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A13STMCT

The spontaneous fission rate of 28 is 24.0 k 1.1 f~gm hr. The

spontaneous fission rates of 25 and 24 are - 2.2 * 4.6 and ~60 f/ginhr

respectively.
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SPON’IANEOUSFISSION IN SM%RATED URANIUM ISOTOPES

Introduction

Spontaneous fission was discovered by Florov and Petrzhak1) ~

oommon uranium Subsequently mveral investigations on the m.zbjeothave

2, have inves%5-been made, always on unseparated isotopes. Kemedy and Segre

gated for the first time separated 25 and ooncluded that its spontaneous

fission rate was less than 10 times that of 28. Blanchard, 6ofWln and

seaborg3) -investigated 24 and concluded that its spontaneous fission rate

was leas than 400 f/gM hr. We have oontinued and extended these investiga-

tions in the last yew.

Experimental

The experiments consisted of putting oertai.n amounts of normal

uranium or of uranium

fhshion in ionization

the fission pulses.

whose isotopic composition had been changed in a known

chsmbers conneoted to linear amplifiers, and oounting

1] G. N. Flerov and K. A. Petrazhak, Journal of Physics USSR, ~, 275 (1940)

2) CC-50

3) CF-220; CF-907
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The samples were thin layers (0.25 mg/om2) of U308 deposited

electrolyticallyon platinum disos 0.05 mm thick and 4.3 cm in diameter. The

discs were spot welded to copper disos of 12.7 om diameter. A series of

samplew was prepared out of ordinary uranium (speuifio alpha activity 1500W/mg

Xl@ ; another series of samples was of uranium of $aOtOPiG composition u238z

~235$ U234 = 2.76: 1.00$ 0.0044 in nmss (specific activity 10.44 x 103cL/mg

rein). The material of the enriahed samples was analyzed by the Berkeley

method4). All samples were weighed and alpha oounted to determine their masu

and oheck on their thinness. They Were visually inspeotod for uniformity of’

thiclmess. ‘l’hecorrection for self absorption of the fission fragments5) ~~

about

u30~.

3.4Gw

45. In each ionization ohamber we introduced approximately 49 mg of

Each ionization ahamber has 3 elec!trode’s,consisting of oopper disos,

3U diameter, spaoed by 1 cm. The middle one is oonneuted to the grid of

the first dage of the amplifier. The other two, whioh oarry the samples

at approximately - 500 volts. The dumber is filled with tank nitrogen,

whioh it is easy to collect electrons6). The amplifiers (construotedby.

are

in

Wiegend) are entirely battery operated and have a rise time of approximately

3 mioroseoonds. Their output was conneoted to an ordinary mechanical counter

and also to a pulse lengthener and amplifier which operated a recording lEilli-

ammeter (Esterline, Angus). With this apparatus we aould cheek that the pulse

distribution in time followed Poissonls law.
●

4) Kennedy, Segre,

5) Segre, Wegand,

6) The analysis of
is: 99.3$%N2;

UCRL-9

IA-64 (CLASSIFIED
this water pumped nitrogen given by the manufacturer
0.3j ~; 0.4% water; traoe hydrocarbon.
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In this experiment it is very important to be sure that the alpha

aotivity of the samples does not give rise by its fluctuations to spurious

oounts, which would be mistaken for fission pulses. lszorder to make certain

that no spurious counts due to these fluctuations were reoorded, a

of alpha activity greuter than that of the strongest U samples was

ically in eaoh chaniber. No counts were rooorded for the Po sample

hours of 0b8&W~ti0n.

Po sample

run period-

in 136CJ

Figs. 1 and 2 show bias curves for ono of the chambers and amplifiers

used. The ourve of Fig. 1 was oonstruoted from a relatively small number of

counts recorded (durin~ an aotual 25 run) by an Esterline-Angus recording

galvanometers. The c~drveof Fig. 2, very similar in appearance, was made with

the aid Of a Ra-Be neutron souroe, using the 25 sample for which the sponta-

neous rate was measured. It is to be noted that the fission plateau is satis-

factorily flat, and that the operating bia8 is well above the level of alpha

disturbances.

l?igs.3 and 4 show the results of an analysis

during actual runs (of equal duration for Po and 25) by

recording galvanometers. Fig. 3 shows alpha pile-ups of

minimum required to oount, and fission pulses of height

minimum. Fig. 4 compares alpha pile-ups from Po and 25

of pulses recorded

an Esterline-llngus

height less than the

greater than the

(observed oonseoutively

in the same chamber at the same amplifier gain) and demonstrates the greater

probability of spurious counts from Po than from 25.

