubesconn.ectedparal-
lelhavealii]ostnoeffect. '

A(IorIIorIII)
andB(IVorV)

Aresistanceofafew
inegohmsconnectedto
apointbetw.thesystem

Noeffeatoftheresistance.

andthegapdisturbsthe
Rfigureexceedingly.

Noeffectofthecapacity,butone
exceptionasshownbelow:

Thecapcity(Distance CapacityAirpress.Gap
A(IorIIorIII) betw.thediscs:O.17 O.17cm,4.0cm.O.031cm.
andC(IVorV) em.)connectedasabove

disturbs-thefigure.
.41char.Rfigure,morestableand
finerthanthatwithoutthecapacity,
apdjustlil<ethefiguretobegenerated
bytheA(I)type.Fig.14,(50)

Theinductance(10to
A(IorIIorIII) 100mH}connectedas Noeffectoftheinductance(leto
andD(IVorV) abovedisturbsthefigure 100mH.)

verymuch.
   Dielectric plate: As
    Teniperature: 20 to
.Same to those described

in Tal]le VUI.
230C.
in the above Tables.

Discharge
Resistance

vessel: V
, capacity

 (I).

and inductance:
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             TABI.E XVI.

Effeet of a Stretched Conducting Wire.

Electricconnection
I,ength
9f

vvrlre

-111.
12

Air
pres-
sure

Width
ofgap Remarl<s

A(IorII}andE(IV)
mCill.
5.5
-cm.
O.060
Rfigtire,havingsomedM"erent
features,affectedalittlebythewire.
Fig.14,(51)

12 5.4･ .072 Nofigure,quitedisturbedbythe
connectedwire,(5Z)

12 4,1 .086 Afineand'stableR.figure,notat
allaffectedbythewire.(53)

A(I)andE(V) Noeffectofthestretchedwire.

A(II}andE(V)
(nQtearthed)

Rfignre,noeffectofthewjre(of
12m,length).

A(II)andE(V)
(earthed)

4 5.9 .050 Nofigure,unsteadydigcharges.(54)

4 5.9 .O12
Rfigurecorr.totheproperoscilla-
tien,butquiteunstable.t55)

22 5.0

3.8
,O03
.032

Rfigures,corr.totheproperand
thesecondhartnonicsofoscillation,
butverypoor.(56),(57)

Ditto,butwit.havery
thincopperwireof
O.030cm.dia.

tl･

4
5.7'

5.7

ul
,O08
.062
Ouitelikethecasewiththethicl<
wir"e.(58),(59)

'A(III)andECIVorV)
Noeffectofthewire.

   Dielectric plate: As in Table VIII.

   Discharge vessel: V (I).

   Temperature: 20 to 230C. .
   Stretchedwire:CircularcopperwireofaunifornisectionofO.145cm,dia. '
                                  '

    The cause of the above described effects obtained by using a

stretched conducting wire connected at one end is not clear. It seems

however that the length of tlie wire wliich just disturbs tlie genera-

tion of a stable R figure (though it rnay be very difficult to determine

the limiting length of the wire) should have certain relations to the

wave length of the electric oscillation which correspoiids to the figttre,

bttt further investigations must be made fbr a fixed solution of this

problem,
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                                        '                                             '                                    '
    Lastly, all the results of tlie observations deseribed in the present

section show us one important fact which is common to all kiiids of,

d{fferent electrie connection ailowable for generating a characteristic

radial discharge figure. It is nothing but a constancy of the iiumber

of striae of the figure despite the fact that the features of it are

sometimes very different from one another. We see in tlie preceding

photographs given as examples that the numbers of striae are

    i. 8 or 9 for R figures corresponding to the proper oscillation,

    ii. 16 or 17 fof R figures corresponding to tlie second harmonics

        of oscillation.

Yet there are a few figures whose numbei's of striae are more than

17, which appears to be due to the circumstance tliat both the second

and third hafinonics of oscillation due to the system in question occur

at the same time and a part of the striae of the figure niust then

correspondtothethirdharnionics. -
                                                    '    In short, tliis fact shows us a remarl<able and important thing

that the characteristics of the present discharge figure depend only on

the system in the discharge vessel and are quite independent o£ the

other members of the circuit a certain electric oscillation due to

which however must possibly excite to exhibit the R figure.

   VI, Effegt of Different Sizes of Eleetrode on the DieleBtrie Plate,

    For generating the cliaracteristic radial discharge figin'e, the

electrode touching the upper surface of the dielectric needs not to

be of a needle point but may be of another shape such as a circular

dise. '
    Experiments are made by applying a circular disc of brass o£
various diameters in place of the needle point on the dielectric plate,

and their results are given in the following Table XVII and some of

them in Fig, 15.
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TABLE XVII.

No.

1

2

3

lo

4

5

6

7

Dielectrics

Clll. Clll.
  Glass
10.0 O,163

10.0

)J

,173

10,O
lt

.33

:l
.160

 11

10.0 1,50

1) r]

7f })

Bakelite
10.0 .315

 Eleetric
connectlon

A (I)

}p

A (I) + C (III)

(no earthing)

 tl
A (I)

  A (I)
(brass pl.

 earthed)

   11(no earth,)

 Cearthed.)
(no earthing)

A(III)+C(II)
(iio earthing)

   A <I>
(no earthing)

A (I)

Electro-
 sdopic
deflec-
 .tion

14.3

 8.0

 8.5
10.0

14.0
 8.0

10,O

10,O
4,O

 Air
pres-
sure

cm.

5.6
4.3

6,O

7.5

5.5

6.1

5.4

7.5

8.4

3.4

3.5

3,3

3.7

2,3

3.6
3.8

5.4
3.2

2.5

4.0
2.4

4.3

s

CIP.

.044

.020

.033

.040

,024

.036

.022

.033

.026

.027

.020

.036

.020
-.024

.057

.036

.038

.035

.039

.054

.062

.024

c

Clll.

