oW oz B W
EEK 8 E B

(#f 1 K 8% W 32 8 OR)

1040 4. Flerov J& Petrahaklft 1 FURBAMTIEL S BN BEME IR >
FATL B THMTR ARL PRSI 1 x 100 52 1 x (0742

. RBRMARRA BRI EBRIIEZRE. -
1942 4g. Scharff-Goldhaber & Klaiber(E 2] i) J 7568 2 P8 M 52 Tl Bl % B 2%

2P T mﬁﬁﬁ?{%ﬁﬁﬂfﬁﬂﬁm—-ﬁFP% WM ARZ LENE
3 x 1010 4.,

Maurer J& Poseltt 3] FEViEZEiH |, 345 PoselEE 4] 77 ZRHE th, D}:ﬁ‘*ﬁﬁﬁ,ﬂtﬁiﬁ
> RN TR, SR M2IE L A S R A TS h T2 4 5
AR 2.5 x 108467 3.1 x 1070 4E.,

LR FE R RS MR RIN HEsD, FRIGHES B 2 R ANAURH £ 4 8
F 40 A -

s b, HZUR ¢ SR BREFHEDZRBEAE U & U 5
BZY. MR 0S5 22 ifg e 5) %A?ﬁﬁﬁxﬁwza%w Usss,

* 1951 &g 12 1 26 Hi¥3). |
[#:1] G. N. Flerov. % K. A. Petrzhak, Phys. Rev. 58 (1940), 89

(£ 2] G. Schaff- Goldaber % S. L. Klaiber, Phys. Rev. 70 (194-5),

(73] W. Maurer % H. Puse, Zeits. f. Phys. 121 (1943), 285

(R 4] H. Pose, Zeits. f. Phys. 121 (1943), 293.

(£ 6) 48 Frankel }x Metropolis Zftt§g, U R U8 245 ZiBJRBAAIRIR 6 2 7 Mev (R2
% 6 vh s =) e

5_



¥ b i " D ~92‘$

ot L A S

A BUZIN U 1G22 0MEAS 10 4= Frankel J2 Metmpuhs[“ﬁ 6] "[ﬁzﬁ
gAR U Py RS 10 45 By UPP BRZAFBTEHNS R
BSHIAS A SE, JUESRAS 10 45, (BE7) JRdn Turner %E[RE7 28] FRiRH, FEBLARF:
Fith, Gamow %8 HAs 2 5 WILRTA Z RN TEE, BEDRZEERE
AR PO TS Z T 2 BRTiE 2. Gamow R HAT SV Tz BefiE. eI st
P2 RS MIHETEE. T4k, Fravkel & Metropolislik 0 EL3% R Z FE dy B SR
Gk ez L A2 5%, R B TR AL A T 2 UG, SRk
ZAF B DA 100 5 e ) BT S L

FESERRER TP TR A 1] P B ER G B 1 2828 e B POt 1) TR E R T He) S Sl
BZUZAR5E0. A TR R AR e Al gl -z [R5 40 B, Rﬁﬁﬂlwl‘i&—]ﬁhz-ta
3.

ey |

iilti

Za B BB

Tl A —AAT BRI BRI . S F A —RFUEZE,
BCRTE T ZRANCIE. S — R B EF A2 270 IR
SRR . CSER—T LS 62 JIkZBIBADT, M kR R
fegifer. BALSALGIARE SIMANRE BT AR B IR . BeMie Bk aliR
TS MR R AT ¢ SRR T2 AR Sk B VD R, 5
VRN GBS LA, eI A 2R A R T b, SRR AR
A 400°C, JETLA G, TUFALVRED. ST, TEIds. b T3 FIENBZ
e [hﬁ“ﬂﬁhiﬁ ; Eﬁﬂﬂﬁﬁm?ﬁﬂﬂﬂf{.ﬂrﬁﬁﬁﬁﬂﬁ 1.2 Jii K, BEEEE
SRR 2 208 7 RSB SRR 2 BT R A AT 2 L TR R

v ERUIER, P GAKS /NJRZRAE KL 2 — WS B A RS AR S F— B

——

(1G] 6. Frankel 2 N. Metropolis, Phys. Rev. 72 (1947), 914.
[fE7] W. E. Stephens %, “Nuclear Fission and Atomic Energy”, The Science Press (1948),
I 109—110.

(RES] L. A. Turner, Rev. Mod. Phys. 17 (1949), 292,



1] B Ol R OW R B8 a = 5

| g 48
BT sk Py
: ""_‘_;.'::'_‘.‘_‘:::::'_' — - i#ﬁ‘tg
‘ % :EJ e — :ﬂ_‘@-}g
& R E: H 1
%M S L apr 377
ZRA%RE ‘ /63— 6AK5 l—
. ' | "I |
X ¢ I Z 3 4 5
cm
.
1.

