Physics 156B Quantum Mechanics - Midterm

February 15, 2005
Solutions

Date]]

{2005, 2, 14, 20, 8, 39.6652784}

Total - 60 pts
prl - 20 pts
pr 2 - 20 pts
pr3 - 20 pts

1) You are given an operator A representing some observable which commutes with the hamiltonian, i.e. [H,A]=0.

a) What is the relationship between the eigenstates of H and A ?

b) Suppose the properly normalized eigenstates of Aare|a). What isthe vaueif (a laj)?

¢) What can you say about the eigenvalues a?

d) What can you say about the time dependence of (A)?

€) Suppose you wanted to solve some sort of problem involving H and A. What is the general solution you would
write down? (There may be lots of unknown constants - that is OK)
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2) Consider a particle subject to aone dimensional simple harmonic oscillator potential % mw? &, It isin amixture of n=0
and n=1 states, i.e. |a)= % (10y + |1)). Find

a) (%)

b) (P)

c) (%%

d) (p?) and check the Heisenberg uncertainty principle

&) (H)
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3) a) You have awave function for aparticle in abox with sidesat 0 and L asin the picture (careful, the edges are at 0
and L Thewave function isin amixture of the n=1 and n=2 energy eigenstates, i.e. |a,t=0)= % (11 +12)). A parameter

you might want to use is fiw= :,Zn’[zz . Find the time dependence of (X). Looking at the form of (X) isit legitimate to think
of the particle as rattling back and forth?

V(x)
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b) Now for the potential below calculate the transmission coefficient for the n=0 and n=1 states to penetrate through one
of the barriers. Use for the energy, the average energy of the n=1 and n=2 states of from part a. That isuse

E=2(ELL 4200 1 (ot 4hw) = S fw; L=10fm (Lfm =105 m); a=2fm; mc=100 MeV; V=500 MeV

Remember 7c=200 MeV fm so we can calcul ate fiw.

122 _ #2 2 a2 (200MeV fm)2 72
w= = = ~20 MeV
i 2mL2  2mc2 L2 2.100MeV (10fm)2 0 Me

V(x)

¢) Now lets assume you can figure out the frequency that the particle hits the wall assuming that the wave functions do not
change much from part ). Figure out the lifetime of the state.
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Herearesomeconstants:
1fm=10""m
fic=200MeV -fm
fi = 1.05457148x 10" J . s = 6.5821 x 106V . s
c=3x108m/s
leV =1.6x107°)

Hereare4integralsyou may need. For 2 — 4| calculatethedefiniteintegral betweenOand 1for
you aswell astheindefiniteintegral

1 fxsin(nyrx)sin(myr X) d X

Integrate] X = Sin[n = Pi « X] + Sin[m= Pi = X], X]

Cos((M=n) £ X)+(M-M) A XSiN(M-M 7X) _ COS((MH-N) 71 X)+(M+N) £ X SIN((M+N) 77 X)
(m-n)2 (m+n)2

22

2) fxsin(zrx)sin(nx)dx

Integrate] x = SIN[Pi = X] = Sin[Pi = X], X]

COS(27X) + 2 X(SIN(27 X) — 71 X)
8n2

Integrate] X = SIN[Pi = X] * SiN[Pi = ], {X,0,1}]

1

3 fxsin(:rx)sin(Zyrx)dx

Integrate] X = SIN[Pi * X] * Sin[2* Pi = X], X]

12 1 xsind(rr X) + 9 cos(xr X) — cos(3 7 X)
18 72

Integrate X = Sin[Pi = X]  SIN[2 = Pi * X], {X,0,1}]
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4) fxsin(Zn X)sin(2x X) d X

Integrate] X x SIiN[2x Pi « X] % SIN[2x Pi = X], X]

coS(4n X) +4nXx(sin(dxX)— 27 X)
3272

Integrate] X = SiN[2 x Pi x X] * SIN[2 % Pi x X], {X, 0, 1}]

1
4




