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Hyperfine Structure of Elements in Mercury Arc—IL

NUCLEAR MoMENT OF CAESIUM.
By Prof. B. Venkatesachar, M.A., F.Inst.P., and L. Sibaiya, B.Sc., A.Inst.p.

AINBRIDGE (P.R., 36, 1668, 1930) has
confirmed the earlier results of Aston
(£ M., 42, 436, 1921) regarding the isotopic
constitution of cgesium, wiz., that it has
only one isotope of mass number 133. The
source of discrepancy between the simple
1sotopic constitution of easium and its
chemical atomic weight cannot be definitely
traced until the packing fraction is correctly
determined. The hyperfine structure analy-
8is, however, is greatly simplified by the fact
that cesium atoms are all of one class with
mass number 133, and no complications
arising from a mixture of isotopes are at all
possible. Jackson (P.R.S8.,121, 432, 1928) first
surmised the puclear spin moment of cesium

. o e . }
to be either 4 or £ in units of f,gr But

according to Kopfermann (Nalurwiss., 19,
676, 1931) the nuclear spin is Z or £, while
Schutz (Naturwiss., 19, 1007, 1931) gives for
the nuclear moment § as. the most probable
value. Thus to the nucleus of coesium
atom have been ascribed by various obser-
vers all the half Integral wvalues ranging
from 1 to $. White (P.R., 35, 4i1, 1930}
however concludes that 2 is probably the

correct value from the meagre evidence
obtained from the eguation

connecting the nuclear moment { with the
gross structure separation Av, of *P levels,
the electronic mass m,, the nuclear mass
my, and the fine structure separation Ay
supposed to. be equal for both the P, 2

levels. Jackson gives that
Avy 1 g
Avg AZ .,

where u, and u, are the nuclear and electro-
nic magunetic momenta respectively ; whenee
it follows that the individual separations
of the hyperfine Jevels of °*P states are

unresoivably small if we assume that ii
is of the order of 107 after Kopfermann.

The value of the nuclear quantum number
can be deterniined quite gimply from the

intensity ratio of the components of the

hyperfine structure doublets. The (‘.‘E;I
doublet 631 --7°Py, g (4593 A and 4555 A)
gives two components for each line and

from their relative intensity the nuclear
sSpin can be estimated. By applying Burger
and Dorgelo’s intensity rule for gross
multiplets to fine multiplets by the substi-
tution of f for j, and considering the fine
structure levels of “P:, 3 to have negligible
separations, the intensity ratio of the two
i+

- components becomes — agroeing with the

!

value obtained by Fermi from ¢uantum
mechanical considerations. In cesium the
two components have been found to bhe of
very nearly equal intensity, so that the
value of 7 must be high; Jackson (Nature,
127, 924, 1931) says ‘‘it may well be &, or
perhaps higher ',

Since the normal atoms of cesium can
absorb 6°S:—m*Py, s the effect of absorp-

tion in the source on the relative intensity of

the hyperfine components -needs special
: . i emission .
mention. Since the ratic ——-——— is the
absnrption

same for both the compouents of any one
line, the stronger component will be more
suppressed than the weaker one and the
intensity of the two components will be
rendered nearly equal as a result of the
existence of self-absorption in the source.
Fihppov and Gross (Nalurwiss.. 17, 121,
1929) mention that in their source as well

. a8 in the one used by Jackson the possibility

of self-reversal is not ruled out. Hence
arises the necessity for re-examining the
structure in a source where the effect of
self-reversal 15 considerably reduced if not
entirely eliminated. With this end in view
the radiation from a vertical cooled mercury
arc lamp with a tungsten anode containing
a small quantity of cesium chloride is
analyscd. The souree answered our expec-
tations since the use of cesium chloride in
an atmosphere of merceury vapour resulted
in the great reduction of normmal exsium
atoms responsible for the absorption as
compared with other modes of excitation.
Again the influence of the inner atomie
electric fields on the radiating atoms is
more marked in cases where the neighbour-
ing atoms are in the same  spectroscopic
state as the radiating atoms and belong to
the same element. Since the mutual influ-
ence i thus great in like atoms, an atmos.
phere of mercury vapour will serve tg
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greatly diminish the broadenmg eﬁ‘eet An

analysis of the lines 4593 A and 4555 A by
Hilger Lummer plates revealed each line as
a doublet congisting of two sharp lines with
a clear mtensity ditference.  Fig. 1 shows

Fig. 1.

