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This test consists of three parts.  Please note that in parts II and III, you can skip one 
question of those offered. 
 
Part I:  Multiple Choice [20 points] 
For each question, choose the best answer (2 points each) 
 
1. Which of the following is true about the relationship between phase velocity and 

group velocity? 
A) Phase velocity is greater than group velocity 
B) Phase velocity is less than group velocity 
C) Phase velocity is equal to group velocity 
D) Any of A, B, or C could be true 
E) Phase and group velocity cannot be compared because they have different units 
 

2. An X-ray photon collides with a stationary electron, and rebounds at a 90 degree 
angle.  How does the final wavelength of the photon compare with the initial 
wavelength? 
A) It is the same 
B) It is smaller 
C) It is greater 
D) It depends on the energy of the incoming photon 
E) It depends on the energy of the final photon 
 

3. What does Wien’s Law, 3
max 2.898 10  m KTλ −= × ⋅ , tell us? 

A) It allows you to calculate the temperature of a laser at a particular wavelength 
B) If you have a black body spectrum, it tells you what wavelength all the power is 

at 
C) If you have a black body spectrum, it tells you what wavelength the most power is 

at 
D) It allows you to calculate the wavelength of an electron in a hot environment 
E) It relates the period and the maximum wavelength inside an atom 
 

4. What, approximately, is the significance of the cross-section in a scattering 
experiment? 
A) It is the actual area of an object that is being scattered from, like a nucleus 
B) It is the size of the area where a certain action will happen, like scattering by a 

large angle 
C) It is the size of the region around the scattering object where the force will be felt 
D) It is the combined area of the projectile and the target 
E) It is the square of the distance between the target and object, times pi 



5. How come we don’t notice quantum mechanical effects in the everyday world?  How 
come Newton didn’t notice them? 
A) They are too small to affect most everyday phenomena 
B) They affect only elementary particles, like electrons, not composite objects, like 

people 
C) They affect only objects that move at the speed of light, like photons, not physical 

objects, like electrons 
D) All such phenomena were attributed to “random error” up until the 20th century 
E) Newton was an idiot and didn’t do any experiments 

 
6. Which of the following is not a consequence of the uncertainty principle? 

A) Atomic states that live a very short time do not produce perfectly monochromatic 
light, but a small range of different frequencies. 

B) If you measure the momentum of a particle very well, its position is very poorly 
determined 

C) The electron in an atom can’t be definitely at the nucleus, since then it would 
have a very indefinite (and hence large) momentum 

D) The charge on an electron can never be precisely determined 
E) A particle confined to a box has “zero-point” energy, even if there is no potential 

energy 
 
7. Why are the spectral lines for heavy hydrogen, 2H, slightly different than the spectral 

lines for ordinary hydrogen, 1H? 
A) The neutron slightly neutralizes the nucleus, slightly changing the electric charge 

so the binding energies are a bit different 
B) The neutron adds a bit of gravitational attraction to the atom, shifting the lines 

slightly 
C) The electron spends some of its time inside the nucleus, which is now larger, and 

this has to be corrected for 
D) The electron undergoes weak interactions with the neutron, shifting its energy 

slightly 
E) The binding energy has to be computed using the reduced mass, which includes 

the effects of the nuclear mass 
 

8. According to quantum mechanics, what does the wave function of an electron tell 
you? 
A) It tells you where a large group of electrons are, and cannot be applied to a single 

electron 
B) If you square its amplitude, it tells you the probability of finding a singe electron 

at various places 
C) If you find its center of mass and its wavelength, it tells you exactly where the 

electron is and exactly what its momentum is 
D) It tells you where the charge of the electron is “spread out”, but the electron is in 

just one place 
E) It tells you where the electron is going to be, not where it is now. 



9. Which of the following experiments did not contribute to the conclusion that charge 
comes in multiples of a fundamental unit e? 
A) The measurement of electron waves bouncing off of crystals, by Davisson and 

Germer 
B) The measurement of the charge of oil drops, by R. A. Millikan 
C) The measurement of deflection of charges in a magnetic field by J.J. Thomson 
D) The measurement of the amount of charge needed for chemical reactions by 

Michael Faraday 
E) Actually, these were all considered critical to demonstrating the existence of a 

fundamental unit of electric charge 
 

10. Why was it important that when Rutherford used the highest energy α-particles and 
the lowest Z targets, he saw deviations from the formula he expected for a point-like 
nucleus? 
A) The energies were so high that relativity was playing a role, and Rutherford was 

able to see these effects 
B) Electric forces become weaker at very short distances, and he was seeing that 
C) His α-particles were breaking up the nucleus, invalidating his approach 
D) Electrons in the innermost core of the atom were partly screening the nuclear 

charge 
E) The α-particles were beginning to penetrate inside the nucleus, and he was able to 

estimate the size of the nucleus 
 

Part II:  Short answer [20 points] 
 Choose two of the following questions and give a short answer (1-3 sentences) 
(10 points each). 
 
11. What was the ultraviolet catastrophe, and what assumption did Planck have to make 

to fix the problem? 
 
12. Give a short explanation of the Franck-Hertz experiment and what it demonstrated. 
 
13. The discovery that particles act like waves meant that several classical ideas about 

particles had to be overturned.  List at least three. 
 



Part III: Calculation: [60 points] 
 Choose three of the following four questions and perform the indicated 
calculations (20 points each).  You may find the following formulas helpful: 
 

34 15

34 16

6.626 10  J s 4.136 10  eV s
1.055 10  J s 6.582 10  eV s

h − −

− −

= × ⋅ = × ⋅

= × ⋅ = × ⋅
 

 
14. A photon of wavelength 437 nm collides with a metal with an unknown work 

function.  An electron is ejected with energy 0.513 eV 
(a) What is the frequency of the photons of this light? 
(b) What is the energy of the photons of this light? 
(c) What is the work function for the metal? 
(d) What will be the lowest frequency that is capable of ejecting electrons from this 

metal? 
 
15. Consider the Bohr model for a constant radial force inward F.  The energy of the 

system is given by 
21

2E mv Fr= +  
(a) Equate the force to the centripetal force to get an equation for velocity as a 

function of r. 
(b) Apply the Bohr quantization condition to the angular momentum L to find a 

second equation for the velocity, this time in terms of r and n. 
(c) Combine the results of parts (a) and (b) to find an equation for r as a function of 

n. 
(d) Substitute your results to find the energy E as a function of n.  You do not have to 

simplify it all the way if you find it is getting messy. 
 
16. An electron, having mass m = 9.109×10-31 kg is placed in little test tube 4 mm 

high. 
(a) What is the approximate uncertainty in the vertical position of the electron Δx? 
(b) What is the corresponding uncertainty in the momentum of the electron Δp? 
(c) What is the approximate kinetic energy of the electron due to the momentum 

found in part (b)? 
(d) Compare the kinetic energy in part (c) with the amount of potential energy E = 

mgh required to climb out of the test tube, where g = 9.8 m/s2 

 
17. Because of its extremely high temperature, many atoms in the Sun are multiply 

ionized.  Consider a carbon atom (Z = 6) in the Sun that has been ionized so that it 
contains only a single electron 
(a) What are the energy levels of this Carbon atom, in eV, as a function of n? 
(b) How much energy would be released by an electron moving from the n = 7 level 

of Carbon to the n = 5 level. 
(c) What is the frequency, angular frequency, period, wavelength, and wave number 

(f, ω, T, λ, and k) of the corresponding light waves that come out? 
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