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the mathematical theory of the motion d eveloped in 
this way was given by Rayleigh 1 in 1917, in explana­
t ion of the model cyclones d evised by Aitken 2 ; the 
mathematical theory wa,~ extended b y Brunt8 in 
1921 to apply to motion on a rotating earth. 

The inner regions generally are found not to be 
examples of 'solid spin' , a t least in the lowest 2 km. 
of the a tmosphere, but rather, in certa.in parts, 
regions of sp ecially marked convergence . In brief, 
it is found tha t--below the 2 km. level- convergence 
towards the centre goes on, roughly with complet e 
conservation of moment of momentum up to a 
certain distance (which in different cases varies from 
300 km. to 500 km.) from the centre , and then-in 
p la ce of conserva tion- there is , inst ead , as the air 
enters the inner region, a gradual fall of speed with 
closer approach to the centre . 

The t otal inward flux of kinetic energy across t he 
p eriphery of t h e inner region is so considerable­
sp eeds a t this p eriphery b eing commonly of t he order 
of 40 m.p.h.- that a question naturally arises as 
to what work is b ein g done t o account for the loss 
of kinetic energy by the a,ir in the comse of its closer 
approach t o the cen t re. The obvious explan ation is 
that here is the work required in t he lat er st ages of 
the d epression's life to ra ise bodily t he la rge centra l 
core of t rop osphere which , b y reason of cont inued 
ascen t , has become cold er , level for level, t han its 
enviromnent . Calculation in a t ypical case indicat es 
that about ha lf t h e probab le inward flux of kinetic 
energy below the 2 km . level would suffice to keep 
t h e core above t his level mov ing upward until i t 
had becom e on the average about 7° C. colder , level 
for level, than sturoundin~ regions . This result, 
therefore, expla ins the mam1er in which depressions 
can cont inue in b eing until they acquire t emperature 
ch aracteristics which h ave hithert o seem ed p ara­
dox ical, more esp ecia lly in regard to any t heory 
of orig in in which convection may have played a 
p art. 

In one exceptional case-a vigorous and still 
d eveloping syst em with a long course still to run­
the feature character istic of the inner r egions of the 
other depressions was not developed, a t least a t the 
time when the d epression crossed t he British I sles. 
In this d epression by contras t, a high wind sp eed 
was found up to relatively n ear the centre. 

Met eorolog ical Office, 
Edinburgh . 

A . H . R. G OLDIE. 

1 Proc. Roy. Soc., Lond ., A, 93, 148 (1917). 
• Trans. 1/oy. Soc., Edin., 40 (1900--01); Proc. Roy. Soc. , Ed-in., 

36 (1915) ; nnd Proc. 1/oy. Soc., Lond., 94 (1917-18). 
• Proc. 1/oy. Soc., Lon<l., A, 99, 397 (1921). 

Transmission of High-Voltage Impulses 
·at Controllable Speed 

Sm J. J. THOMSON 1 firs t observed that if a difference 
of potentia l was applied to the ends of a long dis ­
charge tube (by an induction coil) the huninosity 
traversed the tube with a finite velocity. When 
either a positive or n egative impulsive potentia l is 
suddenly applied to one end of a disch arge tube 
while the other end is m a intained a t grom1d potential, 
one of u s • fotmd that the luminosity traversed the 
tube from the high -voltage electrode to grotmd. 
Immed iately following this, a luminosity . frequently 

traversed the tube from the ground back to the high­
voltage electrode. A siinilar type of propagation of 
lmninosity has been observed in a million volt spark 
between point and plane b y Allibone and Schonland3 

and by Schonland and others 4 for certain types of 
lightning flas hes . In order to obtain more information 
about the initial breakdown in gases, we have 1mder­
taken an investigation of the propagation of potential 
in long discharge tubes when impuls ive voltages are 
applied to one encl of the tube while the other encl is 
earthed. 

B y m eans of a high-speed cathode ray oscillograph, 
it was fotmd that in the case of both positive and 
n egative applied impulses, a definite potentia l wave 
traversed the tube from the h igh ,voltage electrode 
to the ea rthed electrode, immediately fo llowed by a 
much fast er r etw·n wave from grotmd b ack to the 
high-voltage elect rode . In the case of the in it ia l 
impulse, t he wave velocity, wave form, voltage 
a ttenuation a nd en ergy carr ied in t he wave fron t 
were m easLu ed and fotmd t o vary with both pressure 
and applied potential . A few values for the speed 
of the init ia l irnpulse in a 5 mm. glass tube containing 
a ir are shown in t h e a ccompan y ing t able . 

