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INSTRUCTIONS: Answer Question ONE and any other TWO questions.

QUESTION ONE (30 MARKY)

a) Explain the meaning of the following terms as used in quantum mechanics

i.  Coherent states (2 Marks)
Ii.  Scattering states (2 Marks)
iii.  Bound stales (2 Marks)
iv.  Tunneling (2 Marks)

v. Stationary states

b) In quantum mechanics every observable corresponds to a symmetric or Hermitian operator.

Show that (2 Marks)
i.  Eigenvaues corresponding to the Hermitian operators are real (5 Marks)
ii.  Eigenstates corresponding to distinct eigenvalues are orthogonal (5 Marks)

c) i.If y,0 and x are wave functions in the Hilbert space H, and A, u 6. are complex numbers,
provethat < Y[10 + uy >= A1 < YP|0 > +u < Y. |x >. (5 Marks)
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ii. Obtain the following commutation relation for asimple Harmonic oscillator (5 Marks)

]
QUESTION TWO (20 MARKS)

a) Suppose anormalization state isgivenby ¢y = Y., c,u,, for asimple Harmonic oscillator.
Calculate < y >y and < p >y after atimet if the system isin astate (¢t)after time
t =0.Take

h
X = (a* +a)
2mw

mhw
p=ij CAE

QUESTION THREE (20 MARKYS)

A particle of mass m is confined to a medium region 0 < x < a as shown below. At t=0, its

normalized wave function is

8 u\ = mx
4(x,t =0) = §<1+Cos E)Sm -

i.  What isthewave function of timet = t, (13 Marks)
ii.  Whatistheaverageof thesystematt = 0andt = t,? (4 Marks)
iii.  What isthe probability that the particleis found in the left half of the box (i.e. in the region

0Sx£%att=0? (3 Marks)

QUESTION FOUR (20 MARKYS)
a) Consider aone-dim bound particle:
I Show that % f:: @* (x,t)p(x, t)dx = 0(¢p need not be a stationary state).

(7 Marks)
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b) Show that if the particleisin astationary state at a given time, then it will always
remain in astationary state
c Ifat =

(4 Marks)
0, the wave function is constant in the region, —a < x < a and zero elsewhere,

express the compl ete wave function of subseguent time in terms of the Eigen states of the system.

(9 Marks)
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