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UNIVERSITY OF SASKATCHEWAN 
Department of Physics and Engineering Physics 

 

Physics 117.3 
FINAL EXAMINATION 

 
April 11, 2019 Time:  3 hours 
 
NAME:  __________________SOLUTIONS__________________  STUDENT NO.: ____________ 
     (Last)               Please Print                (Given) 
 
LECTURE SECTION (please check the appropriate box): 

   01 Dr. Y. Yao 
   02 B. Zulkoskey 
INSTRUCTIONS: 
1. This is a closed book exam. 

2. The test package includes a test paper (this document), an exam booklet, a formula sheet, a scratch 
card and an OMR (OpScan / bubble) sheet.  The test paper consists of 12 pages, including this cover 
page.  It is the responsibility of the student to check that the test paper is complete. 

3. Only a basic scientific calculator (e.g. Texas Instruments TI-30X series, Hewlett-Packard HP 10s or 
30S) may be used.  Graphing or programmable calculators, or calculators with communication 
capability, or calculators in smart phones are not allowed. 

4. Enter your name and student number on the cover of the test paper and check the appropriate box for 
your lecture section.  Also enter your name on the exam booklet and scratch card. 

5. Enter your name and NSID on the OMR (OpScan / bubble) sheet. 

6. The test paper, the exam booklet, the formula sheet, the scratch card, and the OMR (OpScan / 
bubble) sheet must all be submitted. 

7. No test materials will be returned. 

QUESTION # MAX. MARKS MARKS 

A1-20 20  

B21-24 8  

B25-28 8  

B29-32 8  

B33-36 8  

B37-40 8  

B41-44 8  

MARK out of 60:  
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PART B 
Work out the answers to the following Part B questions. 
Before scratching any options, be sure to double-check your logic and calculations. 
You may find it advantageous to do as many of the parts of a question as you can before 
scratching any options. 
When you have an answer that is one of the options and are confident that your method is correct, 
scratch that option on the scratch card.  if you reveal a star on the scratch card then your answer 
is correct (full marks, 2/2). 
If you do not reveal a star with your first scratch, try to find the error in your solution.  If you 
reveal a star with your second scratch, you receive 1.2 marks out of 2. 
Revealing the star with your third, fourth, or fifth scratches does not earn you any marks, but it 
does give you the correct answer. 
You may answer all six Part B question groupings (B21-24, B25-28, B29-32, B33-36, B37-40, and 
B41-44) and you will receive the marks for your best 5 groupings. 
Use the provided exam booklet for your rough work. 
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Grouping B21 to B24: 
B21. Consider two vertical cylinders of height h:  cylinder 1 of radius R and cylinder 2 of radius 2R.  

The same liquid is poured into each cylinder until they are full.  Let P1 be the gauge pressure at the 
bottom of cylinder 1 and P2 be the gauge pressure at the bottom of cylinder 2.  Which one of the 
following statements is correct? 

(A)  P2 = ¼ P1  (B)  P2 = P1 (C)  P2 = ½ P1 (D)  P2 = 4P1 (E)  P2 = 2P1 
 
 
An unknown liquid is poured into a U-tube as shown in the figure below. The left arm of the tube has 
cross sectional area A1 of 20.0 cm2, and the right arm has a cross-sectional area A2 of 10.0 cm2.  0.200 kg 
of water is then poured into the right arm as shown. The liquid rises in the left arm by a distance h = 
2.15 cm.  The density of water is 1.00 × 103 kg/m3. 
 

 
 
 
B22. Calculate the height of the water column in the right arm of the U-tube. 

 (A)  20.0 m (B)  0.200 cm (C)  5.00 cm (D)  20.0 cm (E)  10.0 cm 
 

2
2

    0.200 m = 20.0 cmw
w w w w w w

w

MM V A h h
A

ρ ρ
ρ

= = ⇒ = =   

 
B23. Calculate the pressure at the boundary between the water and the unknown liquid in the right arm.  

Express your answer to 4 decimal places. 

(A)  1.0326 × 105 Pa (B)  1.0130 × 105 Pa (C)  1.9600 × 103 Pa 
(D)  9.9340 × 104 Pa (E)  1.0196 × 105 Pa 

 
5 3 2

0
5

1.013 10  Pa (1000 kg/m )(9.80 m/s )(0.200 m)

1.0326 10  Pa
w wP P gh

P

ρ= + = × +

= ×
 

 
B24. Calculate the density of the unknown liquid. 

