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§1. The continuous spectrum of hydrogen in the canal rays of hydrogen
was first observed by Stark (1917) and later on investigated in greater detail
by Stark, Gorcke and Arndt (1917). The continuous spectrum observed began
with great intensity at about A4000A and extended into the ultraviolet as far
as could be seen up to 224004, From the long wavelength limit it extended with
increasing intensity up to 224004, the rate of increase being specially marked
in the region A2800-24004. The continuous spectrum as a whole increased in
intensity relative to the series lines of hydrogen with increasing pressure and
decreasing cathode-fall voltage. The intensity distribution did not show
any dependence on the energy of the canal rays for the range of energy investi-
gated, viz. 3-8 kV. It was observed by these authors that when hydrogen
canal rays were passed in oxygen a continuous spectrum was obtained which
showed the same intensity distribution as that given out when the same rays.
pass in hydrogen. On the other hand, when nitrogen canal rays of 8:5 kV
energy pass in hydrogen only the series lines of the gas were excited without
the presence of the continuous spectrum in appreciable intensity. These
latter results of Stark have been criticised by Wien (1927) on the ground that
the separation between the observation and the discharge chamber in the
experimental arrangement used by Stark was not very effective and diffusion
of the gas from one chamber to another could have taken place to a considerable
extent.

Frl. Carst (1924) working in Wien’s Laboratory with a more efficient and
elaborate arrangement repeated Stark’s experiments. It was observed by
Carst that the continuous spectrum was given out when canal rays of either
hydrogen or nitrogen were passed in hydrogen, but not when canal rays of
hydrogen passed in nitrogen. Carst (ibid.) also compared the intensity distribu-
tion in a spectrogram taken by Wien with canal rays of hydrogen of 30 kV
energy with that obtained in a Geissler tube. The two intensity distributions
were found to be identical from which Carst concluded that the origin of the
continuous spectrum in the two cases was the same. Wien observed (as quoted
by Carst, ibid.) that the spectrum obtained with the canal rays extended
towards the long wavelength side with increasing pressure in the observation
chamber up to the Hq line but not beyond. There was a minimum of intensity
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in the distribution curve of the continuous spectrum obtained with canal
rays at about A40004. Some signs of this minimum were also observed by
Herzberg (1927) in the case of an electrodeless ring discharge in hydrogen.
This was explained by Wien (1927) on the assumption that in the canal ray
spectrum, the usual continuous spectrum was superposed by another conti-
nuum, probably the one discovered by Stark.

It appears difficult to explain the contradictory results obtained by Carst
and Stark in terms of the objection raised by Wien (1927). The observations
of Carst are, however, more in keeping with the present ideas on the subject.
We now know that there are only two possible types of continua associated
with the hydrogen atom. One is the Bohr continuum obtained at the end of
each of the series limits, given out in the act of neutralisation of the atom, and
hence characteristic of the charged atoms. The other, which is a problematic
one, is an electron affinity spectrum (Jen, 1933) due to the capture of an electron
by the neutral atoms of hydrogen. The Bohr continuous spectrum can be
easily demonstrated in the case of an electrodeless or a condensed discharge
in hydrogen at pressures varying from 5-50 mm. of Hg. Under these circum-
stances the continuous spectrum at the end of the Balmer series extends
up to 222004 whereas that at the end of the Paschen series comes as far as
the visible region (Finkelnburg, 1939, p. 286). The intensity of this type of
spectrum is smaller than any of the characteristic series lines and will not
therefore be intense as the continuous spectrum observed with the canal rays
and further will show a continuous fall in its intensity towards the short
wavelength limit (Finkelnburg, ibid., p. 57). There is a third type of con-
tinuous spectrum obtained under conditions of ordinary discharge with high
pressures or current densities, or under a condensed discharge, extending
from A6600-30004, which has been ascribed to an extreme broadening of the
Balmer lines (Finkelnburg, 1938). The presence of this last appears to be
extremely unlikely under the conditions that obtain in a canal ray tube, It
appears therefore that the continuous spectrum observed by Stark was not
due to the atoms of hydrogen but had a molecular origin.