,25

}}

tl

.17

Dia.

 of
elect-

rode

cm..
 o

1.0

t)

4.0

o

o

tl

1.0

)J

4.0

}I

o

I.O

2.0

:}

o

1.0

)}

2.0

Il

4.0

tt

1.0

{CylinderD =2.0
L=:5.0
}

o

1,O

I

N
II III

(25) (50)

26
52

53

{23,5) (47)

23
48

24
48

49
48

(18) (36)

18.5

47
49

(8) <l6) (24)

9
16.5

16
16

23
24

17

16
17

(14.5) (29)

14
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No,
Dielectric Electric-connectlon

Electro-'SCOPIC

deflec-
tion

Air
pres-
sure
s c

I)ia,

of
elect-

rode

NIIIIII

A(I)
Clll. Clll. Clll. Clll.

o (21.5)(43)

8

....

Clll.Cll1,
Bakelite A(I)+Cclll)

8.0

8.3
3,9
3.1

.044

.029
a5

.23
1.0 44
25

10.0
5,5

3,O
2.5

.018

.034
.18

.17

2.0

p)

22
44

3.5 2,O .O12 .17 4.0 42

9

F,bonite

3.0.344 A(I)
5,6 ,034

o)} (3,2)<6.3)(9.5)9

5.3 .030 1.0 9

   Oischarge vessel: V I).
   Electroscopic deflection: One division corr, to about 200 eff. volts.
   D, Ii, S, C: Same as those described in the preceding Tables.
   Ternperature: 20 to 230C.
   Oin dia. means here the needle point electrode. '
   The values in the brackets are derived from the curves in the preceding Figs.

    The R figure generated by the dise electrode are in varying

degrees less fine than those by the needle electrode. Generation of

stable R figures by a disc electrode more thhn 4cm. in diameter is

very difficult in the apparatus we are using.

    The iimnber of striae of the R figure by a disc electrode is appro'-

ximately the same as that by the needle point. But there is a ten-

dency, though negligibly small, that the number of striae increases

with the area of the disc electrode,

    Next, we have made some experiments on the R figure using two

needie electrodes on the dielectric plate. The electric connection is

    tlie first "eedle-a series spark gap-the secondary of the trans-

    former-the second needle.

The dielEctric plate is made, for convenience' sake, to a form having

sides composed of a pair of semi-circles and a pair of straight liRes,.

and the needle points of the electrodes above n'ientioned touch just on

each of the centres of those semi-circles. The brass plate under the
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dielectric is left free or earthed. A few photographs of the R figure

thus generated are shown in Fig. 15 (7-12). In cases where the brass

plate is left free, R figures appear both around the two needle points,

the number of striae of the figure around the second needle being

very often just a 1ialf of that arottnd the first one. In order that

the systeni around the second needle should be excited (to a resonance at

most).by tlie electric osciilation due to the system around the first one,

the potential of the brass plate must be oseillatory in a certain degree,

because the memb6rs in tl]e eleetric circuit are distributed asymnietri-

cally with respect to tlie brass plate. If the brass plate is earthed,

the R figure appears only around the first needle which is directly

connected to the spark gap; for, the second needle is quite excluded

froiii the oscillation circuit by the eartliing point, i.e., there is no

spark gap in the circuit composed of the earth, the dielectric, the

second needle and the secondary of the transformer. Therefore, if

another spark gap is added between the second needle and the

secondafy of the transforiner, the brass plate being earthed, the whole

circuit then is separated by the earthed brass into two similar circuits

wliich ean generate R figures but are quite independent of each other.

    Lastly, something should be said about the effects of the different

sizes of tlie discharge vessel. We 1iave mtide some experirnents witli

vessels of different sizes shown below.

                         TABLE XVIII.

Vessel

V (I)

V (II)

V (III)

V (IV)

        G]ass
(hollow, circular cylinder)

 Dia. Height
21,O cin. 22.5 cni.

15.0 17.0

:t )t

20.0 28.0

Brass plate

25.0x30,eKO,64cni."

fr( 19EO )L'
× O.30 1)

7( 19.0
 2
)2×1.e5 ,,

7( 26sO ),)
× O.45

lt

t
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                                                          '
    In the sphere of our experiment there is no appreciable effect on

the features nor on the number of striae of the radial discharge figure.

                                       .
         VII, Radial Dischargo Figure on Plates of Various

                       DieleBtric Substance,

    Observations are made with various dielectric substances besides

glass plate, such as bakelite, ebonite, sealing wax, 'rubber, celluloid,

cork, etc. We have been able to generate the characteristic radial

discharge figures for all of tliose substances and all their sizes that

xsre have einployed. All of theni have been hard enougli not to be

inflttenced by the electric discharges on their surfaces, but paraflin

has been the only exception. When the sottrce of the 1iigh electro-

motive force is the transformer previously mentioned, the part of the

paraffin plate near the needle point electrode is melted by the discharge

oi a few minutes.

    Theresults of observations are given in the following Tables and

Figures and some pliotographs of the R figure obtained are shown also

in Figs. 18, 19, 20 and 21.'

    i. Radial Discharge Figttre on Plate of Bakelite.

                           TABm XIX,
                '
  Variation of Number of Striae of the R figure on Circular Plate

         with Diameter, its Thickness being kept the same.

No.

1

2

3

4

5

Dian]eter of
bakelite plate

15.0 cni.

14,O

13,O

12.0

11.0

Air pressure

3.4 cni.

3.7

3.5
3.1

4.3
3,1

3.3
5.0

4.0
3,7

Width of
series gap

O,038 em.
 .088

.027

,066

,056
.028

,073
.034

.021

.035

Number of striae

I II III
22
(23) 44

20
41

18
35

17
34

15.5 (30)
      30
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TABLE XIX (contintted).

N6. Diameterofbakeliteplate Airpressure
-

xvidthof-serlesgap Numberofstriae

IIIIII
6

10.0cni.
3,8cm.
4.2
8,8
6,3

O.O]8cni,
.024
,038
.039

tl4.5)29
14.529
14

30

7 9.0
3.5
4.4
5.0

.020

.039

.020

12.5

{13)25
11,5

8.0
4.3
3,7

.037

.024
22

11

9 zo
3.6
4.5

.024･

.032
12

18,530
'IO

6.0
6.4
4.3

.070

.021
24

16

11 5.0
4,O
7.5

.076'

.026
21

13

12 4.0 7.2 .O16 11

13 3.0
8,O
6.8

.OIY

.052 813
Thicknesses of bqkelite plates: O.315cm.
Discharge vessel: V (I)
]llectric connection: Type (I) in Fig. 1.
Temperature: 20 to 230 C.