The sample of 24 (kindly loaned by Dr. htimer) was prepared by

chemioal extraction of UXl, from uranium and subsequent deuay. It contained

:—.—. ... . .,-—-.—---
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about 30 effective micrograms of 24. It wa8 observed for 1735 hoW8 and

it gave no fissions; from this we deduce that A8 is le8s than 60 figm hr-

%esults

If we Odl A=, ~y, ~z the spontaneous fission decsayoonstints

of 28, 26 and

threo samples

24 in f/ginhr, we have the observed counting rates for the

given by

XIAX + Y@y + Z@z = c1

x@~ +- %AY + Z2AZ =% (1)

AZZ3 z C3

It is olear that the term in iiz can always be neglected in the

first two equations (1) bemuse its value is of the order 10-3 against terms

of the order of unity for the 28.

Using equations (1) we obtained from experiments performed in

Berkeley (sea level) Jx= 20.5* 2.09 ~Y = 37 = 13. When the experiments

were repeated in Los Alamos (Pajarito Canyon Station, altitude 6200 f%)

with larger damples, we

‘Me agreement

is oonspiouously large.

offeot -s performed by

obtainod Ax = 24.6 * 1,
%

in ‘Ax is satisfactory, but

An estimate of the possible

=!j6280

the disarepanoy in ~y

aosmic-ray neutron

Betlieon the basis of the paper by Bethe, Xorff and

~laozek?), and it ws found that, with the known slow neutron cross seotion

of 25 (600 x 10-24 on’?for thermal neutrons) and the estimated C061dC-~ay

7) Bethe, Korff.and Plaozek, Phys. Rev. 5’J,573 (1940) “
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neutron distribution, one might obtain efi’eat?of the order of magnitude of

the observed ones.

Shielding by 2 gm/cm2 0fB203 should, howeuor, be s~ffioient tO

absorb praotioally all the effeotive aosmic-ray neutronso The experiments

wsre then repeated tith suoh a shield and we obtained

AX” 24.0 * 3.1

~y = - 2.2 &406

As to be expected, & was unaffected by the shielding beoause 28 does

not undergo fission by slow neutrons. This confirms the correctness of the “

interpretation of the effeot of the shield. The fast neutron effeot is an

exceedingly small one.

We shall disouss now the estimated errors in the measurements as

given above. In the final runs we havo
(
see equations (lo

Cl = 602/628 = 0.9!58@r C2 =578/859 = 0.673 O/il.r

with standard deviations

A c1 = 0.039 AC2 = 0.028

The masses Xl and Y1 are calculated from the alpha aotivity

of sample 1 (norsal uranium) and oheoked by its weight. We estimate that

they may be in evror by 2%. Vieoall ~+Y1=~ = 42.02 mg of metal.

In samplo 2 (enriohed uranium), the Berkeley system of analysis gives

R ‘X2/k2 = 2.76 ad the mass m2 = X2 + Y2 z 41.24 mg. We esti~te that

R maybe inerror byas muohas S$and m2 by2%.
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Using

neglecting some

[AAX)2 =

(A~y)2 =

-8- ..c——..-z- +...—.-.—.——

the standard formulae of the theory of errors one finds,

small terms:

(l/ml)z (A C1)2+(C1/~2)2’ (~ml)2 (2)

[(l*R)&]2(AC2)2 + (~n~)’ (ACI)2 + (C~R/m~)2 (Am~)2

+ p2(l+Riil?i72(A M2)2 + (c+~)- c@J2 ( Ail)z (3)

The values of the various terms in (2) and (3) for our experiments are

entering in (2), and

@+R)/%~dm2 = 1.3 (c#m, ==C2/m21AR = 1.0
.

entering in (3). Aa it is easy to see, all the oontmibutions are of the’

same order of magnitude. A considerable improvement of the preoision of the

measurements could only be aahi.evedby very great effort and does not seem

~xrranted at present.

V for s~ontaneous fission

From our measurements combined with other data it is also possible

to oaloulate the number of neutrons emitted per ~pontaneous fission. Maurer

and Pose8~ have measured the number of neutrons emitted per second by 8.82 kg

of uranium. Their data need recalculation because they are based upon an

8) Maurer and Pose, Zoitsohrii’tfur Phyeik, ~, 285, 293, (1943)
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incorreo.%%andardization of the number of neutrons emitted per seoond by

a Rn+Be 80WLW. Ifwe assume for this constant 11,350 n/seo per mC of Rn

we obtain from the data of Pose that 1 gm of uranium emits 30 neutrons per

Fermi (private uommunioation) has found that 1 gm of ordinary uranium emits

54 n/hr. From this number, which is probably more aoourate than the data,of

Pose, we find

d = 2.2

These figures may be in error by about M%.

Another measurement of the neutrons emitted spontaneously by ordi-

‘), who found fornary uranium has been made by Soharff-Goldhaberand Klaiber

normal uranium a spontaneous emission of 63.7 neutrons per tram-hour. only

neutrons of energy greater than 100 kv were deteoted. A8suming that 9@. of

the neutrons emitted are of energy greater than 100 kv, and taking our value

of 24 fissions per gram-hour, one finds from their value for neutron emission

9) G. Soharff-Goldhaberand Klaiber, CM-1463
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