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Answer any 4 of the following 6 questions.

Q1. Itis well known that a ground-state 27Al nucleus can capture a thermal neutron and become an excited
28Al nucleus. Use the atomic mass table (Attachment A) to determine the energy (measured from the
ground state) of the excited 28Al nucleus? If the ground state of 28Al is known to be unstable, what is
the ultimate stable nucleus that the excited 28Al nucleus will most likely decay to? Why? What is total
amount of energy (and in what form?) that will be released during the entire decay process? Make an
attempt to draw the decay scheme.

Q2. The first resonance of neutron cross section for 60 is observed at En = 443 keV in the laboratory
system. (a) What energy, measured from the ground state of 170, is the excited state which gives rise
to the above resonance? (b) If the total width (I") of the resonance is 41 keV, what is the most
probable reaction type of this resonance? e.g. (n,y), elastic, inelastic),.etc. Why? (c) Is Doppler effect
(due to elevated temperatures) important to this resonance? Why or why not?
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The nuclides included in the table are those for which mass measurements have B 214079 7979265
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table represent 51014 15000008 0408 3191481
1. The atonic number Z, 6 568343 160061014 3B 249238 329780005
2, The chemical symbol El 7 787082 1700497 M -1995656 339785758
3, The mass number A. B B4 1804818 3435976 349045892
19 1586045 190170269 3 140064 359866874

4. The mass excess in keV.

5. The mass in atomic mass units u, 0 76649 200233673

n BB 210270876 5P 27 528 269991916
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1 H 1 78897 10078250 B 2094619 80224867 16 47700 15999146 B 28n namss
7 I 2041018 9 1N  9.0267891 17 80900 16991315 Ho-USEISS 33976364
3 1494979 30160493 10 3305023 100354809 18 7806 179991604 35 -u85761 34973143
11 4079586 11043791 19 3357 190035787 3 202508 35.9782598
l He 3 149320 3.0160293 I IBes1 200040751 o -189%71 369796083
4 UMI 40026002 4 Be 7 1576949 70169292 21 806174 210086546 B 446610 37984700
5138623 5022236 8 494166  8.0033051 0 N3 200961 39 -1264969 389864200
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7 2611026 7.0280305 10 1260658 100135337 U 1897446 240203699 § 48T 409800
8 3159798 8.0339218 N 0897 11021657

The planck’s constant: % = 21 =6.58217 x 10 eV.sec
T
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Q3.Pu-241 decays by beta emission 99.9975% of the time (Am
0.0025% of the time (U-237). [It also decays by spontaneous fission which is at such a low
probability that we will ignore it.] If you start with 10
which of the two progeny (U-237 and Am-241

much activity (Bq) does it have?

grams of pure Pu-241. After 90 days
) will have the largest activity (Bq)? How

Nuclide Z Half-Life A
Pu-241 94 14.29 years 241.057 amu
Am-241 95 432.2 years 237.049 amu
U-237 92 6.75 days 241.057 amu

Q4.Under the proper conditions, two alpha particles can combine to produce "Li nucleus.

a. What is the other product from that reaction?

b. What minimum kinetic energy must one of the alpha particles have to make the reaction

proceed if the other alpha particle is at rest?

c. Would it take less kinetic energy to have *He and “He interact to form a "Li nucleus?

Assume that the “He is the projectile and the *He is at rest.
d. What kinetic energy does the 'Li nucleus recoil with part c?

-241) and by alpha emission
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Q5. For the following 1D potential function, 4 4+
+00,x <0
V(x)=1-V,,0sx<a
0,x>a
= O—Ix =aq x=
where ¥, is positive. |

a. Assuming particles are incident from x = +oo in the direction toward — oo , with energies £ >0,
write down the Schrodinger equations for different regions.

b. Using boundary conditions, solve the Schrodinger equation. Evaluate all undetermined coefficients
in terms of a single common coefficient, but do not attempt to normalize the wave function.

c. Inthe region x > a, based on the solution of b), calculate the wave reflection coefficient.

Q6. A beam of deuterons with unknown energy are bombarding a stationary'*C target. The following
reaction occurs:

H+2C—*' He+'°B

The energy of the emitted alpha particles can be accurately measured. Those at 90 degrees to the
incident beam are found to have energy 8.18 MeV while those at 60 degrees are of 10.84 MeV. Use
this information to find the energy of the deuteron beam and the Q value for the reaction. (For
simplicity, you may assume that the nuclear mass is proportional to the atomic mass number.)



