E4 - Fission

Oxford solution




Worked example 1
In neutron-induced fission, a nucleus of uranium-235 (Zggu) absorbs a neutron and yields a nucleus of
xenon-140 ( ‘ﬁxe) and a nucleus of strontium-94 (gg Sr), according to the reaction

BU+ gn = "EXe + 3gSr +X¢n

a. Calculate the number of neutrons released in the reaction. Nuclide | fEsie e
The atomic masses of the nuclides are giveniin the table. w 25 ; 235.0439u
b. Calculate, in MeV, the energy released in the reaction. \ lggx a 139.9216u

c. Estimate, in ], the nuclear energy transferred when 1.0 kg of

94
pure uranium-235 undergoes fission. 385 L T

Worked example 2

Xe-140 and Sr-94 produced in neutron-induced fission of uranium-235 in Worked example 1 are
radioactive and undergo further decays. The stable end products of their respective chains of
decays are cerium-140 (‘gce) and zirconium-94 (%Zr)-

a. Explain why the combined proton number of Ce-140 and Zr-40 Nuclide Binding energy/ A

is different from the proton number of U-235. 23 7.591MeV
The binding energies per nucleon are given in the table. e 8.376 MeV
b. Calculate, in MeV, the total energy released as a result of this =
fission reaction of U-235. wZr 8.667 MeV
1. Consider the neutron-induced fission reaction fission in one day. Assume that the overall

235 1 144 8 1 efficiency of nuclear to electrical energy transfer in
+ 0 +%r+3 . e
U+ on = 5Ba+ 3Kr +3an this power station is 0.30.

The following data are given about the binding 2. Consider neutron-induced fission of plutonium-239,
energies per nucleon of these nuclides. o ] . . ]
aaPu + on = EXe + '%Zr +xn

Muclds ’ EibdRRenswyiia a. State the number of neutrons released in
2U 7.591MeV this reaction.
1; Ba 8.265MeV b. Calcullate, in MeV, the.energy relgased. The
following data are available for this question.
SeKr 8.615MeV

a. Calculate, in], the energy released in the reaction. 2§3Pu 239.0522 4
Estimate the fraction of the mass of uranium-235
converted to energy in this reaction. 1¥%e 133.9054u
c. A nuc!ear power station outputs 1 3 GW of 037y 102.9272 4
electrical power. Use your answer in part b. to

estimate the mass of uranium-235 that undergoes
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[C) Data-based questions

The number of neutrons produced
from the fission of U-235 varies. The
table below gives the probability P
of different numbers of neutrons N
being released.

0 0.033
1 0.174
2 0:335
3
4

0.303
0.123
0.028
6 0.003

Calculate the average number
of neutrons emitted (express
your answer to 1 decimal place).

¢ Theory suggests that
InP=k(N—=N_)?+ Awhere
N_ is the average number of
neutrons emitted and kand
Aare constants. Plota graph
of InPagainst (N = N, )? to test

reaing 7 neutrons

Dwts from N Ermalin. The Ongvnef
Neurenfakation

Av

0.033

0.174

0.335

0.303

0.123

0.028

0.003

Inp
-3.411
-1.748
-1.093
-1.194
-2.095
-3.575

-5.809

(N -Ng)2

1.21 x 102
7.92 x 101
3.57 x 100
8.35x 100
1.51 x 101
2.39 x 101

3.46 x 101

%yf N=F P= 00o0ay

KZ i 1y

lnf =" e (v-Ma) 4 A

this theory. (2 D-’ih‘/
Use your graph to find values

of kand A. Hence, find the L/’ = mi+ c
probability of a fission reaction
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