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June 2012 (16 ques.) 
 

21 The wavelength of a wave doubles as it travels from medium A into medium B. Compared to the wave in 

medium A, the wave in medium B has 

(1) half the speed (2) twice the speed (3) half the frequency (4) twice the frequency 

 

24 A tuning fork vibrates at a frequency of 512 hertz when struck with a rubber hammer. The sound produced 

 by the tuning fork will travel through the air as a 

(1) longitudinal wave with air moleculesvibrating parallel to the direction of travel 

(2) transverse wave with air molecules vibratingparallel to the direction of travel 

(3) longitudinal wave with air molecules vibratingperpendicular to the direction of travel 

(4) transverse wave with air molecules vibratingperpendicular to the direction of travel 

 

31 What is the wavelength of a 2.50-kilohertz sound wave traveling at 326 meters per second through air? 

(1) 0.130 m  (2) 1.30 m (3) 7.67 m  (4) 130. M 

 

32 Ultrasound is a medical technique that transmits sound waves through soft tissue in the human body. 

Ultrasound waves can break kidney stones into tiny fragments, making it easier for them to be excreted without 

pain. The shattering of kidney stones with specific frequencies of sound waves is an application of which wave 

phenomenon? 

(1) the Doppler effect   (2) reflection  (3) refraction   (4) resonance 

 

33 In the diagram below, a stationary source located at point S produces sound having a constant frequency of 

512 hertz. Observer A, 50. meters to the left of S, hears a frequency of 512 hertz. Observer B, 100. meters to the 

right of S, hears a frequency lower than 512 hertz. 

 
Which statement best describes the motion of the observers? 

(1) Observer A is moving toward point S, and observer B is stationary. 

(2) Observer A is moving away from point S, and observer B is stationary. 

(3) Observer A is stationary, and observer B  is moving toward point S. 

(4) Observer A is stationary, and observer B is moving away from point S. 

 

34 While sitting in a boat, a fisherman observes that two complete waves pass by his position every 

4 seconds. What is the period of these waves? 

(1) 0.5 s  (2) 2 s  (3) 8 s   (4) 4 s 

 

 



35 A wave passes through an opening in a barrier. The amount of diffraction experienced by the wave depends 

 on the size of the opening and the wave’s 

(1) amplitude   (2) wavelength (3) velocity   (4) phase 

 

46 Two speakers, S1 and S2, operating in phase in the same medium produce the circular wave patterns shown 

in the diagram below. 

 
 

At which two points is constructive interference occurring? 

(1) A and B  (2) A and D (3) B and C  (4) B and D 

 

49 A ray of light ( f = 5.09 × 1014 Hz) travels through various substances. Which graph best represents the 

relationship between the absolute index of refraction of these substances and thecorresponding speed of light in 

these substances? 

 

 
 

 



Base your answers to questions 64 and 65 on the diagram below, which shows a wave in a rope. 

 

 
 

64 Determine the wavelength of the wave. [1] 

 

65 Determine the amplitude of the wave. [1] 

 

A light ray ( f = 5.09 × 1014 Hz) is refracted as it travels from water into flint glass. The path of 

the light ray in the flint glass is shown in the diagram below. 

 



76 Using a protractor, measure the angle of refraction of the light ray in the flint glass. [1] 

 

77–78 Calculate the angle of incidence for the light ray in water. [Show all work, including the equation and 

substitution with units.] [2] 

 

 

 

 

79 Using a protractor and straightedge, on the diagram above, draw the path of the 

incident light ray in the water. [1] 

 

 

80 Identify one physical event, other than transmission or refraction, that occurs as the light interacts 

with the water-flint glass boundary. [1] 

 

 

 

June 2011 (20 ques.): 
 

16 The diagram below represents a view from above of a tank of water in which parallel wave fronts are 

traveling toward a barrier. 

 
Which arrow represents the direction of travel for the wave fronts after being reflected from the barrier? 

