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/Last Name:                                First Name                                   NetID  

Discussion Section: Discussion TA Name:    

 

Instructions—  

Turn off your cell phone and put it away. 

Keep your calculator on your own desk. Calculators may not be shared. 

This is a closed book exam.  You have ninety (90) minutes to complete it. 

 

1.  Use a #2 pencil; do not use a mechanical pencil or a pen. Fill in completely (until 

there is no white space visible) the circle for each intended input – both on the  

identification side of your answer sheet and on the side on which you mark your answers.   

If you decide to change an answer, erase vigorously; the scanner sometimes registers 

incompletely erased marks as intended answers; this can adversely affect your grade. 

Light marks or marks extending outside the circle may be read improperly by the 

scanner. 

 

2.  Print your last name in the YOUR LAST NAME boxes on your answer sheet and 

print the first letter of your first name in the FIRST NAME INI box.  Mark (as described 

above) the corresponding circle below each of these letters. 

 

3.  Print your NetID in the NETWORK ID boxes, and then mark the corresponding 

circle below each of the letters or numerals.  Note that there are different circles for the 

letter “I” and the numeral “1” and for the letter “O” and the numeral “0”.  Do not mark 

the hyphen circle at the bottom of any of these columns. 

 

4.  You may find the version of this Exam Booklet at the top of page 2.  Mark the version 

circle in the TEST FORM box near the middle of your answer sheet. DO THIS NOW! 

 

5.  Stop now and double-check that you have bubbled-in all the information requested in 

2 through 4 above and that your marks meet the criteria in 1 above.  Check that you do 

not have more than one circle marked in any of the columns. 

  

6.  Print your UIN# in the STUDENT NUMBER designated spaces and mark the 

corresponding circles.  You need not write in or mark the circles in the SECTION block. 

 

7.  On the SECTION line, print your DISCUSSION SECTION.  (You need not fill in 

the COURSE or INSTRUCTOR lines.)  

 

8.  Sign (DO NOT PRINT) your name on the STUDENT SIGNATURE line. 

 

Before starting work, check to make sure that your test booklet is complete. You should 

have 11 numbered pages plus two Formula Sheets at the end.  

 

Academic Integrity—Giving assistance to or receiving assistance from another 

student or using unauthorized materials during a University Examination can be 

grounds for disciplinary action, up to and including expulsion. 
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Exam Grading Policy— 

 

The exam is worth a total of 105 points, composed of two types of questions. 

 

MC5: multiple-choice-five-answer questions, each worth 6 points.  

Partial credit will be granted as follows. 

 

(a) If you mark only one answer and it is the correct answer,  

you earn 6 points.  

(b) If you mark two answers, one of which is the correct answer,  

you earn 3 points.  

(c) If you mark three answers, one of which is the correct answer,  

you earn 2 points. 

(d) If you mark no answers, or more than three, you earn 0 points. 

 

 

MC3: multiple-choice-three-answer questions, each worth 3 points.  

No partial credit. 

 

(a) If you mark only one answer and it is the correct answer,  

you earn 3 points.  

(b) If you mark a wrong answer or no answers, you earn 0 points. 
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The next three problems refer to the following situation:  

 

Consider three speakers, A, B, and C, equally spaced along a line, as shown below. A 

listener is positioned directly across from speaker B, at a position dB = 10m, and hears 

intensities IA = I0, IB = I0/4, and IC = I0 from A, B, and C, respectively, when one speaker 

at a time is turned on. The speakers are all driven in phase at a frequency of 800 Hz, and 

the speed of sound is 330 m/s.  

 

 

 

 

1.  What is the minimum distance, d, the listener can be from speakers A and C so that 

she hears all three waves arrive in phase? 

 

a.  d = 10.4 m 

b.  d = 14.1 m 

c.  d = 20.0 m 

 

 

2.  What total intensity does the listener hear, assuming the waves arrive in phase? 

 

a.  Io/4 

b.  9Io/4 

c.  25Io/4 

 

 

3. The listener now adds a phase shift to speaker B so that she hears a total intensity of 

ITot = 5I0 from the three speakers. What phase shift  did she add? 

 

a.  It is not possible to add a phase shift that gives this total intensity.  

b. 14 

c.  37 

d. 68 

e.   82 

  

 

A 

 

B 

 

C 

 

d d 

d
B
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The next two problems refer to the following situation:  

 

The graph below shows the transverse displacement of a string segment as a function of 

position. Assume the wave is harmonic and has a propagation velocity v = 20 m/s in the 

+x-direction. 

