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SH-V/Physics/CC-X1/20 (2)

(b) Wavelengths can be determined with accuracies of one part in 10%. What is the uncertainty in
the position of 1A X-ray photon when its wavelength is simultaneously measured?

(c) What is Zeeman effect? Describe the experimental arrangement for studying the Zeeman
effect. 1+4=5

(d) (i) Establish the relation LoDy = ihls

(ii) Prove that the operator Py is hermitian (symbols have their usual meaning). 3+2=5

3. Answer any two of the following questions: 10x2=20

(a) Write down the time-independent Schrodinger equation for the motion of the electron in
hydrogen atom, assuming that the proton 1s at rest.

ol @ (2 2) 2 (sind 5) -
Given: V=73 57 \7 & t Zsine 28 Sin@ a0 t Zsmze a7

Separate the Schrodinger equation into one radial and two angular parts. 1+(3+3+3)=10

() @ Consider a particle of mass m and energy E <V, moving in a one-dimensional
square-well potential of width L and depth Vy given by

L
V(x) =Voatx<—3
=0at—-£<x<E
2 o
L

Write down the Schrodinger equations for three regions. What are the boundary
conditions? Imposing boundary conditions find the well-behaved solutions in three
regions. [Values of constants appearing in the solutions need not be evaluated.]

(ii) The ground state and the first excited state wave functions of an atom are Y, and ¥,
respectively, the corresponding energies being Eo and E;. If the system has a 40%
probability of being found in the ground state and 60% probability of being found in the

first excited state, what is the wave function of the atom and what is the average energy
of the atom? (2+2+2)+(2+2)=10

(c) (i) Write down the Schrodinger equation of a one-dimensional harmonic oscillator. What is

the energy of this oscillator when it is in the eigenstate associated with the quantum

number n? What values may 71 have? What is the zero-point encrgy (Ey) of the
oscillator?

(ii) The lowest-energy eigenfunction of the linear harmonic oscillator is

Yo(x) = 2—?—’)1/4 exp[(—mmv/ h)x?]

where m is the mass and v is the classical frequency of the oscillator.

Show that the expectation value of the potential energy (V) of the oscillator in the above
state is given by (V) = Ep/2. (1+1+1+1)+6=10



(3) SH-V/Physics/CC-X1/20

(d) (i) Using vector atom model determine the possible terms corresponding to the principal
quantum number n = 3 and compute the angle between [ and § vectors for the term

*Ds /-
(i) Consider 2 electrons : l; = 3, s; = % ilh=1, 55 = % Find the J values assuming J — J
coupling. (3+3)+4=10
Useful Data :

h =6626x1073* Joule — Sec
m, = 9108 x 10731 Kg
e = 1602 x 10~1° Coulomb