III

60

50

40

30

20

10

o

Z

o
/9'

o

's

7, o

o

oo'

.i
cl...........

tttt/t"

't--'I)ift.ineterQCC:trcular

PlateofBakeHte.

o 5        10

Fig. 16.

1) clll,.

Il

!
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                 '
 ii. Radial Discharge Figure on Ebonite.

                            'l)ABLI3) XX.

  Variation of Number of Striae of the R figure on Circttlar

           '  IEbonite Plate with Diarneter, its 'I"hickness being kept the

                                 '
                            '
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No,

1

2

3

4

5

6

7

8

9

10

11

12

13

I)iameter
of ebonite
  plate

15.0 cin.

14.0

13.0

12.0

ILO

10.0

9.0

8.0

7.0

6,O

5.0

4.0

3.0

  Air
pressure

4.3 cm.
3.5

4.0
4.1

4.0

3.6

1)

3.9

7.1

3.5
5.9

5.8
5.4

2.9

3.8

4.5
6.5
4.3

5,6
5.0
6.5
4.3

6.5
5.2
5.5
5.0

5.9

4.4

6.0
6.1

7.5
4.0

Width of
  .serles gap

O.09s cm.
 .03i

.044

.080

.078

.038

.021

.021

.038.

.e42

.028)o

.050

.025

.023

.050

.032
,044
.105

.022
,076
.O16
.067

,O16

.O18

.O19

.O16

,O15
.026

.O15

.O13

.020

.OIO

Electro-
 SCOPIC
defiection

10.5
11.5

12,O
11.0

9.7

8.0
9.7

9.0

5.8
6.2

7.5

8.5
7.5

9.0
8,O

8,3
5.5

8.5
9.0

82
4.5

Distance
  hetw.
plates o
condenser
1,O cm.

 t}

te

t}

tp

})

tl

:t

2.0

 })
1.0

 II

):

7t

p)

-1

)1

lt

}1

1)

)1

:I

)s

 Number
      .   strlae

I II

of

III

19
3B

31
35

32

17
28

26

13
22
22

23
32

21
32

20
l9
28

17

16
24

25

7.5

12.5

 14
19

12
20

9
13

7

10

Thickness of ebonite plate: O.305cm.
Discharge vessel: V (I)
Electric connection: A (I) and C <III)
Electroscopic defiection: One division corresponds to a potential difference of

                       about200eff,volts. -
->O: The R figure is generated by a spark gap having spherical ends both of

     1cm. diameter.
Condenser: A condenser of two circular brass plates both 25cm. in diameter
           and an ordinary window glass O,17cm. in thicknessbeinginserted

           betweentheplates, ' .Temperature: 19 to 230 C. .
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lll

50

40

30･

20

10

o

"

'ittto

oo

o

o
o

!/.//----/-

t-.tt2:--.--
't-DiameterofCircidat

Plateo£Ebonite.

o 5

Fig.

10

l7.

15 cni.

II

I

iii. Radial Dischai'ge Figure

 TABm.

on Circular Plate

XXI.

of Sealing Wax.

XXfaxplate･
No.

Diameter Thickness
Airpressure

XIXTidthof

sparl<gap

Nuniberoi.strlae

II[III
1 10.0clll. O,30cm. 3,6cin. O.023cm. 35

2 1) .27
4.2
4.4

.030

.020
17
19

3 8,95 .33 4.5 .041 29

4
ll

.82 4.0 .O17 13

5 7.2 ,315 4,3 .020 12

6 7.05 .33 4.e .020 22

7 6.0 1,555 4.6 .o6g 13

8
)1 })

4.4 .O16 8

9
tt

.90 3,8 .021 11

10 5.05 .345 5.3 .039 20

11
te

.37
lt .O16t 8

Discbarge vessel: V
EIectric connection:
Tetnperature: 20 to

(I).

 Type {I) in
230C.

Fig. 1.
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iv. Radial Discharge Figure on Rubber.

TABLE. XXII.

Rubberplate
No.
D L

Electric

connec-
.t!on

Air
pressure

s c
Numberof.strlae

IIII.II
1 5.1cni, O.31cin, A(I) 4.3cni. O,O12cm. 13.5

2 5.9
IJ. t}

4.2 .O15 15

3 7.0
))

A(I)
+C(III)

4.0
5,8

.Oll

.020
O,17cm,
rl

18
18

4
}1

,58
:1

5.2
4.4

.041

.O19
LO
}1

22
14

5
IJ

1.30
11

4.5
4.2

.027

.043
.5

.17
10
13

6
lr

1,90
1)

5.0
5.1

.027

.043

.30'

yt

7.5

13

7 5.0 .60
tt

6.3
5.2

.O18

.O19
,18
.17

9.5
10

/.

D, L: Diameter and Thickness of the circular plate of rubber.
   S: Width of the spark gRp.
   C: Distance between two brass plates of the condenser mentioned already.
Electric connection: A (!) without earthing for No. 1, 2.
                  A (I)--C (III) without earthing for all others.
Discharge vessel: V (I).
Ternperature: 20 to 230C.

    We have
rubber having

are used) like

    v. Radial

been able to generate fine radial discharge figure on

small circttlar surface and great thickness (rubber plugs

the cases with glass cylinders.

 Discharge Figure on Celluloid.

, TABLE XXIII,

Circularplateofcelluloid Numberof
striae

III
No.

D L
Airpressure s

1 7.0cin. O.20cni, 4.1cm.
4.0

O,O18ctn.
.O05 30'15

2 8.1
)I

5,6

II

.034

.OIO
35

18
L

3
))

.40
4.0
4.4

.028

.030
23
24

Dielectric: Transparent and yellow coloured plate of
          being prepared from a set square),
Electrig connection: Type A (I} without earthing.
Discharge vessel: V (I)
Temperature; 20 to 220C.

celluloid (circular ones
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vi. Radial Discharge Figure on Paper.

                     TABm XXIV.

Circularpaper
No.

D L

Air
pressure

s
Numberof.strlae

III
1 10.0cm. O.127cm.

4.8cin.
5.5

O,034cm.
.O14

36
19

2
)T tt

5.3
3.6

.043

.O12
38

22

   Dielectric: A paper of moderate hardness and of a mat surface.
   Electric connection: A (I) without eart,hing,
   Discharge vessel: V (I).
   Temperature: 2100.