 (A)  1.63 × 105 kg/m3 (B)  9.30 × 103 kg/m3 
   (C)  4.65 × 103 kg/m3 (D)  3.10 × 103 kg/m3 
   (E)  3.04 × 104 kg/m3 
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Note that the volume of water below the dashed line is the same as the volume of unknown liquid 
above the dashed line.  Therefore the height of water below the dashed line can be calculated: 

1
1 2 2 2

2

        2u w w w
A hV V A h A h h h
A

= ⇒ = ⇒ = =   

Therefore, the height of unknown liquid in the left arm that is above the level of the water-unknown 
liquid boundary in the right arm is 3h.  Using the principle of “at the same level in the same liquid 
the pressure is the same”: 

0

0

5 5
0 3 3

2

1.0326 10  Pa 1.013 10  Pa 3.10 10 kg/m
(9.80 m/s )(3 0.0215 m)

left right

u u right

u u right

right
u

u

P P
P gh P

gh P P
P P

gh

ρ

ρ

ρ

=

+ =

= −

− × − ×
= = = ×

×
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Grouping B25 to B28: 
For a particular pipe in a pipe-organ, it has been determined that the frequencies 168 Hz and 210 Hz are 
two consecutive natural resonant frequencies. Use 343 m/s as the speed of sound in air. 

 

 

 

B25. Calculate the fundamental frequency for this pipe. 

 (A)  84 Hz (B)  21 Hz (C)  56 Hz (D)  42 Hz (E)  63 Hz 
 
If the pipe is open at both ends, then it resonates at frequencies of f1, 2f1, 3f1, … where f1 is the 
fundamental frequency.  Therefore, the difference between two consecutive resonant frequencies is the 
fundamental.  In this case, the fundamental frequency would be 210 Hz − 168 Hz = 42 Hz. 
 
If the pipe is closed at one end, then it resonates at frequencies of f1, 3f1, 5f1, … Therefore, the difference 
between two consecutive resonant frequencies is twice the fundamental frequency.  In this case the 
fundamental frequency would be 2f1 = 42 Hz, so f1 = 21 Hz.  However, this would mean that 168 Hz is 
the fourth harmonic, and a pipe closed at one end only resonates at the odd harmonics. 
 
Therefore, the pipe is open at both ends and the fundamental frequency is 42 Hz. 
 
 
B26. Which one of the following statements correctly describes the pipe? 

(A) It is closed at one end and the frequency of the second harmonic is 126 Hz. 
(B) It is closed at one end and the frequency of the third harmonic frequency at 126 Hz. 
(C) It is closed at one end and the frequency of the third harmonic is 84 Hz. 
(D) It is open at both ends and the frequency of the second harmonic is 84 Hz. 
(E) It is open at both ends and the frequency of the second harmonic is 112 Hz. 

 
As noted in the answer to B25, the pipe is open at both ends.  The second harmonic is 
2 × 42 Hz = 84 Hz. 
 
 
B27. Calculate the length of the pipe. 

 (A)  2.04 m (B)  0.122 m (C)  0.245 m (D)  8.16 m (E)  4.08 m 
 
The open ends of the pipe are displacement antinodes (the air is free to move).  The simplest standing 
wave pattern that satisfies these boundary conditions is antinodes at each end, node in the middle.  This 
corresponds to the length of the pipe being equal to half of the wavelength. 
 

1 1 1
2 2 2

343 m/s 4.08 m
42 Hz

L
f
υλ= = = =   
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B28. The pipe is now made to resonate at the frequency of the third harmonic. Another pipe nearby is 

made to resonate at its fundamental frequency and a beat frequency of 2.00 Hz is heard.  Which 
one of the following is a possible description for the second pipe? 

(A) It is open at both ends and its length is 0.67 m. 
(B) It is open at both ends and its length is 0.69 m. 
(C) It is closed at one end and its length is 1.34 m. 
(D) It is closed at one end and its length is 1.38 m. 
(E) It is closed at one end and its length is 0.69 m. 

 

The first pipe is resonating at a frequency of 3 × 42 Hz = 126 Hz.  Therefore, the fundamental frequency 
of the second pipe is either 124 Hz or 128 Hz, since fbeat = f1 − f2. 
If the second pipe is open at both ends: 

 1 1 1 1 1 1
2 2 2 2 2 2

343 m/s 343 m/s1.38 m or 1.34 m
124 Hz 128 Hz

L L
f f
υ υλ λ= = = = = = = =  

 

If the second pipe is closed at one end, then the length of the pipe corresponds to ¼ of the fundamental 
wavelength, because there must be a node at the closed end and an antinode at the open end: 

1 1 1 1 1 1
4 4 4 4 4 4

343 m/s 343 m/s0.69 m or 0.67 m
124 Hz 128 Hz

L L
f f
υ υλ λ= = = = = = = =  
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Grouping B29 to B32: 
The lens in a slide projector has a focal length of 102 mm and the slide is located 108 mm from the lens. 
A clear, focussed image appears on a screen placed some distance away from the lens. 
 