The observation of Carst (1924) that the continuous spectrum was
obtained only with hydrogen in the observation chamber shows, further, that
it is given out by the stationary molecules of hydrogen when excited to light
emission by impact with the canal rays of hydrogen. In support of this
observation to a certain extent we may mention the fact that the Doppler
displacement in the case of the molecular lines (which is due to the moving
molecules in the canal ray beam) is very weak when present at all and has a
much smaller magnitude than that to be expected from a knowledge of the
corresponding displacement for the atomic lines, when the obseérvations are
made after they have passed through the canal. We get, of course, displace-
ments of the right magnitude, when observations are made on the positive
rays in the cathode dark space (Baerwald, 1927). This observation shows

that light emission from moving molecules in the observation chamber is not
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a frequent occurrence. In view of the great intensity of the continuous
spectrum observed with the canal rays it cannot therefore be due to the moving
molecules. The near identity of the intensity distributions reported by
Carst in the spectra obtained with the canal rays and the Geissler discharge
tube is strong evidence in support of this view. I would like to mention
here a certain modification in the line of argument adopted by Carst. As will
be shown later, there is a possibility that the two intensity distributions may
be different for the same mechanism of excitation, on account of the difference
in the nature of the exciting agency, viz. the electrons and canal rays of hydro-
gen. The only difference in the two continuous spectra appears to consist in
the fact that whereas in the case of the CGeissler tube the excitation is brought
about by electrons, in the other by the canal rays of hydrogen.

The continuous spectrum (Finkelnburg, 1938) obtained in the Geissler
tube begins at A4000-50004 and extends into the ultraviolet as far as can be
seen to about A1680& with increasing intensity up to 225004 where it shows
a maximum. After this, the intensity diminishes continuously. A number
of theories have been proposed for the origin of the continuous spectrum. The
one now generally accepted is that proposed by Winans and Stueckelberg in
1928, who explain it as due to a transition from a stable upper state of the
hydrogen molecule Hy to an unstable lower state. Finkelnburg and Weizel
have identified the two states as (lso2s0)3Z, and (lso2po)*Z,. This
latter is unstable according to a theoretical investigation by McDonald
(1932). Finkelnburg and Weizel have determined the excitation potential
of the continuous spectrum as a function of the wavelength of the radiation
emitted by the “Anregungs-dispersion”” method of Reichenheim and Lau
(of Finkelnburg and Weizel), for ten different wavelengths between A4400-
25008. They find the values of 12:6 volts at A44004, 11-9 volts at A31004
and 120 volts at 25004. The minimum excitation potential has been deter-
mined as 11:864-0-04 volts and the maximum as 139 volts. Richardson
(1934) has expressed the opinion that the results obtained by Finkelnburg
and Weizel are not sufficient to identify the two states with absolute certainty
although they do so with a high probability. According to him, it is not
possible to differentiate between the upper state found by Finkelnburg and
Weizel and the (lso2po)3IT, state which has a very similar structure and an
excitation potential which differs from it by about 0-02 volts. Transitions
from this state cannot take place to the lower state (1so2po)3%, found by
Finkelnburg and Weizel on account of #— u prohibition and a search must
therefore be made for an unstable even state at about the same energy level
as (1so2po)3Z,. In the opinion of Richardson (ibid.) the possibility of such
a state has not been absolutely excluded. By making use of the simple
Franck-Condon principle, Finkelnburg and Weizel (ibid.) have shown that as a
result of these transitions a homogeneous continuous spectrum is given out,
which has approximately the same intensity distribution as that observed
experimentally. There is, however, a small but definite difference between the
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theoretical and the experimental curves. This has been ascribed by Finkeln-
burg (1938) to the non-applicability of the Franck-Condon principle in its
simplified form, viz. that the relative positions of the nuclei are not disturbed
in the act of excitation. James and Coolidge (1939) have computed the
change in the intensity distribution produced on account of this disturbance
on the basis of wave mechanics. They find that there is no fundamental
difference in the intensity distribution thus calculated and that obtained on
the basis of the simple Franck-Condon prineiple, in the latter the maximum
of intensity in the region 225004 shows a slight shift towards the short wave-
length side. In view of these observations it was thought possible that certain
changes in the intensity distribution might obtain when the excitation is brought
about by the heavy canal rays of hydrogen (compare: Smyth and Arnott,
1930). It is plausible to assume that one of the parameters determining
this change, if it exists, is the energy of the canal rays. I have therefore
studied (1) the variation in the relative intensity distribution of the conti-
nuous spectrum with the energy of the exciting canal rays; and (2) compared
the relative intensity distribution in the continuum excited by canal rays
with that obtained in the Geissler tube where the excitation is brought about
mainly by the electrons. The range of energy of the canal rays here chosen,
viz. 1-9 kV is such that the rays obtained are slow and thus have a greater
chance of bringing about a disturbance in the state of the molecule. This
incidently repeats Stark’s observations on the excitation of the continuum with
canal rays of different energies. This, I believe, has got a certain interest in
view of the contradiction of his results by the more recent observations of
Carst. '
§2. The experimental arrangement used for this investigation is shown
in Fig. 1. The discharge tube and the portions of the apparatus near it were
evolved after a number of experiments. The main plan of the apparatus,
however, was sensibly the same as that used by Wien (1927). As it was
intended to work with canal rays of moderately high energy (»10kV), it was
necessary to use a small canal in order to get the canal rays in sufficient
intensity. Partly for the same reason no differential pumping arrangement
was used. The connection of the discharge tube with the diffusion pumps
started at a point just below the cathode so that the observation chamber
was at a considerably lower pressure than the discharge space (vide supra).
The discharge tube finally used was 3-5 em. in diameter with a cathode of
brass, 20 cm. in length faced with aluminium on the discharge side. The
canal was 2-0 cm. long and 0-2 cm. in diameter. The anode was of aluminium
and was fitted in a side tube at a distance of 20 em. from the cathode. The
anode was connected to the high tension, the cathode being earthed through
a milliammeter. The high tension was obtained from a transformer, coupled
with a single Kénotron circuit, thus giving finally a half-wave rectified current.
The secondary voltage was measured by means of an electrostatic voltmeter
of the Kelvin-Whyte type. Evacuation was obtained by means of a set of
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Mercury diffusion pumps of the Waran type backed by a Cenco-Hyvac oil
pump. Liquid air traps were used for the prevention of the diffusion of
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T, =L.T. Transformer. Ly, Ly, Ly, L, Ly=Liquid Air Traps.