(1) A  (2) B  (3) C   (4) D 

 

25 A pulse traveled the length of a stretched spring. The pulse transferred 

(1) energy, only   (3) both energy and mass 

(2) mass, only    (4) neither energy nor mass 

  

 

 

 

 

 



26 The graph below represents the displacement of a particle in a medium over a period of time. 

 
 

 

27 What is the period of a water wave if 4.0 complete waves pass a fixed point in 10. seconds? 

(1) 0.25 s   (2) 0.40 s   (3) 2.5 s  (4) 4.0 s 

 

28 The diagram below represents a periodic wave. 

 
 

29 What is the wavelength of a 256-hertz sound wave in air at STP? 

(1) 1.17 × 10
6
 m (2) 1.29 m  (3) 0.773 m  (4) 8.53 × 10

–7
 m 

    

31 Which statement correctly describes one characteristic of a sound wave? 

(1) A sound wave can travel through a vacuum. 

(2) A sound wave is a transverse wave. 

(3) The amount of energy a sound wave transmits is directly related to the wave’s amplitude. 

(4) The amount of energy a sound wave transmits is inversely related to the wave’s frequency. 

 

32 A 256-hertz vibrating tuning fork is brought near a nonvibrating 256-hertz tuning fork. The second 

tuning fork begins to vibrate. Which phenomenon causes the nonvibrating tuning fork to begin to vibrate? 

(1) resistance  (2) resonance   (3) refraction  (4) reflection 

 
 

 

 

 

 

 

 

The amplitude of the wave is 

(1) 4.0 s    

(2) 6.0 s    

(3) 8 cm   

(4) 4 cm 

 

Which point on the wave is 90°  

out of phase with point P? 

(1) A  

(2) B  

(3) C 

(4) D 



46 The diagram below represents a transverse water wave propagating toward the left. A cork is floating on the  

water’s surface at point P.  

 

 
In which direction will the cork move as the wave passes point P?  

(1) up, then down, then up 

(2) down, then up, then down 

(3) left, then right, then left 

(4) right, then left, then right 

 

47 The diagram below shows a series of wave fronts approaching an opening in a barrier. Point P is located  

on the opposite side of the barrier. 

 
 

48 The diagram below represents a standing wave. 

 
The number of nodes and antinodes shown in the diagram is 

(1) 4 nodes and 5 antinodes 

(2) 5 nodes and 6 antinodes 

(3) 6 nodes and 5 antinodes 

(4) 6 nodes and 10 antinodes 

 

 

 

 

The wave fronts reach point P as a result of 

(1) resonance  

(2) refraction 

(3) reflection  

(4) diffraction 



50 The diagram below shows two waves traveling in the same medium. Points A, B, C, and D are located along 

the rest position of the medium. The waves interfere to produce a resultant wave. 

 
The superposition of the waves produces the greatest positive displacement of the medium from its rest 

position at point 

(1) A  (2) B   (3) C   (4) D 

 

 

62–63 An electromagnetic wave of wavelength 5.89 × 10
–7

 meter traveling through air is incident on an  

interface with corn oil. Calculate the wavelength of the electromagnetic wave in corn oil.  

[Show all work, including the equationand substitution with units.] [2] 

 

 

 

 

 

 

 

 

 

 

 

65 A wave generator having a constant frequency produces parallel wave fronts in a tank of water of two  

different depths. The diagram below represents the wave fronts in the deep water. As the wave travels from 

 the deep water into the shallow water, the speed of the waves decreases. 

 

 

 

 



On the diagram below, use a straightedge to draw at least three lines to represent the wave fronts, with 

appropriate spacing, in the shallow water. [1] 

 

 
 

 

Base your answers to questions 81 through 85 on the information below. 

A ray of monochromatic light ( f = 5.09 × 10
14

 Hz) passes through air and a rectangular transparent block, as 

shown in the diagram below. 



 
 

81 Using a protractor, determine the angle of incidence of the light ray as it enters the transparent block 

from air. [1] 

 

 

82–83 Calculate the absolute index of refraction for the medium of the transparent block. [Show all work, 

including the equation and substitution with units.] [2] 

 

 

 

 

 

 

84–85 Calculate the speed of the light ray in the transparent block. [Show all work, including the equation 

and substitution with units.] [2] 
 

 

 

 

 

 

 



June 2010 (13 ques.): 

 
Base your answers to questions 24 through 26 on the information and diagram below. A longitudinal wave moves 

to the right through a uniform medium, as shown below. Points A, B, C, D, and E represent the positions of 

particles of the medium. 

