CYK\2010\PH405+PH213\ Quiz 2\10Marks\50 Min Quantum Mechanics

1. |5 Marks| Calculate the coefficients of transmission and reflection at z = 0 for the step

potential given by
0 <0
V(z) =
4 x>0

assuming 0 < E < V), where E is the energy of the incoming beam of particle (mass m)
travelling in positive x direction.

Solution:
Let a? = 2mE/h and 3% = 2m(Vy — E)/h. For x < 0,

() Aexp (iow) + Bexp (—iox) x <0
€Tr) =
Cexp () + D exp (—fx) x>0
Now since ¢ must not diverge as x — oo, C' = 0. Since ¢ and v’ must be continuous at
z =0,
A+B = D
ic(A—B) = —pD
This gives us
D - 2054
a+1if
5 _ @-id),
(a+if)
Thus the reflection coefficient )
B
= | — = 1
R ‘ !
and hence T'= 0. Alternatively, outgoing flux
h d d
Jou e —" — P —
() 2mi (wdx¢ v dxd})
= 0 x>0

Hence, T' = Jout/Jin = 0.

2. |5 Marks| The normalized wave function of a particle (mass m), moving in the harmonic
potential of natural angular frequency w, at an instant is given by

o= () o0 (% -7)

where a = \/mw/h and py is a positive constant. Find the average energy of the particle.

Solution:
First

@ = (



Now, Pi(z) = (po + tha’z) ¥(x). Then

(P2) = (Pv. o)
— (4, (po — iha :c) (po + ihia®z) )
= (¥, (po + h?a’z?) )

1
= po + 571204 :po + thw

Thus,

Useful Information:



