CLASSICS

Introduction

Our choice for the Classics section is the paper by Chatterjee and Sarkar, describing their measurement of
the lifetime for uranium to undergo spontaneous fission. It is an outstanding achievement of experimental
physics in India, as clear from Amit Roy’s article on the life and work of Shyamadas Chatterjee. But there
are many more interesting aspects to this paper. We have reproduced the paper as it appeared in 1944 in the
journal, Science and Culture, founded by Meghnad Saha (Resonance, Vol.3, No.5, 1998) and Prafulla
Chandra Ray (Resonance, Vol.6,No.1,2001). Itis clear from the articles adjoining this one in the same issue,
that this journal had a wide scope. The fact that the authors did not go to a specialised physics journal reflects
their conviction that the result was of wider significance. Also, that they chose an Indian —indeed Calcutta-
based — journal reflects, to me, the spirit of those times, when there was a strong sense of building a new
nation. The Russian group who published earlier, had in fact, sent cables (i.e., telegrams!) to Nature, which
is again a broad journal covering all of science. Interestingly, C V Raman from Kolkata had used the cable
strategy to establish priority over the Russian group in 1928. Although the paper is a brief communication,
it has a clear introduction to the phenomenon of fission, which was only five years old at that time, with much
of the work shrouded in wartime secrecy. It also has extensive follow-up analysis of which nuclei were

produced in the fission process.

Reading this paper leaves us with two ‘might-have-been’ questions. First, if the authors had had the brash
self confidence of a C V Raman, might they have been the first rather than the second to publish the lifetime
of spontaneous fission? On the other hand, we must keep in mind that Raman knew that the phenomenon
he was looking for was predicted by theory, while the lifetime measured in this work was far shorter than
the simple theory. Second, was the later follow-up commensurate with such a fine beginning in experimental
nuclear physics? The answers to both these must be sought in the domain of the history and sociology of

science!
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Two sets of experiments wére cartied on, one
witht dry seeds and the other with seeds soaked in
water for a period of 6 hours. Seeds were treated
with different doses of X-rays varying from 202's r
to 6720 r and three different kinds of rays were given,
namely, scft, medium and penetrating in different
cases,

A detailed account of the results obtained will
he given in a fuller paper to be published elsewhere,
but a summary of the results is given as follows,
(z) Plants raised from irradiated seeds appear to lose
ihexr vitality during early stages of their growth but
later” on  their growth rate becomes enhanced.
(2) Some of the irradiated plants show bifurcation of
the tip at an early stage of growth and some assume
& bushy appearence on sccount of vigorous lateral
branching. (3) Some plants have two or three leaves
in one internode in contrast to the normal alternate
phyllotaxy of the plant. (4) Io some cases delay in
flowering caused by irradiation is marked. (5) Amount
of woody tissues (xylem) increases due to irradiation.
(6) Number of fibre cells sppesr to be" increased in
some cases, but the shape and size of the fibres are
found to be unchanged. (7) Action of X-rays on
moist seeds is more vigorous than that on dry ones.

The present study on the effects of X-rays on
Jute seeds hoth dry and wet show some characterie-
tic changes though none of them is dominant and no
particuler effect is common to every individual, In
our experiments the rate of germination was enhanced
in the seeds of Corchorus capsularis treated with soft
heavy doses end light penetreting doses, but no such
effect was observed in those of C. oliforius, Accord-
ing to Altman’ and others, and Koernicke, growth
of seedbings became rapid when thev were treated
with weak doses of X-rays ; but I have found that
the rate of growth of all the irradiated seedlings was
very slow to start with but after a time they revived
end began to grow vigorously. Johnsen ocbserved
changes in the shape and size of the leaves, but no
such change has been observed in jute plants,

I take this apportunity of thanlking Dr N. Das
Gupta of the University College of Science, Calcutta
for kindly making atrrangements for exposing the
sceds to the action of X.ays, The exposures were
given in the laboratories of the University College of
Science, the Science Association and in the Chitta-
ranjan Sevasadan,

B. C. Kunnu.
Botamical Laboratory,
Presidency College,
Caleutta, 1-5-1944.
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ON THE SPONTANEOUS FISSION OF URANIUM

DuRrInG the course of their investigation on the
chemical properties of the so-called "“transuranic’
clements, Hahn mnd Strassmans’ siggested that
uranium nuclens hreaks up into two parts of com-
parable sizes, a barium nucleus (Z=55) and a krypton
nuclens {Z=36). The first theoretical interpretation
of this chservation was given by Meitner and Frisch?,
According to them the nucleus is like a liguid drop
subject to the following forces : {i) a short range non-
electrical force, only acting between the neighbouring
perticles ; this is proportional to the total number A
of the particles in the nucleus, (if) a force analogouns
to surface tension, alse proportional to some power of
A and (if) a rupuls iva coulomb force, proportional to
the square of the nomber of protons Z, and is opposed
to the surface foree. Just as a drop of liquid, when
set into vibration may split into two drops, so might
a nucleus. This becomes more probable for heavy
nuclei, because of an effective reduction of surface
tension, resulting from increasing nuclear charge.
The actual nucleus will be stable so long as the sum
total of the clectrostatic and Surface tension energy
has a minimum for the spherical shape. With in-
creasing size and charge of the nucleus, this mininmum
would flatten and would be expected to disappear for
some critical value of Z. Nuclei of greater Z would
break apart. Bohr and Wheeler’ have considered the
stability of a nuclens (A, Z), agasinst small arbitrary