Microphotogram of the CslI Line ) 4555 E.
6 *P3;, —7 *Sypp,

the densitometer curve of the Lummer plate

pattern of the line 1555 A taken on =
Cambridge Microphotometer by Dr. A. L.
Narayan of the Kodaikanal Solar Physies
Observatory.

The intensity ratio of the components has
been computed by using the Schwarzchild-
Stark formula for the darkening D of a
photographic plate that

D - 10g k Imtﬂ

where I is the absolute intensity of the
radiation and ¢ the time of exposure, k, m
and 7 being constants depending only on
the photographic plate and the wavelength
of the radiation. Neglecting the wavelength
difference between the components so far as
its effect on the sensitiveness of the photo-
graphic¢c plate 18 concerned, we obtain for
the two components, whose darkenings are
D and D’ and absolute intensities T and
I’ that

p =D
S e M

I

the time of exposure for the two components
being necessarlly the same. The plate
constant ‘m’ can next be evaluated by
photographing the multiplet line with differ-
ent slit widths for the same intervals of
time, and assuming that the absolute
intensities are proportional to the slit widths.
An alternative method would be to deter-
mine ‘m’ from a hyperfine pattern of known
intensity ratio obtained on the same plate,

the wavelength of the line employed bemg 3- 43 1 to {-95 - 1.

as near as possible to that of the line under
investigation. A calculation of the relative
mtenmtles of the two components from the
densitometer curve has given a mean value
of 1-4084-0-018. Hence the nuclear spm of
cesium can be estimated to be %; the
theoretical value of the intensity ratio as

given by the relation -"%-l- would then be

1-4. The uelghbﬂurmg values of nuclear spin,
viz., § or ¥ would give the theoretical ratio
as 1-667 or 1-286 respectively, both of which
ate well outside the observed value. From
measurements on the lines 6-'85—'1]?, the

separation of the BES% term has been cal-

culated to be 0-298 cin™, agreeing with
value oblained by other observers. Fermi

(£.P., 60, 320, 1930) has shown that this
separation

Av=146 {1.;?254—-1
e 1
1
h N
whnendce de 1180

in agreement with the assumption made by
Kopfermann. Applying Nile's correction
{P.IR.. 38, 375, 1931) to the Fermi formula,
the L;mde g (1) factor of the cesium nucleus
becomes 1-:11. In the case of ceesium
where the 6s optical electron alone is res-
ponsible for the term *S3, its relatively
large separation as comipared with that of
‘P terms Is due to the extreme penetration
of the 6s electron in consequence of which
the conpling is ve1y strong. The 6p electron
is less penetrating, and hence the coupling
i1s far weaker thelLby producing only a very
stmall separation in the °P levels.

Since  the nuclear spin of cesium has
herc been determined by applying the gross
multiplet intensity 1ule for hypertine
structure components, 1t may be pointed
out that the lntenmty ratio of the doublet

lines 1555 A and 4593 A deviates consider-
ably from the intensity rule for multiplets.
Hagenow and Hughes (P.R., 30, 284, 1927)
give ratios ranging from 2-3:1to 3-8: 1.
the higher ratio being obtained with more
attenuated sources where one would expect
from Burger and Dorgeio’s rule an asymtotic
approach to the ratio 2:1. Filippov
(Z.P., 36, 177, 1926) obtains an average
intensity ratio of 3-81 : 1 for this doublet
when the weakest possible concentration of
the salt was used. Kohn and Jakob (P.Z.,

27, 819, 1926) give ratios ranging fmm
Though the intensity
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rule is thus often viclated in the gross
structure multiplets, the hyperfine intensity
rule has been applied with confidence
to the patterns of those very lines that
neither obey the intensity rules nor follow
LS coupling. 1f a breakdown of the inten-
sity rule in hyperfine structure should
however occur in any single ease, the estimate
of the nuclear spin of caesium will have to
be -established from entirely different con-
siderations such as the Paschen-Back effect
or the percentage polarisation of resonance
radiation. The observed patterns of the
two lines show a wing towards the shorter
wavelength side of each component and if
this wing be attributed to the small *P fine
separations. it follows that the fine levels of
7"Py, 3 are possibly inverted, those of 6°S;

_—

remaining regular (Fig. 2). The wings of

‘.,__

p—
1

-
|
e

_to

[ - —
18] e ko]

<

Fig. 2.

