Physics 309 Test 2

I pledge that I have given nor received unauthorized assistance during the completion of this
work.

Name Signature

Questions (6 pts. apiece) Answer questions in complete, well-written sentences WITHIN the
spaces provided. For multiple-choice questions circle the correct answer.

1. What is the paradox of solar fusion?

2. Use classical physics to explain solar fusion without resorting to quantum mechanics.
Quantitative proof is not required.

3. A known mass m; is oscillating freely on a vertical spring with measured period 77.
An unknown mass ms on the same spring has a measured period 7. What is the
spring constant k& and the unknown mass in terms of the given quantities and any
other constants?

Do not write below this line.




4. The figure below shows a plot of the inner product of two free-particle wave functions
dr(x) = e /\/a and ¢y (x) that are non-zero over the range —a/2 < x < a/2. We are
letting a — co. How does this plot establish the orthonormality of these functions?

(@(K)l9(k)

5. The propagation matrix py we developed to study tunneling through a barrier is shown

below. '
B e—zkg 2a 0
P2 = 0 €+ik2 2a

How would the matrix or its elements change if the barrier became a hole of depth
—Vp as shown in the figure? Explain your reasoning.

vV A

%

Problems. Write your solutions on a separate sheet and clearly show all work for full credit.

1. (10 pts.) Show that the matrix _
1 61k12a 0
b1 = ( 0 e—ikﬂa)

is the inverse of p;.

Continue to the next page.

Do not write below this line.




Problems(continued). Write your solutions on a separate sheet and clearly show all work

for full credit.

2. (25 pts.)

3. (35 pts.)

Recall our old friend, Newton’s Second Law, F = ma and perhaps a new one in
the drag force equation F; = —bv which can be combined to form a differential
equation in the velocity for an object falling straight down

dv dv b

m— = bv —mg or — ——v+4g=

dt m
where b is a parameter describing the drag force, m is the mass and g is the accel-
eration of gravity. Solve this differential equation using the Method of Frobenius
(the power series method) and generate the recursion relationship that relates
different coefficients to one another.

One hundred neutrons are in a one-dimensional box with walls at z = 0 and
x =a. At t = 0, the state of each neutron is the following.

1
Y(x,t=0)=— for O0<z<a

va

The eigenfunctions and eigenvalues for this particle in a box are

2 h22
|¢n>:\/;sin<7%x> E, =n? T =n’E, O<z<a

2ma?

and |¢,) is zero outside the box.

1. What is ¥(x,t) in terms of z, t, n, a, and F; and any other necessary
constants?

2. Approximate W(z,t) using the first two, nonzero terms in the Fourier se-
ries and calculate the time-dependent probability density |¥(x,t)|* for this
approximate form. This function oscillates between two extremes. What is
the frequency of that oscillation? Your answer should be in terms of x, ¢,
n, a, and F; and any other necessary constants.

Do not write below this line.




Physics 309 Equations and Constants
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The wave function, (7, ¢), contains all we know of a system and its square is the probability
of finding the system in the region 7 to ¥+ dr. The wave function and its derivative are (1)

finite, (2) continuous, and (3) single-valued (11(a) = 1p2(a) and ¢ (a) = P)(a)) .
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Speed of light (c)

Boltzmann constant (kp)

Planck constant (h)

Planck constant (k)

2.9979 x 108 m/s

1.381 x 1072 J/K

8.62 x 1075 eV/k

6.621 x 10734 J — s

4.1357x1071° eV — s
1.0546 x 1073* J — s
6.5821 x 10716 eV — 5

fermi (fm)

electron-volt
MeV
GeV

62

angstrom (A)

(eV)

Electron charge (e)

107 m
107 m

1.6 x 1071 J
108 eV

10° eV

1.6 x 107 C
he/137

Planck constant (%ic) 197 MeV — fm Electron mass (m.)  9.11 x 1073 kg
1970 eV — A 0.511 MeV/c?
Proton mass (m,) 1.67 x 1072"kg atomic mass unit (u) 1.66 x 10727 kg
938 MeV/c? 931.5 MeV/c?
Neutron mass (m,,) 1.68 x 10727 kg
939 MeV/c?
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Hermite polynomials (H,(&))
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