Physics 220
Exam #1

April 22,2016

Name

Please read and follow these instructions carefully:

Read all problems carefully before attempting to solve them.

Your work must be legible, and the organization clear.

You must show all work, including correct vector notation.

You will not receive full credit for correct answers without adequate explanations.
You will not receive full credit if incorrect work or explanations are mixed in with
correct work. So erase or cross out anything you don’t want graded.

Make explanations complete but brief. Do not write a lot of prose.

Include diagrams.

Show what goes into a calculation, not just the final number. For example

1= mifl = (5ke) x (22) = 1052

Give standard SI units with your results unless specifically asked for a certain
unit.

Unless specifically asked to derive a result, you may start with the formulas given
on the formula sheet including equations corresponding to the fundamental
concepts.

Go for partial credit. If you cannot do some portion of a problem, invent a
symbol and/or value for the quantity you can’t calculate (explain that you are
doing this), and use it to do the rest of the problem.

Each free-response part is worth 10 points

Problem #1 /30
Problem #2 /30
Problem #3 /30
Problem #4 /30

Total /120

1 affirm that I have carried out my academic endeavors with full academic honesty.




1. An electron in an infinite potential well makes a transition from the n = 3 state to the
ground state. In doing so, a photon is emitted with wavelength A =20.9nm .

a. What is the width of the potential well?
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b. Suppose that many of these emitted photons were incident on a sodium surface
@y, =2.3eV . What stopping potential would be needed to stop the most energetic

electrons from reaching the collector?
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c. Suppose that you could construct a laser beam from this situation and that the
laser beam was directed onto the sodium surface and made a spot of diameter
d =1mm . What photocurrent would be produced by this laser light source if the
laser were operated at SmW =5x10"W ? Hint: The photocurrent is given as
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2. The Constellation Orion is one of the brightest and best-known
constellations in the night sky. Orion has been known since
ancient times and the constellation is also known as the Hunter,
as it is associated with one in Greek mythology. As seen in the
figure on the right Betelgeuse is the red giant in the upper left
corner and the blue giant Rigel is in the lower right. The
constellation Orion contains two of the ten brightest stars in the
sky — Rigel (Beta Orionis) and Betelgeuse (Alpha Orionis) — a
number of famous nebulae — the Orion Nebula (Messier 42), De
Mairan’s Nebula (Messier 43) and the Horsehead Nebula, among
others — the well-known Trapezium Cluster, and one of the most
prominent asterisms in the night sky — Orion’s Belt.

a. Given the blackbody spectrum of the star Rigel in the constellation Orion, what is
the surface temperature of the star?
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b. Given the information in the table below, what is the luminosity of the star. Hint:
the luminosity is the power output of a star.

Mass 34x10" kg
Radius 54x10%m
Distance to Earth 73%10%m
Age 8.0><106yrs
Apparent 0.13
Magnitude
Rotational 25 L
Velocity ;
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c. Betelgeuse is a red super giant star and it is the star in the upper left corner of the
figure. If Betelgeuse has a surface temperature of 3500K , by what factor does
the energy output per unit time per unit area of Rigel exceed that of Betelgeuse?
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3. Suppose that you have a particle of mass m in a state given by the wave function
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Y(x,t)= Ae_u[ ' }Where A and a are positive real constants.

a. Determine the normalization constant A .
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b. What potential energy function would this particle of mass m have to move in
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c. What are the expectation values of < p2> and(E)?
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The expectation value of the energy can be done in two ways.
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4. When we examined the infinite well in class, the well was positioned so that the left
edge of the well was at x =0 and the right edge was at x =a and when we did the
finite well we put the left and right edges at x =—aand x = arespectively. Of course
you can put the well anywhere and make it any size you’d like. Consider the
“centered” infinite well with its left edge at x =—a and its right edge at x=a. The
potential function is given as shown below.

oo for x<—a
V(x)=4 0 for—a<x<a

oo for x>a

a. What are the normalized wave functions to the time independent Schrodinger
wave equation in each region?

For x <—aand x > +athe wave function does not exist, therefore y, =y, =0.
The only place we have a non-zero wave function is in the well.

In the well:
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Apply boundary conditions: W (x=-a)=y(x=+a)=0
At x<—-a: —Asin(ka)+ Bcos(ka)=0
At x>+a: Asin(ka)+ Bcos(ka)=0

Both cannot be true at the same time, so let’s add and subtract the solutions.



Adding and assuming that A=0and B#0:
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Subtracting and assuming that A=0and B=0:
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b. What is the energy of any state?
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c. Sketch (with appropriate dimensions) the ground and first excited state wave
functions.
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Physics 220 Equations

Useful Integrals:
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