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Use mp = 938.28MeV, mn = 939.57AlcV. la.m.u. = 931.5MeV, me= 9.1 X w-31 kg .. h = 

1.055x 10-34 ]-s, e = 1.6x 10- 19C, I3, == 28.32MeV, ma = 3727MeV, he= 197Me\l fm. 
e2 /(47rEo) = 1.44 A1eV fm, 1Ci = 3.7 x l0 10disfsec 

Q. 1. (a) A radioactive parent nuclide has a radioactive daughter. Find the expression for 
the time at which the activity of the daughter is a maximum, assuming an initially pure 
radioactive parent. What is the ratio of the activity of the parent to that of the daughter at 
that time? 

(b) An initially pure sample of ~rTh (t 1; 2 = 18.2 days) decays into ~~3Ra (t1; 2 = 11.7 days) 
by alpha emission. The ~~3Ra is also an alpha emitter; when is its activity at a maximum? 

(c) What wm be the ratio of the activity of ~67Th to the activity of ~~3Ra after several 
months? 

(d) What do you mean by transient equilibrium in radioactive decays? Write down the 
conditions under which this equilibrium exists. [5+2+3+2] 

Q. 2 (a)The Q value for the a of ~~4Po is 7.83 MeV. What is the energy of the a particles 
emited? 

(b) At what distance from the center of a ~~8U nucleus is the a-particle of its radioactive 
decay released with zero kinetic energy? The disintegration energy is 4.27 MeV 

(c} In the a-decay of ~~8U to ~g4Th, a-particles of 4.195, 4.147 and 4.083 MeV are observed. 
Estimate the relative strengths of these three transitions, assuming it depends only on the 
barrier penetration factor. What are the most probable spin-parity assignments for the 
states of ~g4Th produced in this process? State briefly why consideration of the spins of the 
states of ~g4Th would change your estimates of relative strengths. [2+ 2+6] 
The Gamow factor is given by 
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Q. 3 (a) The nucleus ~~Cu can decay by emission of 13-, f3+ and electron capture. From the 
atomic masses given in the following, calculate (i) the maximum kinetic energies of 13- and 
(3+. (ii) the neutrino energy in electron capture, (iii) the kinetic energy of the recoil nucleus 
in electron capture. Relevant atomic masses : ~~Cu 63.92976, ~~Ni 63.92796, ~~Zn 63.92914. 



(b) Find the number of conversion elec
trons emitted per second by a ~~Fe 
radioactive source with an activity of 
1.0 mCi. The diagram of ,8-decay of 
59 Fe nuclei is shown in the Fig. 1. 
TfH: internal conversion coefficients for 
I' L {'2. {'3 are equal ,to 1.8 x 10-4 , 

1.4 >< 10-4 , and 7.0 X 10-3 , respectively. 
The probabilities of 12 and ')'3 emission 
relate as 1 : 15. {5+5] 
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Fig. 1: Decay scheme of 59 Fe. 
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Q. 4 The nucleus !§7In decays to ground 
and excited states of §67 Sn, as shown 
in Fig. 2. Excitation energy, spin and 
parity of the levels are mentioned for 
each level. The end-point energy of the 
,e- decaying from ground state (9/2+) 
of ~§7 In to the excited state (7/2+, 712 
keV) of M7 is 744 keV. The excited 
state (1/2-, 315 keV) of ~§7In decays 
via ,e- and gamma transitions with 
branching ratio mentioned in Fig. 2. M4 

y3 159 keV ... 
3/2. 

(a) Find the multipolarity and type y4 0 1/2+ 

(electric or magnetic) of the gamma 
117 transitions ')'1, /2 and /4. Fig. 2: Decay scheme of !§7In. Sn 
50 

(b) If the gamma ray (13) is of M4 character, determine spin and parity (most probable) of 
the level at 315 keV of k67 Sn. 

(c) Find out end point energies of the beta particles, ,81 and ,82 . 

(d) Calculate logft1; 2 val"ues for all the three ,B decay transitions. 

(e) Classify the beta decay transitions according to their degree of forbiddenness. 

(f) Using Weisskopf estimate (given at the end of the paper) for the gamma-decay transitions, 
')'2 and ')'3, compare the lifetimes of the de-populating states. Justify your answer. 

(g) How do you analyse the fact that half-life of the excited state (1/2-) is higher than that 
of ground state (9/2+) of !§7In. [3+1+2+6+2+2+2=18] 

The Fermi function is given by 

f(Z,Eo) =-tEo- 1
1

2 c~ + 
3
1
0

cg + tJ(l + EB) ln [Eo+ V(l + c5)]. 
The symbols have their usual meaning. 



Q. 5. (a) For the reaction P + P -+ 7r+ + d, CYpd is 0.18 mb for incident protons of kinetic 
energy 340 MeV in the laboratory frame, whilst for the inverse reaction CY drr is 3.1 mb for 
incident pions with kinetic energy 29 MeV in the lab frame. Using these data calculate the 
spin of 1r+. Take the deuteron spin 1 for the calculation. 

(b) The reaction cross-section for the reaction g0B(n. o: )~Li is G30b for the incident neutrons 
of 1 eV. This reaction is often used as a means of detecting neutrons by filling an ionisation 
chamber with 10BF3 gas. Such a chamber, with the ga:-:; at STP, of rectangular cross section 
is exposed to a broad beam of neutrons of energy l eV. lf the chawber thickness (in the 
beam direction) is 0.1m, the cross-sectional area is 2 ?C 10-:2 m2 and the counting rate is 103 

per second, what is the incident flux? 

(c) The reaction 34S(p,n)34Cl has a threshold at a proton energy of 6.45 MeV. Calculate the 
threshold for the production of 34Cl by bombarding a hydrogenous target with 348 ions 

(d) Sketch and justify the variation of reaction cross-section with velocity of the incident 
particles for an exothermic (n,p) process. 

[3+3+2+2] 

~======================================================================================================= 

Weisskopf estimates (E is expressed in MeV) 

Electric type 
.A(El) = 1.0 X 1014A213 E 3 

.A(E2) = 7.3 X 107 A413 E 5 

.A(E3) = 34A2 E7 

>.(£4) = 1.1 x w-sAsf3£9 

Magnetic type 
.A(M1) = 5.6 x 1013 gl 

.A(M2) = 3.5 X 107 A213 E 5 

.A(M3) = 16A413 E7 

>.(M4) = 4.5 x w-6 A2 E 9 