 
B29. Which one of the following statements is correct regarding the lens and the image that it produces?  

Image orientation is defined relative to the object. 

(A) converging lens; real and inverted image 
(B) converging lens; real and upright image 
(C) converging lens; virtual and upright image 
(D) diverging lens; real and upright image 
(E) diverging lens; virtual and inverted image 

 
Must use a converging lens to obtain an image on the screen (a real image), and real images formed by a 
single lens are always inverted. 

 
 
B30. Calculate the distance from the lens to the screen.  Express your answer to the nearest mm. 

 (A)   2500 mm (B)   5250 mm (C)   5447 mm (D)   1905 mm (E)  1836 mm 
 

1 1
31 1 1 1 1 1 1    1.836 10 mm

102 mm 108 mm
q

p q f f p

− −   + = ⇒ = − = − = ×     
  

 
 
B31. The height of the slide is 33.0 mm.  Determine the height of the image of the slide on the screen. 

 (A)  0.194 m (B)  5.61 m (C)  0.561 m (D)  1.94 m (E)  0.607 m 
 

1.836 m    (33.0 mm) = 561 mm= 0.561 m
0.108 m

i
i o

o

h q qM h h
h p p

= = − ⇒ = − = − − −   

 
 

B32. The lens in the projector is replaced with one with a focal length of 98.0 mm. If the slide-screen 
distance is kept the same, determine the distance one has to move the lens in order to form a clear 
image on the screen. 

(A) The lens must be moved 4.5 mm away from the slide. 
(B) The lens must be moved 4.5 mm toward the slide. 
(C) The lens must be moved 10 mm away from the slide. 
(D) The lens must be moved 10 mm toward the slide. 
(E) Since the slide-screen distance is unchanged, the lens does not need to be moved. 
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The slide-screen distance is p + q = 108 mm + 1836 mm = 1944 mm = d.  Therefore, the new image 
distance can be expressed as q2 = d − p2. 
 

2 2

2 2 2 2 2 2 2 2
2 2 2

2 2 2 2 2 2
2 2

2 2

2

2

1 1 1 1 1 1 1 1            
( ) ( )

    0    (1944 mm) (1944 mm)(98.0 mm) 0

(1944 mm) (190512 mm ) 0

1944 mm ( 1944 mm) 4(1)(190512 

d p p d
p q f p d p f p d p f p d p f
df p d p p p d df p p
p p

p

− +
+ = ⇒ + = ⇒ = ⇒ =

− − −

= − ⇒ − + = ⇒ − + =

− + =

± − −
=

2mm ) 1840 mm or 103.5 mm
2

=

 

Although both solutions are mathematically correct, only 103.5 mm makes sense physically.  (You 
wouldn't have a slide projector that was almost 2 metres long!) 
 
Since the slide was originally placed 108 mm from the lens, the lens would have to be moved  
108 mm − 103.5 mm = 4.5 mm toward the slide to obtain a focussed image on the screen. 
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Grouping B33 to B36: 
B33. Which one of the following statements correctly describes the process by which the human eye 

adjusts to maintain focus on an object that is approaching the eye? 

(A) The diameter of the pupil increases. 
(B) The focal length of the eye lens becomes longer. 
(C) The focal length of the eye lens becomes shorter. 
(D) The lens-retina distance increases. 
(E) The lens-retina distance decreases. 

 
(C) is correct. 
 
 
The distance from the lens to the retina in a person's eyes is 2.00 cm. 

 

B34. Assume that the person's eyes can form focused images of objects at distances between 28.0 cm 
and infinity.  Calculate the upper and lower limits of the focal lengths of the person’s eyes. 

 (A)  2.000 to 4.643 cm (B)  2.000 to 2.154 cm (C)  1.867 to 2.154 cm 
 (D)  1.867 to 2.000 cm (E)  4.643 cm to infinity 
 

1 1

min
min

1 1

max
max

1 1 1 1 1.867 cm
28.0 cm 2.00 cm

1 1 1 1 2.00 cm
2.00 cm

f
p q

f
p q

− −

− −

   = + = + =   
  

   = + = + =   ∞  

 

 
 

B35. The person looks at an object 2.00 m tall that is a distance of 23.5 metres away.  Calculate the size 
of the image on the person's retina. 