T,=H.T. Transformer. W =Quartz Window.

K =Kénotron. L =Cylindrical Quartz Lens.

R =Water Resistance. S =Quartz Spectograph.

G =Geissler Discharge Tube.

mercury vapour into the discharge tube from the pumps and the manometers
as also for purifying the gas used. Continuous gas-streaming was maintained
by allowing the gas to leak the discharge tube through a long capillary and
evacuating it continuously by the diffusion pumps. A dynamic equilibrium
was thus set up with the maximum of pressure near the anode end of the dis-
charge tube, and the minimum in the neighbourhood of the cathode and the
observation chamber.

A Geissler discharge tube of the ‘end on’ type was connected in parallel
very near the high vacuum connection of the discharge tube. It was mounted
in such a manner as to make an angle of about 30-45° with the canal ray tube;
the spectrograph could be pointed at one or other of the discharge tubes by
& simple rotation of the instrument. When it was used for photographing
the canal ray spectrum, it was kept in a direction making a small angle with
the axis of the canal ray tube, as shown in the figure, so as to exclude the
light from the other side of the canal, viz. the discharge space. For photo-
graphing the Geissler tube spectrum, the spectrograph was turned into complete
alignment with the axis of the discharge tube. A cylindrical quartz lens
supplied by Messrs. Hilger & Co. was used for focussing the light on the slit
of the spectrograph which was a Hilger sniall quartz model. The lens incidently
served another useful purpose. For moderately high operating voltages say
of the order of 3-4 kV or more, the canal rays when they impinge on the
quartz window cause considerable fluorescence. Under ordinary circumstances



108 V. T. CHIPLONEKAR: THE CONTINUOUS SPECTRUM OF HYDROGEN

this would have found its way into the spectrograph and caused a certain
amount of overlapping in the spectra obtained. This was prevented by
focussing the lens for an object about one centimetre in front of the cathode.
In the earlier experiments the observation chamber used was about 10 cm.
in length, later on this was increased to 17 cms. Under these circumstances
the possibility of interference or overlapping due to the fluorescent light appears
to be remote.

Considerable difficulties were experienced in the beginning in obtaining
a sufficiently pure gas in the discharge space. Nitrogen and Mercury were
the two impurities that were very persistent and had to be eliminated. To
eliminate Nitrogen (which one presumed came with hydrogen), different
methods were tried for the production of hydrogen. The one which proved
satisfactory was the electrolytic method. The apparatus used for generating
the gas was of a similar design to that described by Stark (1917) for his experi-
ments. The electrolyte used was KOH with platinum electrodes and an
operating current of 0-5 amps. The gas obtained was dried and purified by
passing successively over tubes of CaCly, KOH and P,0;. The dried gas was
then passed over heated Magnesium powder and Copper filings. After a final
drying with P,0;, the gas was stored in a storage vessel of about 10 litres
capacity at a pressure of a few centimetres, from which it was allowed to leak
into the discharge tube. A liquid air trap between the storage vessel and the
discharge tube prevented the diffusion of Mercury vapour from the mano-
meters into the discharge tube. All the metal parts in the discharge tube
were first cleaned with dilute Nitric acid to remove small traces of Mercury.
Even with these precautions Mercury was found to obtain in the discharge
tube in small traces. This was eliminated by passing a heavy current discharge
in the tube for a number of hours accompanied by continual washing with
hydrogen. Sealing-wax joints were avoided as far as possible; it had only
to be used for fixing the quartz window to the observation chamber. A liquid
air trap was introduced into the middle of the observation chamber to condense
any of the vapours that might be released in this region.