Applied Voltage P ressure 

I 
Speed of Impulse 

(kv .) (mm . Hg.) (cm ./sec.) 

+ 127 0 ·08 9 x lO ' 
+ 127 0 ·24 43 x lO ' 
- 125 0·03 15 X 10' 
+ 171 0·17 27 X 10' 
+ 74 0·017 5·4 X 108 

+ 74 0·24 14 x 10• 

F or the greater applied p ot ent ials the v olt age wave 
showed no observable distor tion or a ttenua tion , a t 
least for lengths of tube less than 10 m etres. However , 
at 74 k v . and t he higher p resstue (0 ·24 mm.) , t he 
voltage wave was very m uch fla t tened . F or the 
170 kv. and 74 kv . applied impulses with 0·025 mm. 
press1ue in th e t ube, t he m aximmn cm·rent dm·ing 
~h e ini t ia l wave was 429 amp. and 146 amp . respect­
ively . In addition to the information the above 
results g ive as t o the n attue of the initia l breakdown 
in gases, t hey show that a discharge tube m ay be 
used as a tran smission line in which the velocity of 
propagation of t he volta.ge wave is easily controllable 
~ver qu it e wide ranges. This t yp e of transm ission 
lme should be of use in man y problems6 where it is 
n e?essary t ? t ransmit high-voltage impulses from 
pomt t o p omt at pred etermined velocit ies less t h an 
t h a t of light. 

The detailed results of this exp eriment w ill be 
submitted for publication elsewhere. W e wish 
gra t efolly to acknowledge a grant from the American 
Philosophical Society, which has m ade this work 
possible. 

Rouss Phys ical Laboratory , 
Univers it y of Virg inia. 

June 20 . 

• " R ecent R esearches", 115 (1893) . 
• Beams, Phys. Rev., 36, 997 (1930). 

L. B. SNODDY. 

J. W. BEAMS. 

w. T. HAM, JUN. 

H . T R OTTER, JUN. 

3 Allibone and Schonland, NATURE, 134, 736 (1934). 
• Schonland, Mnlnu and Collilll!, Proc. Roy. Soc., A , 152, 595 (1935). 
• Beams and S noddy, Phys. Rev., 44, 784 (1933). 
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Narrow Continuous Band of Potassium in the 
Extreme Red 

ALTHOUGH the absorption bands which appeared, 
as reported by Kuhn1 and Datta 2 , near the principal 
series lines of potassium at high vapour pressures 
were interpreted on the assumption of polarisation of 
the molecule, the bands which may have appeared 
near the resonance lines AA7699, 7665 were not 
observed, 

0 

"" "' r-

Fm.I. 

FIG. 2. 

With the view of searching for these bands, the 
extreme red absorption spectrum of potassium vapour 
was investigated. By heating the potassium metal in 
a steel tube filled with hydrogen to a pressure of 
about 10 cm. mercury, spectral photographs of the 
potassium vapour were taken at the firnt order 
region of the l ·5 m. concave grating. When the 
continuous light from a carbon arc passed through 
the vapour, keeping the temperature sufficiently high, 
a remarkable broadening of the resonance lines, as 
shown in Fig. 1, was observed. At higher tempera­
tures a narrow continuous band appeared at about 
A7220 (Fig. 2), while Fig. 3 shows its photometer 
curve. In the absence of hydrogen this band was 
also observed, but with difficulty. 

0 

"" "'' r-
~ 

Fm. 3. 

Wurm3 reported a narrow band of sodium appear­
ing on the shorter wave-length side of the D -lines, 
explaining it by assuming polarization of the mole­
cule. Hamada• observed the fluctuation of a con­
tinuous band in the same region, considering its origin 
as the sodium quasi-molecule. The potassium )s7220 
band may be interpreted in the same manner. -

Though the longer wa a-length side of the potas­
sium resonance lines was also photographed, the 
absorption of the A 1:E->-B1:E band was so strong that 
any narrow continuous band was difficult to observe. 

Department of Physics, 
Osaka Imperial University, 

Japan. May 12. 

T. OKUDA. 

1 H. Kuhn, Z. Phys. , 76, 782 (1932). 
• S. Datta and B. H. Chakrovarty, I 11d. J . Phys., 7, 273 (1932). 
• W. Wurm, z. Phys., 79, 736 (1932). 
' H. Hamada, Phil. Mag., 15, 574 (1933). 

