PHY 742 Spring 2025 Second Exam Name

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

1. A particle of mass ¢ with momentum 7k scatters from a potential of the form
V (r) = Voe’A’2 . Using the first Born approximation, find the differential and total cross-

section. I recommend working in Cartesian coordinates.
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2. A particle lies in a 1d moving harmonic oscillator with alt) 0.6 /_

potential V' (x,t) =1mae’ [x—a(t):r , where a(?) is a 2 o]

smoothly increasing function from a (¢ =-)=0 to 3 -2 -1 0 1 2
a(t=w)=A. Itis initially in the ground state with
wave function y, (x) = (me/zh)"* e**/*" | What is the probability that it is still in the

ground state at ¢ = oo if the increase is (a) adiabatic, (b) sudden?

3. A spin-% particle is in a magnetic field in the z-direction has two spin states |ir> with
energies £, =¥1hw, . It is initially in the spin up |+> state. It is subjected to a brief
perturbation of the form W (1) = AS e . What is the probability that it flips to the -)
state? Recall that S |i> = %h|$> )

4. A system of pure photons is in the state |‘P> =A (4

8,q,7)—3i
&,. =Y - Find the normalization 4 and the expectation value of the magnetic field
(¥[B(r)['¥).

r>), where q = ¢X and

, > state of the 3D symmetric harmonic oscillator with

angular frequency @. In the dipole approximation, which states can it decay to, and what are
the corresponding rates?

1D harmonic oscillator:

. st : :
Possibly Helpful Formulas: 1 Born Approximation vV ( x) =1 ma* x>

Spontaneous Decay jg ppsre J‘ d3rV oK 2 ) \/T( T)
dg = ata
F_3C O | F1| :2k2(1—005¢9) 2mao
a | n> = \/;| n— 1>
aT|n>=\/n+1|n+l>
Time-dependent Pert. Theory
1 ® it
S, =6, +£J:wden ()& +---

Magnetic Field Operator

)=2

ik-r T ¥ —ikr
5 ik x (akaakge — a4, &€ )
gV
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Trigonometry: ¢” +e ™ =2cosf, €’ —e ™ =2isiné.

Integrals: J‘w e—sz+Bxdx — \/§682/4A , '[Ow xne—axdx — n!af(nJrl) )

—a0

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

Integrals: J-w e—sz+Bxdx — \/§632/4A , J.OOO xne—axdx — n!af(nJrl) )
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Trigonometry: ¢” +e ™ =2cosf, €’ —e ™ =2isiné.

—a0

Integrals: J.w e—Ax2+Bxdx — \/§682/4A , j: xne—axdx — n!af(nJrl) )

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

Integrals: J-w e—sz+Bxdx — \/§682/4A , '[Ow xne—axdx — n!af(nJrl) )

—a0

Trigonometry: ¢” +e ™ =2cosf, €’ —e ™ =2isiné.
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Integrals: J‘ e Ax +Bxdx — zeB /4A , J.O xne axdx — n'a (n+1) )
Trigonometry: ¢ +e ™" =2cos, €’ —e™ =2isind.
D42 T 2 © B B
Integrals: I e Ax +Bxdx — ZeB /4A ) IO xne axdx — n'a (n+l) )
Trigonometry: ¢ +e¢™ =2cos@, e —e™ =2isind.

Integrals: Jmo e—Ax2+Bxdx — \/§632/4A , IOOO xne—axdx — n!a—(n+l) .
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