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The Structure of the so-called Ultraviolet Bands 
of Water Vapour. 

THE so-called ultraviolet bands of water vapour, 
which must probably be attributed to the OH
molecule,1 have been the object of an extensive study. 
Heurlinger 2 succeeded in arranging almost all the 
lines of the band A 3064 into IZ branches which he 
called P/': Q?, R 1k, P 2k, Q2k, R 2 k (k =I, z). But it 
was not possible to give a theoretical interpretation 
of the bands, and to decide to which quantum states 
of the molecule the lines belong.• Recently, Watson 1 

measured the band A z8u and showed that it has 
exactly the same structure as the band A 3064. These 
measurements, combined with those of Grebe and 
Holtz of the band A 3064, enable us to get a complete 
insight into the structure of these bands. With the 
aid of the combination principle it is possible to get 
the relative values of the rotational terms without 
any theoretical assumption about the structure of the 
molecule. The results obtained are summarised below. 
(Details will be published in the Proc. Roy. Acad. 
Amsterdam.) 

(I) The six branches P/, Q/, R/ (i= I, z) form one 
band which we shall denote by I, and the branches 
P;2, Q;2 , R;2 another band (II), so that what is called a 
band consists in reality of two bands, which must be 
attributed to different oscillation transitions; e.g. 

I II 
A 3064 0 _,. 0 I -;;. I 
A28II I-;;.0 2-;;.I 

(the transition o-->- o for A 3064 I is chosen arbitrarily). 
Then A z8u I and A 3064 II must have the same 
initial state, which is confirmed by the combination 
principle. That the bands A 3064 and A z8u have 
the same final state was already pointed out by 
Watson. 

(z) The six branches of one band must be repre-
sented by the following scheme: 

P1(m) =F1(m- I),- / 1(m) P 2(m) =F2(m- I) -/2(m) 
Q1(m) = F1(m)- f/(m) Q2(m) = F 2(m)-J.'(m) 
R 1(m) = F 1(m +I)- / 1(m) R 2(m) = F 2(m +I)- / 2(m), 

which is derived from the relations
Q·(m) - P·(m+ I) I 
R;(m) _ Q;(m +I) j are the same for A 3064 and A z8I I 
R;(m) P;(m) are the same for A 3064 II and A z8II I 
Q;(m)- P;(m +I) *R;(m)- Q;(m +I) in one band. 

(3) As is well known, the lines do not follow 
Deslandres's rule for small values of m. There must 
therefore be a component of the electronic impulse 
along the axis of figure as well as one perpendicular 
to it.• The terms cannot be represented by the 
formula of Kramers and Pauli, or by the modifica
tion of it with which Kratzer 5 succeeded in represent
ing the terms of the (C +H) bands. This shows 
that the electronic impulse cannot be connected 
quasi-rigidly with the molecule. It seems that the 
electronic impulse has a precession which increases 
with growing m. 

(4) Fortrat 6 showed that most of the lines are 
accompanied by satellites. It is very probable that 
these satellites arise from the same quantum states 
of the molecule as the lines themselves, which indicates 
that they are also combinations between the terms 
given above. The three satellites of Q2 are then, for 
example, 

F 1(m)- fo'(m) F 1(m)- f 2(m) F 2(m)- f 2(m) 
1 W. W. Watson, Astroph. journal, 6o, p. 145 l1924). 
3 T. Heurlinger, ''Untersuchungen Uber die Struktur der Bandenspektra, '' 

Lund, 1918. 
3 Cf. A. Sommerfeld, u Atombau und Spektrallinien," 3rd ed. p. 527. 
' H. A. Kramers and W. Pauli, Zeit. f. Phys., 13, p. 351 (1923). 
' A. Kratzer,.Zeit. f. Phys., 23, p. 298 (1924). 
• R. Fortrat, journal de Phys., 5, p. zo (1924). 
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The precision of the measurements, however, does 
not permit of deciding this question with certainty. 
It is not impossible that there are other terms 
slightly different from the former ones which are 
responsible for the satellites. 

G. H. DIEKE. 
Instituut voor theoretische natuurkunde, 

Leyden. 

Hafnium Oxide in Tungsten Filaments. 

Ir has been known for a long time that perfectly 
pure tungsten cannot be used for the manufacture of 
filaments for electric lamps on account of its " off
setting" structure due to recrystallisation. It has 
been found also that recrystallisation can be essentially 
influenced by suitable additions. Thus, for example, 
thorium oxide or silicon oxide can be used with good 
results. 

By mixing tungsten oxide with a solution of hafnium 
nitrate, evaporating the latter to dryness, heating the· 
product obtained and reducing it then with hydrogen, 
tungsten powder is formed, having a definite content 
of hafnium oxide. In my experiments the latter was 
comprised between o·I and 3 per cent. 

During the subsequent sintering operation in hydro
gen to which the compressed and heated rod is sub
mitted, a small part of the hafnium oxide is .reduced, 
and the hafnium produced combines with the tung
sten. During the subsequent swaging operation, this 
formation of a solid solution causes difficulties which 
can be easily obviated by using nitrogen or rare gases 
instead of hydrogen. In this case the swaging and 
drawing operation is readily effected. 

The hafnium oxide is distinguished by its high 
melting-point and its low vapour pressure at high 
temperatures, so that it has proved to be a suitable 
addition to tungsten for filaments. The vapour 
tension at the temperature of the sintering operation 
is so low that no evaporation whatever of hafnium 
oxide could be ascertained. 

J. A. M. VAN LIEMPT. 
Physical Chemistry Laboratory, 

Philips' Glowlamp Works, Ltd., 
Eindhoven (Holland). 

Citrus Fruit and Scurvy. 

IN " Purchas his Pilgrimage or Relations of the 
World and the Religions observed in al Ages and 
Places discovered " there are some interesting refer
ences to the disease scurvy. The edition I possess is 
the third, dated I6I7 ; our Public Library in Mel
bourne having only the fourth, elated I6z6. 

On page 865 of this third edition the following 
statement occurs: " The Scorbute so weakened their 
men, that they were not able to hoise (sic) out their 
boats, except in the Generalis ship, whose men (drink
ing euery morning three spoonefuls of the iuice of 
Limons) were healthfull." 

Again, on page 1086 there is a description of scurvy 
with a marginal printed note as follows: " Oranges, 
Limons, and the like are excellent remedies to this 
disease." 

I regret I have not access to the first and second 
editions of the work, but as it is, this surely con
stitutes one of the earliest references to the citrus 
cure or prevention of scurvy. 

The University of Melbourne, 
December g. 

W. A. OsBORNE. 
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