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Qnuite recently, adopting Lo Surdo’s method, T. Takamine and U.
Yoshida investigated the effect of an electric field on the spectrum
lines of hydrogen' and helium?

With the same experimental arrangement, the writer examined
the mode of decomposition of the Balmer lines Hg, Hj;, and H,, as well
as that of a certain number of lines belonging to the secondary
spectrum of hydrogen. A seven-prism spectrograph and a two-prism
spectrograph were used in the experiment.

The seven-prism spectrograph was constructed of four large 60°
prisms and three large 45° prisms. The spectrum was photographed
with a portrait lens having a relative aperture of 3.5 and a focal length
of 18cm. The dispersion on the photographic plate was 9.5 A.U. per
mm. at Hg. This instrument was adopted for this line and also for
the lines belonging to the secondary spectrum of hydrogen lying in
the neighbourhood of Hg.

The two-prism spectrograph was constructed with two large 60°
prisms. The spectrum was photographed with a Zeiss Tessar having
a relative aperture of 4.5 and a focal length of 18 cm. The dispersion
on the photographic plate was 22.6 A.U. per mm. at Ha.

About 30 photographs were taken with Ilford special rapid plates,
the exposure being from 50 minutes to 2 hours. The primary current
of the induction coil was about 3 amperes, while the secondary ranged
from 0.3 to 0.8 milliamperes.

1 T, Takamine and U. Yoshida, Mem, Col. of Sci., Kyoto, 2, 137, 321 (1917).
2 T. Takamine and U. Yoshida, Mem. Col. of Sci., Kyoto, 2, 325 (1917).
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To determine the field intensity, the following data for the outer
components of Hy given by Stark were relied on:—

4.6 Au. per 10'volt/cm. for the parallel (p) components.
3.2 A.U. per 10%volt/cm. for the perpendicular (s) components.

At several different points, corresponding to various distances from the
cathode, the amount of separation of the outer p- and s-components of
H, was measured on the photographic plate obtained by the two-
prism spectrograph.

In the present experiments, after the side tube leading to Kipp’s
apparatus was sealed, the evacuation was carried on until the end of
Crookes dark space became very indistinct. Then the side tube leading
to Gaede pump was sealed. In this manner a field intensity far greater
than those employed by the former investigators was attained. Assum-
ing the proportionality between the separation of the outer components
of Hy and the field intensity, the greatest field strength thus attained
in the present experiment was 14.6% 10%volt/cm. at the immediate
neighbourhood of the cathode. The decomposition of Hg, in this case
photographed by the seven-prism spectrograph, is reproduced in Fig.
2, PL 1.

(A) Hs.

For the line Hp, Stark found 11 p- and 11 s-components in the
case of ““ Feinzerlegung.” With Lo Surdo’s method, however, only 2
p- and 2 s-components have been hitherto obtained by various investi-
gators.

In the present experiment, 6 s-components were clearly observed;
and, though far more indistinct than these s-components, 6 p- compo-
nents were observed beside the undisturbed line. The photograph
showing the finer decomposition of the Hg line is reproduced in.Fig.
1, PL. 1.

For the s-components of Hp, the amount of separation of the
components was found to be approximately symmetrical with respect
to the central line. Further, as shown in Table 1, the separations
were proportional to the field intensity E.
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TABLE 1.
Compo- +3 +2 +1 -1 -2 -3
nents ( Intensity > Intensity \| { Intensity ( Intensity Intensity ) Intensity
5 10 3 3 Io 5
Ein &\ &\ & )N ) ]\
o o A /E ° ° . /E ° Ei. o E
sotvoltfen | in .0 in A0 in RUME in L0 in L0 in R0

845 . +8:61 | 1:02) +632[075 4279|033 ~2:91| 034 —6-01|071| —845|1-00
640 +6:20|097 +470|073| +221|034| —2-22|035/ —4'61{072{ —6:35|0°g9
473 +470| 099 +360|076 +1-70|0°36| — 151|032} — 352|074 —473| 100
320 +3-‘41 1'06| 42401 075 +1°14[0°36] —I'04|0 32| —2-20]0'69| — 3'21 | I'00
220 ~2:20| 1'00| + 165 |0'75| + 086|039 —075|0°34| —1'54 |070] —2-21 | 1°00
1-38 +1'42| 1'03| +094 | 0'68| 4042|030 — 044 |0 32| —095 069/ —1-41 | 102

Mean of
531;30 1ot 074 035 033 o1 100

Similar measurements were performed on the plate reproduced in
Fig. 2; and it was found that, for the intense components (+3), (+2),
(—3), and (—2), the proportionality held good up to the field of

14.6 x 10*volt/cm. The results of these measurements are tabulated in
Table 2.

TABLE 2. \

F.in 1owvoltjem. | 146 | 132 | 119 | 108 | 98 | 88 | 76 | 60 | g4 |Meanof

HNE
. in AU 4155 4135 4122 +11-3| 4+-10°3 494 | +74 | +67 | 453

+3 SWE 1:06| 102 102 104 TO5 106 -97 102 98 | 103
BinAU. | 4110 498 |+86 | +80 | +73 | +65 | +50 | +42 | +37

+e Wlf 76| 74| 72| 74| 74| ‘74| 78| 70| 69| 074
8 in AU. | - 107 — 100, -84 |77 | —71 | =65 | —58 | —40|—36

— B/E 73| 76 x| yz| 2| qal 6| 67| 67| o7z
-3 3 in AU. | ~16:0, —13:0f —12:3| —11'4| —X04| —9'5 | —75 | —62 | —54

SWE 1'10] .99 104 106 106| 108 99 104 100 103

As shown in Table 3, the 6 components correspond to the com-
ponents (+3), (+2), (+1), (—1), (—2), and (—3) given by Stark in
the case of “ Feinzerlegung > of Hsg.



