Chapter 14: Vibrations and Waves


Multiple Choice

1. What is a traveling disturbance that carries energy from one place to another, without requiring matter to travel across the intervening distance?  

a. a photon transporter

b. a quantum train

c. a velocity selector

d. a wave

e. an amplitude amplifier

Ans: 

2. Galileo discovered that the time it takes for a pendulum arm to swing back and forth depends on 

a. the mass of the pendulum arm.

b. the length of the arm.

c. the arc distance through which it swings.

d. all of the above

e. a and b only

Ans: 

3. When a vibration occurs, there is a back and forth motion which depends on a restoring force that resists the initial force that started the vibration. Which of the following is an example(s) of a restoring force?

a. gravity in a pendulum

b. the interatomic bonds of a ringing bell

c. the tension in a spring

d. all of the above

e. a and c only

Ans: 

4. A single domino is knocked over creating a wave of falling dominos. What is transferred from the first domino to the last?

a. Doppler waves

b. energy 

c. gravity

d. The first domino shifts to be the last.

e. Nothing that could be scientifically quantified.

Ans: 

5. Energy

a. is carried by waves as well as by particles.

b. that is carried by waves violates the law of conservation of energy.

c. can be carried by waves without any net displacement of matter.

d.  All of the above.

e. a and c only

Ans: 

6. Which of the following can be described using wave characteristics?

a. visible light

b. tsunamis

c. sound

d. all of the above

e. a and b only

Ans: 

7. The distance between crests, the highest points of adjacent waves, is 

a. the wavelength.

b. the frequency.

c. the trough.

d. the crest height.

e. the amplitude.

Ans: 

8. A seismic wave has a velocity of 5000 m/s and a frequency of 4Hz. What is the wavelength of this wave? 

a. 1250 m

b. 20,000 m

c. 0.0008 m

d. 2500 m

e. Cannot be determined since this is a longitudinal wave.

Ans: 

9. An ocean wave moves at a velocity of 12 m/s while 5 peaks of this wave  pass by the tip of an island every 10 seconds. What is the wavelength of these waves?

a. 60 m 

b. 50 m

c. 24 m 

d. 120 m 

e. 6 m.

Ans: 

10. In the above problem what is the amplitude of these waves?

a. 2 m

b. 5/12 m

c. 12/5 m

d. 24 m

e. cannot tell from the information given

Ans: 

11. The amplitude of an ocean  wave

a. cannot be scientifically determined.

b. is the difference in length between two adjacent wave troughs.

c. is the difference between the height of a wave crest and the height of the adjacent trough of a wave.

d. is the difference between the height of a wave crest and the normal surface of a calm ocean.

e. a, b, and d

Ans: 

12. The crest of a wave passes a stationary point every 2 seconds. The frequency of these waves is

a. the wavelength divided by 2.

b. 2 Hz.

c. 0.5 Hz 

d. 30 Hz. 

e. There is not enough information to tell the frequency.

Ans: 

13. The number of wave crests that go by a given stationary point every second is the 

a. wavelength.

b. frequency.

c. velocity 

d. acceleration.

e. amplitude.

Ans: 

14. The unit of measurement for the frequency of waves, equal to one wave cycle per second, is the 

a. meters per second number.

b. wavelength.

c. Hertz. 

d. joule.

e. fathom.

Ans: 

15. If a wave has a frequency of 8 Hz, a wavelength of 3 meters and an amplitude of 0.5 m, what is its velocity? 

a. 4 m/s 

b. 12 m/s

c. 16 m/s

d. 24 m/s

e. 8/3 Hz/s

Ans: 

16. What is the velocity of a wave if the distance between the crests is 8 ft and 20 waves go by every 10 seconds?

a. 32 ft/sec

b. 16 ft/sec

c. 8 ft/sec

d. 4 ft/sec

e. 160 ft/sec

Ans: 

17. If a wave has a frequency of 1000 Hz, a wavelength of 5 cm, and an amplitude of 0.5 mm What is the velocity?

a. 5000 m/s

b. 500 m/s 

c. 50 m/s

d. 5 m/s 

e. none of the above.

Ans: 

18. Two waves approach each other. One wave moves due east at 5 meters per second, while the other moves due west at 10 meters per second. When they meet, they meet such that their waves destructively interfere with each other, with the result being that the wave completely disappears from view where they meet. What happens to the waves next?

a. Since they cancel each other out in their destructive interference they waves are now gone forever.

b. The East moving wave continues to move east at 5 m/s, while the West wave moves west at 10 meters per second.

c. The East wave has disappeared forever, while the West moving wave now moves west at 5 m/s.

d. Both waves move West at 5 m/s.

e. The waves immediately turn north if in the Northern Hemisphere, or turn south if they are in the Southern Hemisphere for the same reason that water goes down the drain clockwise or counterclockwise depending which hemisphere you are in.

Ans: 

19. Which of the following waves has the motion of the medium going in the same direction as the motion of the wave itself?

a. ocean wave

b. sound wave

c. a seismic S wave

d. all of the above

e. a and b only

Ans: 

20. The motion of this type of wave is perpendicular (at a right angle) to the motion of the medium on which the wave moves. This is called a _______ wave.  

a. bouncing

b. longitudinal

c. transverse

d. Doppler 

e. none of the above.

