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1. Choose the correct answer : 1x5=5

(a) Quantum mechanical operator of total

energy is
vl Snmynty0
) -V h—
(i) 1. (i) 1 =7
i ? h? 2
(iii) —(r x V) (iv) -——V
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(b)

(c)

(@)
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(2)

The energy of a linear harmonic
oscillator is

(i) discrete and equispaced
(i) continuous

(iii) partly discrete and partly
continuous

(iv) discrete but not equispaced

If A== the operator, operating on a state
fu——on v, then the possible values of
any physical quantity of a system in the
operator equation Ay = ay are given by

(i) eigenfunction y
(ii) eigenvalue y

(iij) eigenvalue a as well as eigen-
function

(iv) None of the above

In Schrodinger picture, time evolution
operator is

(i) time dependent

(i) time independent

(iii) constant

(iv) None of the above

( Continued )

(e)

2. (a)

(b)

()

(@

3. (a)
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(3)

The selection rule for radiative
transition of an electron in hydrogen
atom is

() Al=0, Am, = +1
(i) Al=%1, Am; =1 or O
(ii) Al=+1, Am, =0
(iv) Al=+1, Amy =+1

What do you understand by quantum

mechanical operators? 2
2
Normalise y(x) = Ae™ ™ over the
interval —eo < x < 4o, 2
Define Larmor frequency. 2
Or

What are symmetric and anti-symmetric
wave functions?

Show that the expectation value of
Hamiltonian operator (H) is the total
energy (E) of the system. 2

What is Stark effect? How many

components are observed in Stark
effect? 1+2=3
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(b)

()
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(4)

Or

Find the magnetic moment, in Bohr
magneton, of an atom in the 3P2 state.

The ground state of a harmonic
2.2
—=cillator is given by y(x)=Ae **

2

where o =2L, k is the quasistatic

ho
force constant (U = 7 kx?). Calculate the

mean values of the kinetic and potential
energies of the oscillator. ot

Or

Show that for large quantum numbers,
the classical probability and quantum
mechanical probability of an linear
harmonic oscillator become identical.

Derive one-dimensional Schrédinger
equation from a wave packet and hence
show that the energy operator and
momentum operator can be represented
as follows :

E —aii‘:E and P—}f?z—a—
t 0x

( Continued )

(d)

(a)

(b)
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(5

Prove that the relation
E}E +V. j =0
Jat
where J in the probability current
density and p is the probability density.
Or

State and prove Heisenberg’s
uncertainty principle for wave packets.

How do you represent the states of an
atom in spectral notion?

Or

Show that if wl(?) and wg(?) are the
independent solutions of the Schrodinger

. = — -
equation, then W(r) =0y, (r) +0,W(7)
is also a solution. What does it imply?

3+1=4

Explain L-S coupling and draw the
vector diagram of LS coupling. Under
what condition LS coupling breaks
down?
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5. (a)

(b)

()

(6)

Describe Stern-Gerlach experiment.
Discuss how it explained space
quantization and electron spin. 5

Write down the Schrédinger wave

equation for the hydrogen atom.

Separate the Schréodinger equation for

the motion of an electron in hydrogen

—om into one radial and two angular

Sarts. )
Or

Show that the orbital angular
momentum of the electron in hydrogen

atom is L =#nl([+1), where [ is the
orbital quantum number. S

Show that the energy eigenvalues of a
particle in a one-dimensional box of
infinite depth are discrete and
proportional to n?. Calculate the value
of lowest energy of an electron in a
one-dimensional force-free region of

length 4 A. 4+1=5
(d) Find the values of (x), (x2), (p,) and (p?)
for the Gaussian wave packet
i (e
B e p e e 2ﬂzefkﬂr
el [cﬁ J 5

(7))

Or

The wave function of a particle moving
in one-dimension is given by

; EA(oaQ—xz), for —a<x<a
v =\ a ;

0 , for |x|>a
() Find the value of A that will
normalise W(x).

(i) Calculate the expectation value of x
and p. 3+2=5
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