Phys 231
Spring 2021

Modern Physics: Class Exam 1
26 February 2021

Name: Total: / 50

Instructions

e There are 7 questions on 6 pages.
e Show your reasoning and calculations and always explain your answers.

Physical constants and useful formulae

c=30x108m/s h=663x10""Js kp=138x102J/K 1eV=16x10""J
Melectron = 9-11 X 1073 kg mproton = 1.67 x 1072 kg mMpeutron = 1.67 x 1072 kg

Question 1

Two different lasers produce light with different colors, red and green. The red laser produces
light with wavelength 650 nm and a green laser with wavelength 530 nm. Each produces the
same number of photons every second. Which of the following (choose one) is true?

i) The power of the red laser is the same as the power of the green laser.
ii) The power of the red laser is larger than the power of the green laser.
iii) The power of the red laser is smaller than the power of the green laser.

Explain your answer.
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Question 2

The work function (minimum energy needed to remove an electron) for copper is 4.7eV.

a) Determine the largest wavelength of light that can successfully remove an electron from
copper.

b) Suppose that light with this maximum wavelength is incident on the copper. The
intensity of the light is reduced. Explain the effect that this will have on the electrons
e.g, they will no longer be emitted, they will have less kinetic energy after emission, etc,
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Question 3

Consider z1 = —2 + 2i and 29 = etm/3, Express z = z129 in the form z = u + iv where u and
v are real.
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Question 4

Two waves are represented by

U, = Aei(kx—wt+¢1)
Uy = Aei(kx—wt—l—qﬁz)

where A > 0,k > 0,w > 0, ¢1 and ¢9 are constants.

a) Describe the direction in which each wave travels.

b) Determine an expression for the superposition of these waves ¥ = ¥y + ¥, and use this
to show that the intensity of the superposition, I = |¥|?, is (either of)

T =2A%[1 + cos (¢1 — )] = 4A% cos? <@>

Question 4 continued ...



c) Use the previous result to explain how ¢; and ¢ must be related to give a minimum

intensity.

Question 5

Neutrons are fired with speed 2.5x 103 m /s toward
a barrier that contains two narrow slits spaced
8.0 x 107" m apart. The neutrons that pass the
barrier emerge at various angles # measured as
illustrated. Determine the smallest angle, 8 # 0
as illustrated (i.e. not straight through), at which
neutrons are most likely emerge.
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Question 6
Particles are fired toward a single slit. The prob-
ability with which the particles arrive at a screen
is illustrated.

Probability

a) Suppose that the speed with which the par-
ticles approach the slit was increased. Ex-
plain how this would affect the probability
distribution.

b) Suppose that the particles were fired with the same speed but fewer were fired per
second. Explain how this would affect the probability distribution.
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Question 7

The energy levels of a hydrogen atom, according to the Bohr model, are
1
n

a) Consider all possible transitions from a level where n > 2 down to the level where n = 2.
Determine the two longest wavelengths of light that can be emitted for such transitions.

b) An observer claims that a line corresponding to electromagnetic radiation with wave-
length 50 nm is observed in the spectrum of a gas that he suspects is hydrogen. Deter-
mine the change in energy that the hydrogen electron would have to undergo to emit
this radiation and use this to decide whether the gas could be hydrogen.
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