
PH300	  Spring	  2011	  
	  

Homework	  06	  
	  
Total	  Points:	  30	  

1. (1 Point) Each week you should review both your answers and the solutions for the previous 
week's homework to make sure that you understand all the questions and how to answer them 
correctly.  You will receive credit for reviewing your old homework, which will be returned to 
you every Tuesday.  Please review your homework and the solutions from last week and let me 
know that it was graded correctly.  If it was not, state here which problems were incorrectly 
graded, and then contact me (via email or before/after class). 

2. (2 Points) Your first homework question this week is to submit one homework correction 
from the previous week's homework. Select one problem for which you had the wrong answer, 
and then: 

1. Identify the question number you are correcting. 

2. State (copy) your original wrong answer 

3. Explain where your original reasoning was incorrect, the correct reasoning for the 
problem, and how it leads to the right answer. 

If you got all the answers correct, Great!!! Then state which was your favorite or most useful 
homework problem and why. 
 
 
3. (2 Points) Solar panels work because photons from the sun give their energy to electrons in 
the panels.  At noon on a typical mid-June day in Colorado, the power of the visible radiation 
from the sun is about 225 Watts per square meter.  If you had solar panels on your roof covering 
an area of 2 meters by 6 meters, and the efficiency of the panel was 13% (meaning that 13 out of 
every 100 photons hitting the panel sent an electron down the wire), how many electrons per 
second would you get? (You can take the average energy of a solar photon to be that of green 
light, about 535 nm.)	  
	  
	  
	  
4. (1 Point) About 3.9 eV of energy is required to break apart or severely damage a DNA 
molecule.  When we damage our skin cells, our bodies respond by directing a lot of blood to 
repair and replace the damaged cells, and our skin takes on a bright red glow (the tell-tale signs 
of sunburn). We also increase our risk of skin cancer. 
 
What wavelength of light (in nm) has just enough energy to damage our DNA?  Where does this 
fall in the electromagnetic spectrum? (e.g., infrared, visible, UV) 
 



5. (0.5 Points) Which wavelengths of light are most important for a good sunscreen to block? 
 
A. Wavelengths very close to the one I calculated in the previous question 
B. Wavelengths greater than or equal to the one I calculated in the previous question. 
C. Wavelengths less than or equal to the one I calculated in the previous question. 
D. All wavelengths are equally important to block. 
E. The idea that sunscreen prevents sunburn is a myth created by multi-national corporations, so 
it does not matter what wavelengths are blocked. 
 
For problems 6-14, you will be investigating the Discharge Lamps Simulation: 
 
http://phet.colorado.edu/en/simulation/discharge-lamps (or go to the course website). 
 
Begin by exploring the 1-atom panel and the Configurable Atom. 
 
(A few non-obvious simulation controls: You can select the # of empty electronic energy levels 
in the configurable atom and adjust their location.  And you can move the atom about in the 
discharge tube.) 
 
Consider the following True/False statements: 
 
6. (0.5 Points) If the spacing between two electronic energy levels in atom A is smaller than in 
atom B, then the wavelength of the light emitted by atom B will be longer. (True/False) 
 
 
7. (0.5 Points) If the spacing between two electronic energy levels in atom A is smaller than in 
atom B, then fewer photons will be emitted by atom B. (True/False) 
 
 
8. (0.5 Points) Photons are emitted as electrons in the atom jump up in energy. (True/False) 
 
 
9. (0.5 Points) The colors emitted by an atom does not depend on how much kinetic energy the 
free electron has when it hits the atom. (True/False) 
 
 
10. (0.5 Points) When a free electron hits an atom, the atom can be excited to an energy level 
higher than the KE of the electron. (True/False) 
 
 
11. (0.5 Points) The kinetic energy of the free electron at the point of collision increases as the 
voltage of the battery increases. (True/False) 
 
 
12. (0.5 Points) The kinetic energy of the free electron at the point of collision is higher if the 
atom is farther from the source of electrons. (True/False) 



13. (0.5 Points) The only way to emit infrared (IR) photons is if there are empty electronic 
energy levels really close to the ground state (lowest energy level). (True/False) 
 
 
14. (0.5 Points) When atomic electrons are excited to a higher level, they ultimately return to 
their lowest energy level. (True/False) 
 
  
15. (1 Point) How many possible colors can an atom with 6 electronic energy levels (n = 1 for 
the ground state, through n = 6) emit? 
 
  
 
16. (2 Points) Atomic spectra are really useful 
because they tell us what energies electrons are 
allowed to have within atoms. 
 
Which of the atomic spectra below includes all 
the emission lines you might expect to see from 
the electronic energy level diagram at right? 
 
 

 

 

17.	  (0.5	  Points)	  What	  is	  the	  ionization	  energy	  (the	  amount	  of	  energy	  needed	  to	  liberate	  a	  
ground	  state	  electron)	  of	  this	  atom	  (in	  eV)? 



In questions 18-31, you will work through the requirements needed to make a laser.  You 
will be working with the Laser Simulation to really discover and understand the requirements 
and operational considerations yourself: 
 
http://phet.colorado.edu/en/simulation/lasers	  (or	  go	  to	  course	  website).	  
 
