Physics 132-3 Final Exam
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Questions (10 for 4 pts. apiece) Answer in complete, well-written sentences WITHIN the
spaces provided.

1. The energy levels of hydrogen can be described by the equation E, = —13'2726‘/ where

n is called the principal quantum number. What is the photon energy for the n =5 —
n = 3 transition? What is the wavelength of the light? Show your reasoning.

2. The figure shows the effective potential for a hydrogen atom. The green line represents
the total energy of the atom. Does this result make sense? Explain.
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3. Consider the intensity pattern shown below for two, identical, narrow slits. How would
you determine the size of the slits?
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4. Recall the experiment where you determined the heat of vaporization of liquid nitrogen.
Was the temperature of the liquid nitrogen changing during this experiment? Explain.

5. The table below shows a comparison between a calculation of the molar specific heat
of elemental solids C), in the third column and the expected value from measurement
(second column). The solids are listed in the first column. Does the calculation work?
Be quantitative in your answer.

Solid Measured C,, | Calculated C,,
(J/K-mole) (J/K-mole)

Lead 26.4 £0.7 24.9

Zinc 25.4+ 0.6 24.9

Aluminum 26.4 4+ 0.2 24.9

6. Will 14C dating work on anything? Explain.

7. The charge ¢ > 0 travels a distance d from point A to point B in a uniform electric
field of magnitude E. The path lies at an angle 6 to the field lines. What is the work
done by the field on the charge? Explain your reasoning.
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DO NOT WRITE BELOW THIS LINE.



8. Suppose you were talking to a scientist from the mid-nineteenth century (when we were
called natural philosophers) who thought atoms were a mathematical ‘trick’ and not
real objects. Using knowledge you gained from this course, how would you convince

someone in the existence of atoms?

9. Consider the plot below of the entropy of two Einstein solids S (green) and Sp (blue)
and their combined entropy Sy, (red) plotted as a function of the number of energy
quanta ¢4 in solid A. On the plot label the equilibrium state of the combined Einstein

solids. Explain your choice.
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10. Consider the charge distribution below. Each charge ¢ is a distance a from the origin.
How does the electric field of this charge distribution depend on r, the distance from

the origin for » > a? Explain your reasoning.

DO NOT WRITE BELOW THIS LINE.



Problems (6). Clearly show all reasoning for full credit. Use a separate sheet to show your
work.

1. 8 pts.  For what wavelength of light does a laser of power P = 0.04 J/s deliver
10'7 photons per second?

2. 10 pts. Two hydrogen atoms collide head-on. The collision brings both atoms
to a halt. Immediately after the collision, both atoms emit a A\ =
102.7 nm photon. What was the speed of each atom just before the
collision? If the final quantum state of each hydrogen atom is ny = 1,
what is the initial value n; of the principle quantum number?

3. 10 pts. The Impressionist painter Georges Seurat created paintings with an
enormous number of dots of pure pigment, each of which was approx-
imately 2.5 mm in diameter. The idea was to have colors such as red
and green next to each other to form a scintillating canvas (see figure).
Outside what distance would one be unable to discern individual dots
on the canvas? (Assume that A = 700 nm and that the pupil diameter
is a = 5.0 mm.)

4. 10 pts. Imagine that the multiplicity of a certain substance is given by
Q(E,N) = NeWE/M)Y? “where fw is some unit of energy. How would
the energy of an object made out of this substance depend on its tem-
perature? Would this be a ‘normal’ substance in our usual sense of
temperature.

DO NOT WRITE BELOW THIS LINE.



5.

6.

10 pts.

12 pts.

A current [ in a thin wire of length L sits along the z-axis as shown
below. Its left end is at the origin. Starting from the Biot-Savart Law
for the magnetic field from a ‘point’ current, what is B at the point
P where P = ai + bj in terms of I, a, b, L, and any other necessary
constants?

Consider a wire with a square cross section of area A = 5.5 x 1076 m?
and a number density n = 8.46 x 10%® electrons/m®. A current i =
15 A is flowing. A constant, uniform magnetic field transverse (i.e.
perpendicular) to the motion of the electrons is suddenly turned on
as shown in the figure below with Byypica = 3.0 7. (a) What is the
magnetic force on an individual electron due to the applied field and in
what direction is the force? (b) The flow of electrons in the wire will be
modified to balance the effect of the applied magnetic field by creating
another electric field within the wire. What is the size and direction of
the compensating electric field? (c) Sketch the distribution of electrons
in the wire as a function of z after the transverse field is turned on. In
1985, Klaus von Klitzing received the Nobel Prize in physics for the use
of this effect to understand conductivity and the behavior of charged
particles in solids.
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Physics 132-3 Constants and Conversions

Avogadro’s number (N4)

Boltzmann constant (kp)

atomic mass unit (u)

Gravitation constant (G)

Coulomb constant (k)
Electron mass

Elementary charge (e)

Permittivity constant (eg)

1 MeV
Planck’s constant (h)

Planck’s constant 2 (h = h/27)
Planck’s constant 2 (A = h/2m)

Permittivity constant (o)

6.022 x 1023
1.38 x 1072 J/K
1.66 x 10727 kg

6.67 x 10711 N — m?/kg?

8.99 x 109 N—m”
9.11 x 1073 kg

1.60 x 1071° C

8.85 x 10712k,
108 eV

6.626 x 1073+ J — s
1.0546 x 10734 J —

6.58 x 10716J/K — mole

8.85 x 10712k,

Speed of light (¢)
proton/neutron mass
g

Earth’s radius
Earth’s mass
Earth-Sun distance
Proton/Neutron mass
1.0 eV

atomic mass unit (u)
Planck’s constant (h)
Gas constant R
Rydberg constant (R)
Absolute Zero

Physics 132-3 Equation Sheet, Final
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3x 108 m/s

1.67 x 10727 kg
9.8 m/s?

6.37 x 10 m
5.98 x 10?4 kg
1.5 x 101 m
1.67 x 10727 kg
1.6 x 10719 J
1.66 x 10727 kg
414 x 107 eV — s
8.315 J/K — mol
1.097 x 107 m~1

—273.2°C
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The algebraic sum of the potential changes across all the elements of a closed loop is zero.
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The Periodic Chart.