                          '
    For observations given in No. 2 of the above Table, tin foil is

pasted all over the lower surface of the paper lest some air space

should remain between the paper and the brass plate. The number
of striae of the R figure for this case is larger tlian that witliout the

                                            '   vii. The characteristie R figure has been genera'ted for every

case that xKTe have tried witli dielectric substances, besides tliose

above mentioned, namely, cork, parafin, mica, etc. The figure

genera'[ed on a cork plug is especially beautiful. (Fig,20).

  viii, Radial Discharge Figure on Wood.

    We have made experiments about the peeuliar .discharge figure

hitherto with homogeneous and isotropie dieleetrics such as glass,

bakelite, etc. We have now taken some woods as an exaniple of

an axial Gnhomogeneous) dielectric. The £eatufes of the radial
discharge figure on the wooden plate are somewhat different. The

striae radiated from the electrode curve in a regular rnanner even

with a circulaf plate. It is an interesting fact tliat the porosity

of tlie wood has almost no effect on tlie features of the radial

discharge figtire. A few examples of the observations with wooden

platesaregiveninthefollowingTableandFig.21. '' '
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No.
Circularplate
ofwood D Il

Air
pressure

s c NumberofstriaeIII
1

Is'v'ri,

verysoft,porous.
(Fig.21)

cln.
10.0

cln.
0.46

Clll,

4.0
5,4

))

C111.

0.003
.O08
.046

Clll.

0.3
.18

lt

14
14

27

2

,Sen,

moderatelyhard,
porous,straight
grainsonthe
surface.

)l
.57

4.9
5,3

.O08

.043
.4

.8

13
25

3
lratu,'a,

smallporous.
9.0 .36

6.0
5.6

.021

.084
14

27

4

tVara,
largeporous,hard,
.qtraightgralnson
thesurface.

9.0 .40
8.0
4.3

.054

.027
19

10

   Dielectric; Dry wood of the form of circular plate.

   Discharge vessel: V (I).
   Electric eonnection: A CI) and C (III) without earthing for No. 1,2;

                   A (I) for No. 3, 4,
   Temperature: 20 to 22'C.

    Frorn the resiilts of the above observations with various dielectric

substances, we can determine the following relations.

    a. With the same apparatus and management, we can generate

       the characteristie radial discharge figure on the surfaee o£ any

       dielectric substance (having any form and size).

    b. For any dielectric substanee, the number of striae of the R

       figure generated on it varies regularly with its size, If the

       substance under consideration be homogeneous and isotropic

       as any one but wood given in the preceding, the variation of

       the ntmiber oE striae of the R figure on the substance with its

       size is just like that with glass, provided that the form o£ the

       substance to be tested be o£ tlie same kind as tliat of the
       glass, say of circulqr plate (or eircular cylindrical).

    c. The numbers of striae of the figures on different dielectric

       substances having however the same size are different from

       one another. The parameter showing the differences in the

       numbers of striae for different substances depends entirely on
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   the nature of the substance itself, if the gas in the discharge

   vessel is given, In the sphere of our present investigations,

   the dielectric constant is a single one which has a close

   relation to this parameter. The quantitative discussions about

   tliese circtimstances will be given later.

d. The heating effect on the dielectric by the discharge during the

   appearance of the charaeteristic figure is roughly as follows :-

   Paraflin is melted near the ncedie point iii one or two minutes

   by the dischafge. Next, the ebonite is somewhat influenced

   by a long discharge also near the needle point which even

   plunges into the ebonite thottgh sliglitly. 'I["his melting how-

   ever has no effect on the striae of the discharge figure at
                             ･/･･//1///1･･   least at air pressures suitable for generating the cliaracteristic

   R figures, But at air pressures of mofe than about 10 cm. of

   mercury, the surface of the edonite is much stained by tlie

   striae or streams of the discharge in a few minutes. All tlie

   other dielectrics are unaffected by the diseharge.

e. Fof an iahomogeneous dielectric substanee, the featufes o£ tlie

   R figure are somewhat different from those for a homogeneous

    one. In the case of an axial substance such as wood, the

   striae radiated from the electrode (commonly a needle point)

   curve more or less along the direction just at right angles to

   the dielectric axis itself. Conseqttently,the striae of the figure

   are most numerous along the direction at right angles to tlie

   dielectric axis and rarest along that parallel to the axis. It

    inust be due chiefiy to tlie fact that the dielectric constants

    in these two directions are qtt{te different from one another.

    The striae are most numerotts along the direction at right

    angles to that of the porosity, which coineides with a wooden

    axis in view of dielectric constant.

VIII, Effect of EleBtrie aurrent on the Radial Discharge Figure,

If we increase the electric current through the discharge vessel by
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decreasing the resistance in the primary circuit, the striae of the

radial discharge figure become brighter, but the number of the striae

is not changed by different intensities of the eurrent,

    There is a limit, 1iowever, to.the intensity of the electric current

for keeping the stable and fine R figure on a given dielectric plate.

If the intensity of the cttrrent exceeds this limit, then unsteady and

crackling discharges may take place, and the characteristic radial dis-

charge figure will be more or less faint (the degree of tliis effect is

due to conditions sueh as the electric connection, the size o£ the
dielectric, etc.). However, the characteristic figure, though the

brightness of the striae is deereased by the superposed dischai'ge

streams, is quite steady as before, and tbe number o£ striae also
remains the same. This fact suggests that the present figure ls quite

another class of diseliarge figure than ordinary discharggs at low air

pressure and that the features of the figure is perfectly cliaracteristic

to the given system in the discharge vessel.

    Next, in order to determine if the cycle or the wave form of the

applied alternating electromotive force effects the R figufe, vgTe have

made experiments using some different sources for producing a higli

and alternating electromotive force.

    Many results of the obsefvations using the transfornier as a high

tension prodttcer are given in the preceding. We have accordingly

made like observations by using an induction coil which has a spark

length of 30 cm. and is powerful enough to produce the radial dis-

charge figttre. (Table XXVI, Fig, 22).
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t[SABLE XXVI.

using the Induction Coil.