 
24 Which diagram best represents the motion of the particle at position C as the wave moves to the right? 

 
25 The wavelength of this wave is equal to the distance between points 

(1) A and B   (2) A and C   (3) B and C   (4) B and E 

 

26 The energy of this wave is related to its 

(1) amplitude   (2) period (3) speed  (4) wavelength 

 

27 A ray of monochromatic yellow light ( f = 5.09 x10
14

 Hz) passes from water through flint glass and into 

medium X, as shown below. 

 
 

28 A light ray traveling in air enters a second medium and its speed slows to 1.71 
8
 meters per second.  

What is the absolute index of refraction of the second medium? 

(1) 1.00  (2) 0.570  (3) 1.75  (4) 1.94 

 

29 Playing a certain musical note on a trumpet causes the spring on the bottom of a nearby snare drum to vibrate. 

This phenomenon is an example of 

(1) resonance   (2) refraction   (3) reflection  (4) diffraction 

 

30 In a vacuum, all electromagnetic waves have the same 

(1) speed  (2) phase  (3) frequency  (4) wavelength 

 

The absolute index of refraction of medium X is 

(1) less than 1.33     

(2) greater than 1.33 and less than 1.52 

(3) greater than 1.52 and less than 1.66 

(4) equal to 1.66 

 



48 The diagram below represents a periodic wave traveling through a uniform medium. 

 
If the frequency of the wave is 2.0 hertz, the speed of the wave is 

(1) 6.0 m/s   (2) 2.0 m/s   (3) 8.0 m/s   (4) 4.0 m/s 

 

49 The diagram below represents a light ray reflecting from a plane mirror. 

 
The angle of reflection for the light ray is 

(1) 25°   (2) 35°   (3) 50.°   (4) 65° 

 

50 The diagram below shows a standing wave in a string clamped at each end. 

 
 

 

 

 

Base your answers to questions 69 through 71 on the information and diagram below. 

A monochromatic light ray (f = 5.09 x10
14

 Hz) traveling in air is incident on the surface of a 

rectangular block of Lucite. 

What is the total number of nodes and antinodes in the 

standing wave? 

(1) 3 nodes and 2 antinodes     

(2) 2 nodes and 3 antinodes  

(3) 5 nodes and 4 antinodes 

(4) 4 nodes and 5 antinodes 



 

 

June 2009 (14 ques.) 
 

23 Which color of light has a wavelength of 5.0 × 10
–7

 meter in air? 

(1) blue  (2) green  (3) orange  (4) violet 

 

24 Which type of wave requires a material medium through which to travel? 

(1) sound  (2) radio (3) television  (4) x ray 

 

25 A periodic wave is produced by a vibrating tuning fork. The amplitude of the wave would be greater if the 

tuning fork were 

(1) struck more softly  (3) replaced by a lower frequency tuning fork 

(2) struck harder  (4) replaced by a higher frequency tuning fork 

 

26 The sound wave produced by a trumpet has a frequency of 440 hertz. What is the distance between successive 

compressions in this sound wave as it travels through air at STP? 

(1) 1.5 × 10
–6

 m  (2) 0.75 m  (3) 1.3 m (4) 6.8 × 10
5
 m 

 

27 The diagram below represents a light ray striking the boundary between air and glass.  

 

 
 

28 In which way does blue light change as it travels from diamond into crown glass? 

(1) Its frequency decreases.   (3) Its speed decreases. 

(2) Its frequency increases.  (4) Its speed increases. 

 

 

69 Measure the angle of incidence for the light ray to the 

nearest degree. [1] 

 

70 Calculate the angle of refraction of the light ray when it 

enters the Lucite block. [Show all work, including the 

equation and substitution with units.] [2] 

 

 

 

 

71 What is the angle of refraction of the light ray as it 

emerges from the Lucite block back into air? [1] 

 

What would be the angle between this light ray 

and its reflected ray?  

(1) 30.°   

(2) 60.°   

(3) 120.°   

(4) 150.° 



29 The diagram below shows two pulses approaching each other in a uniform medium. 

 
Which diagram best represents the superposition of the two pulses? 

 
30 Sound waves strike a glass and cause it to shatter. This phenomenon illustrates 

(1) resonance  (2) refraction  (3) reflection  (4) diffraction 

 

Base your answers to questions 58 and 59 on the information and diagram below. 

