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THE MINIMUM VELOCITY OF
PARTICLES IN DOPPLER DIS~
PLACEMENT OF HYDROGEN

THE light of canal rays of hydrogen which
shows Doppler effect, consists mostly of light
due to H,, Hg, etc, of the Balmer series from
neutral hydrogen atoms. The effect for Ha can
be represented diagrammatically (Fig. 1) as a
strip AB of wvarying intensity separated from
the sharp line at O, which is H; itself without

change of wavelength (i.e.,, an undisplaced Hg

line). The undisplaced line is given out by
atoms of hydrogen gas in the space in which
th2 canal rays are moving (since these parti-
cles are having velocities negligible compared
to the very high speeds of the canal ray parii-
cles). Lowear edge A represents the least dis-
placed end of the Doppler strip and the wave-
length displacement QA may, therefore, be
represented as d); which gives the least velocity
of particles of hydrogen represented in the
canal-ray-beam. The maximum displacement
dM .. is represented by B. Its behaviour has

4

been extensively studied.! The present commu-
nicaticm is concermed with the behaviour of
dr; of A with variation of the potential applied
to the discharge tube producing the canal ray.
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Fi1G. 1. Sketch of Doppler Displacement to show
Undisplaced Balmer Iine Hg at ' O ' and Doppler strip
‘AB' with Displaced Maximum at ‘B’ (dAmax) and
Minimum at A’ d(\g).
Steinheil three-prism glass speéotrograph of
high light-gathering power, f/3, and effective
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basa of 30 em. was used. With a tele-objective
attachment f = 250cm. to the camera side, the
dispersion was 11:92 A/mm. In order to avoid
complications from the background molecular
lines and the continuum, we have made observa-
tion on H,. Purity of gas in the discharge
tube has been maintained by Wien's method of
capillary streaming and continuocus pumping.
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~——> [ischarge Polenutal in Kilovolis
Fi1G. 2. Minimum Doppler Displacement for Ha.

Resulis are shown in Fig. 2. On one and the
same plate, keeping time of exposure constant
(say, 4 hours), photographs were taken at
different discharge potentials from 1 to 8 Kkilo-
volts, varying by steps of 1 kilovolt. Similar
plates were prepared with exposure times,
2, 1 and Y% hours also. All the four curves
(T,, T,, Ty, Ty, respectively) show a uniform
ktehaviour in their values for dy; having first a
ris2 for potentials from 1 to 3 Kkilovolts, reach-
ing a maximum at 3 kilovolts and then falling
gradually with increase of wvoltage, up to the
hichest voltage used. The pressure of the gas
corresponding to 3 kilovolts is 0-03 mm. Hg.

It was shown by B. Dasannacharya and G. K.
Das,2 as conclusion No. 9 of their paper that
a strip due to neutral atoms formed as a result
of dissociation from a heavy molecule of
hydrogen of mass 4 exists, only in the voltage
region, 1 to 3 kilovolts. The disappzarance of
this strip at 3 kilovolts can be regarded as the
cause for a fall in the intensity of the lower

limit of the Doppler strip, observed in the
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1. Dasannacharya, B. and Das, G. K., Narure, 1944,
154, 21 ; — and Dakshinamurti, C., 74id, 1944, 154, 22 .
—, Curr.8c1. Canal Rays Special Number, 1937, 2. —

and Das, C. K., Pizl. Mag., 1948, 39, 966.

ELECTRONIC ENERGY LEVELS
OF INDENE

THE electronic energy levels of the Indene
molecule have been calculated by the method
of antisymmetrised molecular orbitals. The
structure of Indene is:

1 CHo
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The assumptions made in these calculations
are :
(i) Indene has eight 5 electrons which are
responsible for spectroscopic levels;
(i) The molecular orbitals can be written
down as follows:
1 8
A8y #=y K(»)
(1=0, £1, =2, 43, 4)

o; being a normalisation factor, K (v) being the
2pnr atomic orbital of the kth atom. The num-
bering of the atoms is indicated above.
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Level

e.v.
11-82 1A,
10-628 A4
10:615 1A,
8-39 1A,

' 89
38 ™

| 3137%3

0_3% (2952 )331
0 141

(ii1) The interactiion between electrons, par-
tially en non-neighbouring atoms as also that
beiween electrons 1, 2, 8, 4, on the one hand
and 7, 8 on the other, is negligible. Effect of
the hydrogen atoms and the spin orbit inter-
action is neglected ;



