Physics 156A Quantum Mechanics - Midterm

Nov 2, 2004
Soulutions

Date]]

{2004, 10, 30, 21, 41, 28.9433664}

Total - 70 pts
prl - 25 pts
pr 2 - 20 pts
pr 3 - 25 pts

1) You have awave function for a particle in abox with sides at 0 and a. The wave function looks like y/(x)=A - that is -
itsjust a constant.

a) what is the normalization constant, A?

a _ 1 — 1
JoA2dx=A*xPg = A2a=l A== s;olp(x)_ﬁ

b) what is the expectation value of x, that is (X)?

W=wxlp=FExtdax=21fxx=L2L(x0a=LZ

¢) what are the eigenstates and associated energies for a particle in abox such as the one you are looking at?

= % - makes sense
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#2 n2
2ma2

for the particle in abox its ¢gn(x) =/ 2 sin(22) with energies E, = n? Eywhere E; =
d) do an expansion of i in terms of these eigenstates
Y= Cogn  Where cy= [Pen(u(x)dx
Cn =f0agon(x)a//(x)dx:% V2 [Fsin() dx = % (=2)[cos(™)|{x, 0, &} = %[cos(nn)-l]:
=2 [1-co(r)]= 22 [1- (- 1) "]
€) what is the probability of finding the lowest energy? (Often called the ground state)
probability(n = 1) = (%)2~ % ~.8 itsmorelike.81
For your information:
the n=2 state has probability zero
_ 2v2 \2
n=3 has(ﬂ—) ~.09
n=4 has zero

n=5 has(%z—)2~.03

2) Y ou begin with a mixture of % |S; +) (by probability) and %|S(; —). Correctly normalized this would be

astate|a>:\/g|3<; +>+\/g|3<: —)-
a) Find (S
Weknow S (Sg + | = 218 +) and &S¢ -) = - 2IS¢ -)

(S0=( 2 (S +1+y £ (Sc DSy Z 16y £ 1S ). )= 2 (S +1SdSc ++ 1 (S ~1SdSa )=

=2 2(5; +IS¢ +)-3 2(Se -ISc =2 (2-3)=2

b) Find (S,)

Thisisabit more difficult. We write

IS¢ +) = 75 (+)+1-) and | S -) = = (+) = =)

N G R Y CORREC (VE RN ES TN EENE DB

S0 (&= T+ TIH 2 - D)ASI S+ - 2 - D)=

-V AVDVE VD s W VINE -VE) 18-
HWE VDN VD -NE VDOV -VRI=

HG 32 F)-Gr3-2VF)= 34V - §45V5 —n o4

3) You have an operator U =($X2+§y2 + ézz) =(55+5,5,+5,S,)  [for those thinking ahead U will turn out to be an

=2
operator wecal S ]

a) Is U hermitian? Show it if itis. Prove that it is not, if it is not.
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We need to show that U'=0
Use (X VW=v"Xt Weasoknow that 5,5y and S, are hermitian
0'=58¢8,8 + 55265455 +8' 8
Soitishermitian
b) Show that |+) and |-) eigenkets of U. Also give the eigenvalues
There are several ways of doing this'Y ou can do it in matrix notation. | will show one which uses the bra's and ket's
Remember that
S = % & +8) = %( )+ =)H) 087 = Sszé( )¢+ 1=0CH (XL =)(H :é( [+)(H + =)¢1)
S=2 (8. -8)=L (1] - I)X+) 9087 =8, 8= L ()| - =)+ (1+)¢ - 1)+ =

=2 () = )= () * 1))
= L)+ 1)) 087 = &&= (1)(H + =) (14)6H + =) =2 ()¢ + 1))
then U=(8+8,” + §7) =32 ([+)(+] +1-)1)

2

~ 2 2 . . . 2
O)=2=(16)CH + [=)CD=2 [)(HH=21= |+) s0|+) isaket with eigenvalue 2=

CHXH A+ =) )->=¥( [+ )+ + [= XA )I-)=3—ZE I-)<-|->=¥ |-) sol-) isaket with eigenvalue %i.e. the same as
for |+)

c) Is|S.;+) an eigenket of U - (proveit, and if it is- give the eigenvalue)
1S H=75(1+) +1-))
018 915325 (1) + 1)) (1) +1-)) =35 L (J+)+1-)) =35 |8 +)

So | S +) isalso an eigenket with an eigenvalue 22



