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h e a rd  d f  the cu lt iv a t io n  o f  w o a d , /satis tinctoria ;  b ut “ w o o d ­
w a x  ”  (V w o a d -w a x ), G enista tinctoria , W 'hich g ro w s p len tifu lly  
in th at n eig h b o u rh o o d  in  p astu res on m a rly  so il, used  to  be 
■collected b y  th e p e asan t-w o m e n  for d y e in g  pu rp oses a t  the 
c lo th  facto ries  in  T r o w b r id g e . T h e  p lan t b e in g  v e ry  to u gh  to 
p u ll up , “  w o o d -w a x in g  ”  w as  V ery  lab o rio u s w o rk . I  am  not 
a w a r e  w h e th er it  is  s till ca rr ie d  on th ere .

C ro y d o n , D e c e m b e r  16 . H . F r a n k l i n  P a r s o n s .

E L E C T R I F I C A T I O N  O F  A I R  B Y  R O N T G E N  
R A  Y S }

" T O  test whether or not the Rontgen rays have any 
electrifying effect on air, the following arrangement 

was made.
A lead cylinder 76 cms. long, 23 cms. diameter, was j  

constructed ; and both ends were closed with paraffined 
cardboard, transparent to the Rontgen rays. Outside the I 
end distant from the electrometer (see diagram) a

pumped away from a place in the cylinder permeated, 
or from a place not permeated, by the Rdntgen rays, it 
was in all cases found to be negatively electrified.

The following are some of the results obtained on 
December 16 and 17. The electrometer was so arranged 
as to give 140 scale divisions per volt.

Conditions.— Large lead cylinder metallically con­
nected with sheath of electrometer. Rdntgen lamp 
surrounded by a lead sheath, which latter was also con­
nected to electrometer-sheath. There was a window in 
this lamp-sheath 2-5 cms. broad and 5 cms. high. This 
window could be screened by aluminium or by lead. 
These screens were always connected metallically to 
sheaths. During all the experiments a Bunsen lamp (not 
shown in the diagram) was kept constantly burning, with 
its flame about 30 c.m. below the Rontgen lamp.

Results.—Rontgen lamp in action ; air drawn from 
lowest point of end of lead cylinder next to the R. 
lamp.

Rontgen lam p2 was placed. In the other end two 
holes were made, one in the middle, through which 
passed a glass tube (referred to below as suction pipe) 
o f sufficient length to allow the end in the lead cylinder 
to be put into any desired place in the cylinder. By 
means of this, air was drawn through an electric filter3 
by an air pump. The other hole, at a little distance from 
the centre, contained a second glass tube by which air 
was drawn through indiarubber tubing from the open-air 
quadrangle outside the laboratory.

In one series of experiments the end of the suction pipe I 
was kept in the axial line of the lead cylinder at various j 
points 10 cms. apart, beginning with a point close to the I 
end distant from the Rontgen lamp.

In every case the air drawn through the filter was 
found to be negatively electrified when no screen or an 
aluminium screen was interposed between the Rontgen 
lamp and the near end of the lead cylinder. The air j 
was found not electrified at all, or very slightly negative, 
when a lead screen was interposed.

When the Rontgen lamp was removed or stopped, and 
air w'as still pumped through the filter, no deflection was ! 
observed on the electrometer. This proved that the air 
of the quadrangle was not electrified sufficiently to show 
any deflection when thus tested by filter and electrometer.

Similar results were obtained with the end of the 
suction pipe placed so as to touch the floor of the lead 
cylinder, or the roof, or the sides. Whether the air was

1  “  E lectrification o f A ir  by  Rontgen R a y s .”  B y  Lord  K elv in , D r. J .  C. 
Beattie, and D r. M . Sm oluchow ski de Sm olan. (R ead  before the R o ya l 
Society o f Edinburgh , M onday, Decem ber 2 1 , 1896.)

2 The Rontgen lamp w as a vacuum  vessel w ith an oblique platinum  plate 
(Jackson pattern).

3 K elvin , M aclean, G alt, P ro c . R . S . , London, M arch 14 , 1895.
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D e ce m b e r  16  :—
3 * 5 5  P*m . ~  6 1  sca le  d iv is io n s  in 2 m ins. w ith  a lu m in iu m  screen . 

