NORTHERN ILLINOIS UNIVERSITY

PHYSICS DEPARTMENT

Physics 283 — Modern Physics Spring 2024
Quiz #2
INSTRUCTIONS:
(1) No graphic calculators are allowed for this quiz.
(2) Do all your work in the examination blue booklet
(3) You may find the following formulas useful:
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TABLE 7.1 Some Hydrogen Atom Wave Functions
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Euler Identies: cosé@ =

C = 3 x 10® meters/sec
e =1.602x107°C

h =6.626x1073*J - sec
hc =1240eV -nm

1 A = 10™ meters

leV =1.602 x107%°)J

Show all your work in the solution of each problem.
Writing down a number with no work shown gets no credit.

Put each problem on a separate page in the blue booklet.

Problem 1 (25 points)

A light beam in air has an angle of incidence of 35° at the surface of a glass plate. What
are the angles of reflection and refraction? The index of refraction for the glass plate is
1.50 and assume the index of refraction for air is 1.00.



Problem 2 (25 points)
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Sketch the 1% 4 wavefunctions for the harmonic oscillator potential shown above.
Explain what is happening to the wavelength and amplitude of the wavefunctions
throughout the potential.

Problem 3 (25 points)

Zr ~7r/2
r/aoC

ao

32
. VA
Then =2, | =1 state of hydrogenis: ., = 4\/7( J 0s6.

(a) Calculate the location in r at which the radial probability density is a maximum for
this state.

(b) Calculate the expectation value of the radial coordinate, <r > You may find the

nlt

bn +1°

following integral formula useful: j x"e dx =

(c) Plot the radial probability density as a function of r , and explain the physical
significance of the difference in the answers to part (a) and (b).



Problem 4 (25 points)
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The electron has an energy less than the step height: E <U .
For this problem: Use only complex exponentials for wavefunctions

(a) Write down the wave function, i/, (X), for Region I. Let A be the amplitude of the
incident wave and B be the amplitude of the reflected wave.

(b) Write down the wave function, ¥, (X), for region II.

(c) Which coefficient(s) in Part (a) & (b) should be set to zero? Why?

(d) Use the continuity boundary conditions for y/(X) and its slope at X = O to find two
relationships among the coefficients.

(e) Evaluate the reflection coefficient:

2

- _ reflected probalility flux _k [B|
" incident probability flux 2

p y K, ‘A‘

(f) Show that the particle is totally reflected at the step by showing that R = 1.