352 Shigeharn Nitta.

TaBLE 3.

The s-components of H3 at E=7.4 % 10*volt/cm.

+3 42 +1 —I —2 -3
Stark | i in A.U. +73 | +358 +25 —2y —50 —74
Nitta | 21 in A.U. (calc.) +75 +54 +2'6 —2'4 —53 —-7'5

In this case, values of E were determined by the p- and s-com-
ponents of Hy photographed simultaneously by the two-prism spectro-
graph.

For the p-components, it was found that the six components cor-
responded to the components (+5), (+4), (+3), (—3), (—4), and (—35)
given by*Stark in the case of “ Feinzerlegung  of Hap.

(B) H;

For Hy four s-components and two p-components were observed,
as shown in Fig. 3, Pl 1.

The following tables (Table 4 and Table 5) give the relation be-
tween the field intensity and the amount of displacement 04 from the
position of the undisturbed line.

TaBLE 4.

The p-components of Hj.

E in 10volt/cm.
$4 44 24 12 Mean of
Components E

+1 3 in A.U. +255 +145 +80 440

( Intensity ) 8)/E 303 329 333 333 325
—I a in A.U. — 250 -~ 154 ~83 ~4-0

( Integs“y ) SHE 2:98 350 346 333 331
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- TaBLE 5.

The s-components of Hj.

E in 10tvolt/cm.
34 52 39 g Mean of
Components S/E

+3 &\ in f&U 200 12°4 86 41

(Int. 2) HE 238 238 2:20 273 242
+1 2\ in A.U. 81 42 29 14

(Int. 5)° SWE 096 081 o4 093 086
1 & in A.U. 7.7 41 ‘ 30 11

(Int. 5) 6)\/E 092 079 o7 o073 o-8o
_2 o\ in AU, 21'0 130 90 4X

(Int. 2) A/E 2:50 2:50 2:31 273 2:51

Thus the separation is approximately symmetrical and is propor-
tional to the field intensity.

As shown in the following table (Table 6), the p- and s-compo-
nents were all well identified with those of Stark given in the case of
* Grobzerlegung ™’ of Hj.

TABLE 6.

Components of Hy at E=2.85 x 10*volt/cm.

p-components s-components

41 -1 +2 +1 -1 -2
Stark |5 in A.U. 854 916 627 1-96 236 672
Nitta {5 in A.U. (cale.) 9X 94 69 2:4 2-3 7L

(C) H.

For this line, Stark gives only two p-components. Adopting Lo
Surdo’s method, Sonaglia! found two p- and five s-components, but he
did not measure the amount of separation.

The result obtained in the present experiment was by no means
satisfactory. Fairly good images of the two p-components were ob-
tained in a few cases; while, for the s-components, two outer and two
inner components appeared very indistinctly.

1 Sonaglia, Rendiconti d. Lincei, 24, 621, (1916).
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The numerical values obtained are tabulated below (Table 7, 8,

and 9).
TABLE 7.

The p-components of H,.

E in 10tvolt/em. 69 48 325 Mean of 8)\/E.
8\ in AU. + 300 +198 +14°2
I
* HE 4:35 413 437 428
5 in AU — 275 —188 —124
-t S/E 400 392 381 391
TarLE 8.

The s-components of H,

E in 10fvolt/cm. 69 35 09 Mean of 8)/E
Distance between the outer o - 5
components in AU. 35 75 7
3/E 51 50 6.3 5'5
Distance between the inner
Le 63
components in A.U.
SVE 09I
TABLE 9.

81 in AU. at E=2.85 x 10*volt/cm.

+1 -1
Stark +122 h —I1'3
Nitta (calc.) + 121 —11I

(D) Secondary spectrum lines of hydrogen.

In the present experiment, the regions in which a number of
affected lines were measured, were from 44340 to 23900 and in the
neighbourhood of Hg.

The wave-lengths of the lines in these regions, which were deter-
mined by the comparison spectrum of the iron arc, were found to agree
well with those obtained by Watson and given in Kayser’s Handbuch
der Spectroscopie. In the following, the writer haseadopted Watson’s
values to the first decimal of an A.U.
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In Fig. 4, the curves showing various modes of decomposition
presented by the affected lines have been roughly drawn. With the
dispersion used in the present experiment, it was difficult to measure
the amounts of displacement in the region adove the dotted line.

Summary.

1. Employing Lo Surdo’s method, the effect of an electric field
on the spectrum lines of hydrogen has been investigated.

2. To determine the field intensity, the data given by Stark for
Hy in thc case of “ Grobzerlegung ”’ were relied on.

3. By lowering the pressure in the discharge tube until the end
of Crookes dark space became very indistinct, a field intensity far
greater than those employed by the former investigators has been
attained, its maximum value being about 14.6 x 10*volt/cm.

4. For Hg 6 s-components have been observed and identified with
those obtained by Stark. The proportionality between the amount of
separation and the field intensity was found to hold good for these
components.

5. For Hg 2 p- and 4 s-components, and for H, 2 p- and 4
s-components have been obtained ; and excepting the 4 s-components
of H,, identified with the components obtained by Stark. ‘

6. The influence of the electric field on certain lines belonging to
the secondary spectrum lines of hydrogen has been investigated.

In conclusion, the writer wishes to express his sincere thanks to
Assist. Prof. T. Takamine and Lecturer U. Yoshida for their kind guid-
ance in the course of the experiment. The writer’s thanks are also due
to Prof. M. Fukui of Kyoto Higher Technical School for the loan of
a Kriss spectrometer.
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