AU RBEZR@E . TR ZRUZREE, (39 3%, P 6517
B AR, EhR A RO RS R BT RE 10 X 109,
2 RTE B RO Z A BT E. |

T AR A R BGE A — Cenco TE-FoRilidy, 4822, Minls LEZ, M
BETENR 35 2 02 S5 P A A5 B, LA FES M 20 . BB PEARH
W BEIRE ) PR L, BORBYIR, SRRt AR IR AAL Z 52 L. DAUBLEE.

PSR Kanner J Barschall(k 10] Bt FE AT A2 A\ TR 18588 ZE LR LR
iR, SNSLIEL M WY 8 220250 R4S

= BB ARG E _
RSB L AR A b gahen i, PSS RS NE 1.8, 34,
6.7, B 14 B30 U/JBR®. Bz —Roh, SERR= WA EMERE 11 JLRM
5B, SGFREEIRLL O /M 45 )42 10 Fok 10 FeDA b 7545 ) TS 11 2B A5 5
;ﬁﬂi&:%'—"ﬁ 3 358 B2 Ra — Be rhy-glet 2R fEmBE = mi( Bl 1 P x ZER).

JEES] R — R BB B Z S, £ R UMD 2 A, DU F el SRR
JtE 10] M. H. Kanner B H. H. Barschall, Phys. Rev. 57 (1940), 373.

(BE11) KB BERA A RbFBEL, I SO —REALZHEE.
(Bf 12) BF@ 8 4% & RHBery His.




S T oh TV 2 NS D — S TE R 2 RS AN D TR
WA BUF D TR IR A, IR NS, SRz — I, RAEBEI Y
2y A TR T P BT B A SR
W A, BV R T T/ DS TR R S B R . TN = B A
TSI BRI 2 PO — VM LA, v A LD 5 S G5
4/ 2 R

REREZERBRE o BRSO R—2 R, 22052 R
M. ASRERAR o BIIRHLHIR, B — B AR S 2 AR 55, LS RS o DRIl
thZ B K2 A, BB 2 RIS Bk MBI IR o BLIRAR
LR AR LA ARG « R R A 2R a A
f@ 60 /pRFARRE—K. .

HRBRE 2SR ME MR BN 2 -
o= BRI

u—ﬂﬁﬁﬁﬂmﬁméﬁﬁ%ﬁ
=ZBYEINZFH N5,

= RSN ZEAHR (BT 2R ERRR HISRE Wy MK
ALK IR B DT PR,

S = Ry (1 — 5./R,) - ERABRS s, W5 E Gl R PR 258 ey B
HERNIRE D, 5.~ Ro/5.  PIGH R TR AR . BEBETOARE. B4
B R R T 4 BAR. WE < s b BAZRRREBENBES s

ﬁﬁﬁﬁﬁﬁ’qﬁéz&}ﬁxﬁﬁﬁmﬁmwﬁﬁﬁf= Lo W ez o B,

4> sy L ZVR TR BB 22, ﬂﬁﬁ#*ﬂﬁﬁﬁ%ﬁﬁﬂﬁmﬁ Jlse Su/ L.
v F BRESMBRZMe, ip F =1 .._.f Al 2
F S

t S Su F=1—22 : (1)
- |




15 oA MR, OW ¥ B: 8 % Z B #H « ¢

3 | t = sy, F o e, (2)
M. B Ko R

ook 3.4 BES/TEKE—)T, PAER T 10 K, 3k 00 /NN, JLiads 50 K%L &
b 6.7 Z535/JEAC—, BIEET 10, F403 88 MY, JLARMS 57 K AZL b 14 55
B/ A— AR T 14 K, K4GF 126 /By, JERf 56K 4L AEREBRD,
o L 2 B A NR IS e 2 AN, SRR I SRR R E. T FEBR B B
A 728 o 1 phy R A TS ST BB R S 2 5 I P B A K 2 IR, DA
BHIE FERY AR 8 |

S — B 2 2208 TE SR ER. TIZCARIER % 10 /N, RE 8 RA
B B IR 53— 2 M0 /NI, B A 8 — R S, IR0 T IR
R BBk AT AR, R R, 4558 = KGR, Tk
G S B h 2 RS S, |

TR EE A7 2 s BN T
ghig (3 U/EX®): 1.8 B34 6.7 14
BN SRR - 1784+ 11 9268+ 15 353+18 378+ 1.9
WS B ZUR 2s 7 I - —- 81 84 85

B LR (5 45 S AV 5 SR, PR AR (1) (2) ZRAE—MARESZ T
BEHIA, B 2 R A MRS B IR AT 400 X,
WA 5. = 6.0 ZE3 U/ R, EVEURWER LS LA SRR

R, ~ 'jT se=7.5 2ZEw U/JEXK>

RIS ZIR e e MRS 85 + 4 Hai2f BUZIA S 45
/DU 4.8 + 0.7 2k, AIESG B ZLZ BN

(4.2 + 0.6) x 10 4E,




) &

0.4

0.2

5% Kk ADZ K Sk

0.1

& 2.

o o€ 3

l..'l'll.-'.'. - - P L L ..l.ul_.ll._l-....l..l_.l.l.




