Physics 742 — Graduate Quantum Mechanics 2

Second Exam, Spring 2024

Each question is worth 20 points. Some possibly useful formulas appear below or on the handout

1.

A particle of mass ¢ with wave number £ scatters from a potential given by

a/r r<R, ) . . . . .
V(r) = { é where « is small. Find the differential cross-section using the first
r>R,

Born approximation. I recommend doing the cos @ integral before doing the radial integral.

A particle of mass m in 1D in a delta-function potential, V' (x) = —(h2/1/ m)é’ (x) has a single

bound state whose wave function is (x) =2e™™. Find the probability that it will remain

in the bound state at all times if (a) the value of A is increased to 44 in a single sudden step,
or (b) the value of A4 increases in two sudden steps, first to 24 and then to 44 . In each case
write your final answer as a numerical probability. What do you think would happen if it
increased in an infinite number of tiny steps from A to 44 7?

A particle of mass m is in the ground state |0> of the 1D harmonic oscillator with frequency

. It is then subjected to a series of 25 perturbative pulses at intervals 7 of the form

W = Z " AXS (t -pT ) . Find a general formula to leading order in A that it transitions to
p=0

some other state |n> as a function of 7' (for which a sum may be left undone), and evaluate it

specifically (do the sum) in the cases I =7 and w7 =2rx.

A system of pure photons is in a superposition of an arbitrary number of photon states,
[¥)=42.,,(5)

expectation value of the energy <‘P |H | ‘P> . Some useful sums appear on the equation sheet.

n,q, z'> , Where c|q| =cq = w . Find the normalization factor 4 and the

5. An electron of mass m is in the |1,1, O> state of the 3D asymmetric harmonic oscillator with
potential V' (x,y,z)=Lmay; (x2 +4y% +97° ) What is the energy of the state |n, p,¢) ? Find
the rate of decay I',, in the dipole approximation for each possible final state.

Possibly Helpful Formulas: - - - -

1% Born Approximation 1D harmonic oscillator:

do _ e

1 2.2
Spontaneous Decay T Ia”rV(r).e""“r ’ V(x) =7 max

4o /] .
F=F6013F rF1|2 K? =2k*(1-cos8) X:\’2ma) (a+a‘)

Time-dependent Perturbation Theory aln) = Jn |n—1)
Sy =0 +%J.0TdtWF1 (1) +--- aT|n> =A+/n +1|n +1>
i




i0

Trigonometry: ¢” +e ™ =2cosf, €’ —e ™ =2isiné.

1 nin-1 ! w !
Integrals: J‘x"e’Axdx:—(Z+ﬂ+ ( )x2+~--+ " je‘A", J.O X'e Py = —

AZ A3 An+1 An+1
Sums: ix”:L, inx”: i =, Zw:nzx": x+x23, if |x|<1.
n=0 l-x n=0 (I—X) n=0 (1_

i0

Trigonometry: ¢ + e =2cosf, e”—e™ =2isin@.

-1 ! o !
Integrals: J.x"e*Axdx:— l+E+Mx2+---+n—'1 e ™, I X tdy =1
A A4 A 0

= 1 - X . XHX .
. n__~ " _ = f 1.
Sums ,,Z:(;x T ;nx (l—x)z’ ,,Z:(;nx (l—x) 1 |x|<

Trigonometry: ¢ + e =2cosf, e”—e™ =2isin@.

-1 ! o !
Integrals: Ix”e“dxz—(%+ﬂ+n(n )x2+---+ " Je“, IO Xe T dy =2

A2 A3 An+ An+
= 1 - X 5 x+x° .
: n e n = " = f 1.
Sums ;x T ;nx (l—x)z, nz:(;n X (l—x)S, 1 |x|<

i0

Trigonometry: ¢” +e ™ =2cosf, €’ —e ™ =2isiné.

n(in-1 ! w !
Integrals: Ix”e’Axdx:—[i+n—)§+ ( - )x2+~--+ " lje_A", J. X'e Py = —
A A4 A A" 0

- 1 = X . X+X .
. n__ & " _ = f 1.
Sums nZ:(;x T ;nx (l—x)z’ ;nx (1-)6)3’ 1 |x|<




