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Answer FOUR questions only.

01. (i) Define the following:
Eigenvalues,
Eigenfunctions,
Hermitian Operator.

(ii) If4 and B are two Hermitian operators then show that

(a) A”is Hermitian.
(b) (AB+BA) and i(4B-BA) are also Herrmtlan

€ If [4, B]—zﬂ, then Ais real. |
(iii) Ifp= —rhgx— show that [ D, X ] —rh and use the Mathematical Inductlon

to show that LT b= ——mfzx" -t ,when nis a omtzve integer.
P P

(iv) Show that w(x)=exp(ikx) is an eigeﬁﬁincﬁ_oh of the momentum

A d
operator p = —ifi—.
P P T

02.  The state functron w(x)ofa particle, free tomoveona stralght line ox, is given by

_xz';ﬁ
wxy=es ",

where A, p and hare constants.

(i) Find the expectation values of the position and momentum of the particle.

(ii) -State Heisenberg's Uncertamty principle. '
Find the uncertainty of the momentum and of the position of the particle.

(iii) Verify the Heisenberg's uncertainty principle.




03.

04.

_ Y
A partlcle of mass m moves in the x direction under a potentlal Vx) =—2-mco x*

92

where @ isa p051t1ve constant.

0]

If A is the Hamiltonian operator, show that

ﬁ:nm[gg‘ %J

 where Q’L—-(Zrnhm)—% (ma:x—iﬁ_,).

(ii)

(iii)

(i)

fii).

(iii)

(iv)

Obtain the following commutation relations,
@  [¢¢]=-1

®  [A¢]=hag

©  [A¢]=-hag

Obtain the -Llowest. éigén#alﬁe of H

Define the expectatlon value of a dynamlcal varlable represented by an

-+, Operator A.

A Hermitian operatorA is deﬁned as one for whlch for all normahzab]e
functions f'and g, :

[1Agdz = [(dry gdr.

~ Show that its expectation value is real.

The time independent Schrisdinger equation is given by
a':f’
H =ih—
1,,/ o’
where H is the Hamiltoman operator Show that, 1f Ais Herrmtxan then

o/ 04
-y ( #,4])+
ot ( > h [ ] < ot > _
Hence obtain Ehrenfests s Theorem for a particle moving in a potential ¥,

d,.
5\ B)=—(V7),
where p is the momentum operator. Give the physical interpretation of.

this result..




05. A particle of mass m and energy £ moves in the positive x direction and meets a
barrier. The potential energy ¥(x) of the particle is given by,

0 ;x<0
V(x)=<¥, ;0<x<a .
0 ;x>a

(i) Write down the equations satisfied by the wave functiony(x) in each of the

three regions and state clearly the boundary conditions which need to be
satisfied by w(x). '

(ii)  Find the transmission coefficient 7.

06.  Angular momentum of a particle is defined as a vector L, such that I= rxp

where p is the momentum and 7 is the position vector of the particle with respect
to a fixed origin O.

(i) Write down the Cartesian components L_,L ,L of the angular momentum

Jl!
operator.
Hence obtain the angular momentum operator in spherical polar co—ordinates.

(ii) Prove the following relations for the anéular momentum operator.
®  [L.L,]=itL,

® [£.L]=0.

(i) If L, =L +iL, and L =L —iL,, Prove the following resulits,
@ [L.L]=hL,
b  [L,.I.]=25L,
© [2.L.]=0.

-Copyrights reserved-