14 - ‘ L X OB ox B % 9

EAEBRI g 2B RER U, Al U5 B ZPEE 5 x 108 4_:.

W3 SR 4 45 ZeH At 2 B2 — B R B AR 2 5
MG, ST 2 M AR B R B e 2 A, SR TR R B S
SRR Z.

. b W

R s S H PR M E0RE, SEVEAE Flerov S Petrzhak i3 iy AR SR5 Ay
o4 B JERE S, ISR Scharff-Goldhaber, Klaiber, & Maurer, Pose & 2 ER#S R
e Anie Gl 2N 7R e £ PR T, TR A B th B A
7 th 47 e 22 0 AR, A T REAEE A B SRR A (e, ),
(n,2 1), (7, n) Scigilee 13) SRR EGH 2 AfET EA P T B2RR, SR
TRER . SR B SR B R R R A U5 R — R JE i .

Seare J; Wiegand[tt 14] & a5t G ZURMTE Us Os hZRRFFER 10 &
s /RS JRED 9.2 EEv U/FKE. ARGRULAE, v b a3 rb 45 o [E i B gt
RS RSO E, B AR RRIITE Us Os (PRVHEUNTRR 71 33 U/BEX,
o i SRR A RS K TSR PSR 7.5 285 U/HEDK® BERRAT A

fE SN h R Rk st . el M T v RE AR, JLRTEA: (1)
SRTESE b RS AT S (2) MG R R B IR T, TTHER SR
BRIEEGHEAGRE; () RIRIEIRES ZREURMER; (4) THREA ARG
2. B EFIBGRAE MR/ MESE L

 BORTERRERIE, B AR s s S M 1 R, BUER AR
SR(RE 16], o B PR IF SR s (e 16), VT AR RYGHTE, L 5 BRI

TR I F0 e 1 0 U v e e e 17), S W) G e P (B XARF 5

[RE 15] [N BRoR 2 BT 14 2 T b 08, 165 T A gtk o BT AR e BB R TSR
F35, T F G o A T R R RK-

(2 14] E.Segre % C. Wiegand, Phys. Rev. 70 (1946), 810.

[#£16]) W. C. Elmore B M. Sands, “Electronics, Experimental Technique”?, (1949).

[#£16] H. W. Koch, J. McElhinney, % E. L. Gasteiger, Phys. Rev. 77 (1950), 350.

[§£ 17] J.T. Dewan % K. W. Allen, Rev. Sci. Instr. 21 (1950), 823; W2¥ 10.




10 i 2 2 o S %

— 5 T TR IR, RS A s R BB MV, DADORE 3 e
R B AR R S, MBI EERITE— ik |

Bt RN I 00 #50) FR MBS — IR SRR, R B, FE RS, 295181
£ 7 AR,




1 ¥ MO #E, W N e s & X A #U 11
, — , - i

SPONTANEOUS FISSION OF URANIUM*

By Lu Ho-ru (HoFr Lu) AND Tsa0o HsuAN-LING

Physics Department, Cheliang University

ABSTRACT

An attempt has been made to determine the half-life for spontaneous

fission for the “average uranium atom’ with an argon-filled parallel-plate
ionization chamber, employing the method of electron collection. The
high voliage electrode contained an aluminum disk of 6.2 cm diameter
on which was deposited a layer of uranium oxide prepared in the follow -

ing manner. A known amount of uranium nitrate crystals was dissolved
in alcohol and mixed with properly thinned colorless lacquer. The pro-

cedure then consisted in applying a small amount of the solution on the
disk, baking it on an electric furnace to about 400°C for five minutes, and
repeating the process agairi and again until the desired amount of uranium
had been deposited. The ionization pulses were observed on a Cenco ca-
thode ray oscilloscope to which the output of the amplifier was connected.

Uranium deposits of 1.8, 3.4, 6.7, and 14 mg U/cm® on identical
disks were prepared. The spontaneous fission pulses fromn each of the last
three thicker deposits' were observed consecutively for ten days or mare,
the period of observation being nine continuous hours each day. Before
and after this observation with each deposit, a three millicurie Ra-Be
neutron source was placed in front of the ionization chamber at the posi-

tion marked in Fig. 1 with a cross, the chamber system and the neutron

* Received December 26, 1961
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nded by paraffin blocks of reproducible geometry,

g

source being then surrou
and the pulses due to fissions thus induced were observed for several hours,

With the thinnest deposit only neutron induced fissions were observed.

