Phys 231
Spring 2021

Modern Physics: Class Exam II
2 April 2021

Naine: Soluhen _ Total: / 50

Instructions

e There are 6 questions on 6 pages.
e Show your reasoning and calculations and always explain your answers.

Physical constants and useful formulae

c=30x10°m/s A=663x10"%Js kp=138x107PJ/K 1eV=16x10""12]
Melectron = 9-11 X 1073 kg mproton = 167 x 1072 kg mpeutron = 167 x 107 kg

Question 1
The probability density for position measurement P(x)
outcomes for a particle is as illustrated. Determine A
the probability with which a position measurement
outcome will give O < = < 2L/5. %
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Question 2

A particle is known to be in the state described by the wavefunction _ e Mt (2
1 2at
& —ilpz/h—uwt) _
Uz, t) = V2ae ¢<T<a \ I
0 otherwise. = i—a . Wl x<a
o wukside.

Here p and w are constants. Which of the following are true about the outcome of a mea-
surement of the particle position done at t = 07

i) It could be any number and all are equally likely.

It could be any number in the range —a < z < a and all are equally likely.

fii) Tt could be almost any number in the range —a < z < a with the likelihood increasing
from left to right.

iv) Tt could be almost any number in the range —a < z < a with the likelihood decreasing
from left to right.

v) It could be almost any number in the range —a < ¢ < a with the likelihood oscillating
from left to right.
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Question 3

An electron is trapped in an infinite well with width 5.0 x 107 10'm. Determine the two lowest

lowest frequencies in the emission spectrum. (6 34 >.2
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Question 4
Consider a particle in an infinite well for which the potential is

0 << L
U(m)z{oo )

otherwise.

The energy eigenstates for the particle are

() = \/%sin(%gz) O<az< L

0 otherwise

where n i3 an integer that labels the state. A quantum lab technician has a collection of
identical particles, each its own copy of the same well. The particles are all guaranteed to be
in the same energy eigenstate but the value of n for this state is not known. The technician
measures the position of each particle and determines both the expectation value and the
uncertainty. He saves the expectation value and the uncertainty but then erases all of the
individual particle position measurement outcomes and discards the particles. After this he
is asked which eigenstate was involved (i.e. what the value of n was).

a) Describe whether the technician can use the expectation value to determine the eigen-
state. If so, how would he do this? Explain your answer in terms of calculations or

graphs.
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Question 4 continued ...



b) Describe whether the technician can use the uncertainty to determine the eigenstate. If
s0, how would he do this? Explain your answer in terms of calculations or graphs.
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Question 5

A particle is in a harmonic oscillator potential. The largest wavelength of light that is
emitted by the particle is unknown but the second largest is 500nm. Determine the largest
wavelength of light that this oscillator could emit. Describe how the energy levels of the

harmonic oscillator explain your answer,
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Question 6 2

PG
Consider a harmonic oscillator with potential U(z) = %womz. Consider the following candi-
date for an energy eigenstale/stationary state

P(z) = Asin (kz)

where A and k are constants. Determine whether this is a possible energy eigenstate/stationary
state for this harmonic oscillator.
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Phys 231
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Modern Physics: Class Integrals

Basic integrals:

Integrals of Gaussian functions:
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provided that o > 0. These are valid for any # and v which could be complex.



Integrals of trigonometric functions:

/sin (az)dz = — cos (az)
]cos (az) dz = sin (ax)

sin {(a — b)z) _ sin({a + b)x)

/sin {az)sin (bx)dx = 2a=b)
_cos({a—b)z) cos((a+bx)

/Sill (az) cos (bx) dx = 56 —)
sin{{a — b)x)

sin ((a -+ b)z)

/cos (ax) cos (br) dz = 2(a — b)

sin(2azx)

sin(2az)

_ sin(az) mcos(ax)
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cos (ax)
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cos ((a — b)z)
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