Name & Student number:

Physics 402 Midterm, Feb 28, 2019

Multiple Choice Questions: Please write your answers in the spaces on page 2

1) A spin half particle is in an eigenstate of S, with eigenvalue //2. If we measure the z
component of spin for this particle,
a) we will definitely find S, = 0.
b) we might find any value between S, = —h/2 and S, = h/2
(DWe will find cither S = ~h/2 or S, =h/2 4 we aluays Find ne o ke

e gemlues
2) A quantum system is in an eigenstate of an observable O with eigenvalue A at some time
t = 0. If we measure this observable at a later time t =T, Lot -Ju./; Lt X of

a) We will always find A. e will not always find \. _l—f O,H } zo Lot

o ame m“}/
3) For a time-independent Hamiltonian, the expectation value of energy stays constant in

time _
o all states. LHH) =

b) for all energy eigenstates but not for general states. =D areny consesvel

c) only for energy eigenstates with energy 0.
d) for no states.
4) Suppose that | W) is some state of a particular molecule. If J, is the operator associated

with the z component of angular momentum, which of the following states states is the result

of rotating the state |¥;) about the z axis by an 27 (f“ —i232) is idatenad whdion
B ELI) b)) =B LN (D) e () ) d) () + et )
&— vepet aasey Fres for 5500 5@-1‘

5) For a particle in the ground state of an infinite square well potential located at [—L, L], s

the first order shift in the energy under a perturbation 6V (x) to the potential will vanish
a) if 9V (x) is an even function. _ - 2
(B) if 0V (z) 15 amoddfumctiom— §E = | H’("ﬂ SVl)Adx =06

5 - ' n
¢) only if 6V () is a constant function. {\ave/\ /\ il

d) for no nonzero function.

6) Which of the following expressions is the wavefunction for the ground state of a harmonic

oscillator?
a) (0[2]0) b) 2|0) d) (0[al0) e) (0af|0)










































































































































































































































































































































































































































































































































































































































































































































7) If Hermitian operators A and B commute with each other, one consequence is that

a) The observables A and B are conserved.

@T‘here is some basis of the Hilbert space for which the basis elements are eigenstates of

both A and B

c) It’s possible to find a basis of energy eigenstates that have definite values for A and B.
d) All states have definite values for A and B.

8) If [0, H] = 0, where H is the Hamiltonian and O is some Hermitian operator, which of

the following is generally true?

a) All states have a definite value for both energy and the observable O.

b) If |F) is an energy eigenstate, then all other energy eigenstates are obtained by acting

with O on |E) multiple times.

f we measure O at some time and repeat the measuremen at a later time, we will always
ves sdafe w. Leh

[D H]:O =5 ?rolﬂle-l-‘eJ “F"f lmqgufo/wml) s( O -

9) For a harmonic oscillator, the first order shift in the state |3) upon adding a perturbation

nd the same result.

Ap? is:
a) A(3[p?|3)

weaswe O —

b) A(IL) (L H13) + [5) (5] H1[3))

¢) A(IL)(LHy3) + [3)(3[H13) + [5) (5] H1[3))

(@7 ({1 H[3) -

e) 5 (1D Hi[3)[* -

2hw

10) True or false: for any quantum mechanical system, if a state |¥U;) at ¢ = 0 evolves to
state |U;) at time ¢ = 1s and a state |¥5) at ¢ = 0 evolves to state |¥5) at time ¢ = 1s, then

a state ¢1|¥1) 4 | Wy) at ¢t = 0 would necessarily evolve to state ¢;|W;) + ¢5|¥s) at time

t =1s.

b) False

[5) (5 H1[3))
[5)] (5] Hi[3)[?)

‘k Va..(lne )

Write your multiple choice answers here:
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Long Answer Question 1

a) For a quantum system of a particle in one dimension, how is the physical transformation

of spatial translation related to the physical observable momentum?
T\I"A.V\S la‘l"a/\ laY a Ouf(‘ﬂ"\ce A& acls af o Mn(‘"’wy ape fn"".“’f\
_/_i— (a ) o ,H,\'e ”\\LCV" §face. 'Fﬂ\f Sra “ Q.) weée Catn Wf:'l't

e a 2
T =12

TL\Q oyawp.‘l'or P S H‘e‘fw(-"?aw and cov‘»’esrsv\als ""’
Me pL7 S]C«' clase.\/\/au{ opmeinty im

b) Explain how this relation can be used to derive the wavefunction for the state P|¥) given
the wavefunction ¢ (x) for the state |U).

