Physics 742 — Graduate Quantum Mechanics 2

Second Exam, Spring 2019

The points for each question are marked. Each question is worth 20 points. Some
possibly useful formulas appear at the end of the test.

Bx ifx>0,
-Ax ifx<0.
Using the WKB approximation, estimate the energy of the n’th eigenstate.

1. A particle of mass m is in the potential V' (x)= {

2. A particle is initially in the ground state |0> of the 1D harmonic oscillator with frequency o,

at t =—oo. Itis then subjected to a time-dependent perturbation of the form W =AX 2o
To leading order in A, which state(s) |n>, with n # 0, could it be excited to, and what would

be the corresponding probability at # =0 ?

3. A particle of mass m in one dimension feels the potential V' (x)=—-A45(x). This system is

initially in the bound state, with wave function y (x)= Ne *, where A =ma/n*.

(a) What is the normalization constant N?
(b) The strength of the & -function is now increased from A to 24. What is the probability
the particle remains bound if the change is (i) sudden or (ii) adiabatic?

4. Att=0, photons are in the state |‘P(O)> = f(|n—1,q, )+

n,q, r>), where q = ¢z and

g, =X. Whatis |‘P (t)> ? Find the expectation value of the electric field at all times.

5. An electron of mass m is in the state |‘//1,1,3> of the 3D cubical infinite square well with

allowed region 0< x,y,z <a. Find all state(s) to which it can decay in the dipole
approximation, and the corresponding rate.
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Possibly Helpful Integrals:

®© _ (s 02 T 2 ®© 42 B T 2
J‘ Y'e axdxzn!a(7+l), J‘ o B g /_63/4/1, J‘ e B g = 2 [_63/4/1,
0 = A - 24\ A

@ A%+ Bx B2 1 T B2 n 1 n+
J:wxze B dx=(4A2 +ﬂj\/;es a4 , J.(ax+ﬂ) dx = a(n+1)(ax+,b’) e

a a 2a’np| (-1)"" -1
josm(””x]sm[”f’xjdx:%a%, L“in(ﬂ}in(@]dﬁ & }
a a

a a ﬂ_z(nz_pz)

Possibly Helpful Integrals:

Ll _ —(n+1 © 2 T 2 0 42 B T 2
I x"e “dx=nla "™V, j e B g |2 844 , I xe B g = 2 |2 B 4
0 ~ \ 4 ~ 24\ 4

o — Ax®+Bx 82 1 T g2 n 1 n+
J._wxze n a’x:(4A2 +ﬂj\/;e£e aa , I(ax+ﬂ) dx = a(n+1)(ax+ﬂ) '+ C

a . 2a°np| (-1)"" -1
IO sin(ﬂnxjsin(ﬂpxjdx:§a5np, onsin(ﬂnxjsin(ﬂpxjdxz [( ) }

2
2 2 2

3

Possibly Helpful Integrals:

© _ —(n+1 o 2 T 2 © 42 B T 2
J. xne axdx:n!a (n+), '[ eAerBxdx: _QB/4A, j Xe Ax+Bxdx:_ _eB/4A
0 - \ 4 - 24V A

® g B 1) |z p . 1 nt
LnxzeA de=(4A2 +ﬂj\/;eB/4A’ I(ax+ﬂ) dx:a(n+l)(ax+ﬂ) '+C

a “ 2a’np| (-1)"" -1
IO sin(”nxjsin(ﬂpx]dx:%adw, Lxsin(ﬂnstin(ﬂpxjdxz [( ) }
a a

a a Ez(nz_pz)z

b