Both the discharge current and the secondary voltage were subject to
small fluctuations due to variations in the mains supply. These variables
were therefore observed and adjusted after small equal intervals of time, so
that the average values (vide Table) gave a correct measure of the mean condi-
tions. The value of the discharge currents was adjusted by varying the
filament current of the Kénotron. The secondary voltage was controlled
by means of the pressure in the discharge tube, which in turn was adjusted by
regulating the rate of the flow of the gas in the ‘leak’.

For the purposes of the present investigation it was not necessary to follow
the absolute intensity distribution in the continuous spectrum (compare :
Gonsalves, cf. Finkelnburg, 1938) obtained under different conditions.
It was enough if differences in the relative intensities could be distinguished at
any given point on the spectrum. So long, therefore, as the exposures were
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all within the limit of saturation of the plate, which condition was kept true
in these experiments, the density at any point became a measure of the
intensity. The elaborate technique necessary for the absolute intensity
measurements in the different parts of the spectrum was not thought to be
essential. The usual precautions, however, to ensure the uniform treatment
of the plates as regards time and mode of development, strength of the
developer, fixing and washing, were taken. The three plates which were
ultimately selected for photomstric work were all from one packet of six
plates and were used consecutively. The experimental data for these plates
are given in Table 1. The relative intensity distributions were measured by
taking microphotographs of these plates on a Zeiss recording micro-
photometer.

§3. The intensity of the continuous spectrum as a whole increased with
higher operating voltages so that it was not found possible to give identical
times of exposures to spectra obtained with different values of this parameter
which varied within the limits 1-9 kV. Observations were therefore taken
to find out if the relative intensity distribution was affected by different
times of exposure. = For this purpose exposures of 15, 30, 45, 60 minutes were
taken with a voltage of 5 kV across the discharge tube and a eurrent main-
tained as far as possible at the value 2-2 mA. The longest time of exposure
used in these experiments was 60 minutes and the smallest 30 minutes, so
that the observations were well expected to demonstrate the effect of the time
of exposure, if any. The different microphotometer curves, except one, gave
identical intensity distributions. The slight variations obtained in the
spectrum with the time of exposure of 15 minutes appears to be spurious Fig. 2(f).
The continuous spectra were photographed for canal rays of energy 1, 2, 3,
5, 7,9 kV with times of exposure of 60 minutes for the first four and 40 and
30 minutes respectively for the last two. All these observations were repeated
as will be seen from Table 1. These repetition or revision spectra were not
all taken on a single plate but were distributed on three, in such a manner
that any two plates had one canal ray spectrum in common. Microphoto-
meter curves of these different spectra bring out the good reproducibility of
the results. Spectra obtained under identical conditions on different plates
gave identical intensity distributions within the error of the experiment.
The microphotometer curves obtained for different energies of the canal rays
{shown in fig. 2, b, ¢, ¢, f) are practically identical except for some small varia-
tions in the intensity of the continuum in the neighbourhood of A25008. With
increaging energy of the canal rays this region appears to have a tendency to
get accentuated in intensity relative to the rest of the spectrum. Thus this
region is more intense in the case of the canal rays of energy 2:95 kV than in
1-95 kV; it is more intense in the latter than in 1-1 kV, but there is no difference
in the spectra obtained with canal rays of energy 2-95, 495, 7-05 kV. It may
be mentioned that Stark (1917) himself obtained some slight differences in
the intensity distributions of the continuum which apparently he did not
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(a) Plate 15

(b) Plate 15 (¢) Plate 15

(f) Plate 14
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consider as real. It is a matter for opinion whether the variations observed
in the spectra described above are real or spurious. Generally speaking,
therefore, the results reported in this paper can be said to be in good agreement
with the results of Stark (¢bid.). This observation is a little unexpected.
By analogy with the case of the electron excitation we might have anticipated
a certain variation in the intensity distribution with the energy of the canal
rays. This very fact suggests that the intensity distributions in the continua
excited by electrons and canal rays will not show any fundamental difference ;
for any such difference in all probability would have been a function of the
velocity of the canal rays.