“ 6 3  , ,  , ,  2  , ,  no screen .
-  14  >» j ,  2 , ,  lead  screen .

4 .2 0  p .m . A ir  d ra w n  fro m  p o in t on lo w e st lin e o f  lead  cy lin d e r  
2 6  cm s. d is ta n t from  R .  L .  end.

-  14  sca le  d iv is io n s  in 2  m in s. w ith  lead  screen .
-  7 8  , , 2  , ,  n o screen .
~  24  , ,  , , 2  , ,  lead  screen .
“ 8 3  , ,  „  2  , ,  a lu m in . screen .
~  if a  2  ,, lead  screen .

D e c e m b e r  17 .  R . L .  a c tin g , an d  a ir  d ra w n  th ro u gh  filter.

E n d  o f suction pipe kept 
in axia l line o f cylinder

10 .4 7  a *m * cms.
-  4 4  in  2  m ins. w ith  alu m in . screen  . . 68 from  R .  L .  en d .

0  , , , ,  lead 5 j • 68 , ,  , ,
- 2 8 ,,  no 5 5 • 58
- 2 4 , ,  n o 5 5 48

0 ,, lead ,, • 48
23 , ,  a lu m in . 5 5 • 48
26  , , , ,  a lu m in . 5 5 • 3 8

9 „  lead 55 • 38
-  7 , ,  lead 5 5 • 28
- 26  , , , ,  a lu m in . 55 • 28 ,, „
- 3 6 , ,  a lu m in . 55 • 18
- 2 1 ,,  a lu m in . . 8

We had previously made experiments with a sheet- 
iron funnel i metre long, 14-5 cms. diameter ; and with 
a glass tube 150 cms. long, 5'5 cms. diameter ; and with 
an aluminium tube 60 cms. long, 4̂ 5 cms. diameter. Air 
was pumped from different parts while the Rontgen rays 
ŵ ere shining along the tube from one end, which was 
closed by paraffined paper stretched across it. In every 
case the air was found to be negatively electrified.

tro m  window.
t
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In those earlier experiments the air drawn away was 
replaced by air coming in from the laboratory at the open 
end of the tube. We found evidence of disturbance due to 
electrification of air of the laboratory by brush discharges 
from electrodes between the induction coil and Rontgen 
lamp, and perhaps from circuit-break spark of induction 
coil. These sources of disturbance are eliminated by 
our later arrangement of lead cylinder covered with card­
board at both ends, as described above, and air drawn 
into it from open-air outside the laboratory.

We have also found a very decided electrification of 
air—sometimes negative, sometimes positive—when the 
Rontgen rays are directed across a glass tube or an 
aluminium tube, through which air was drawn from the 
quadrangle outside the laboratory, to the filter.

A primary object of our experiments was to test 
whether air electrified positively or negatively lost its 
charge by the passage of Rontgen rays through it. We 
soon obtained an affirmative answer to this question, both 
for negative and positive electricity. WTe found that 
positively electrified air lost its positive electricity, and 
in some cases acquired negative electricity, under the 
influence of Rontgen rays ; and we were thus led to 
investigate the effect of Rontgen rays on air unelectrified 
to begin with.

Note on Diagram.— For the sake of simplicity, the 
screening of the electrometer is not shown in the 
diagram. In carrying out the above experiments, how­
ever, we have found it absolutely necessary not only to 
surround the electrometer with wire gauze in the usual 
manner, but we have had also to place a sheet of lead 
below it, and to screen also the side next the Rontgen 
lamp by a lead screen. In some cases it was even 
necessary to cover up the whole with paper to prevent 
the electrified air of the room from disturbing the 
instrument. K e l v i n .

J .  C. B e a t t i e .
M. S m o l u c h o w s k i  d e  S m o l a n .

Physical Laboratory, University, Glasgow,
December 19.

O N  A  N E  W  L A  W  C O N N E C T IN G  T H E  P E R IO D S  
O F  M O L E C U L A R  V IB R A T IO N S .

