F 3% - 2013 BI

Each of the problems given below accounts for 20 points:

1.

Consider a delta-function potential V(z) = —V; é(z), where Vp is a positive constant.
What are the reflection and transmission coefficients for this potential in terms of
the energy K of the incident particle?

. The transition operator for a finite spatial displacement & is give by

T(&) = e—iﬁ'-&'/ﬁ.,
where 7' is the momentum aperator.

(a) Evaluate [2;,T(@)], where z; is the i*" component of the position operator &.

(b) Given that Z|b) = gll;), show that T(d)]g) is also an eigenstate of the position
operator £. What is the corresponding eigenvalue?

A particle moving in one dimension interacts with a potential V(z). If |[¢) is a
stationary state of the system, show that

av
2 = (T
Wle 1) = (WITI),
where T = p?/2m is the kinetic energy of the particle.

(Hint: 2 (lzply) = 0)

The angular momentum ladder operators J+ are defined as
dy = dg +4dy, J_ = Jy —iddy.

Show that
‘]i':umj> = Cilj)m + 1)7

in which [jm;) are normalized simultaneous eigenstates of J% and J,. What are Cy
and C_7

Consider a spin-% system represented by the normalized state vector

cos o
sina e |-

What is the probability that a measurement of 5, yields —g?