No,

1

2

3

4

5

Dielectric

DL
cm. cm.
  Glass
10,O O.165

 Glass
10.0 1.50

})

Bakelite

10,O .315

}t

 Electric
connection

 A (I)
+C (III)

A (III)

A (I)+ C (III)
{no earthing)

A(II}+C(III)
(neeale earthect)

A(II)+C(III)
(no earthing)

A (I>+C (III)
(no earthing}

A (III)+ C <III)
(no earthing)

E.D.

8.5

8.0

11.7

15.0

7.3

14.0

7.5

7,O
4.5

5.2

asI

cm.
4,8

5.4

4,5

4.5

4,1

4.2

4.4

4.5

3.7

3,2

s

 C:11.
e.o24

.O04

.095

.200

.042

.024

,O15

.022

.020

,066

c

C111.

0.18

1.5

.17

.18

.18

IJ

t}

1.5

Cycles
 of
curr.

40

)}

t:

tl

20

40

40

tl

20

20

I
N
II III

48

24

17

25

16

16,5

14 29

14
15
29
29

29

Dielectrics: Circular plates.

Discharge vessel: V (I).

II).D.: Electroscopic deflection of which one division corr.-to about 200 eff.

      volts.
M: Air pressure in cm. of mercury.
D, L, S, C, N: same as those in the preceding Tables.

 We see from the results that

 i. the R figure obtained in this ease has the same features as

    'that obtained when the transformer is used. In a few cases

     (with a glass plate and for electric connections where a spark

     gap is connected in series), the R figure generated is less

     beautiful.

 ii, the number of striae of the R figure is the saine for both

     cases whether using the transformer or the induction coil, if

     the system in the discharge vessel is given.
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iii. the llumber of striae and the features of the R figure are not

    affected by the cycles or the wave form of the applied elec-

    tromotive force (here the electric oscillation of very high

    freqttency which may oecur in the circuit during the discharge

    is not taken in eonsideration).

     IXi Effeot of Different Forms of Dielectric on the R Figure,

    As one of the means for discriminating the pfesent discharge

figure from electric discharges which will oecur commonly jn low pres-

sures of gas, we have repeated similar observations with homogeneous

dielectries ot' various forms, and obtained some interesting results as

following :-

    1. A circular plate: With dielectrics of this form we have made

all the quantitative measttrements described in this essay; a chief

characteristic feature in this case is that the striae of the R figure

radiate with equal angles to each other from the centre.

    2. A sqttare plate: For a thin square plate, the number and

the distribution of the striae of the R figure generated on its

surface are almost'the same as those of a circular plate havirig

the same area and the same thickness. It is noteworthy that

the bright striae radiate both diagonally and perpendicularly to

the sides of tlie square. If we increase the electric current over

its proper amotmt for the R figure, unsteady crackling discharge

streams will occur along the shortest distances between the needle

point and the boundary of the diele¢tric plate, but the R figure
above inentioned is not at all affected by these excessive discharge

streams and continues to have the same features as before. Fig,

23 (1) is an example of the figure produced on a square glass

plate of 10.0cm. sides and O.167cm. thickiiess.

    3. A triangular piate: The features of the R figure generated

on a thin triangular plate are almost like the preceding, and

the bright striae in the directions towards the corners vanish

on their way (but are never bent) with a moderate electric current
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which should however be more than suthcient for-striae on the

greater part of the plate, The (cireular) area on which the

bright striae appear depends much on the width of the spark

gap in the circuit, and the circular boundary of the R figure thus

partly generated is quite distinct. Fig. 23 (2) will show tliese

characters.

    AnRfigurehavingpeculiarandindeedcurious '
aspectsisobtainedwithathicktfiangularplate. Neeaie

Fig.23.(4)a,baretheRfigtiresgeneratedon '
                                                         Dieleutrie
triangular sttr£ace of an optlcal prism of 3.07cni.

thickness and 5.0 cm. each of the three sides. We.
                                                      j
can mal<e appear, by regulating the width of tlie

spark gap, one or two bright striae just on each

corner of the triangle and llone on the other parts. For widths of the

gap larger than that suited for these figures, sorne more striae will

appear also ori the sides of the triangle. It.may be of little use to

rnention that unsteady crackling discharge streanis would occur, be-

sides the above R figure, along the sliortest distances between the

needle point and the edge of the glass, if the electric current be in-

creased over an amount suitable to realize tlie figure.

    4. A rectangular plate: The number of striae of the R figure

is rather more numerous in the direction parallel to the longer

side than perpendicular to it. Fig. 23 (3), a, b, c, are the R figures

for different widths of the series spark gap with a rectangular

glass of 10.0cm. and 5.0cm. sides and O,16cm. tkickness. Fig.

23 (5) is another with a thieker plate of quartz.

    5. A cylinder,the axis of which is set horizon-

tally on the brass plate: The needle in this

ease touches perpendicularly in the middle of tlie

cylindrical surface. The resttlt is so cui'ious that

the number of striae of the figttre generated is

the most numerous in the axial direction and

the rarest in the direction perpendicular to the

N

D

axis. (Fig. 23



figure appears correspondingly to the size of the

dielectrie, but the figttre in this case has very

poor feattires. The figure is much disturbed by

the vertical edge and there appears no striae near

it. This fact shows that the bright striae of

the R figure are certain discharge flowings and not statical

of some luminous patticles. (Fig. 23 (11)),

    8, An air space between the dielectric and the brass

We have made observations with a circular glass plate

uniform air space between it and the brass below. The

generated on this glass plate is very unstable and poor in

The mimber of striae of the figure, on the other hand, '

srnaller even comparing it to that obtalned when placing

on the brass plate a circular glass having the same

afid a thickness equal to the sum of both the glass and

in the present case. We see from this fact that the R

this case depends much more on tlie thickness of the '

between tlie glass and the brass plates ratlier than on

plate itself. Some deeper considerations on this fact will

later in the chapter of general disdussions about the R

(Fig. 23 (9), a, b).

    Fig. 23 (10) is the R figure generated on a thin glass

thickness) of which one edge is elevated only one £ourth of

   Radial Electric Discharge Figure on Dielectrie Plate at Low Pressure of Gas. 287

(8), a, b) '

    6. A wedge: The number of striae of the Rfigure is the most

nttmerous in the direction of the smallest thickness and rarest

in that of tke lai'gest, provided that the dielectric substance is

homogenous and isotropic. Fig. 23 (6) is tlie R figure produced

on the circular surface o£ a viTedge shaped piece of bakelite, and

Fig. 23 (7) is the same on ･the square surface of a wedged piece

of wood, the gradient of thickness being rnade at right angles to

tlie axis of the piece.