. defommions, end have shown that there is a limiting

value of ~A—. beyond which a nucleus is no longer

stable with respect to deformations of the simplest
type.
cent than the value of 5 for U™,
therefore near the limit of stability and it is possible
to calculate the potentizl energy necessary to deform
the nuclens sufficiently to produte division. The value

They show that this ratio is greater by 17 per .
Such nuclei sre |
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of this deformation potential has been calcnlated for
Th, Ps and U nocles and they are found to van
Ietween v'e (Th™) w go (%) MeV., When a
noutron is captored by such a mneleus, o compound
noclens 0 am excited stale s formed amd i the
eerey of excitztion s greater than the emergy of
fission E,, fission will wsnally oconr. The detmled
comparison of the calenlated prolmbilities of different
U, Pa and Th nuclel lead to good agreement with
experitiental results. The results oltained so far are
hased patrely wpom clessical mechanics consideration
which is in sgrecment with the fact thet the xero
point energy of the nuelens is found to he about
1 /a5th of the enery ol fission E;, The statistical
distnibution in size o[’ the fragments of fission depends
on the complicatad dyyamics of the dividing noclens.
The theory s not deviloped enough 1o give this dis-
tribution, bt does indicate that there i o wide
raonge of possible fragnents evens for encraies slightly
wreater than the critical enérgy.

Tuming to the guantim mechanical aspect of the
problem, we have to consider thy possibility of the
“tonmel effect" which will make 3 possible for the
nuclees to divide even in its ground state by pasage
throngh & portion of configaration spece where
classically the kinetic energy is negative. Holr and
Wheeler have calenlated the fission ?rohahllny Ao
certain simplifying pssuniptions which include that
the expression (V'-E) in the Gamow function is of the
ander of By, (e, 6 McV.. The maan life is found
1o be of the arder of 10™ years. This ealenlated valug
1 however only approximate.

The nuture of the fission products induead by
neutron  bomberdment has boen  investigated by
cither chemieal or phvsical methods, In the former
method somll amounts of chemical clements are miro-
duced a8 carrlérs and are then separated by the
known amalytical methods. The radioactivity of the
paodncts are studied with the help of G-M counters.
This method gives only the chemienl nature (depen-
dent af nwclnr charge %) and not the mass A of (he
fission products | the latter must also he radio-active
to be detectable. By this method, 8o different kinds
of atoms helonging to 23 different elements have heen
detected.' The physicnl method depends upon the
simultaneous determinution of the onisation praduced
hy the two fission products. From the conservation
of momentmm between the fission prodects it follows
that the kinttic emergy of each is inversely propor-
tiomal 1o its mass. This method gives the masy and
not the nuclenr charge of the fission products and can
b used to dotect hoth stable and unstahle fission pro-
ducts.  Jentschke” and Prankl® have identified the
following suclenr fragments produced by predoni-
nuntly thermnl neutrons @

Heavy—~Pr, Nd clement 61, Sm, Eu, Gd in the

order of decreasing abundance

LETTERS TO THE EDITOR

Al

laght—Rn, Rl' Pd ete.

Spontancous Fission Froducls —Libby" surchnd
tor radioactive  dodine in w sample of  pure
uraninn  nittate  solution  kept  umdisturbed  for
five vears ; he came to the conclnsion thit the sponta-
neotis fisston, #f any, musl have a half-life period of
uver 10" vears,  Experimental evidence for the
spontanecns fission of pramnn oucless was first re-
ported by Petrzhak and Flerov'. They used as an
imisation chamber, 2 15 plute condenser coated with
thin layvers of 17,00, and connected it to o high gain
wnnphifier of extremely high resolution. They fauml
evidence of sueh fission occurring at o Ircqncnry of
about six per hour. By means of subsidiary experi-
ments they concladed that the pulses conld culy be
due to spontancons fission, ws their number was oo
large to be accounted for as heing due o stmospheric
nentrons.  The half life of the U nucleus was caleu-
lated to be of the order of 10" vears

One of we by usig an  essentially similar
nrvangement, the details of which will be publishied
tn the Trousactions of the Bose Research Institwie,
Ias substantisily verified the nhove findings viz. that
spontencons fission of U7 puclens ooctir, which are nit
due o atmesphierle neuttons and the average half
life w3 =10™ years. The lonisation puolses ave
contited either Iy a suitably blassed thyratren relsy
conmecterd with o telephope ooumter or are recorded
phiotographically on 2 slowly mwoving cinegfilm by a
Toap oscillograpl.  An armanpgement is being st up
for the direct measurement of the energy of the
fssion prodoets

