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PART A 
For each of the following questions in Part A, enter the most appropriate response on the OMR 
(OpScan / bubble) sheet.  Use the exam booklet for your rough work. 
 
  A1. A wood block floats in a container that is partially filled with water. The container is then sealed 

and pressurized so that the air in the container is now at a pressure that is twice that of 
atmospheric pressure. What will happen to the wood block? 
(A) It will rise an amount corresponding to 50% of the volume initially submerged in water. 
(B) It will rise an amount corresponding to 25% of the volume initially submerged in water. 
(C) It will sink an amount corresponding to 50% of the volume initially above water. 
(D) It will sink an amount corresponding to 25% of the volume initially above water. 
(E) It will remain at the same level. 

 
 
  A2. The volume flow rate of blood through the average human aorta, of radius 1.0 cm, is about 

90 cm3/s. What is the speed of the blood flow through the aorta? 
  (A)  14 cm/s (B)  29 cm/s (C)  32 cm/s (D)  37 cm/s (E)  44 cm/s 
 
 
  A3. A concrete pillar of radius R compresses a distance ∆L when it is supporting a load force of F.  If 

you wish to use a different pillar of the same length, made of the same type of concrete, and have 
it compress a distance of ½ ∆L when a load F is applied, what must be the radius of the new 
pillar? 

  (A)   ¼ R (B)   ½ R (C)   2R (D)   2 R (E)   4R 
 
 
  A4. A block-spring system vibrating on a frictionless, horizontal surface with an amplitude of 6.0 cm 

has a total energy of 12 J. If the block is replaced by one having twice the mass of the original 
block and the amplitude of the motion is reduced to 3.0 cm, what is the energy of the more 
massive system? 

  (A)  3 J   (B)  6 J (C)  12 J  (D)  18 J (E)  24 J 
 
 
  A5. Which one of the following changes will not affect the frequency of sound produced by a 

vibrating guitar string? 
(A) decreasing the vibrating length of the string 
(B) increasing the tension in the string 
(C) replacing the string with one that has a smaller linear mass density 
(D) displacing the string in such a way that it has a larger amplitude of vibration 
(E) replacing the string with one that has a larger mass 
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  A6. While driving at a constant speed on the highway, you notice an ambulance approaching you 

from behind.  The ambulance is also moving at a constant speed and its siren is producing sound 
of frequency f.  Which one of the following statements is correct? 
(A) As the ambulance approaches you, both the frequency and the intensity of the sound that 

you hear steadily increases. 
(B) As the ambulance approaches you, the frequency of sound that you hear increases, but the 

intensity remains constant. 
(C) As the ambulance approaches you, the frequency of sound that you hear remains constant 

at f, but the intensity steadily increases. 
(D) As the ambulance approaches you, both the frequency and the intensity of the sound that 

you hear remain constant. 
(E) As the ambulance approaches you, the frequency of sound that you hear remains constant 

at a value greater than f, and the intensity steadily increases. 
 
 
  A7. Which one of the following types of electromagnetic waves have the shortest wavelengths? 

(A)  radio waves (B)  infrared light  (C)  visible light 
(D)  ultraviolet light (E)  gamma rays 

 
 
  A8. The index of refraction for water is about 4/3. What happens to light when it travels from air into 

water? 
(A) Its speed increases to 4c/3, and its wavelength increases by a factor of 4/3. 
(B) Its speed increases to 4c/3, and its frequency increase by a factor of 4/3. 
(C) Its speed decreases to 3c/4, and its wavelength decreases by a factor of 3/4. 
(D) Its speed decreases to 3c/4, and its frequency decreases by a factor of 3/4. 
(E) Its speed and frequency remain the same. 

 
 
  A9. Consider a beam of light, initially travelling in air, that strikes a horizontal water surface at an 

angle of incidence of 0° < θ < 90°.  Which one of the following statements is correct? 
(A) If the angle of incidence is greater than the critical angle, then all of the light reflects from 

the water surface. 
(B) Regardless of the angle of incidence, all of the light transmits into the water. 
(C) Regardless of the angle of incidence, all of the light reflects from the water surface. 
(D) If the angle of incidence is less than the critical angle, then all of the light reflects from the 

water surface. 
(E) The light is partially reflected and partially transmitted. 
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  A10. Suppose Young’s double-slit experiment is performed in air using red light and then the 

apparatus is immersed in water. What happens to the interference pattern on the screen? 
(A) The bright and dark fringes stay in the same locations, but the contrast is reduced. 
(B) The bright fringes are closer together. 
(C) The color shifts toward infrared. 
(D) The bright fringes are farther apart. 
(E) No change happens in the interference pattern. 

 
 
A11. Suppose you have a light source that is emitting light of only two wavelengths, 400 nm (violet) 

and 600 nm (red).  You shine the light from the source through a set of parallel, evenly-spaced 
slits and view the resulting pattern on a screen.  Is it possible for there to be locations on the 
screen that are illuminated by both colours at the same time? 
(A) No, this is not possible. 
(B) Yes, but only if the light passes through more than 10 slits. 
(C) Yes, but only if the two wavelengths are of exactly the same intensity. 
(D) Yes, but only at locations where the order of the red fringe, mred, is 2/3 mviolet. 
(E) Yes, but only at locations where the order of the red fringe mred, is 1.5 mviolet. 

