
PHYS 412 Spring 2015 Homework Assingment No:5, due Mar 23’rd.

1. Read Chapter 9.1 of Griffiths and solve problems 9.1, 9.2, 9.3, 9.4, 9.5 and 9.6.

2. Consider a particle of mass m under the influence of a potential in 1D of the form V (x) = −VoLδ(x).

• Find the bound state energy eigenvalues and eigenfunctions. You will note that there is only one bound state
with an even wave-function, call this ψg(x).

• Find the positive energy eigenvalues and eigenfunctions. Note that you can separate these into even and odd
solutions. Call these ψeven(E, x) and ψodd(E, x). Hint: Remember the discontinuity condition on the derivative
of the wave function at x = 0 because of the Dirac delta potential.

• Because of this construction one has

〈ψeven
E |ψodd

E′ 〉 =

∫ ∞
−∞

ψeven(E, x)∗ψodd(E′, x) = 0

even of course with E′ = E. Now calculate

〈ψeven
E |ψeven

E′ 〉 and 〈ψodd
E |ψodd

E′ 〉

Hint: note that since E′ ≥ 0 and E ≥ 0 one can pick k =
√

2mE/~ > 0 as a parameter without loss of generality
due to the evenness or oddness of the wave-function. Are they orthogonal for E 6= E′?

• Now calculate

〈ψg|ψeven
E 〉 =

∫ ∞
−∞

dx ψg(x)∗ψeven(E, x)

and call it ag→E .

• Now assume that we are given that at t < −T/2 the system is in the ground state. A perturbation of the form

H ′(r) = ε cos(ωt)

is operative between t = −T/2 and t = T/2. Using first order time-dependent perturbation theory to find
the amplitude to make a transition from the ground state to a positive energy state with energy E. Plot this
probability as a function of ω and interpret the result physically.

1


