Physics 451 Sect. 1 Exam Il

Tues., Oct. 2®Thurs., Oct. 30 Class ldentification number:

Instructor: Justin Peatross

Time limit: 3 hoursD 1% penalty per minute over; Closed book

Instructions: Write your I.D. numbeabove and on each sheet of your work. Please donOt write
on the testingenterOs cover page; it will be discarded before returning your test. Make sure to
put your work in order. Staple it well. Do only 5 of the 6 problems. Each complete problem,
including the collection of true and false, is equally weighted. Good luck!

Potentially Useless Formulaeg’ =cos! +isin! , cos! =(e" +¢'*)/2, sn/ =(¢' " €" )/2i
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(F(x))=0h " (xt) f(x)! (xt)dx
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Given a complete orthogonal set ohétion|! ,), we can write
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Fourier Transforms¥ (x,t) = j me! ®(p,t)dp, ! (pt)= & ''$ (x,t)dp.
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Integration by partSI Udv =UV" | VdU
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Schrsdinger Equatlonh—| 19" ), wheref 1 £ StV ﬁs—ih%.
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Time Independent Schr&dinger Equatiofiy,)=E,|v,), |' )=F c,|" ,)e '

! (" al#)
If 1y=a|"), where|! )=" q,|¢,) and|!)=" b,|e,), thenb,=! Q.a, where

®a,) = JwZ,Qwa,ldF( 9b,]a,)= [ O v, Ov, dx

Qun = (by|Yan) - Note: 0,,, = (b,
Hermitian if =@ .

The Hermitian conjugate of a matrix means transpose and complex conjugate.
|3,) = !n |brn) (B30



1. Consider a potential well comprisedatlelta function written ag(x) =! " #(x)

where! is areal positive constant. The well supports one bound stationary state
m#
51X

with! (x)=Ae " .
(a) Findthe eigenstateenergyE .

(b) Demonstrate that the state satisfies the-imlependent Schridinger equation near
the origin by integrating the equation frdnf to +&, wheree is small.

2. (a) Demonstatethat[x, P =i .
(b) Demonstratevhether P and #° areHermitian.

3.(a) Derive the Heisenberg equation of moti(%r(@ = I%<!.I—A| Q§> for an operatof®

that does not depend explicitly on time.
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(b) Given thegeneralized uncertainty principle,! , 2%<§A,B%+ , derive the
l

!
energytime uncertainty relationshipE! t " E Provide suitable definitions fdrE and

At.

4. (a) Given operatoré = - Lo
' P 280 11& 2|

A, A,, B, B, and their associated eigen vect@s, |a,), |b), |b,).

N _j
andB:'—[ O Ol ],find the eigen values

(b) You measure® and obtain vaIueE. What is theesulting state expressed in the

eigen states oB? Findthe probability that an immediate subsequent measuremest of

|
will yield — .
YEe 2

5. (a) Construct the Hamiltonian matrix wielement$i ! <m‘ I-q5|n> for the harmonic
oscillator if only the lowest three states are involved. (In the expansion

[t y="" ¢ (¢)|n), you are given that,., =0, so you will only need to use a throg-

three m#ix.) Choose the basis such that the eigen vectors of the Hamiltonian are

#1& #0& #0&
£o)" 10=3( 1) ) =44, andlr ) 12)= ¢
' $0° $1

Part (b) on next page.
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(b) A certain operator has the forf=1| 1 0 0. If the coefficients in parb (a) are
002

!iLt I|it 7i5fwt
2 2 2 N
¢ = ez =1 ,andc, =i = find %<A>. HINT: See the formula in

problem 3(a).

6. You start with two points. Each correct respoadds a point up to ten points; the first
incorrect response is free (to help cover instructorOs ambiguity); additional incorrect
responses subtract a point. Unanswered questions are neutral. Please circle your answers
on this page.

Consider the firstdur questions individually in relation to the following information: Two
operators® and 8 do not share eigen states) and|b,), wheren=1,2,3... A measurement of

R is made, and the system is found to be in $tgte

T or F If the measurement of is immediately repeated, the system will still be found in state
lay).