 (A) 0.851 mm (B) 1.18 mm (C) 1.70 mm (D) 5.88 mm (E) 2.35 mm 
 

32.00 cm    (2.00 m) = 1.70 10  m = 1.70 mm
2350 cm

i
i o

o

h q qM h h
h p p

−   = = − ⇒ = − = − ×     
  

 
 
B36. Thirty years later, the person can no longer focus on objects closer than 75.4 cm.  Calculate the 

refractive power (in diopters) of the reading glasses that will restore the person’s ability to see 
objects as close as 28.0 cm from the eyes.  Assume that the glasses are worn 2.00 cm from the 
eyes. 

 (A) +2.24 D (B) +2.48 D (C) +4.90 D (D) +5.21 D (E) +2.80 D 
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When an object is located 28.0 cm from the person's eyes, want the reading glasses to form an image at a 
distance of 75.4 cm from the eyes.  Therefore, for the reading glasses, p = 28.0 cm − 2.00 cm = 26.0 cm 
and  
q = −(75.4 cm − 2.00 cm) = −73.4 cm 
 

1 1 1 1 1 2.48 D
0.260 m ( 0.734 m)

P
f p q

= = + = + = +
−
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Grouping B37 to B40: 
An expandable cylinder has its lid connected to a spring of force 
constant 2.00 ×103 N/m.  The area of the bottom of the lid (the 
cross-sectional area of the cylinder) is 0.0100 m2 and the mass of 
the lid is 0.600 kg. Initially, at a temperature of 20.0°C (T1), the 
spring is compressed by ∆L from its equilibrium length, the 
volume enclosed by the cylinder is 5.00 × 10−3 m3, and it 
contains an ideal gas at a pressure of 1.20 atm. At a higher 
temperature T2, the lid rises up by h = 20.0 cm. Assume a 
massless spring and no gas leaks. 
 
In the free-body diagrams below, Fgas is the force on the lid due 
to the gas in the cylinder, Fspring is the force on the lid due to the 
spring, Fatm is the force on the lid due to the atmosphere, and 
Fgrav is the weight of the lid. 
 
 
B37. Which one of the following is the correct free-body diagram for the lid at 20.0°C ? 

(A) 

 

(B)  (C)  (D)  (E)  

 
The spring is compressed, so the spring force is downward.  The force of the atmosphere on the top 
surface of the lid is downward, weight of the lid is downward, and the force of the gas on the bottom 
surface of the lid is upward.  (C) 
 
 
B38. Calculate the compression ∆L of the spring at 20.0°C. 

 (A)  2.94 cm (B)  60.6 cm (C)  6.06 cm (D)  10.1 cm (E)  9.84 cm 
 

5 2 2

3

0    + 0    

( ) (1.20 atm 1.00 atm)(1.013 10 Pa/atm)(0.0100 m ) (0.600 kg)(9.80 m/s )
2.00 10  N/m

0.0984 m = 9.84

gas atm spring grav spring gas atm grav

gas atm

gas atm

F F F F F F F F F
k L P A P A Mg

P P A Mg
L

k
L

= ⇒ − − − = ⇒ = − −

∆ = − −

− − − × −
∆ = =

×
∆ =

∑

 cm

  

 
 

 

Fspring 

Fgrav Fatm 

Fgas Fgas 

Fatm Fgrav 

Fspring 

Fgas Fgrav 
Fatm 

Fgas 

Fatm Fgrav 
Fspring 

Fspring 

Fgas Fgrav 
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B39. Calculate the pressure of the gas at T2. 

 (A) 1.41 × 105 Pa (B) 1.02 × 105 Pa (C) 1.62 × 105 Pa (D) 1.22 × 105 Pa (E) 1.36 × 105 Pa 
 
The same free-body diagram applies to the lid, but now the spring is compressed by a distance of  
∆L + d. 
 

3 5 2 2

2

0    + 0    
( )

( )

2.00 10  N/m(0.0984 m + 0.200 m) (1.013 10 Pa)(0.0100 m ) (0.600 kg)(9.80 m/s )
0.0100 m

gas atm spring grav gas spring atm grav

gas atm

atm
gas

gas

F F F F F F F F F
P A k L d P A Mg

k L d P A MgP
A

P

= ⇒ − − − = ⇒ = + +

= ∆ + + +

∆ + + +
=

× + × +
=

∑

51.616 10 PagasP = ×

 

 
B40. Calculate T2. 

 (A)  310 K (B)  656 K (C)  272 K (D)  547 K (E)  396 K 
 
Since there are no gas leaks, the number of moles of gas does not change.  Apply the Ideal Gas Law, 
remembering that temperatures must be in K and pressures must be absolute. 
 

