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Exam 2 (November 23, 2009) 
Please read the problems carefully and answer them in the space provided.  Write on 

the back of the page, if necessary.   

 

Problem 1 (4 pts, no need to show work): 

 

Higher energy photons have (relative to lower energy photons) 

 

a) longer wavelengths. 

b) greater speed. 

c) higher frequency. 

d) all of the above. 

e) none of the above. 

 

Problem 2 (4 pts, no need to show work): 

 

In the Standard Model of particle physics there are how many distinct types of quarks? 

 

a) 2 

b) 4 

c) 6 

d) Just over 100 

e) There are no quarks in the Standard Model. 

 

Problem 3 (4 pts, no need to show work): 

 

In a double-slit experiment with an electron beam, quantum mechanics enables scientists 

to predict  

 

f) which slit the electron will come through. 

g) the place at which each electron will hit on the screen. 

h) the precise position and velocity of each electron.  

i) the pattern that a single electron will produce when it hits the screen. 

j) the overall pattern made by a large number of electron impacts on the screen. 
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Problem 4 (4 pts, no need to show work): 

 

Roughly how many chemical compounds exist in nature? 

 

a) 6 

b) 25 

c) Just over 100 

d) Just over 500 

e) A very large number, much greater than 500 

 

Problem 5 (4 pts, no need to show work): 

 

An atom has four distinct energy levels that can be occupied by an electron.  The number 

of spectral lines produced by this atom is 

 

a) 3 

b) 4 

c) 6 

d) 10 

e) Many more than 10 

 

Problem 6 (4 pts, no need to show work): 

 

In what way or ways do 
3
H and 

3
He differ? 

 

a) They have different numbers of protons. 

b) They have different number so neutrons. 

c) Both of the above. 

d) They have different atomic mass numbers. 

e) The numbers of protons, neutrons and atomic mass all differ. 

 

Problem 7 (4 pts, no need to show work): 

 

92
238

U alpha decays producing which daughter nucleus 

 

a) 92
234

U 

b) 93
238

Np 

c) 90
236

Th 

d) 90
234

U 

e) 90
234

Th 

 

  

Scores 
1. ___/4 
2. ___/4 
3. ___/4 
4. ___/4 
5. ___/4 
6. ___/4 
7. ___/4 
8. ___/4 
9. ___/4 
10. ___/4 
11. ___/30 
12. ___/10 
13. ___/10 
14. ___/10 
 
Total ___/100 
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Problem 8 (4 pts, no need to show work): 

 

What is the source of the energy for the creation of the heavy elements (heavier than 

iron)? 

 

a) hydrogen fusion 

b) fission  

c) gravitational collapse 

d) helium fusion  

e) the shock of a supernova explosion 

 

Problem 9 (4 pts, no need to show work): 

 

To an astronomer, a white dwarf is 

 

a) The end stage in the life cycle of a star with a mass between 0.8 and 1.4 solar 

masses where fusion has largely ceased and the star is held up by bare nuclei and 

electrons.  

b) A term for a ‘star’ with a mass less than 0.8 solar masses where fusion reactions 

never began in earnest. 

c) The name of Snow White’s love child. 

d) The end stage in the life cycle of a star with a mass between 1.4 and 2.5 solar 

masses where fusion has largely ceased and the star is held up by a core of 

neutrons. 

e) The end stage in the life cycle of a large star where fusion has largely ceased and 

the star collapses to such a degree that even light cannot escape.  

 

Problem 10 (4 pts, no need to show work): 

 

A physicist cannot predict the exact time that a single 
14

C nucleus will decay because 

 

a) of the fact that we do not yet have powerful enough computers. 

b) of fundamental uncertainties associated with quantum mechanics.  

c) it is too difficult to determine the precise initial state of the protons and neutrons 

inside a nucleus. 

d) it depends on the exact origin of the nucleus, which is generally unknown. 

e) of the fact that the protons and neutrons exhibit quantum entanglement. 
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Problem 11 (30 pts, true or false, each part is worth 2 points): 

 

a) _____  Baryons are a bound state of three leptons. 

b) _____  The Higgs particle has yet to be discovered.  

c) _____  Quarks are the virtual particles that convey the strong force in quantum field 

theory. 

d) _____  The force of gravity is by far and away the weakest force yet observed in nature. 

e) _____ Due to their large electric charge, alpha particles are the most dangerous form of 

natural radiation from sources outside one’s body. 

f) _____  The W and Z particles have zero mass. 

g) _____  A particle formed from a quark and an anti-quark is known as a meson. 

h) _____  Nuclear fusion is the power source for stars. 

i) _____  The process of small nuclei joining to form larger nuclei is known as fission. 

j) _____  In the Standard Model, photons are the virtual particles that hold electrons in 

atoms. 

k) _____  Neutrinos only interact with other particles via the weak nuclear force. 

l) _____  The heaviest element likely to be found at the center of a massive stars is 

nitrogen. 

m) _____  Clocks on the moon move at a slightly slower rate than clocks at the surface of the 

earth. 

n) _____  Benzene (C6H6)  is a chemical compound consisting of 12 atoms. 

o) _____  93
238

Np is a nucleus that has 93 protons and 238 neutrons. 

 

 

 

 

Problem 12 (10 pts): 

 

Suppose that you measure the frequency of carbon-14 decays in an old scroll said to 

contain a description of a story similar to one in the Bible.  You find that the frequency of 

decays are roughly 6% of that measured in a freshly cut piece of wood.  Is this document 

likely to have come from biblical times?  Why or why not?   (Potentially useful 

information:  the decay constant for carbon-14 is 1.4x10
-4

 year
-1

 and the half-life of 

carbon-14 is 5730 years.)    
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Problem 13 (10 pts): 

 

Phosphors (a type of chemical) on the inside of fluorescent lamps convert ultraviolet light 

to visible light.  Briefly explain how this might work and why are there no substances 

that convert visible light to ultraviolet light.  (Take the average wavelength of visible 

light to be 10
-7

 meters and that for ultraviolet light to be 10
-8

 meters.) 

 

 

 
 

 

 

 

 

 

 

 

Problem 10 (10 pts): 

 

What is meant by the ‘enrichment’ of uranium and why is this technical process 

important to society?  
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