Liquids of High Refractive· Index 

IN a previous letter to NATURE1 under this title, 
we gave values for the refractive index of phenyldi­
iodoarsine as measured by us. Our attention has 
now been directed to the fact that the properties of 
this compound had a lready been accurately measured 
and published in a valuable paper on "The Optical 
Properties of Arsenic" by Gryszkiewitz-Trochimowski 
and Silrnrski 2 which had appeared six years pre­
viously. We had unfortuna t ely overlooked this paper 
owing to the fact that in none of the abstracts or 
collective indexes which we consulted as a guide t0 
the relevant literature was there any mention of the 
above compound in connexion with these authors. 
The figures for phenyldi-iodoarsine g iven by the 
Polish workers (n14 ' 6 l ·8527 ; dl'· 6 2·6264) are higher 
than those we communicated, but agree closely with 
those we have recently obtained with the purer 
samples now commercially available·. 

We take this opportunity to add a warning note. 
Though we occasionally u se phenyldi-iodoarsine when 
refractometer readings of high index are required, 
the action of this liquid on the soft glass hemisphere 
of the instrument is distinctly deleterious. The chief 
usefulness of this remarkable compound will thus 
probably be as an immersion medium. 

B. W. ANDERSON. 

C. J. PAYNE. 

Laboratory of the Diamond, 
Pearl and Precious Stone 
Trade Section of the London 

Chamber of Commerce, 
55 Hatton Garden, E.C.l. 

1 NATUl\E, 133, 66 (1934). 
• Gryszkiewitz-Trochimowski and Sikorski, RocZlliki Ohemji, 8, 405 

(1928). 

Structure of Bromine I I I 

I N a previous letter1 it was reported that the 
structure of Br III was detected, the intervals of the 
fundamental term 5s •p being 2589 cm.-1 and 
2253 cm.-1 • A further comprehensive investigation, 
carried out p articularly to distinguish between the 
lines of Br n and Br III, has led to a considerable 
extension of the scheme, which consists of doublets 
and quartets of the 4p, 5p, 5s, 4d and 5d configura­
tions . On account of the large intervals of the 4d 
and 5d configurations, it is difficult to assign the 
£-values to these terms. Assuming an arbitrary 
value of 300,000 cm.-1 for 4p 4S1t, some of the 
ch ief term values are: 

5p 'Dt 
5p 'D1t 
5p 'D2t 
5p 'Pt 

126823 
126165 
124095 
123335 

5p 'Pit 
5p 'P2t 
5s 'Pt 

121875 
119751 
154588 

The intervals of 4p 2D and 2P are found to be 
1259 cm.-1 . and 1665 cm.-1 respectively. About 
200 lines of Br III have been classified a ltogether. 

The complete analysis is being communicated to 
the Royal Society of London. 

Andhra University, 
Waltair. 
May 27. 

1 NATUl\E, 135, 309 (1935). 

K. R. RAO. 
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Preparation of Lithium Alum 

DURING some work on the mass susceptibility of 
the alums, a successful attempt was made to prepare 
lithium alum, despite the fact that its existence and 
even the probability of its existence has been 
repeatedly denied. 

Molecular proportions of the monohydrate of 
lithium sulphate and the octadecahydrate of 
aluminium sulph ate were dissolved in the minimum 
quantity of cold water. The solution was concentrated 
considerably by evaporation on a sand bath and 
cooled in a freezing mixture of ice and salt with 
vigorous stirring, when it crystallized suddenly and 
deposited a mass of very soft small crystals, which 
were filtered and dried at the ptrmp and afterwards 
on porous plates . The mother liquor after a further 
slight concentration deposited small hard transparent 
crystals on keeping in the freezing mixtu re. 

Both crops of crystal contain 49 ·00 per cent of 
water (Li2SO,Al2(S0,)3 .24H20 requires 48·93 per 
cent water). The crystals are isotropic, a combination 
of cube and octahedron. On keeping at ordinary 
temperature, or on warming a few degrees, they 
decompose and the salts dissolve in the liberated 
water. They are exceedingly soluble in water; they 
lose t he wh ole of the water at 200° C. and swell to 
a bulky friable mass. The mass susceptibility 
is - 0 ·541 x 10-• and molecular susceptibility 
- 479 x 10-•. The properties of the a lum are under 
investigation. 

Bedford College, 
London, N.W.1. 

July 3. 

J ,u.ms F. SPENCER. 
G. T. 0DDIE. 

(Sist er Mary Cecilia, O.P.) 