    7. A disc having a vertical edge: The R
                                                          N

[.==,DD

assemblages

     plate :

  keeping a

   R figure

appeafance.

   Is IIIttch

    directly

   diameter

   alr spaee

         .  fig     ure ln

  alr space
  the glass

   be given

     figure.

(O.16 cm. in

  the thick-
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                                                  '
ness of the glass plate from the brass plate wliile another touches

the brass plate in a point. The features and the number of striae of

the figure generated on the glass is affected very inuch by this thin

air wedge, and the striae of the figure are very concentrated in the

direction of the touehing point and rarefied contrariwise in the

opposite direction.

    Thus vgTe see that the air film between the glass plate and the

brass plate (or between glasses if a number of thin plates be piled

together) causes the greater part of the errors in both the number

and distribution of striae of the figttre generated on the dielectric

plate. Therefore it is recommended, for more accurate measurements,

to use a single dielectric plate and to 1iave its base (the lower surface

toucliing the brass plate) pasted to a tin foil.i)

    9. Two plates of different substances combined together: We

1iave made experiments with combined circular plates of glass and

bakelite and of glass and ebonite by setting them both surfaces .

upwards alternately. The results are given in' the following Table

atid some of them are shown also in Fig. 23. (12), a, b and (13) a, b.

   1) If the above relation holds true, the number of striae measured in the preceding

inust, owing to some thin air space which should remain accidentally between the
dielectric and brass plates, be less than thfit of a R figure which shall be generated

on the same dielectric having however no air space at all. Butthe chance of the error

may be such that its probability is the same for each of the different sttrface areas of

the dielectrics, if all their thicknesses are equal. Further this relation must hold, in

view of the probability, in any cases of different sizeg of the dielectric plate, provided

that each of the dielectric sheets (which conipose the dielectric under consideration)

should have the same thickness (or more generally, tbat the thiekness of the dielectric

should always be proportional to the number of the sheets composing it). Thu' s the
relations between the number of striae of the R figure and the size of the dielectric

which are shown in the preceding Tables and Figures hold true, despite that the
nuniber of striae itself should be somewhat less than its true value,
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No.

1

2

3

4

5

    Dielectric
Diameter Thickness

 glass

bakelite

 cm.
10,O

 }t

 Cll].
0.17

+
 .315

bakelite

 glass

tl

))

 .315

+
 .17

}- tJ t}

 glass

ebonite

1)

ll

 .17
,t 305

ebonite

 glass

t)

)1

 .305

+
 .17

Air pressure

4.2 cm.

52
4.3

3.9

3.9

5,2

3,6
4.2
2,9

4.2

3.6

Width of
spark gap

O.021cm.

 .042

.032

.O08

.040

.O13

,042
.041
.027

.O08

.024

Number
  I

of striae

   II

l3

25

13

25

14

26

22
21
21

13

2Z

           Discharge veseel: V (I).
           Dielectric: Circular plate of glass and bakelite or glass and ebonite combined

                     together, D=10.0cm, .
                             L,.(8,:,lg･g-:,I.:.:g,,':k:.Sl,ig?.

           Electric connection: Type A (I) without earthing.
           Teniperature: 20 to 230C.

            We see from tbe above results that the number of striae of the R

        figure is approximately the same for both cases of different upper sur-

        faces. Therefore the number of'striae of the figure is independent of tke

        surface of the dielectric, provided that the size of each sheet (com-

        posing the dielectric plate) should remain the same.

            In short, the results obtained by the above observations are very

        particular alld characteristic, and in fact some ofthem are apparently

        quite contrary to those expected before the observations.

            The chief and most important facts shown by the observations

        are that

            a. the R figure is quite a different kind of electric discharge

                from ordinary electric discharges, which are unsteady, witli.

                crackling,streamingorsparking. '
            b, the characteristics of the R figure, therefore, do not neces-

ttl,gii.,,.li,//il//lli//il/t/;;."･i
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       sarily 1iave relation to the same factors (members in the

       electric circuit, say, a resistance, a capacity or an inductance)

       to which the ordinary discharges have close relations.

    c. the R figttre seenis apparently to attaeh or to belong to the

       dielectric itself; in other words, in respect to its generation

        the R figure seems to be mttch closer to the dielectric than

       to the other parts of the electric circuit.

       Part N. Discussions about the Results of

           Expergments on the Radial EXectric

                      ]])ischarge Figure.

   I, Proposition of a Peeuliar Electrie Osciliation and Application

      of a Theory of Resonanee to the Radial Dischapge Figured

    We may imagine that the radial discharge figure described in the

preceding is a result due to certain electric oseillations and their

resonance in the circuit, for the following reasons :-

     i. Notwithstanding that the ele6tric current in the circuit is

        alternating, the radial discharge figure genei'ated by it is

        quite stable, and no such figures appear with a direct curyent.

        This shows that some changes of the intensity of tlie electro-

        motive foree are necessary for obtaining the R figure.

    ii. When the most stable and finest R figure is generated, there

        is such an inertia tliat small variations of tlie width of the

        spark gap from its proper value has no effect on the stability

        of the figure. This fact suggests to us the existenee of a

        certain resonance of electiric oscillations in the circuit.

   iii. In most cases in the observ4,tions, we can obtain with the

        same dielectric plate, two (or soinetimes more than two) ldnds

        of R figure in "Thicli the number of striae of one is just twice

        the other, and these two can be generated even by a mere

        regulation of the width of a spark gap. We may most

        possibly suppose that one of the above two figures corresponds
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                 '
     to the second harrnonics of a certain electric oscillation which

     is proper to another. '
 iv. The nnmber of lurninous striae (or of dark canals) which are

     tlie principal charaeteristic feature of the R figttre remains tlie

     same even if we vary

     a. the cycles or the wave fortn of tlie applied electromotive

         force,

     b. the intensity of the electric eurrent in the circuit,

     c. the air pressure within its allowable range for prodticing

         theRfigure, ･ ' '
     d. the width of the spark gap,

     e. kinds of electrie conneetion oE the secondary circuit in

         which the discharge system in question exists,

     f. the resistance, the capaeity or tlie indttctaflce in the

         secondary cireuit,

     g, the size of the djscharge vessel of glass or the brass plate

         on wliich th'e dielectric is set,

     h, the needle point electrode (on the dielectric) to a dise

         electrode, ･ '
     provided that the dielectric and its size are given. These

     facts slio"T that the R figure is a phenomenon depending only

     on tlie dielectric, its size and perhaps the nature of the gas

     in the discharge vessel and quite independent of the other

     parts of the e,lectric circuit, (at least in respect to the nttmber

     of striae which however are the principal characteristic of the

     R figure).

