Exam 1
Friday, October 30, 2015 03:40

University of Kentucky, Physics 520
Exam 1, 2015-10-30

Instructions: This exam is closed book and timed (50 minutes). Show intermediate work for partial
credit. The last page is due Monday Nov. 2 at 11:00 AM sharp, and is also closed book. You may
not consult any person or reference material besides your formula sheet. [100 pts maximum)]

[5 pts] 1. Deseribe four roles played by light in the discovery of quantum mechanics. What relevant
properties helped illuminate quantum mechanics [bring it out of darkness|?
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[5 pts] 2. When does matter behave like a wave and when does it act like a particle? What features
of the wavefunction W(x. t) allow it to describe these two complementary properties?
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[5 pts] 3. Given the following wave function 9(x) with frequency component amplitudes Ay, draw
wave functions for each of these modified frequency distributions.
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[5 pts] 4. Sketch the three lowest energy wavefunctions of the Mexican hat potential:
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[10 pts] 5. Given the initial wave function ¥(x,0) = 1/y/a in an infinite square well on 0 < r < a,

_ ?
calculate W(z, t). Note: iy(x) = VC“”{ 2y and B, = :f—; Leave integrals unevaluated.
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[5 pts] 6. Calculate {E) for the wavefunction v(z) = V’@i () + “‘v’q Po(xr), where ¥, (x) are the
normalized energy eigenstates Hium(x) = Fptn(x). What are the possible outcomes of an energy

measurement, the probability of each outcome, and the resulting wavefunction after measurement?
What would change if the measurement were delaved by a time At?
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[5 pts] 7. Show that the wave function ¥(z) = 1 — 2? is the unnormalized ground state of the
potential V(z) = R Jfmil — 2?) and calculate the energy of this state. on ~\{ocL (
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[10 pts] 8. lentML a hydrogen atom with circular orbits F = TrerT = U7 and E = EW to

show that the n'" orbital has n de Broglie vaelengﬂlﬁ around its circumference, and derive the
Rydberg constant R, where 1 7= Rx{;- —f) QQ)( (ﬁ‘W\ﬂC Sp,fdm
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Take-home portion:

9. The harmonic oscillator has the potential V {1'} =ﬁ7}m9;t"—'. where w is the natural frzequcnc}-'.
These integrals may be helpful: I; = \f: L= 1 :‘;IT}IHT where I, = 2 fe’“* dr z™e ",
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[10 pts] ¢) Caleulate the uncertainty in momentum Ap of the ground state using the operator
p= —éh-ﬂ'{: in position space.
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5 pts] e) Recaleulate Ap in momentum space [using the wave function dg(p)].
[5p p p g o(p)]
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[10 pts] f) Recaleulate Ax and Ap using the ladder operators @ _|n}) = /fln — 1) and a,|n) =

1 v where 4, — 1 TS
v+ 1n+ 1), where a. = Toom (Fip + mw).

A _iFC/\ pd
Ot = (pwom T ok & A = Ogﬁ

'ﬁ'«‘&%(&“&) B
5 - LB (54 s _ Em[o-T
6 = LB (6,-8) 7«-—@,@ gg@ \ p- YT Xy

(wy =<oa|oy = D“coo =0

py=<olploy=p,.=0
o =Co®loy= Homw K- %(W\ 2

CRy=(ol frlor = My
sowg os b o).

Miomde:  colaf o /j;%@\\%bg\% -0

CEALY :% <o\(&¥+q>ﬁ\g§ :;1% {0 O\J}Jrcq)r@ﬂ +C{’ag++CQf foh

- :‘T@(om (0la_q,10) +D) = Zws
<\ €T ?\\\i -
ol gl oy = M colgpaf oy = BB (00 ~<olaa,\0y +0) = TR

Fall 2015 Page 5



