
© 1931 Nature Publishing Group

FEBRUARY 28, 1931] NATURE 305 

of the Peking man in the genus Pithecanthropus would 
introduce an undesirable element of confusion into 
this difficult field of interpretation. 
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Raman Lines in X-Ray Spectra. 
A VERY interesting and significant phenomenon has 

been described by Ray 1 and by Majumd!!.r, 2 in which 
it is shown that a quantum of the radiation energy, 
say of the wave-length comprising the copper K .. lines, 
may, on passing through carbon or aluminium, be 
diminished by an amount sufficient for the ejection 
of a K electron from a carbon or an aluminium atom, 
and then pass on in the same or very nearly the same 
direction with a reduced energy hv', and consequently 
a greater wave-length. 

, 
a, =11a.1 -vk, 

where v .. 1 is the frequency of the copper K .. 1 line, and 
h•• is the energy required to remove a K electron from 
the carbon atom. 

In the communications mentioned above, photo
graphs are shown in which lines may very plainly be 

"' seen corresponding 
i' to this part absorp-
X tion in carbon, nitro-

gen, and oxygen. It 
was stated that car
bon in the form of 
soot was used, but 
nothing was said as 
to how thick the 
absorbing layer was, 
nor regarding the 
manner of employing 
nitrogen and oxygen. 
Since, in every case 
reported, a line due 
to at least one of 
these gases appeared 
along with the line 
due to carbon, it is 
evident that the 
three substances 
were all used at the 
same time. In dis

X 

1 

FIG. 1.-Photometrlc curves of .spectrum cussing the work of 
taken through a carbon absorbing screen. Ray, B ha r g av a 3 

says the X - rays 
passed through air; and Ray, in his later paper,' 
makes no comment on this point, but mentions that 
a Siegbahn vacuum spectrograph was used. 

The question of such absorption is so important 
that I have also attempted to obtain these lines 
photographically, but have been quite unable to find 
them. In my work a copper target was used, first 
with a. tungsten filament, and later with one of 
nichrome, so that the layer of tungsten, which 
sputters on the target from a tungsten filament, 
might not be present, thus giving greater intensity 
to the copper radiation, and also avoiding the stronger 
continuous spectrum from tungsten. 

The carbon, first in the form of graphite, and later 
in the form of so-called amorphous carbon, was 
placed in the X-ray tube immediately before the slit. 
Ait.erward it was also used just against the slit on the 
other side, facing the crystal. The optimum thickness 
of the carbon screen for manifesting the effect sought 

should be!, where µ. is the linear coefficient of absorp-
µ. 

tion of the given wave-length for carbon. Screens 
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were used of varying thickness, some thicker than 
the above value, and some thinner. 

The spectrograph had a radius of about 14 cm. It 
was not evacuated. The calcite crystal was rotated 
uniformly over nearly one degree, by means of clock
work. In some trials it was also turned by hand about 
every ten minutes, and in other cases it was left 
stationary during the entire exposure. The time of 
exposure varied from five to nineteen hours. The 
tube current was from 10 to 25 milliamperes, and the 
voltage, while not accurately measured, was perhaps 
from 15 kilovolts for some exposures to 35 for 
others. 

In cases where the crystal was allowed to stand, or 
was moved irregularly, certain lines, often quite 
sharp, appear, especially near the limit of the con
tinuous radiation. If the crystal is moved, these lines 
also move and appear in another place. It is a com
mon experience that such lines may be found with 
almost any crystal if it is not properly rotated. In 
my best photographs, with uniform rotation of the 
crystal, it is quite impossible to see any line in the 
place required for the partial absorption in carbon, 
and as found by Ray. Unfortunately, he does not 
state how the crystal was rotated in his .experiments. 

Ray has estimated the relative intensity of these 
Raman lines to be about -.i~ or ,;bo, that of the copper 
K .. lines. Now Richtmyer and Taylor 5 give the in
tensity of the satellites K .. 3, 4 of copper as about ,ha the 
intensity of copper K. 1. On my plates the line copper 
K. 3. 4 is strong; hence I conclude that the exposures are 
sufficiently long to produce the lines sought, if they 
were present in anywhere near the above intensity. 

Fig. I shows a photometer record of one of the 
plates obtained. The two curves were taken at differ
ent levels across the spectrum to show that the 
irregularities are due to the grain in the plate. X 
marks the point in the spectrum at which the dis
placed line due to carbon should appear. The K .. 3 , 4 
line can be seen plainly. 
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Modification of Quanta by Photo-ionisation. 
IN continuation of our previous communication of 

experiments on the phenomenon described by Dr. 
B. B. Ray,* we wish to report that we allowed silver 
Ka. radiation to pass through nickel foil 0·06 mm. 
in thickness, and photographed the spectrum of the 
emergent ray. We found, after an exposure of 150 
mA.-hours, a modified band with a sharp edge at v/R 
= 1019·7, fading towards the long wave-length side, but 
with no trace of blackening on the short wave-length 
side. The difference between v/R of silver Ka 1 and that 
of the sharp edge obtained is v/R = 612·9, while, accord
ing to Siegbahn, v./R of nickel (K-absorption edge 
of nickel) is 612. The experiment, therefore, clearly 
supports the view that the quantum on its passage 
through the atom may impart to the electron in the 
K-shell all energies from hv• to hv0 and become modified 
to quanta of any frequency less than v0 - v •• 
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