 

4. What is the approximate period of this wave? 

 

a.  1.25 ms 

b.  2.50 ms 

c.  50.0 ms 

 

 

5.  Which of the following equations could describe this wave? 

a. 
1 1( ) 20cos[(.05 ) (400 ) 2 5]y x m x s t mm      

b. 
1 1( ) 10cos[(.05 ) (400 ) 2 5]y x m x s t mm      

c. 
1 1( ) 10cos[(40 ) (800 ) 18 5]y x m x s t mm        

d. 
1 1( ) 20cos[(40 ) (800 ) 18 5]y x m x s t mm        

e. 
1 1( ) 20cos[(40 ) (800 ) 8 5]y x m x s t mm        
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The next three problems refer to the following situation:  

 

Consider light of wavelength500 nm incident on 4 slits, as shown below. The slits are all 

spaced at 1 mm. An interference pattern appears on a screen placed 10 m away from the 

slits.  (For now, ignore the effect of the finite width of the slits). 

 

 

6. What is the spacing of the principal maxima on the screen? 

 

a.  1.0 mm 

b.  5.0 mm 

c.  10.0 mm 

 

 

7.  At what angle min from the central principal maximum does the intensity first go to 

zero?  

 

a.  min = 0.0072 

b.  min = 0.029 

c.  min = 0.035 

d.  min = 0.057 

e.  min = 180 

 

 

8.   Now consider the additional effect of the finite width of the slits on the interference 

pattern, which is shown in the Figure above. What happens to the ratio of the peak 

intensity of the 2
nd

 order principal max to that of the central principal max as the slit 

widths are decreased? 

 

a.  I2nd/Icentral  1 

b. I2nd/Icentral  0 

c. I2nd/Icentral   

 

 

  

Note: Figure not 

to scale. 
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The next two problems refer to the following situation:  

 

 

Consider a Michelson interferometer as shown at right. 

 

 

 

 

 

 

9.  After painstakingly tuning your Michelson interferometer, such that there is maximal 

constructive interference, your lab partner bumps one of the outer mirrors, reducing the 

path length of that arm of the interferometer. You notice that your photometer (a tool for 

measuring the intensity of light) reading has not changed. What is the minimum distance 

that the mirror could have been bumped? 

 

a.  λ/2 

b.  λ 

c.  λ/4 

 

 

10.  Assume that the laser source operates at  = 500 nm and 2 mW, so that there is 1mW 

incident on each mirror. If a mirror reflects all of the light (i.e., none absorbed or 

transmitted), what force is exerted on the top mirror by the light? Note: the momentum 

transfer for 100% reflection is double that for complete absorption.  

 

a.  2 x 10
-3

 kg-m/s
2
 

b.  1 x 10
-3

 kg-m/s
2
 

c.  6.7 x 10
-12

 kg-m/s
2
 

d.  4 x 10
-19

 kg-m/s
2
 

e. 1.3 x 10
-27

 kg-m/s
2
 

 

 

 

 

 

11.  Consider a telescope which has a lens with a 400-cm diameter. How far apart must 

two objects be on the surface of the Moon if they are to be resolvable by this telescope? 

The Earth-Moon distance is 3.8 x 10
8
 m; take the wavelength of the light to be 550 nm.  

 

a.  32 cm 

b.  3.2 m 

c.  64 m 

d.  1 km 

e.  10 km 

 

detector 
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12.  If light of wavelength 520 nm goes through a slit which is 0.4-mm wide and travels 

to a square screen of area 2m × 2m, how wide is the central diffraction peak? 

a.  The information provided is insufficient to answer this question. 

b.  2.6 mm 

c.  5.2 mm 

 

 

The next two problems refer to the following situation: 

 

You wish to design a photocell that operates (i.e., can emit electrons) when illuminated 

with violet light (wavelength 379 nm). You have the following materials to choose from, 

and their associated work functions:  

(i)     Tungsten,  = 4.5 eV 

(ii)    Aluminum, = 4.2 eV 

(iii)   Barium,  = 2.5 eV 

(iv)   Cesium,  = 1.9 eV 

 

 

13.  Which of the following choices would be appropriate for your photocell? 

 

a.  (i) and (ii) 

b.  (iii) and (iv) 

c.  All of them 

 

14.  If the frequency of the laser for your working photocell were doubled, how would it 

affect the stopping voltage and work function? 

a.  The stopping voltage would remain the same and the work function would remain the 

same. 

b.  The stopping voltage would increase and the work function would decrease. 

c.  The stopping voltage would increase and the work function would remain the same. 