The vertical lines in the diagram represent compressions in a sound wave of constant frequency propagating  

to the right from a speaker toward an observer at point A. 

 
 

58 Determine the wavelength of this sound wave. [1] 

 

 

 

 

59 The speaker is then moved at constant speed toward the observer at A. Compare the wavelength of the  

sound wave received by the observer while the speaker is moving to the wavelength observed when the  

speaker was at rest. [1] 

 

 

 

 

 



Base your answers to questions 66 and 67 on the information below: 

 

One end of a rope is attached to a variable speed drill and the other end is attached to a 5.0-kilogram mass. The 

rope is draped over a hook on a wall opposite the drill. When the drill rotates at a frequency of 20.0 Hz, standing 

waves of the same frequency are set up in the rope. The diagram below shows such a wave pattern. 

 

 

 

 
 

66 Determine the wavelength of the waves producing the standing wave pattern. [1] 

 

 

 

 

67 Calculate the speed of the wave in the rope. [Show all work, including the equation and substitution with 

units.] [2] 

 

 

 

 

 

 

Base your answers to questions 68 and 69 on the information below. 

 

A ray of monochromatic light ( f = 5.09 × 10
14

 Hz) passes from air into Lucite at an angle of incidence of 30.˚. 

 

68 Calculate the angle of refraction in the Lucite. [Show all work, including the equation and substitution 

 with units.] [2] 

 

 

 

 

 

 

 

 

 

 

 

 



69 Using a protractor and straightedge, on the diagram below, draw the refracted ray in the Lucite. [1] 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



January 2009 (17 ques.) 

 
22 A dampened fingertip rubbed around the rim of a crystal stemware glass causes the glass to 

vibrate and produce a musical note. This effect is due to 

(1) resonance (2) refraction  (3) reflection (4) rarefaction 

 

23 Which type of wave requires a material medium through which to travel? 

(1) radio wave  (2) microwave  (3) light wave  (4) mechanical wave 

  

Note that question 24 has only three choices. 

24 Compared to the speed of a sound wave in air, the speed of a radio wave in air is 

(1) less  (2) greater (3) the same 

 

Note that question 25 has only three choices. 

25 If the amplitude of a wave is increased, the frequency of the wave will 

(1) decrease (2) increase (3) remain the same 

 

26 Which unit is equivalent to meters per second? 

(1) Hz s  (2) Hz m  (3) s/Hz  (4) m/Hz 

 

27 Which characteristic is the same for every color of light in a vacuum? 

(1) energy  (2) frequency   (3) speed  (4) period 

 

28 What is the speed of light ( f = 5.09 x10
14

 Hz) in flint glass? 

(1) 1.81 x 10
8
 m/s  (2) 1.97 x 10

8
 m/s  (3) 3.00 x 10

8
 m/s (4) 4.98 x 10

8
 m/s 

 

29 While playing, two children create a standing wave in a rope, as shown in the diagram below. A third child 

participates by jumping the rope. 

 
What is the wavelength of this standing wave? 

(1) 2.15 m  (2) 4.30 m  (3) 6.45 m (4) 8.60 m 

 

30 A television remote control is used to direct pulses of electromagnetic radiation to a receiver on a television. 

This communication from the remote control to the television illustrates that electromagnetic radiation 

(1) is a longitudinal wave 

(2) possesses energy inversely proportional to its frequency 

(3) diffracts and accelerates in air 

(4) transfers energy without transferring mass 

 



Note that question 31 has only three choices. 

31 A wave of constant wavelength diffracts as it passes through an opening in a barrier. As the size of the opening 

is increased, the diffraction effects 

(1) decrease (2) increase (3) remain the same 

 

46 A ray of light ( f = 5.09 x 10
14

 Hz) traveling in air is incident at an angle of 40.° on an air-crown glass  

interface as shown below. 

 
 

What is the angle of refraction for this light ray? 