 v, If the dielectric plate and the air pressure are given, the

     w{dth of the spark gap for obtaining the most stable and

     beatttiful R figttre can be determined. This fact suggests to

     usthe existence of a certain electric oscillation inthe secondary

     circttit which greatly infittences the discliarge system to make

     the R figure appear. And we may well consider that the

     frequency of this electric oscillation dueto the circttit can be
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        regulated by varying'the width of the spark gap, and that
        the same oscillation, wlien conditions are the most favourable,

        makes a resonance wkh another peculiar oscillation which is

        due merely to the system in the discharge vessel. It may be

        very･ reasonable from the circumstances above described to

        sttppose the existence of a certain proper electric oscillation

        of the system in the discharge vessel.

   vi. The R figure is quite different from ordinarydischarge fiows

        in features, in distribtttion of ltiminous striae or streains, in

        stabilities, in relations between it and members in the electric

        circuit, ete. We see these peculiarities apparently in the

        photographs shown (especially in thbse with dielectrics of

        various forms). This fact gives also a reason to the supposition

        of the peculiar electric oscillation, proposed above, to wliich

        the peculiar discharge figure is due.

    Thus vLre can propose the following considerations about the R

figure, a peculiar class of electric discharge figure:-

    A high and instantaneous electromotive force caused by any means

produces in the circuit (the secondary when the source is a transformer)

a certain electric oseillation of very high frequency, if there exists,

in the same circuit, a spark gap or anything which works like a

spark gap. This also is a damped oscillation, and wheii the source

of the high electromotive force is a transformer of 60 cycles, a group

of the damped electric oscillations of high freqttency occurs in the

eircuit just 60 times in a second. The frequency of tliis oscillation

depends on the capacity, the kiductance and the resistance in the

                                                 ' --
    Next, there is another damped electric oscillation besides tlie

above mentioned. This oceurs in the discharge vessel in question,

and the frequency of oscillation depends nierely on the dielectric, its

size and the nature of the gas in the discharge vessel and is quite

independent of the other parts of the electric circuit. The R figure

is notliing but an effect due to this proper oscillation or often to its
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higher harmonics, and the nttmber of striae of the R figure correspofid-

ing to the latter is a simple multiple of that corresponding to the

former. Considering the fact that different varieties of the R figure

(which correspond to the oscillations of quite different frequeneies)

can be generated nierely by changing the width of the spark gap,

the frequency of this peculiar oscillation may be still larger than that

of the electric oscillation which is dtie to the electric circuit. It may

not be useless to say that this particular oscillation is exeited and

the corresporiding R figure appears every time when a suited electric

oscillation due to the circttit occurs (60 tirries per second when using

the above denoted transformer) and that this fact can easily be

noticed by observing the figure or the sparks at the gap througli a

rotating mirror. .
    In conelusion, when the eleetric oseillation due to the circuit is

suMciently powerful and its frequency is not very greatly different

fi'om tliat of the proper oscillation or its higher harmonics, each being

due to the system in the discharge vessel, the former oscillation forces

and excites the iatter and the R figute corresponding to the latter

oscillation appears consequently. In such a favo{irable ease when these

two electric oscillations just resonate with each otlier, the rnost

stable and finest R figure appears.

            il, On the Number of Striae of the R Figure,

    It rnay be seen from the results of experiments already described

that the number of striae of the R figure depends only on the size and

the substance of the dielectric and is quite independent of the other

meinbers and their magnitudes in the electric circuit, provided that

the gas in the discharge vessel is given.

    On the other hand, the results of the measurements with dieleetric

plates of various sizes slio"' us that

     i. variable factors which have close relation to the number of

        striae of the R figure are the thickness, the area of the upper

        surface and the nature (dielectric constant) of the dielectric
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        plate, if the gas in the discharge vessel is given,

    ii. these variables felate to the number of striae as if they are

        just the members of a parallel plate conddnser having the same

        dielectric substance between two discs oE conductor of the same

        area aird the same distance, and the square root of this ap-

        parent eapacity is just proportional to the number of striae,

   iii. the number of striae is directly proportional to the harmonic

        number of the' oscillation due to the system in the discliarge

        vessel,

    iv. the number of striae is also a function of tlie nature of the

        gas in the discharge vessel.

    Thus we have

        (1) Aiook. G.V C,
where k, the harmonic number equals 1, 2,..･.; G, the function due

to the gas in the discharge vessel, and C the apparent capacity due

to the size and the constant of the dielectrics. And

                              7rD        (2) C= ,             - 4TL
in the case where the dielectric substance is a eircular plate having

D cm. diameter and L em. thickness, and if K is the dielectric con-

stant along the striae.

    For convenience of comparison, the numbers of striae of the

figures corresponding each to the dielectrics whicli are circular plates

of the same size (say, 10.0cm. in diaiiieter and 1.00cm. in thickness)

can at once be deduced from the preceding observations represented

by data and eurves,

    Thtts we have obtained the following values, which are the numbers

of striae of the figures corresponding each to the second harmonics

of oscillations which are due to the given dielectric substances having

each 10.0 cm. diameter and 1.00 em. thickness.

    For glass ..･.-.......................19,7±O.2
        bakelite･.......･............,...･.16.0]l:- .3

        ebonite ････....･.,...............13.2± .3
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        sealing wax -･..･･･.-･-･･...････..18.2± .5

        rubber ..-..･････...........-･･･.14.2± .5

        celluloid i...-･･･..･････.....･･..19,2± .4

        paper............,...............13,2 '

        wood(No,1)..........･.........18.2 "
The squai'es of each of the above values are very lil<ely to be pro-

portional to the dielectric constants of tlie corresponding substances.