S;“C'e —/E—("‘} 3-\\/38 a ‘\“faws)a"{'ivf\, v}'(/\{ WV@'GMC(‘LM"F’V
TEIR> s Aplx-ad. S

<kl T 1D = Px-a
E xpanding badt sides for onall =, e 3€+

G- 2eBUED = - a b eya--
S« <X (P> = Ty,
This s Yee w-we'th'kM ‘f\v He $+a‘,'€ ’\$ l:_E>














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Long Answer Question 2

Three spin 1/2 particles sit at fixed positions in a linear configuration. The interactions
between the particles give rise to a Hamiltonian

H = A(S;S; + S555) .

where A > 0 and for example, S! is the z-component of the spin of the first particle. (Note:
in tensor product notation, S5 = S7 ® S ® 1).

a) Write down a basis of energy eigenstates for this system and the corresponding energy

eigenvalues.
TL\Q g—#n:-les w'.'“« o Ae{t:h'qle value ‘,Q S, —go\, QaCL 5—( Mo
’H/\Yee S'D'lhs wll\ loe emevgy 2 ljem s'ka—leg, |:—or e)(aw\-P(Q .

it = A (B3 8)- saw
/HAQ \ftw\alm.‘,j e"“”’?}/ e.'se"‘s_la‘tfs Aave
iL> - E = AR

R

XD
KL

LT

'

\

o
= O

m

m m
i
vl—






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































b) A new interaction perturbs the Hamiltonian by

H — H+b(S7555%) . (1)
<~ H\
where b is a parameter. If Fy(b) is the ground state energy as a function of b, determine

Ey(b) up to first order in the parameter b.

¢) For what range of the parameter b do you expect that your first order result will be
reliable?

]a) We lave Hat E. ('0'-0) = - %Atxi, an~d 4his |e‘/2' [ fiejewerorfe,

w\)ﬂ'\ SJra‘LeS M\M) A,\c\ \L'Hz> l/\av-'hj ‘“’\e San~e -@V‘&fa'?/. To
-SI.AA tle st ordes shifds ’FW Hese s+a495, we weeld Jﬁwucrle
‘P-@v‘"’uv ba‘How /H/lQofy, l/lsimj J/L\a-(

S, 1> = END ad S -E1>
e get: HNTLD = L(a,jum HIL1D =L (EY 11D

SHTTHAVD  UAVIH 1T 5 [© l>
= l’-’ej) <( o

US> CUTb | HTLeD

3
/_rh'\s L\as e'\gemvalues i— lo(“‘g\) ) &U«a( J/L\_ese ave 4/(,\,& ,j.S‘(‘

QVAM We-/ﬁy QL\'\HS 'Eb‘/ '\/{/‘e g-Lwl—es :_.)\\0(\/‘ e«v\o_.rﬁ)/ ——:I_A‘t\"_
The gound stake cremy is Ahes

E.)= s A - b (EY . (g Looy

e) We erec‘l’ Hais “"' be Teliaue whean -l’fAe —(.'rs‘\’ order Q,\MC@M
-|5 Sma“ awrmJ “'l'o “}/L\C A Fef‘l'\»\(lged Wefay’ So

lo("{’)g << % At

o 4A
=
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Long Answer Question 3

A 1D harmonic oscillator is in the state

1
E(I()) +11)

at time ¢ = 0. What is the expectation value of the particle’s position at time 777

b) If we measure the particle’s position at time 7', roughly how close do we expect to find it

to this expectation value (on average)?

o) The slales 0D and |ID ave enesgy o_‘.ﬁa/\dAes WHIA
Ozvtétfs-\ﬁg _t_% anol 3—%'9 UNJQ/ 'hme et/o[u_l]o.,\/ ,}'L,g)/

QVOI Ve oS . Y w—{;

oS - e:(TL;\bL|o> =e |

-~ -3
IR DR
%)/ linMi"}/ o( ‘\’L\Q Sd/\ré)ivgcv 21%"""'\,4‘/»2 S_Iﬁl’t
f_“'<|0>—\—ll>) euoluas —f: o
Bon=t (0% Io>re T 1)
at —fw\e T Tl/\e exrecjm—k on valte o-( ?osrkom -1 A

fime s - \
‘ @(T)lxlﬂf('lw: E,<fﬁ>(a+a+ B

The hon -2eS0 +€W’\S (v ‘H\IS QXFYI"SSIOV\ awre
| "‘:; [Ny Lo—r _‘-’T
E‘(—e <0|a\|>e 2 '\—"é_ —lat o> g ®

w2

- %(il(e““‘rﬁn e TR Ces (W) — el s <

L) We can eshmate Hhic {ak WD <(X— x)> and e
-l'nl(ur:9 M S?MN‘Q soot ’MA\S S Y MMC?V"{'AN\-‘- in X) Havei
<(x~x)> o oxx a3 - S 5
<)(> <<&+a+\> Also - @1—4)\%“)) - —‘

=7 (e T ae T e T [2y)

AN
So XD =il Thes {gosyy = (25 [2- cswl] = (3 (T+svar









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