Graphical analysis of the structure of Csl 4555 A,
6 28”2 — 7 2P3]2* showing that the observed pattern
which fits into the diagram along the arrow 1s consis-
tent with the inverted fine levels for the term 2P3,,2
with very small separation. A, and A_ refer to the
interval factors of the P and S states respectively.

the components of 4593 should then be
expected to be more pronounced than those

of 4555 3, for according to Fermi

AEP[

2 =2.5

A"P'i
a relation which is however violated in the
Ti I spectrum. Since in this investigation
the chief point was the calculation of the
relative intensity of the components, expo-

sures for the patterns were necessarily
insufficient to brlng out the new faint

or thallium (Venkatesachar and Sibaiya,
Cur. Sc., 1, 264, 1933). Our earlier sugges-
tion that such ‘‘faint satellites may be
caused by isotopes present in snuch small
relative abundance that the mass-speetro-
graph has not been able to reveal them”
18 further supported by the recent discovery
of a large number of new isotopes for
bismuth, lead and thallium by Miss Bishop
and her collaborators (P.R., 43, 43, 1933)
using @ magneto-optic method.

Discussion on alkali nuclei :—The nuclear
spin of casium from the intensity measure-
ments on the hypertine components is seen
to be 3. Using a source similar to the one
deseribed above in the case of sodium, each
of the D lines have been found to be
doublets with a separation of 0-058 cm™
ahd an estimated intensity ratio of 3: 1.
This would mean that the nuclear spin of
sodiam is 2, in entire agreement with the
conclasions of Frisch and Ferchmin (Nalur-
wiss., 18, 866, 1930) and Muarakawa {Tokyo
We. Papersy. DBut the value i=x3 gives
theoretically 33-3%, polarisation of reso-
nance radiation, while T llett’s observed
value (P.E., 35, H88, 1930) of 16-3%, can
only be explained if ¢ is assumed to be
equal to 1; again the band spectral data of
Naz lead us to suspect that the nuclear
spin is greater than 2. Thus the spin
value determined by the intensity rule is
not in agrecment with that obtained by the
polarisation of resonance radiation or by
the band speetral caleulations. In potas-
sium also Loomis and Wood (P. £, 38, 854,
1931) point out that ‘‘the phenomenon of
alternating missing lines not occurring dis-
proves the asgsertion, based on the failure of
certain observers to find hyperfinc struciuare,
that the nuclear spin of X 39 is zero.”” In
rubidium, on the other hand, Jackson
(Nature, 128, 34, 1931), using an eye-
estimate of the intensity ratio of the compo-
nents as 2 : 1, gives the nuclear spin of Rb
8 as J, while it could well be 1 In
agreement with theory; he attributes the.
wings of the hyperfine components towards
the violet to the heavier isotope Rb 87,
Kopfermann (Natlurwiss., 21, 24, 1933) has
concluded that the nuclear spin of Rb 85
is 4, while that of Rb 87 is either § or §,
and shows {hat the magnetic moment of
Rb &7 i8 2'3 times greater than that of
Rb 85. Li 6 has a nuclear moment of 0,
while that of Li 7, according to the
hyperfine structure data of Schiller and

satellites, if any, a8 in the cage of cadmium ! Briick (Z.P., 58, 735, 1929) and Schiiler
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(Z.P., 66, 131, 1930), 18 %,
Jenkins (P.R., 38, 71389, 1930) conclude from
band spectra that nuclear spin of Ia 7 1s 2.
It must be admitted with Gamow that *‘ the
results obtained from the band-spectra on
the one hand and from hyperfine structure
on the other do not always agree; these
inconsistencies may be due to the uncertain-
ty of the experimental data, or to the
wrong inteipretation of the observed facts.”

