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hat the one-dimension Schrédinger equation for a particle of mass m,

to a restoring force kx can be written as,

4 ;‘”(y )t (A-y () =0

—J- il y=—ox= [E;l"_} x , E being the energy of the particle.

H(y)e™ 2’2, where H(y) is a polynomial in y, show that the above
es to the form,

d’H(y)
d)12

dH(y)

95 +(A-DH()=0.

wave function of a harmonic oscillator is given by,

1/4 9
() = i exp| — s
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obability density maximum?

lue of the maximum probability?

icle confined to an infinite one-dimensional potential well of
= L) is given by,

= zmz_E , E is the energy of the particle, m is the mass and 4 is



(a) Applying the necessary boundary conditions, show that the energy of the p

quantized. Find the quantized energy values and corresponding normalizl:1

functions of the particles. ‘
|

(b) Draw the wave functions of the ground state, and the first exited state of the|

(c) For the case m = 0.06 me and L = 50 A, where m, is the mass of the
calculate the wavelength of photons necessary to exit the particle from
state to the first exited state.

(me =9.1x107" kg, h= 6.6x10%Js ¢ =3x10*ms™)
(d) If the potential outside the well is finite, sketch the form of the new gr

wave function inside and the outside the well without further calculations.

03. (a) Show that

i. the eigenvalues of a Hermitian operator are real.

the eigenstates corresponding to different eigenvalues of a Hermitian 0

orthogonal.

(b) Check whether the following operators are Hermitian or not and

eigenvalues to verify a (i). [Hint: use the matrix representation of operator
i. 0, =|aXp| ,where layi = 1) =212y =1 |3) and |B) =i|1) + 213)
ii. 0,=2 |11 - P13 + 12)3] +il3K1] + |3)(2] + |3)(3] , where {

is a basis.

(c) The matrix representation of the spin operators along x, y and z directions are
&=, 0.8 =1 Pmas="( 2
respectively in the eigenbasis of S,
i, what are the eigenvalues and eigenstates of §, in the eigenbasis of S
ii. find the eigenvalues and eigenstates of §, and S'y in the eigenbasis of 53
iii. if the eigenstates of S, are |+)and |—), state the eigenstates of S, and

combinations of |+) and |—) .

iv. state |[+)and |— ) as column matrixes in the eigenbasis of S



mean square deviation of an operator A in a normalized state |) is defined as

A = 1/<(A SR

(1/J|A |1,b) is the expectation value of the operator in the same state.

= J [(AZ) - ((A))Z], where (A?) is the expectation value of A? in the state

uality can be expressed as (a|a){B|B) = |{(a|B)|? for any states |a) and

’~ =(A—(A)lyY) and |B) = (B—(B))IY) and use the identity

7 2
’fﬁ ) / Zi] for any complex number Z and the Swartz’s inequality to show

{A' B])/Ziﬂ where ([A,E’]) repreéents the expectation value of the

oving in space with position 7 = (x,y, z) and momentum

mutation relation [%,7p,] and state other similar commutation

Ap, = h/z for any particle, where Ax is the uncertainty in
sition x and Ap, is the uncertainty of measuring momentum
on of the particle.

value of Ax. Ap,,?
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06.
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)

(c)

(a)

(b)

Show that in the non-degenerate stationary perturbation theory, if the H

G be. wmitten - ass = H Y A owith: HY o Hermitian A

HO @ =E Py @ n=1 23, ........, then the first order correctio

the energy E,” s given by E," =y, |H |wn'”) -

A particle of mass m, is undergoing a simple harmonic motion in one di

space with frequency .

(i) state the Hamiltonian and the particle energy when it is in the n™ std

derive).

(i) if a perturbation of the form H'= pEa (A<<<1 and is a const
m

momentum) is introduced to the above system, what is the first order

to the n™ energy.

Calculate the second order correction, En(Z) :

(i) Show that the spin orbit interaction energy term for H- atom i

where symbols have their usual meanings
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Note that <

(ii) Show that L.S =[ -
Consider a hypothetical atom with a H like nucleus and an orbiting pati
negative charge and a mass equal to those of an electron. The spin of

charge is 1.

(i) Draw an energy level diagram showing the splitting of 2p and Is

spin-orbit coupling. In your diagram, show energy differences



‘ notations of the new levels.

Write down the selection rules associated with J and / quantum numbers and



