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SECTION A
(5Qx4M=20Marks)
S. No. Marks CO
Q1 Show that the following operator is Hermitian.
3/2 0 —i/2
PO RS ] 4 col
i/2 0 3/2
Q2 Given that the complete wave function of a hydrogen-like atom in a
particular state is y(r, 0, ) = N r? exp (- Zr/3ao) sin’0 e determine 4 CO3
the eigen value of L..
Q3 Calculate the shortest wavelength of the Lyman series lines in
hydrogen. In what region of the electromagnetic spectrum does each 4 co1
lie?
Q4 Write down the expressions for position operator (Xop) in real (x) and
momentum (p) space (use free particle wave-function). 4 CO2
Q5 Explain how de-Broglie proposed his relation (A=h/p) i.e., a moving
materialistic particle have a wave-like behavior. The symbols have their 4 co1l
usual meanings.
SECTION B
(4Qx10M= 40 Marks)
Q6 Evidence for the electron spin was provided by the Sterrn—Gerlah
experiment. Sketch and briefly describe the key features of the 10 col
experiment. Explain what was observed and how this observation may
be interpreted in terms of electron spin.




Q7

Using the uncertainty principle, estimate the ground state energy of a 1-
D simple harmonic oscillator (quantum mechanical system).

10

CO2

Q8

Determine the degeneracy of the energy levels of a 3D isotropic
harmonic oscillator.

10

CO3

Q9

A metallic surface, when illuminated with light of wavelength 1,, emits
electrons with energies up to a maximum value E;, and when illuminated
with light of wavelength 4, (where 4, < A,), it emits electrons with
energies upto a maximum value E,. Prove that Planck’s constant h and
the work function ¢ of the metal are given by

E,—E{)A{A E,A,—E A
_ (E2—E1)A A, and @ = 2A2—E1A4
C(A1—13) (A1—242)

Or

The work function for tungsten metal is 4.52 eV. (a) What is the cutoff
wavelength Ac for tungsten? (b) What is the maximum Kinetic energy of
the electrons when radiation of wavelength 198 nm is used? (c) What is
the stopping potential in this case?

10

Co1

SECTION-C
(2Qx20M=40 Marks)

Q 10

Show that the difference between the wavelength of the scattered photon
and the incident photon in the Compton effect is given by

AL =

— (1 —cosB)

where the symbols have their usual meanings.
Or

2hv . 2
mgc2 S 6/2

K
Derive arelation | — =
(E 1+ 2hv

between the kinetic
p——"; sinZ0/2
(0]

energy K of the recoil electron and the energy E of the incident photon
in the Compton effect.

20

CO1

Q11

Using virial theorem, show that expectation kinetic energy of hydrogen
atom is equal to its expectation total energy.

20

CO3




Standard Physics Constants and their values:

Constants Standard values
Planck’s constant (h) 6.626 x 10734 s
Speed of light (c) 3 x 108 m/s
Boltzmann constant (kg) 1.38x 10723 J/ K
Rest mass of an electron (m) 9.11 x 10731 kg or 511 keV/c?
Charge on electron (e) 1.6 x 1071° C
Rest mass of a proton (mp) 1.67 x 10727 kg