If the shove conclusion ts correct, then in very
ol minerals rich in wrawinm, chemical analysis
should indicate the presence of stable fission pro.
duets.  Recently, o small quantity of a highly con-
centrated uraninm minersl contaiving material of
urange colonr (density 564, hardness 3) from some
unkoown Iocality in Raejputane came to our hands,
It was found 10 De three times se radionctive ws
standard U,00,, sl appears to bhe o varety of
Gumnite. The mineral was subjected fo usnal group
separation and the groups to careful spectrographic
The following table gives a partinl analyveis

anulysls,

af the mineral |
vo, H,O Pl Si0, &. ThO,
5% 728% §a26%, 2230 o'56%
Rare Ca®  * NaO K,0 Gases
Earths 1762 a'rol, 1'o8% ool
o' 38% Fe, 0., AlO,

o' 20'% o' 20%

The lead ratio is w't2as. The corrected age
appwars to be abuat 847 milllon years. The radium
content, caleulated from uranimn content is shout
06 mgms. per Won.
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Spectrogruphic analysis mmnl-l the presence
of Ge, Sh, Bi, Sr, Ag, Y, ¥b, Gd, La. Absorption
specira messurements (using the micro-technique of
Hopkins), showed the presence of Nd and Pr. Ce
was detected by spot.test. It is belleved that some
of the above clements are fission prodnets.

A comparative chart of cloments, formed by
fission of uraninm nuclens and identified by different
methods is given here

A. Tndoced fssion :

I} Chemical examination : Radicactive isotopes
of

48 60 BAKr UTRL (ESc oY 40 4UMD 4T
508 1% 5uT B71 54X S50 5B 57
(3} Physical measurements :
‘Lighter fragments with masses from 74 0 oo,
inclnding
B4 L4 gams 5T
Heavier fragments with massen from tay-16a,
including  BOPf, GOM, glament #1, G20 GRRe g0
B, Spontancous fHssion :
(3} Chemical examination
a0« JR% KOV GO0
50f  gpNd g4 TPV

A1 GTLe, BBCY,

1t is“well-known that radiosctive minersls are
seldom free from mare carths. Tt is also known that
older ureninm minerals are richer in race earths
than the voung ones, though there i» no apparsut
propoctionality between the rare earth and lead
coptent. It is suggested that the growth of some
of them is due to the accumulation of fission frag-
ments, The abave stutement can hardly however, le
made very rigorously. For, very complete analyses
of uraninites have been made by Hillebrand, Marsh,
Houser and others. Their results show that the
abundance of the individunl rare earth elements varies
widely in minerals of dilferent localities and some-
times ceontr in large amounts indicating that ther
form the criginal constituents of the mineral.

Our  expectation thut stable fission  products
should cccur In old uraninite minerals cun be tested
(uantitstively in the following way. The amounts of
some of the so-called fission products in several such
minerals are to be determined chemically. If It is
found that in some of the minerals, two or more of
the so-called fission elements coeur ln approximately
equivalent weights, then the occurrence can be takesn
ws an indication that they are produced by fission of
the uranivm sucleus of the same monn life. For such
leterminations large quantities of uraninits mineeals
are required ; these are at present not available.

Vol. IX, No. 12

The aunthors are deeply mdcbtndloDr D. M.
Bose, Director, Bose Institute, for his kind interest,
helpful suggestions and discussions,
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PHOSPHORESCENCE AFTER GLOW OF SOME
ALKALI HALIDES

Crystars of sodium chloride, potussimm chloride
and potassinm bremide are flnoroscent node; Nopuy
irradiation. If the period of exposure be sufficiently
long these crystals are also discoloured. The dis-
colouted crystals possess extra absorption bands
(Focemtres), The same centres can alws be produced
by keeping the crystals in the vapour of the alkali
metals ot s high temperature. The mechanisim
suggested for this colouration is as follows: The
ionic crystals contain usually 2 number of vacant
Inttice points (positive and megative innie positions)
and 8 number of interstitial atoms frozen in the lattice
(in the way of Schottky and Frenkel defectsi. The
photo-electrons released by NX-ravs execute a sort of
Hrownian motion before they get trapped in one of
the vaeant lattice points, formetly oceupied by o nega-
tive jon. These trapped electrons can be raised to the
conduction band by absorption of a snitable radiation
and give rise o & new sbeorption band. To account
for the emisslon we can sasiune thet electrons wre
primarily raised to, the conduction band and thus
carried to the neighbourhood of the imterstitial lons
where additional level systems are present ; next tran-
sition of electrons to lower levels may oecur with the
possibility of emission,

The electrons raised to the conduction band In
their passage to the radiating centre may get trapped
in trapping centres, Tm fopic crtals the following
trapping centres are theoretically possible: -

t. Vacant lattice points (generally negative jonic
pemitions), 2. Tamm's surface levels, 3. Landau's
trappiug centres.  The centres of the type (1) give rise
o the F and F' centres ; for the existence of (2) and
(3) decisive expurimental evidence is not vet availablo

It has been observed that tie after glow period
for crystais of these compourd: can be incressed to
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