A F T E R  the attempts to detect harmonic ratios in the 
wave-lengths of the light emitted by incandescent 

gases had failed, Balmer led the way in a line of research 
which promises to furnish a rational explanation of the 
different periods of a vibrating molecule. If r0 is a con­
stant, the frequencies of all the hydrogen lines can be 
represented by Balmer’s formula :

T =  T( : - ^ )  
where for m we must put successively 3, 4, &c., and lines 
have been observed as far as m = 1 5 .  We may call r0 
the convergence frequency, as it is that to which the 
vibrations approach as m increases. We also call the 
slowest vibration of the series the “ fundamental.” For 
other spectra the relationship is not quite so simple, but 
confining ourselves to the alkaline metals, the spectra of 
which have been most carefully examined and discussed 
by Kayser and Runge, these authors show that the 
vibration frequencies may be represented by means of 
three series of the form

the fundamental in every case being given by in =  3. 
The first, or principal series, has lines which are single 
in the spectrum of lithium, but double in the other cases, 
the components separating further and further as the 
atomic weight increases. The two supplementary series 
consist of lines which easily widen and show the remark-

NO. 1 4 1 8 ,  VOL. 5 5 ]

able property that the convergence frequency A has 
nearly the same value for both supplementary series.

I must refer to Kayser and Runge’s paper for a dis­
cussion as to how far the formula is approximate only, as 
well as to other details ; but as the majority of physicists 
have not hitherto paid much attention to this subject, I 
may add the remark, that the division of spectra into a 
number of series of the above nature is by no means 
arbitrary, but constitutes a most important step in the 
simplification of a very complex problem. It is known that 
Runge and Paschen have shown that the constituents of 
cleveite gas have spectra resembling those of the alkali 
metals ; and I hope in a future communication to show 
that the spectrum which I have called the compound line 
spectrum of oxygen also divides into three series of the 
same type.

As regards my new law, it is so simple that it is 
astonishing how it could so long have remained un­
noticed. It may be enunciated as follows :

I f we subtract the frequency of the fundamental! 
vibration from the convergence frequency of the prin­
cipal series, we obtain the convergence frequency of the 
supplementary series.

The following table shows how far the law is accurate :

A  (Principal 
Series)

Lithium . . .  4 35 8 5

W ave Number of 
Fundamental 

Vibration
. .. 1 4 9 0 7  -

Difference

28 678

A  (Supplement­
ary Series)

. ..  28667 
28 587

Sodium . . .  4 15 3 7 169 6 0
16977

2 4 5 7 7
2 4 56 0

... 2 4 56 6  
v  24 54 7  

24 4 9 6  
2 4 4 7 6

Potassium... 350 8 7 129 8 8  

1 3 0 4 5  • •
22099
22042

... 22077 

... 22022 
22050 
2 I 9 9 I

Rubidium... 33762 . ..  I2579 . ..  
12802

21183
20960

. . .  2 I I 7 9  

. ..  20939
The numbers given in the table are proportional to the 
frequencies, being inverse wave-lengths in centimetres. 
The two numbers given in the second column refer to the 
two components of the double lines. As the lines of the 
supplementary series are double in the spectra of sodium 
and potassium, there are the four convergence frequencies 
in these cases which are all given. In comparing the 
two last columns it must be remembered that the quantity 
denoted by A, which is the convergence frequency, cannot 
be determined with the highest accuracy because Kayser 
and Runge’s formula is approximate only and fails to give 
accurate results for the case m =  3. The only serious, 
differences between the third and fourth columns occur 
in the two cases in which Runge and Paschen used the 
case 7/2 =  3 determining the constant.

In the case of caesium, the fundamental vibration lies 
in the infra-red, and has not been observed, but we may 
use the law to forecast its position,and obtain a wave-length 
of 8908 for the less refrangible, and of 8518 for the most 
refrangible component, numbers not differing much from 
Kayser and Runge’s estimate for the same lines. The 
numbers given by Runge and Paschen for the gases from 
cleveite are sufficient to show that the law also holds in 
the case of both sets of the three series into which the 
spectrum divides itself. In the case of oxygen, I have 
not obtained sufficient data as yet to determine the 
position of the principal series, as it lies chiefly in the 
ultra-violet, and the lines measured so far belong nearly 
all to the supplementary sets.

The supplementary series have not been observed in 
the spectrum of hydrogen, but the new law shows that 
if they exist they must lie in the infra-red, and it is with 
some confidence that I predict the existence of hydrogen, 
lines in the infra-red, the convergence frequency being 
1218*51 (X =  8206-6),