It is suggested that the nucleus consists
of a maximum number of oc-particles, one
proton or none, and neutrons with spin

moments of { 2_}1 arranged in shells (Ven.
katesachar and Subbaraya, Cur. Se., 1, 120,

1932}, The magnetic moment of 2 neutron
being nearly equal to that of a proton, the
hypertine gplitting will be of the right order
of magnitude as compared with the multi-
plet splitting due to the magnetic moment
of the spinning electron. This approximate
equality of the magnetic moments of a
neutron and a proton follows directly from
the measurements of Grauvath (P.R., 42, 44,
1932} on hithium. The magnetic ef’feet {)f

Harvey and )

the spin of a {ree proton in the nucleus will
be masked by the magnetic effect of its
motion in just the same way as for the
electron, but for a neutron the conditions
may be different. In the case of a neutron
its magnetic moment is perhaps due only to
its Intrinsic spin moment, because the
orbital magnetic moment may be negligible
owing to the fact that the neutron is a
particle carrying no net charge. The
resultant spin guantum number of the
theoretical normal term of the neutrons
arranged just like the extra-nuclear elec-
trons 1s here coupled with the proton spin
for obtaining the nuclear spin moment.
Since the nuclens of cesinm may be consi-
dered to be made up of 27 o<-particles, 24
neutrons and 1 proton, the arrangement in
shells of the 24 neutrons on the electronic
model would give a normal term 3d°4s' S;
corresponding to a spin value of 3. Combin-
ing this vectorially with a proton spin of 1
the minimum energy configuration would
give a spin moment of 3 for the nucleus of
the casium atom. This theoretical result is

| 1n conformity with our experimeuntal value.

The Vertebral Column of Some South Indian Frogs.

By L. 5. Ramaswami, B.Sc.,
Departmen! of Zoology, U niversity of Mysore, Bangalore,

R. H. K. MOOKERJEE has recorded in
a note published in Current Science
(Vol. I, No. 6, 1932), a case of Rhacophorus
marimus in whmh the 8th. and 9th. vertebra
are proceclous, a condition which marks a
departure from the well-known amphiecelous
nature of the 3th. and 9th. having a boss In
front and two behind such as occur in Rana
generally. I{ it could be shown that the
vertebre are uniformly procelous in this
genus Rharophorus, then its inclusion under
the family Ranid®, becomes a questionable
procedure, since Nicholls has pointed out
that the procoelous nature of the %th, vertebra
of Bufo may be used for diagnostic purposes.
In view of the importance of the subject m
its bearing on taxonomy [ have exanined
the vertebral column of the {following
species :

Rhacophorus maculatus; Rh. eques:
Rh. dubius; Rh. microtympanum; Ixalus
chalazodes; I. sylvaticus; 1. nasutus; L
oxyrhynchus; I. sp. (mnarked B in the
museun eollectmn) Micrixalus saxicoia;
Micrixalus sp. (inarked A in the museum

collection); Nyctibatrachus major; N. pyg-
meus; N. sanctipalustris; Nannobatrachus
kempholensis (n. sp. Rao); Rana beddomii;
R. bhagmandalensis; R. breviceps; R. bre-
vipalmata; R. crassa; R. cyanophlyctis;
R. curtipes; R. diplostichus; R. gracilis;
R. intermedius; R. leithi; R. leptodactyla;
R. limnocharis; R. malabarica; R. panthe-
rina: R. parambiculamana (n. sp. Rao);
R. sauriceps {n. sp. Rao}; R. semipalmata:
R. tennuilingna (n. sp. Rao).

Of the four species of Rhacophorus exa-
mined by me, I notice that the centrum of
the 8th. vertebra is a variable structure.
1t is proceelous only in certain species such
as Rhacophorus maximus (as reported by
Mookerjee), Rhacophorus dubius, and Rha-
cophorus  microlympanum, while 1t 18
amphiceelous in Rhacophorus maculatus and
Rhacophorus eques. Possibly an examination
of other species of this genus may reveal a
similar divergence and if it be so, then we
have clearly included in this genus Ehaco-
phorus, two groups which, so far as the
character of the 8th. and 9th., vertebra is