The induced fission results were extrapolated to zero thickness to oive the

actual rate of induced fissions per gram of uranium. A weighted average

of the three observed values for the ratio of the rate of neutron induced

to that of spontaneous fissions were used to calculate the actual rate of

spontaneous fissions per gram of uranium,

Since the fission pulses occurred in a background of numerous a-par-
ticle pulses of varying sizes, only pulses of heights greater than twice those
of the largest a-pulses were noted and their heights recorded. As calcu-
lated from the observed frequency of occurrence of the largest ﬂ:-pulsés
and the resolving time of the pulses, the chance that two largest a-pulses

would start to pile up was not more than one in 60 hours.

The method of extrapolating the results to zero thickness was as fol-
lows: Let ¢ be the thickness of deposit, R, the mean range of ﬁ_sriﬂﬂ
fragments in uranium oxide, R that in argon, s, the minimum detected
path-length in argon gﬂrrespnnding to a chosen bias of pulse heights, and
s,=R,(1 —s,/R,) the remaining length of this path that was in the
deposit. In our case s;~ R,/5. Then, the fraction of the number of

fissions occurring at depth d that was not observed was d/ s, ift 5
Hence, for ¢ = s,, the total fraction of fissions missed was f = = t/S, I,,
. ; g e

) g ¢ _ _
= s, fissions occurring at depths d = s _were entirely missed, so that the

total fraction of fics i : 1 . .
of fissions missed ‘was JS=1 —Q—sh,/r. Or, the fraction of

the number of fissions that was observed was F=1-f

F-I—f/.?s” for 1= s

u?

Floes,/2t for 1z, (2)
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In ten separate rums, totalling 90 hours, 30 spontaneous fission pulses
were observed with the 3.4 mg/cm? deposit. In ten separate runs, totall-
ing 88 hours, 37 spontaneous fission pﬁ]ses were observed with the 6.7
mg/cm® deposit. In 14 separate runs, totalling 126 hours, 56 spontaneous
fission pulses were observed with the 14 mg/cm?® deposit. Throughout
this observation, the gain of the amplifier remained practically constant as

indicated by the constancy of the heights of the largest a pﬁlses—

In two separate runs, each of 10 hour duration, in which a blank
electrode replaced the uraniuin-carrying one, riot a single pulse of fission
size was observed. In another similar 10 hour run, it so happened that a
disturbance of unknown origin and short duration occurred among which
two pulses of fission sizes but of appearance different from fission pulsis
were observed. It was, therefore, safe to assume zero background for the
fission counts.

The rates at whieh induced fission pulses were observed were 17.8,
26.8, 35.5, and 37.8 per hour. These values couverted into number of
pulses per hour per gram of uranium and were plotted in Fig. 2. The best
fit with equations (1) and (2) was obtained with s, = 6.0 mg U/cm?, cor-
responding to a mean range of fission fragments in the deposit material of
approximately

R, =~ ~5—s = 7.5 mg U/cm?,
u ™ 28,
and an actual induced fission rate of 400 per hour per gram of uranium.

The ratios of the observed rate of induced fission to that of spontaneous
fission were 81 , 84, and 85. Using a weighted average of 83 * 4 for this
_,ratin, the actual rate of spontaneous fission of uranium was found to be

4.8 £0.7 per gram per hour. This corresponds to a half-life for the

average uranium atom of
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(4.2 = 0.6) x 10'° years.

If we attribute spontaneous fission principally to U2?%, the half-life for 7285

would be 3 x 10'* years.

In Fig. 3 and Fig. 4 are depicted the distribution of heights of neutron
induced and spontaneous fission pulses observed with the thickest deposit.
Their apparent similarity together with the randomness of occurrence of

the pulses reassured us that we were observing natural fission pulses. -

To our surprise rather than expectation, our result falls in the range

“of values given by Flerov and Petrzhak. This would indicate either that
upon each spontaneous fission as many as about ten neutrons w ere set free

or that most of the neutrons observ ed by Scharff-Goldhaber and Klmber

and by Maurer and Pose were of secondary origin, being formed in some

processes due to the presence of

the uranium sample, e.g., (a, n), (n,‘gﬂ):
(¥, n) reactions or the like. |

Only statistical errors were considered in our calculations. Other sour-

ees of errors wers: (1) difficulty in obtaining completely uniform layers

» (2) possibility of different carbon contents in the de-
posits, resulting from the use of lacquer adhesive, (3) the rather arbitrary

choice of pulse height bias, and (4) possible presence Of anrecognized
spurious pulses,

of uranium deposits
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