 
 
A12. You have a choice of two converging lenses, Lens 1 has a focal length of 10.0 cm and Lens 2 has 

a focal length of 7.50 cm.  Which one of the following scenarios will produce the largest possible 
focussed image on the retina when one of the lenses is used as a simple magnifier? 
(A) Use Lens 1 and put the object to be viewed at 25 cm from your eye. 
(B) Use Lens 2 and put the object to be viewed at 25 cm from your eye. 
(C) Use Lens 1 and adjust the object position so that your eye is relaxed. 
(D) Use Lens 2 and adjust the object position so that your eye is relaxed. 
(E) Use Lens 2 and adjust the object position so that the image forms at 25 cm from your eye. 

 
 
A13. A wall made of wood 4.00 cm thick has an area of 48.0 m2. If the temperature inside is 25°C and 

the temperature outside is 14°C, at what rate is thermal energy transported through the wall by 
conduction?  The thermal conductivity of wood is 0.080 J/s⋅m⋅°C. 

  (A)  82 W (B)  210 W (C)  690 W (D)  1100 W (E)  2100 W 
 
 
A14. Two samples, A and B, of the same ideal gas have the same pressure and density. Sample B has 

twice the volume of sample A. How does the rms speed of the molecules in sample B compare to 
the rms speed of the molecules in sample A? 

(A)  υrms,B = ¼ υrms,A  (B)    υrms,B = ½ υrms,A  (C)    υrms,B = υrms,A 
(D)    υrms,B = 2υrms,A (E)    υrms,B = 4υrms,A 
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A15. In a calorimetry experiment, three samples A, B, and C, with TA > TB > TC are placed in thermal 

contact.  When the samples have reached thermal equilibrium at a common temperature T, which 
one of the following statements must be true?  (Recall that Q is positive if energy is transferred 
as heat to a sample and Q is negative if energy is transferred as heat from a sample.) 
(A)  T > TB  (B)    T < TB  (C)    TA > T > TC 
(D)  QA > QB > QC (E)    QA < 0,  QB < 0, and QC > 0 

 
 
A16. Consider an object that is at a steady temperature of 20.0°C.  By how much would you have to 

raise the temperature of the object for it to radiate thermal energy at twice the rate that it is 
emitting at 20.0°C? 

  (A)  75.5°C (B)  55.5°C (C)  40.0°C (D)  20.0°C (E)  349°C 
 
 
A17. A particular metal does not eject electrons when it is illuminated with violet light. Which one of 

the following types of light may possibly eject electrons from this metal? 
  (A)   infrared (B)   red (C)   yellow (D)  green (E)  ultraviolet 
 
 
A18. Which one of the following statements is true regarding a radioactive isotope XA

Z  that decays by 
emitting a gamma ray? 
(A) The resulting isotope has the same A value and a different Z value. 
(B) The resulting isotope has the same A value and the same Z value. 
(C) The resulting isotope has a different A value and the same Z value. 
(D) Both A and Z are different in the resulting isotope. 
(E) The isotope undergoes a transition to a state of higher energy. 

 
 
A19. The atomic mass of Helium-4 is 4.00 u and the atomic mass of Sulphur-32 is 32.0 u.  If the 

radius of the Helium-4 nucleus is R, which one of the following is the best estimate for the radius 
of the Sulphur-32 nucleus? 

  (A)   8 R (B)   2 R (C)   4 R (D)  2.83 R (E)  32 R 
 
 
A20. Which one of the following is the correct expression for the binding energy of a nucleus, A

Z X , 
that has an atomic mass of Matomic?  mp is the mass of a proton, mn is the mass of a neutron, and 
mH is the atomic mass of hydrogen. 

(A)  ( ) 2
p nBE Zm Am c= +   (B)  ( ) 2( )p nBE Zm A Z m c= + −  

(C)  ( ) 2
atomic( )p nBE Zm A Z m M c= + − −  (D)  ( ) 2

atomicH nBE Zm Am M c= + −  

(E)  ( ) 2
atomic( )H nBE Zm A Z m M c= + − −  
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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 
 
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 

 
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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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 
 
 
 
 
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. 

 
 
 
 
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 
 
 
 
 
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. 
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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 

 
 
 

B30. Calculate the distance from the lens to the screen. 
 (A)   2500 mm (B)   5250 mm (C)   5447 mm (D)   1905 mm (E)  1836 mm 

 
 
 
 
 
 

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 

 
 
 
 
 
 

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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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. 

 
 
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 

 
 
 
 

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 
 
 
 
 

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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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)  

 
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 
 
 
 
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 
 
 
 
B40. Calculate T2. 
 (A)  310 K (B)  656 K (C)  272 K (D)  547 K (E)  396 K 
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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. 

 
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 
 
 
 
 
B43. Calculate the speed of the electron after the interaction with the incident photon.  Keep 4 

significant figures in your answer. 

 (A)  1.888 × 1014 m/s (B)  6.891 × 106 m/s (C)  3.433 × 1016 m/s 
 (D)  1.374 × 107 m/s (E)  3.000 × 108 m/s 
 
 
 
 
B44. Calculate the angle α. 

 (A)  70.3° (B)  19.7° (C)  36.3° (D)  45.0° (E)  53.9° 
 
 
 
 
 

END OF EXAMINATION 