 

 

15.  A microwave oven operates at a power level of 700 Watts and at a frequency of 

2.5 GHz. How many photons per second does this microwave oven produce? 

 

a.  2.8 × 10
7
 Photons/s 

b.  4.2 × 10
26

 Photons/s 

c.  2.7 × 10
27

 Photons/s 
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The next two problems are related.  

 

16.  A gold atom (mass 3.27×10
-25 

kg) has a velocity of 3 m/s 

in the x-direction and a velocity of exactly 0 m/s in the y-

direction. The atom is incident on a single slit of width 3µm 

(extending in the y-direction). What is the minimum 

uncertainty in its y-velocity after the slit?  

 

a.  0 m/s. 

b.  2.15 × 10
-10

 m/s. 

c.  1.07 × 10
-4

 m/s.  

 

 

17.  In what direction  is there no chance to find gold atoms after the slit? 

 

a.  There is no such direction 

b.   = 0.013 

c.   = 0 

 

 

 

The next two problems refer to the following situation:  

 

You’re trying to make your own spectrometer, using either a CD (groove spacing 

= 1.6 m) or a DVD (groove spacing =  0.74 m) as the diffracting element.  

 

18. If you want the best spectral resolution (i.e., ability to distinguish two closely spaced 

wavelengths) around 500 nm, which should you use, assuming your light source can 

coherently illuminate up to ~1-cm-wide patch (thereby determining the number of lines), 

and you are restricted to first-order? 

 

a.  CD 

b.  DVD 

c.  Doesn’t matter, they have the same performance specifications for this application. 

 

 

19. Using the CD, what’s the smallest wavelength that could be resolved from 500 nm, 

again assuming you can coherently illuminate a 1-cm-wide patch. Make sure that you 

employ the optimal diffraction order. 

 

a.  500.080 nm 

b.  500.040 nm 

c.  500.027 nm 

d.  500.020 nm 

e.  500.016 nm 
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xA 

xB 

xC 

 

 

The next three problems are related to the following situation: 

 

This wavefunction corresponds to an energy eigenstate (with quantum number n) of a 

particle in a potential well: 

 

 

 

 

 

 

 

 

 

 

 

 

 

20.  If we measure the location of the particle, where is it most likely to be found? 

 

a.  at position xA 

b.  at position xB 

c.  at position xC 

 

 

21.  Where is the total energy of the particle the highest? 

 

a.  at position xA 

b.  at position xB 

c.  at position xC 

d.  same at all positions 

e.  cannot be determined from the information given 

 

 

22.  Which of the following can we conclude about the potential? 

 

a.  It has infinite walls. 

b.  It is a symmetric potential, i.e., V(-x) = V(x). 

c.  It has at most three bound states, i.e., no more than three energy eigenstates. 

d.  All of the above. 

e.  None of the above. 
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The next four problems are related.  
 

An electron in a quantum well is approximated as a particle in an infinite square well, of 

width 6 nm. 

 

23. What is/are the possible wavelength(s) of a photon emitted by the electron as it 

decays out of the 2
nd

 excited state? (Hint: It may help to draw the energy level diagram.) 

 

a. 23.7 m  

b. 14.8 m  

c.  9.5 m  

d.  6 nm 

e.  23.7 m and 14.8 m are both possible. 

 

 

24.  Compare the initial wavelength of the electron (electron) in the 2
nd

-excited state of the 

6-nm well with the wavelength of a proton (proton) also in the 2
nd

-excited state of an 

analogous infinite well (also 6 nm wide). 

 

a. electron = proton 

b. electron  > proton 

c. electron < proton 

 

 

25.  If we now account for the fact that the well actually has finite depth, not infinite, 

what happens to the wavelength of a photon emitted when the electron decays out of the 

2nd excited state? 

 

a. Photon wavelength is longer than for the infinite-well case. 

b. Photon wavelength is shorter than for the infinite-well case. 

c. Photon wavelength is the same as for the infinite-well case. 

 

 

26.  Compare the probabilities to find the electron between 2 nm and 4 nm (i.e., in the 

middle third of the well) if it is in the 2nd excited or the ground state? (Hint: Sketch the 

probability densities |(x)|
2
.) 

 

a. Pground(2 nm ≤ x ≤ 4 nm) ≥ P2nd excited(2 nm ≤ x ≤ 4 nm) 

b. Pground(2 nm ≤ x ≤ 4 nm) = P2nd excited(2 nm ≤ x ≤ 4 nm) 

c. Pground(2 nm ≤ x ≤ 4 nm) ≤ P2nd excited(2 nm ≤ x ≤ 4 nm) 

 