Points from Foregoing Letters 
DR. A. S. RussELL describes work which suggests 

t hat metals of the class which forms compounds with 
metals of the copper, iron, cobalt and nickel class 
may be arranged in a list analogous to the electro­
chemical series. Any metal in this list can displace 
from intermetallic combination one lower in the list. 

The formation of long carbon dendrites has been 
observed by IC D . Lulrn and Drs. W. M. Madgin and 
H. L. Riley in the cathodic reduction of colloidal 
solutions of graphitic oxide. Colloida l particles of 
graphitic oxide are negatively charged, and the 
reduction occurs in spite of the strong repulsive forces 
which must exist in the neighbotll'hood of the cathode. 

The large majority of the negative ions formed 
dtll'ing electric discharge in mercwy vapotll', hydro­
gen, nitrogen and carbon dioxide, Dr. F. L. Arnot 
finds, do not arise by the attachment of one electron 
to a neutral atom, but by the attachment of two 
electrons to a positively charged ion. The au thor 
calculates the p robability of su ch conversion from 
positive into negative ions, for the gases mentioned 
above, at the sw'face of a negatively charged nickel 
electrode. 

From the energy of the n eutrons selectively cap­
tw,ed b y rhodium, Drs. P. Preiswerk and H . von 
Halban, jun., deduce the distance, breadth and form 
of the nuclear levels in that element. The data re­
quired were obtained by determining the absorption 
coefficient for each additional layer of rhodium. 

Light falling upon a cuprite crystal in contact with 
two electrodes through which an alternating cmrent is 
passing, produces an additional direct voltage. Dr. G. 
Groetzinger and J . Lichtschein submit curves showing 
how the resulting direct voltage varies with the 
a lternating cwTent, and its relation to the crystal 
photo-electric effect. They consider that this addi­
tional current is connected with events taking .place 
in the interior of the crystal. 

Experiments on mice carried out by H. Bw'rows 
indicate that progesterone, a substance related to the 
male sex-hormone testosterone, can protect the genital 
organs of the non-castrated animals from the injw'ious 
effects of large doses of the female sex-hormone, 
cestrone. 

An increased excretion of the yellow pigments, 
fl.avins, in the urine, after eating cooked ox-liver, is 
reported by A. Ernrnerie. 

From t he rate of sedimentation and the movement 
in an electric field (electrophoresis) of the protein 
particles from horse serum carrying an anti-body, 
Prof. M. H eidelberger, Kai 0 . Pedersen and Arne 
Tiselius conclude that the particles are of uniform 
size and possibly a definite chemical compound. The 
sedinlentation constant is 17 ·2 x 10-13, and t he anti­
body · is apparently formed from a heavier minor 
component of the protein. The rabbit anti-body 
against crystalline egg-albumin, on the other hand, is 
produced from 'the principal globulin component. 

Two unusual modifications of eye colow' in the fruit 
fly, under X -ray irradiation, are reported by Dr. E. V. 
Enzmann and C. P . Haskins . In one case the change 
was from white to red, involving apparently a reverse 
genovariation ; in the second case m utations in a 
culture of eosin D rosophila produced eye colour con­
siderably darker than eosin, showing that wild-type 
condition is not necessarily the end-point of change 
from light to darker shades. 

In the centre of a 'depression', in the later stages 
of its existence, the a ir at a height of 4-9 km., though 
colder and therefore heavier than surrounding layers, 
is nevertheless ascending. The energy needed to lift 
it, Dr. A. H . R. Goldie suggests, is provided by the 
winds, which g ive up part of their e ergy and slow 
down as they converge spirally towards the centre of 
the depression. 

The propagation of voltage impulses in long 
discharge tubes has been investigated by Dr. L. B. 
Snoddy, Prof. J. W. Beams, W. T. Ham, jun., and 
H. Trotter, jun. The tube was found to be an 
excellent transmission line for high-voltage impulses. 
The velocity of propagation was easily controllable 
over quite wide ranges of the order of 108-109 cm. 
per sec . 

A broadening of the resonance lines in the extreme 
red of the absorption sp ectrum of potassium 
vapow' in the presence of hydrogen gas is described 
by T. Okuda, who considers it due to the polarization 
of the molecules . 

ERRATUM. Dr. C. H. Douglas Clark, referring to 
the paragraph in this column (July 18) on his letter 
"Optical Polarization E llipsoids of the Hydrogen 
Halide Gases", states that it is the polarizability along 
the long axis which is equal to that of the correspond­
ing negative ion. 
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