1 1 2 2 2 2 1
2

1 2 1 1
3 3 3 3 3

1
5

1
2 5

1
5 3 3

2

            

Note that 5.00 L  1000 cm /L 1 m /(100 cm) 5.00 10 m

(1.62 10  Pa)( )(273.15 20.0)K
(1.20)(1.013 10  Pa)

(1.62 10  Pa)(5.00 10 m

PV PV PV PV TPV nRT nR T
T T T PV

V
V AdT

V

T

−

−

= ⇒ = ⇒ = ⇒ =

= × × = ×

× + +
=

×

× ×
=

2

5 3 3
(0.0100 m )(0.200 m))(293.15K) 547 K

(1.20)(1.013 10  Pa)(5.00 10 m )−

+
=

× ×
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Grouping B41 to B44: 
B41. Which one of the following statements is true regarding Compton scattering? 

 (A) The wavelength of the scattered photon is less than the wavelength of the incident photon, and 
the change in wavelength depends only on the scattering angle and some constants. 

(B) The wavelength of the scattered photon is greater than the wavelength of the incident photon, 
and the change in wavelength depends only on the scattering angle and some constants. 

(C) The wavelength of the scattered photon is less than the wavelength of the incident photon, and 
the change in wavelength depends on the scattering angle, the wavelength of the incident 
photon, and some constants. 

(D) The wavelength of the scattered photon is greater than the wavelength of the incident photon, 
and the change in wavelength depends on the scattering angle, the wavelength of the incident 
photon, and some constants. 

(E) The wavelength of the scattered photon is less than the wavelength of the incident photon, and 
the change in wavelength depends only on the wavelength of the incident photon and some 
constants. 

 
Some energy is transferred to the electron, so the scattered photon has less energy than the incident 
photon, and therefore its wavelength is greater than the wavelength of the incident photon.  The change 
in wavelength depends only on the scattering angle and some constants (h, me, c). (B) 
 
A photon, moving in the +x-direction, scatters off a free stationary electron. The wavelength of the 
incident photon is 0.0600 nm. After the collision, the electron moves at an angle α below the +x-axis, 
while the photon moves at an angle θ = 70.3° above the +x-axis. 

 

B42. Calculate the energy of the scattered photon.  Keep 4 significant figures in your answer. 

 (A) 2.013 × 104 eV (B) 2.074 × 104 eV (C) 2.041 × 104 eV 
 (D) 7.712 × 104 eV (E) 1.240 × 104 eV 
 

34
9

0 31 8

9

4

6.626 10 Js(1 cos ) (1 cos(70.3 )) 0.0600 10 m
(9.109 10 kg)(2.998 10 m/s)

0.0616 10 m 0.0616 nm
1240 eVnm 2.013 10  eV
0.0616 nm

e

h
m c

hcE

λ θ λ

λ

λ

−
−

−

−

×
= − + = − + ×

× ×

= × =

= = = ×
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B43. Calculate the speed of the electron after the interaction with the incident photon. 

 (A)  9.75× 106 m/s (B)  6.89 × 106 m/s (C)  3.44 × 1016 m/s 
 (D)  1.38 × 107 m/s (E)  3.00 × 108 m/s 
 
 
Energy is conserved in the interaction, so the kinetic energy of the scattered electron equals the energy 
difference between the incident and scattered photons. 
 

4
,

4 4 21
, , 2

19
7

31

1240 eVnm 2.067 10  eV
0.0600 nm

2.067 10  eV 2.013 10  eV = 540 eV

2 2(540 eV) (1.602 10  C/e) 1.38 10  m/s
9.109 10  kg

i photon
i

e i photon f photon e

e

e

hcE

KE E E m

KE
m

λ

υ

υ
−

−

= = = ×

= − = × − × =

× ×
= = = ×

×

  

 
 
 
B44. Calculate the angle α. 
 (A)  70.3° (B)  19.7° (C)  36.3° (D)  45.0° (E)  53.7° 
 
 

, , , , , , , ,

34

9 31 7

0 0 sin sin     sin sin

sin sin      invsin sin

6.626 10 Js invsin sin(
(0.0616 10 m)(9.109 10 kg)(1.38 10  m/s)

photon i y electron i y photon f y electron f y

e e

e e

p p p p
h hm m

h h
m m

θ υ α υ α θ
λ λ

α θ α θ
λ υ λ υ

α
−

− −

+ = +

+ = − ⇒ =

 
= ⇒ =  

 

×
=

× × ×
70.3 ) 53.7

 
= 

 
 

 

 
 
 
 
 
 
 
 
 

END OF EXAMINATION 