T or F If the measurement of is repeated at some later time, andifloes not commute the
Hamiltonian ¥, the system may be found to be in a staher thana,).

T or F If a measurement o8 is made following the measurement &f in general the system
may be found in any state,).

T or F If an immaliate measurement a® is followed immediately by a measurement &f
again, the system will still be found in stag) .

T or F Theketcan be thought of as an instruction to iméte.

T or F Incompatible observables (i.e., operators that do not commute) have shared eigen
functions.

T or F Since the expectation of the momentum opergéps (r| pn) is zero for an energy

eigen state of the harmonic oscillator, a measent of the momentum will give zero

every time.

T orF If a state is in a superposition of energy eigen states of the harmonic oscillator

(i.e., ! (xt)=# c, ()" ,(x)), a single measurement of energy will yiél@).

T or F The expectation of an observable such as momertdras to be a real number.
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Consider the solution away from= 0.

_may | 2 2 _ma 2
= EAe ”z—'—(E;J Ae 'ZH:>E=—mOC2

2m\ ! 2!
(b)
E:’:[Aer!n;xX dx———g A Ae r'ﬂg!dx—()zj(S(x)Aer!ng{de
J ax ko
| 2 BN ‘

=0=-— iAe !2} - oA

2m_ X .

|2 [ mo _me mo _me,

=0=— - e -— € e :|—OC

2m| ! !
=0=—[e+e"]-a
2.(a)

#oo# ) Lo

X, pl! = x I =" I X—+il =—2="{Ix—+il] +ilx—=1l!
[x. 8]t =(@" Bt ="itx- o o
(b)

N s e oy 20y )
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3.(a)
o " 5 T

U140 )= (e Vol [12 ) 0L

o9



d<(9>_ i R
e e ) el e £)
1P, O+
-2 ) o )<L e ) 0
(b)
1 2 (11 d(@)) (1 (@)Y
ohoh2( 504 _{Ei_ ~ ] —[5 i
GQ l_
=0y d<(9> 22
dt
! "E"t#!—,WhereAEEGH and!t" #‘2 .
d{Q)
dt
4. (a)
stia o O
22 L, 10 N
e I T A
“hon %
$2'2 0 0% ) L el L%
s, B e )T o
# 2 &
L
2 2 o :O:a:0:|a>:( 1]
0 _E+_ (BJ ’ 0
2
" I %
'B li—,
det%l 2. = p?) !—%:0( B=—, By=1 —
i= 1B 2& 2
gz &
R % Loyil»
$ ""(% "% $ T " (% ) "1%
S 7 Dgac0t (400t =gl 8T 2 gitor (1) =0v )=l
35 'Ja 2 S e
(b)
1 ) 1% 1 " 1% 1 1
|a1>:|bl>(bl|a1>+|b2)<b2|a1>:|bl)ﬁ( 11 )§ 0 -&+|b2)—2( 1 )§ 0 I&zﬁlbl>+ﬁ|b2>
1P 1
%:‘ﬁ =2




'E, 0 0% 11 0 08%
~_# &_ ! 4 &
#0 o0 Ez&) "0 0 5%
d i o o= i
(0) = (8)=—([8.8])= (98- A1%)
o 00&f010& f010&,,,#100&
HA'AH:7£ 30%)43100%1)02100?72&0305
$0 0 5" $0 02" $002"~&0 0 5°
,,,)4;01 oc(?t,,,)f;o.% oc(?L ?;01102&
= 0 | 0 =" 0
2%300(2%100( )%100(
$0 0 10 $0 0 10 $0 0 0°
d i"ei%/ I%r e’%t % * O 1 O ( g E*i%rj- L 6*37 * O e*f%'j' 0 g
slrigale olizlonobiglo el e SR 08 4o
# )igt/ &
0% e ?/2
; #jo )1 08, g
alf= el Sl /G o oég;;e”z‘/z (
AR
)i—
%)e 2/2( * i3 i2 il -
:i!"# g 3 (—I’"’) e2e ? +e2e2/
%)ez 2 e2 /2 e2 \/—(% )| t/z ( 1 4 4 /
% 0 * [
Iu*l"[)e)l’t |
=) — =) —sgn(/t
)2’+ a7 ()