Fig. 2 (d) shows the relative intensity distribution in the continuous spec-
trum, obtained in the canal rays and the Geissler tube. The nature of the
two curves is essentially similar. There appears to be, however, a small
but definite difference in the intensity variation in the neighbourhood of the
region A25004. This region is much more intense relatively in the case of the
Giessler discharge than in the case of the canal rays. There appear to be two
possible hypotheses to explain this difference, a selection between which is
difficult to make. In (1) we assume that there is an overlapping of the usual
continuous spectrum by another continuum whose emission is characteristic
of the conditions that obtain in the canal ray tube. This was first mentioned
by Wien (Kanalstrahlen 1927) to explain the minimum in intensity at
MO000A observed by him in the canal rays. According to him, this second
spectrum was probably identical with the one found by Stark; the origin
of Stark’s spectrum is still obscure. It does not, however, arise in an H;‘
molecule as shown by recent theoretical investigations by Steensholt (1936)
and Teller (1930). Oldenberg (1927) believed that the minimum at 240004
was due to the overlapping by a Bohr continuum at the end of the Balmer
series. Herzberg (1927) has given reasons which make this hypothesis
untenable. There is also a continuum, observed by Herzberg (1927) and Brase-
field (1925), at extremely low pressures (~10~%4 mm. Hg) extending from
Hpg to Hy with a maximum of intensity, in between, whose origin is obscure
and which might also be expected to alter the intensity distribution of the
main continuum by its overlap. It is obvious that an overlapping by this
spectrum will not explain the observed intensity distribution. I might
mention here that it was not found possible in my plates to find cut whether
there was a minimum of intensity at 20004, on account of the very small
dispersion of the instrument used, in this region and therefore a consequent
crowding of the lines of the Balmer series.

In the other hypothesis (2), which appears to be more interesting, the
discrepancy between the two intensity distributions is ascribed to the difference
in the nature of the excitation brought about by electrons and the heavy canal
ray particles. The non-applicability of the simple Franck-Condon principle
on account of the disturbance produced in the relative positions of the two
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nuclei in the act of excitation and the change in the intensity distribution
resulting therefrom has already been mentioned. It is likely that this dis-
turbance in the case of the canal ray particles is of a greater magnitude than
that produced by the exciting electrons. At present, of course, there is no
direct evidence to show that such an effect exists, but that it may be possible
is shown by the observations of Smyth and Arnott (1930). The fact that the
intensity distribution is independent of the energy of the exciting canal rays
cannot, however, be reconciled with this view.

I take this opportunity to offer my grateful thanks to Dr. S. S. Joshi for
giving me the facilities for work and constant encouragement, and to Dr. Asundi
with whose guidance the work was carried out. To Dr. Ishaq, Chairman,
Physics Department, Muslim University, Aligarh, T am indebted for facilities
for the microphotometer work and to Dr. Nawazish Ali of the same University
for help in taking the photometer plates.

TasLe I.
D.8.L.= Length of Cathode dark space.

Plate 13. Ilford Auto-filter.

Plate D.S.L Voltage Discharge E[‘ime ?f
Obs, Reading cl‘n . k\'f.b ’ current pr;)nsu € Remarks.
in mA. .
minutes.
1 5 4-1 3:00 & 05 2-15+-05 60 Canal Rays.
2 8 31 115405 2.354-10 60 ’
3 11 36 2:054+-10 2:154 05 60 -
4 14 53 4-95 4 -06 2:104-05 45 -
5 17 6-2 700410 2:00 4 -05 35 .
6 20 .. 8:90 +-05 2-:00+ -00 30 '
Plate 14. TIlford Auto-filter.
Discharge Time of
Obs. | Flate D.S.L. Voltage % exposure Remark
* {Reading. cm, kV. qurrez in CTOALLS.
mmAa. minutes.
1 5 30 1-10+-05 2-204-00 60 Canal Rays.
2 8 52 4-854 -05 220405 30 o
3 11 52 4-954-05 2-16+-10 45 s
4 14 52 4-90 + -05 2-00 4 -00 60 »
5 17 5-2 4-95+ -05 2-004-00 15 2
6 20 . 885410 2:10 406 30 .
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Plate 15. Ilford Auto-filter.

. Time of
Discharge
Plate D.S.L. Voltage 8 exposure
Obs. Reading. o kV.g gurregt pin Remarks.
n ma. minutes.
1 5 3-6 1-95 4+ -05 2-204-00 60 Canal Rays.
2 8 4-1 2-954-05 2:204+-00 60 »”
3 11 6-3 7-05 4 -05 2:20 400 40 »»
4 14 .. 1-0 0-5 25 Geissler Tube.
7 19 1-3 0-5 25 .
8 21 1-3 0-4 25 »s
9 23 14 0-4 1-0 ”
10 25 1-45 0-4 3-0 »s
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