BU/B.Sc.-111/Physics-1X(H)/2016
B.Sc. Part-III (Honours) Examination, 2016
Subject : Physics
Paper-IX
Time: 4 Hours Full Marks: 100

The figures in the margin indicate full marks.

Candidates are required to give their answers in their own words
as far as practicable.

Group A

1. Answer any eight questions from the following: 2x8=16

. (a) Nluminating the surface of a certain metal alternately with light of wavelengths &, and 1, it was found
that the maximum velocity of the corresponding photoelectrons decreases by a factor of 2. Find an
expression of the work function of the metal in terms of A, A,, Planck’s constant and the velocity
of light.

(b) For the case of hydrogen atom, find the wavelength of the first line of the Balmer series in nano-
metre.

(c) Calculate the difference between ionisation potentials of atomic hydrogen and deuterium. (Assume
my, = 5 my,)

(d) What are the characteristics of the two events if their interval is (i) time-like, (ii) space-like?

(e) Show that proper time is Lorentz invariant.

(f) The energy of a particle confined in a one-dimensional box of length L. cannot be zero. Justify this
statement using the uncertainty principle.

(g) Show that [L L] =0, where L and L_ are the angular momentum and its z component of the electron
in hydrogen atom.

(h) Show that the probability of finding the electron in a hydrogen atom is maximum at Bohr radius (a).

[The ground state wave function of hydrogen atom is given as y, = Ae™™. Here A is normalization
constant.]

(i) Explain, in terms of the centrifugal potential of the hydrogen atom, why the radial wave functions
of the ‘s’ states are maximum at r = 0.

(j) All nuclei with Z > 83 and A > 209 spontaneously decay into lighter nuclei with the emission of
alpha particles. Explain this phenomenon with the help of ‘saturation’ of nuclear forces.

(k) How does the shell model account for the stability of the 'O nucleus?

(I) How can you explain the continuous energy spectrum of electrons in the case of B-decay of a nucleus?
(m) Write two properties of a nucleus which can be compared to that of a liquid drop.

(n) Write the spin and parity quantum numbers of the ‘p,” and ‘rho” mesons.
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Group B

Answer any four questions, taking at least one from each section. 12x4=48
Section - 1

2. (a) Compton scattering takes place between a photon of wavelength A and an electron of mass m, which
is at rest in the laboratory frame. If A" is the wavelength of the photon after the scattering, find an
expression of (A" — A) in terms of the scattering angle ¢. '

(b) If the value of A" with ¢ = 120° is twice of that with ¢ = 60°, what is value of A in nano-metre?

(c) Find the value of Compton wavelength. 8+3+1=12

3. (a) What was the purpose of the Stern-Gerlach experiment? Why is a non-uniform magnetic field used
in this experiment?

(b) Draw a simple diagram of the arrangement of the Stern-Gerlach experiment, including the observation
on the photographic plate.

(c) Elucidate the significance of the experimental observation. What should the observation be as per
the expectation in classical physics. Give reason for your answer. (I+D+5+(3+1+1)=12

4, (a) Write briefly the motivation behind the Michelson-Morley experiment.

(b) Assuming the existence of ether and with the help of necessary diagrams, obtain an expression of
the fringe-shift AN as a result of the rotation of Michelson’s interferometer by 90°.

(c) What value of AN was observed in the experiment? What is the implication of the observation?
2+8+(1+1)=12

Section - 11
5. A one-dimensional square potential barrier of height V, and length a is defined by,

Vo) =0forx<0

=0forx>a

=V, for0<x<a
Find expressions for reflection and transmission coefficients for E < V. Hence plot transmission
coefficient with energy of the particle. 5+5+2=12

6. (a) Write the Schrodinger equation for the hydrogen atom in spherical polar coordinates, with the
coulomb potential.

(b) Separate the equation in (a) by standard procedure into three equations corresponding to the coordinates
r, 0, ¢.