(18-20) A laser involves three processes by which light interacts with atoms: absorption, 
spontaneous emission, and stimulated emission. Which of the following descriptions accurately 
describes each process (absorption, spontaneous emission, and stimulated emission): 
 
18. (0.5 Points) The process in which the electron naturally jumps down from a higher energy 
state to a lower state and spits out a photon corresponding to the energy difference as it does so: 
 
 
19. (0.5 Points) The process by which the light is absorbed and the energy causes the atomic 
electron to go to a higher energy level: 
 
 
20. (0.5 Points) The process where a photon hits an atom that is in a higher energy level already 
and this causes the atom to spit out a photon that is identical to the one that hit the atom so there 
are two identical photons: 
 
 
21. (0.5 Points) A laser is created by producing a lot of photons created by stimulated emission. 
What characteristics make the light produced by stimulated emission so special compared to 
light produced through spontaneous emission? (Choose all that apply) 
 
A. Photons are traveling exactly in the same direction. 
B. Photons' electromagnetic waves are oscillating exactly in phase. 
C. Photons are all exactly the same color. 
D. Photons have more energy 
 
 
Open the One Atom Panel in the Laser Simulation and start exploring the two-level atom. 
Questions 22-29 are considering only the two-level atom (which is a good approximation to the 
behavior of real atoms when the conditions are such that the atoms are being excited to only one 
excited energy level). 
 
 
22. (0.5 Points) For absorption to occur, the photon energy needs to: 
 
A. …be equal to or greater than the energy difference between the two levels. 
B. …exactly match the energy difference between the two levels. 
C. …be equal to or less than the energy difference between the two levels. 
 
 



23. (0.5 Points) When the conditions are such that there is a lot of stimulated emission, there is a 
net increase in the number of photons compared to the number emitted by the lamp. (True/False) 
 
 
24. (0.5 Points) In stimulated emission, the direction of the emitted photon is independent of the 
direction of the stimulating photon. (True/False) 
 
 
25. (0.5 Points) In spontaneous emission, the photon is emitted in a random direction. 
(True/False) 
 
 
26. (1 Point) Decreasing the lifetime of the upper energy level: (Choose all that apply) 
 
• increases the average amount of time before an excited atom will undergo spontaneous 

emission. 
• decreases the average amount of time before an excited atom will undergo spontaneous 

emission. 
• increases the likelihood of spontaneous emission, and decreases the likelihood of stimulated 

emission. 
• decreases the likelihood of spontaneous emission, and increases the likelihood of stimulated 

emission. 
• increases the energy of that level. 
• decreases the energy of that level. 
• increases the wavelength of the photon needed to create stimulated emission of an 

atom in that level. 
• decreases the wavelength of the photon needed to create stimulated emission of an atom in 

that level. 
 
 
27. (1 Point) Changes that will increase the likelihood that the excited atom will undergo 
stimulated emission include: (Choose all that apply) 
 
• decreasing the lifetime of the excited state 
• increasing the lifetime of the excited state 
• increasing the lamp intensity 
• decreasing the lamp intensity 
• increasing the wavelength of light coming out of the lamp (assume you start at a wavelength 

where stimulated emission does occur) 
• decreasing the wavelength of light coming out of the lamp (assume you start at a wavelength 

where stimulated emission does occur) 
 
 
 
28. (0.5 Points) In a laser, a whole bunch of identical photons are created by stimulated 
emission. 



 

 
 
 
We have an atom with only two relevant energy levels as in the two-level simulation, an excited 
state and a ground state. We send in these 6 photons (which match the energy difference between 
the levels). In order to get a net increase in the number of photons at the exit of this gas cell, 
what does the population of atoms need to be inside the cell: 
 
A. More than half need to be in the ground state 
B. Need half in the ground state, half in the excited state 
C. More than half need to be in the excited state 
 
 
29. (0.5 Points) If we shine a sustained high intensity beam of these green photons through this 
cell, what will the average population distribution of atoms in the cell look like? 
 
A. All atoms will be in the lower state 
B. All atoms will be in the excited state 
C. Half the atoms will be in the lower state and half will be in the excited state 
 
 
30. (5 Points) When making a laser, what is the minimum number of atomic energy levels 
needed and why? (Give a detailed explanation – this would be a good time to play around with 
the Laser Simulation, to be sure you know how to get it lase.) 

 
 

 
 
 
 
 
 
 
 
 
 
31. (1 Point) A 62nm (20eV) photon is going into a gas of hydrogen atoms all in the ground 
state. What of the following is a possible result? (Choose all that apply) 
 



A. The atom absorbs the photon, and the electron leaves with 6.4EV of kinetic energy. 
B. Only 13.6 eV of energy is absorbed. The electron is liberated from the atom, and the photon 
continues with 6.4eV of energy. 
C. It is impossible for the atom to absorb the photon. 
D. The photon passes through the gas without being absorbed. 
E. One hydrogen atom would absorb 13.6 eV of energy and another would absorb the rest of the 
photon energy. 
  
 
 
32. (2.5 Points) A ruby laser emits a 100 MW, 10 ns long pulse of light with a wavelength of 
690 nm.  How many photons are required to generate this pulse?  How many generations of 
stimulated emission photons are required to produce this laser pulse? [Hint: Consider the photon 
that sets off the cascade to be Generation Zero.  Through stimulated emission, this photon 
becomes two (Generation One), which in turn become four (Generation Two), etc...  The number 
of photons in the Nth generation will therefore be given by 2N.]  Comment on the size of this 
number. 