(1) 25°  (2) 37°   (3) 40°  (4) 78° 

 

54 The diagram below represents a ray of light incident on a plane mirror. 

 
Using a protractor and straightedge, on the diagram above, construct the reflected ray for the incident ray shown. [1] 

 

55 A periodic wave travels at speed v through medium A. The wave passes with all its energy into medium B. The 

speed of the wave through medium B is v/2 . On the diagram below, draw the wave as it travels through 

medium B. [Show at least one full wave.] [1] 

 



 
 

56 A beam of monochromatic light has a wavelength of 5.89  x 10
–7

 meter in air. Calculate the wavelength of this  

light in diamond. [Show all work, including the equation and substitution with units.] [2] 
 

 

 

 

Base your answers to questions 64 through 66 on the information below. 

 

A stationary research ship uses sonar to send a 1.18 × 10
3
-hertz sound wave down through the ocean water.  

The reflected sound wave from the flat ocean bottom 324 meters below the ship is detected 0.425 second after it 

was sent from the ship. 

 

64 Calculate the speed of the sound wave in the ocean water. [Show all work, including the equation and 

substitution with units.] [2] 

 

 

 

 

 

 

 

65 Calculate the wavelength of the sound wave in the ocean water. [Show all work, including the equation and 

substitution with units.] [2] 

 

 

 

 

 

 

 

 

66 Determine the period of the sound wave in the ocean water. [1] 

 

 



June 2008 (13 ques.) 
 

25 The time required for a wave to complete one full cycle is called the wave’s 

(1) frequency  (2) period   (3) velocity  (4) wavelength 

 

26 An electromagnetic AM-band radio wave could have a wavelength of 

(1) 0.005 m   (2) 5 m   (3) 500 m   (4) 5 000 000 m 

 

27 The diagram below represents a transverse wave. 

 
The wavelength of the wave is equal to the distance between points 

(1) A and G  (2) B and F   (3) C and E  (4) D and F 

 

28 When a light wave enters a new medium and is refracted, there must be a change in the light wave’s 

(1) color  (2) frequency   (3) period   (4) speed 

 

29 The speed of light in a piece of plastic is 2.00 x 10
8
 meters per second. What is the absolute index of refraction 

of this plastic? 

(1) 1.00   (2) 0.670   (3) 1.33   (4) 1.50 

 

30 Wave X travels eastward with frequency f and amplitude A. Wave Y, traveling in the same medium, interacts 

with wave X and produces a standing wave. Which statement about wave Y is correct? 

(1) Wave Y must have a frequency of f, an amplitude of A, and be traveling eastward. 

(2) Wave Y must have a frequency of 2f, an amplitude of 3A, and be traveling eastward. 

(3) Wave Y must have a frequency of 3f, an amplitude of 2A, and be traveling westward. 

(4) Wave Y must have a frequency of f, an amplitude of A, and be traveling westward. 

 

31 The diagram below represents two pulses approaching each other from opposite directions in the same 

medium. 

 
Which diagram best represents the medium after the pulses have passed through each other? 



 
 

32 A car’s horn is producing a sound wave having a constant frequency of 350 hertz. If the car moves toward a 

stationary observer at constant speed, the frequency of the car’s horn detected by this observer may be 

(1) 320 Hz  (2) 330 Hz  (3) 350 Hz (4) 380 Hz 

  

48 The diagram below represents a transverse wave traveling to the right through a medium. Point A 

represents a particle of the medium. 

 
In which direction will particle A move in the next instant of time? 

(1) up  (2) down (3) left  (4) right 

 

 

 



61 The diagram below represents a transverse wave moving on a uniform rope with point A 

labeled as shown. On the diagram, mark an X at the point on the wave that is 180° 

out of phase with point A. [1] 

 
 

 

 

 

Base your answers to questions 72 through 74 on the information and diagram below. A ray of monochromatic 

light having a frequency of 5.09 × 10
14

 hertz is incident on an interface of air and corn oil at an angle of 35° as 

shown. The ray is transmitted through parallel layers of corn oil and glycerol and is then reflected from the 

surface of a plane mirror, located below and parallel to the glycerol layer. The ray then emerges from the corn 

oil back into the air at point P. 

 
 

 



72 Calculate the angle of refraction of the light ray as it enters the corn oil from air. [Show all work, including 

the equation and the substitution with units.] [2] 

 

 

 

 

 

 

 

73 Explain why the ray does not bend at the corn oil-glycerol interface. [1] 

 

 

 

 

 

 

 

74 On the diagram above, use a protractor and straightedge to construct the refracted ray 

representing the light emerging at point P into air. [1] 