                                        '
                                               '
                  IH, Summary and Conclusions,

    Tbe results of tlie present investigation are summarized in the

following:

 ' i. A new class of electric discharge figures at low pressure of

        gas is introduced. '
    ii. The apparatus, the electric connections and the method for

        generating the characteristic radial discharge figiire are de-

        scribed.

   iii. Characteristic featttres of this pecaliair figure and some com-

        parisons of the figure and the circular spark (which has been

        already jntroduced in our former worl<) are described.

   iv. The features of the figure change regularly with tlie variation

        of the pressure of the gas in the discliarge vessel, bttt the

        iiumber of striae which are the principal £eatures of the figure

        remains the same. There exists a proper range o£ pressure

        £or generating the R figure on a given dielectric plate.

    v. The variation of the width of the spark gap gives sorne

        regniar chai]ges in the featufes of the figure, but the number

        of striae remains the same so long as tlie stable figure appears.

        There is 1iowever a special case wliere two ldnds (or some-

        times more than two) of different R figures appear of which

        the number of striae in one is just twice the other (or the

        ratio of the numbers is very simple such as two to three or

        one to three). In these two cases the widths of the gap are

        quite different commonly. Tliere exists a proper width of the
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        spark gap for producing the most stable and finest figure in

        each case.

   vi. The number of striae of the R figure varies regularly with

        different sizes of the dielectric in the discharge vessel.

   vii. 'I"1ie number of striae varies with the substance of tlie dielectric

        and also witli the gas in the discliarge vessel. The result of

        observations using glass, bakelite, ebonite, sealing wax, rub-

        ber, cork, etc. wlth air are given, and some experiments

        using glass with 1iydrogen gas or oxygen gas have been

        made, though the latter are not described in this essay.

  viii. If tlie dielecric (and the gas) in the discharge vessel be given,

        the number of striae of the figure generated on the dielectric

        remains the same by varying ･
        a. the source of the high and alternating electromotive force,

           its cycle and its wave form, (vLTe have experimented the

           circumstances by using a transformer or an induction coil.)

        b. intensity of electric current in tlie discharge vessel,

        c. the size of the diseharge vessel,

        d. the electric connections in the secoiidary circuit in which

           the discharge system exists, and the resistance, the capaeity

           or the inductance in the same circuit,

        e. tlie pressure of the gas in tlie discharge vessel or the

           width of the spark gap, '
        f. the needle point electrode (in the diseharge vessel) to a

           disc electrode. '
   ix. Peculiarfties o£ the present radial discharge fignre are inani-

        fested very distinctly by the iigures generated on various

        different forms of the dielectric. 'Ill"he R figure on the surface

        of wood, an unhomogeneous substance) shows us also some

        peculiarities.

    ×. Discussions are given about the results of experiment on the
        radial discliarge figure, and a pecuiiar electric oscillation which

        is only due to the system in the discliarge vessel and cor-
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        responding directly to the figure generated on the dielectric

        surface is proposed.

   xi. A relational formula among the number of striae of the figure,

        the size, and the constant of the dielectric substance is

        introduced and compared with the experimental results.

    In conclusion, we remark here abottt the future development in

the researches on the preserit discliarge figure, for there remain maiiy

untouched and only partly touched problems concerning it both theo-

retically and experinientally, namely

    a. the mechanism, why and how the discharge flow is separated

       into striae which are stable and regularly distributed, (that is

       a fundarnental problem of the phenomenon),

    b. the effect of different gases in the diseharge vessel,

    c. the potential differences on both sides of the dielectrics in the

       discharge vessel and relations between them and the air

        pressure, the intensity of the electric current throttgh the dis-

       charge vessel, the width of the spark gap, etc.,

    d. the curvature of the fiowing of the bright striae down from

       the edge of the dielectric, especially in the case of a thiek

       dielectric
                ,
    e. the deterininations of the frequencies of electric oscillations

        concerning the present discliarge figure,

    f. the luminotts halo accompanying the figure and so on,

Some of them are now under investigation and their results will be

published in the near futttre.

                     The Physical Institute of the Engineering

                       Faeulty, Hokkaido Imperial University.



Fig. 2 Effect of aifferent air pressureg on the R figure on athtn circular s,lass plate.
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The radial diseharge figure at different stages of air pressure and width of the
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Fig. 5 A eircttlar cylindrical glass: D=5.e em., L=Z.Ocm.
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Fig. 12. TheR figure on circular cylindrical glass.
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Fig. 15. Effect of different forms of the electrode on the dielectric.

   Dielectri2: A circular glass plate, P==10.0eru., L=1.50cm.

   Electric connection: A <I) vvithout earthing (except No. 3).

1
J

t

Vs ,

'L.

X .1
-.

2
'

xl

Dia. of disc:

S=O.020cm.
P=3.7cm.

1.0 cm. Dia. of disc:

S=O.024cm.
P=2,3cni.

1.0 cm.

]

3

Dia. of disc: 1,O cm.

S=O.039cm.
P= 2.5 cm.

C:O.17cm. apart.

x}

4

Dia. of disc:

s=o.o36cm.
P=3.8cm,

,

'

2.0 cni.

xl

5

A T 'P,p,

e c.

">

x5

6

's,.

  "-
.. 'e

xt

  sc
Lo t4=- / ./

M
 ?･kN...-.

   g

-x

''

z

Dia. of disc:

S= O.035 cnl.

P=3.Zcm.

4.0 cm.    Cylidrical electrode:

dia.=2.0cm.,length==5,Ocm

   S= O.054 cm.
   .l['=4.0cni.



Fig･ 15 <coutinued. The R figure by two electrodes on the dieleetrie.
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Fig. 18. The R figure on circular plate of bakelite.
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Fig. 20. The R figure on circular plate of various dielectric substance.
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Fig. 20 (continued}･
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Fig. 21. The R figure on wooden plate.
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R figure generated
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  L=O.165em.

coil.

       S=o.Olscni.
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        S=O.070clu.
        P--3,7cn;.
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Fig. 23. The R figure o;i dielectrics of different forms.
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Fig. 23 (continued). ･

Ebonite cylinder:

D=3Ocni.
L ---. 5.0 ctt1.

b

S=O.078cm.
P-- 5.3 cm.
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