(3) BU/B.Sc.-1I1/Physics-IX(H)/2016

(¢) What are the possible values of the / and m,, quantum numbers when the principal quantum number
is n = 37

[Given, in spherical polar coordinates,

2
i dfa.8 L3 (Bpd: 19 s
=12 (r2)+ T 5 e %) o o ] 2+(3+342)+2=12

Section - III

7 Construct the Bethe-Weizsacker mass formula of a nucleus in the framework of the liquid drop model
taking into account,

(i) volume energy,
(ii) surface energy,
(iii) coulomb energy,
(iv) asymmetry energy and
(v) pairing energy.

Show the mass parabola in a diagram for even-A and odd-A nuclei and justify. 9+3=12

8. (a) Draw a simple diagram of the Geiger-Muller counter and briefly describe its various parts.

(b) Draw the characteristic curve for the Geiger-Muller counter showing the plateau region, Briefly
explain how the shape of the curve arises.

(¢) What is the necessity of quenching? Describe the quenching process in a self-quenching counter.
(242)+(1+3)+(1+3)=12

9. (a) Regarding nuclear reactions, elucidate the terms:
(i) exoergic,

(ii) endoergic,
(iii) Q-value.

(b) Consider a nuclear reaction where an incident particle of mass M, and kinetic energy T, collides with
a stationary target of mass M. After the reaction a particle is emitted with mass M_ and kinetic energy
T, leaving a residual nucleus with mass M_and kinetic energy T. The emission takes place in a
direction making an angle 0 to the incident direction.

Obtain an expression of Q-value of this reaction. (1+1+1)+9=12
Group C
Answer any six questions, taking at least one from each section. 6x6=36
Section - 1

10. Find the wavelength of radiation which will be emitted due to the transition of the electron in the singly
ionized helium atom from the n = 4 to n = 2 level. You may neglect the mass of the electron compared
to that of the nucleus in your calculation. 6
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BU 11. Consider the hydrogen atom placed in an external, uniform, weak magnetic ﬁeld?aiong the Z-axis. Taking
into account the spin of the electron and the spin-orbit interaction, show that the magnetic energy of the
atom, when its total angular momentum quantum number is j, is gm, By, where g is the Lande g-factor,
m; is the angular momentum projection quantum number and (L is the Bohr magneton. 6

Section - II

12. Two spaceships approach each other, each moving with the same speed as measured by a stationary
observer on the Earth. Their relative speed is 0.70C. Determine the velocity of each spaceship as measured
by the observer on the earth. 6

13. A target proton is at rest in the laboratory frame of reference. A projectile proton collides with this target
proton and produces a n° meson by the reaction, p+ p — p + p + n".
Considering the two facts:

(i) for this reaction to be possible, the minimum kinetic energy available in the centre of mass frame
(where the total momentum is always zero) is equal to the rest mass energy of n°,

(ii) the quantity (E* — P? C?) is independent of frame of reference,

Calculate the threshold kinetic energy (in MeV) of the projectile proton in the laboratory frame, for the
n° production. 6

Section - III

14. Using the uncertainty principle, in the ground state (of size ‘a’) of hydrogen atom and making use of
the following steps:

(i) Take size a = A x,
(i) Take A p_ = p,
(iii) Write the total energy E of the electron,

determine the value of ‘a’ for which the energy is minimum. 6
15. (a) Write the one-dimensional time-independent Schriddinger equations with potential V(x) for two
energy eigenvalues E , E, and corresponding eigenfunctions V. V,.
(b) Using these equations show that

(i) the energy eigenvalues are real,

(ii) different energy eigenfunctions are orthogonal. 2+4=6
16. An otherwise free particle is constrained to move on the surface of a sphere.
(a) Write the Hamiltonian of this system in terms of the orbital angular momentum operator.
(b) Write the energy eigenfunctions and eigenvalues,

(c) Consider any one of the energy level and write the degree of degeneracy associated with it. Give
reason for your answer. 2+(1+1)+(1+1)=6
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