Ans: 

21. When a crowd at a football game does the “wave”, where each individual simply stands up and sits down as soon as the person on one side of him does the same, is an example of a ________ wave.

a. bouncing 

b. longitudinal

c. transverse

d. Doppler

e. particle

Ans: 

22. Assume that in a stadium of fans there is one entire column of empty seats, and each column of fans in turn moves over to the column of empty seats as they become available. This is an example of a _____ wave. 

a. competitive

b. longitudinal

c. transverse

d. Doppler

e. standing wave

Ans: 

23. Which of the following is FALSE about seismic waves generated in earthquakes?

a. There are longitudinal P waves and transverse S waves.

b. The longitudinal waves are unable to pass through liquid magma.

c. The fact that P and S waves travel differently through different media helped scientists helped scientists to determine the interior structure of the Earth.

d. None of the above, all of the above are true.

e. A, b, and c are all false.

Ans: 

24. When two waves meet and act to reinforce or maximize the wave height at their point of intersection, this is called 

a. constructive interference.

b. destructive interference.

c. the Doppler effect.

d. the amplitude intersection.

e. none of the above

Ans: 

The following four questions refer to the same scenario.

25. Two ocean waves meet. One travels due south, and has a frequency of 4 Hz, an amplitude of 2 m, and a wavelength of 6 meters. The other travels due north and has a frequency of 1 Hz, an amplitude of 1 meter and a wavelength of 12 m. As they meet the first crest of each interferes with perfect constructive interference. What is the amplitude of the combined first wave crest that has undergone interference?

a. 0 m

b. 1 m

c. 1.5 m

d. 2 m

e. 3 m

Ans: 

26. In the above problem, what is the wavelength and amplitude of the wave that is traveling south after it finishes its encounter with the north traveling wave?

a. 18 m wavelength and 2 m amplitude

b. 18 m wavelength and 1 m amplitude

c. 6 m wavelength and 1 m wavelength

d. 6 m wavelength and 2 m amplitude

e. 2 meter wavelength and 2 m amplitude

Ans: 

27. In the same problem what is the velocity of the north traveling wave as it is in the midst of its encounter with the south traveling wave?

a. 0 m/s

b. 1 m/s

c. 6 m/s

d. 8 m/s

e. 12 m/s

Ans: 

28. What is the velocity of the north traveling wave after it has completed its encounter with the south traveling wave?

a. 0 m/s

b. 1 m/s

c. 6 m/s

d. 8 m/s

e. 12 m/s

Ans: 

29. Which of the following is true about standing waves?

a. They violate the normal wave equation where the speed of a wave is equal to the frequency times the wavelength.

b. They do not have an amplitude.

c. There are parts of a standing wave that are stationary.

d. There can be only one node per standing wave.

e. All of the above are true.

Ans: 

30. In a standing wave the ______ is a point that does not move at all.

a. anti-oscillation point

b. node

c. anti-node

d. wavelength

e. none of the above  

Ans: 

31. _________ occurs whenever a source of waves is moving relative to the observer of the waves. 

a. The Doppler effect

b. A change in frequency 

c. A change in wavelength

d. all of the above

e. none of the above.

Ans: 

32. Assume a sound source is moving TOWARD you, such as when an ambulance with its siren blaring approaches. The Doppler effect predicts that the sound wave you hear will have ___________ wavelength when compared to the wavelength if the ambulance were stationary.

a. a green shifted

b. a shorter

c. a longer

d. the same

e. none of the above

Ans: 

33. Which of the following is FALSE about the Doppler effect?

a. A source of waves that moves away from you will appear to emit a wave that has a lower frequency than if the same sound source were standing still.

b. The wavelength of a sound wave emitted from a moving object that moves toward you will appear to be smaller.

c. The first example of the Doppler effect to be scientifically studied was the case of trumpeters on a moving rail car. They played a single long loud note as the train moved at a controlled speed. A different pitch would be heard depending on the location of the listener.

d. All of the above answers are false.

e. None of the above (a, b, or c) are false; a, b, and c are true.

Ans: 

34. Iridescence, such as the display of colors of a peacock, results from the phenomena of

a. the Doppler effect.

b. frequency shifts.

c. interference.

d. standing waves

e. a and b both

Ans: 

35. The “sound barrier” that supersonic jets encounter when they fly 

a. occurs at a speed that jets may not surpass.

b. is found at ¾ the speed of sound.

c. causes a sonic boom when broken.

d. all of the above

e. b and c only

Ans: 

36. Which of the following is FALSE about the speed of sound and the sound barrier?

a. The sound barrier is related to the Doppler effect.

b. Surpassing the speed of sound causes sonic booms.

c. As this speed is approached, a plane pushes sound waves ahead of it, forming a shock wave.

d. The waves push back against the plane consistent with Newton’s third law, causing turbulence as the speed of sound is approached.

e. Only large objects like planes create a sonic boom when the speed of sound is surpassed.

Ans: 

37. Resonance 

a. can result in a larger amount of energy being absorbed when the system absorbing the energy is at the same frequency as the energy being delivered to it.

b. is the reason soldiers often break step when marching across a bridge.

c. is seen when destructive interference occurs everywhere.

d. all of the above

e. a and b only

Ans: 

38. A short person naturally tends to walk “faster” (that is, their legs move back & forth faster) than a tall person. Why is this?

a. The short person has to keep up with the tall person

b. The short person’s legs have shorter periods of oscillation    

c. The short person is trying to cover more distance in less time than the tall person

Ans: 


A seismogram (a measure of earthquake shaking) is shown below:
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39. What is the maximum amplitude of the earthquake as recorded by the seismogram?

a. 0 cm



b. 1 cm


c. 2 cm

 

d. – 1 cm

Ans: 

40. The seismogram has recorded two pulses. Which is the P wave and which is the S wave?

a. The P wave is the leading wave


b. The S wave is the leading wave

Ans: 

41. Which piece of information does the seismogram provide that we can use to estimate the distance to the epicenter of the earthquake?

a. The time needed for the P wave to arrive

b. The time needed for the S wave to arrive

c. The difference in times needed for the two waves to arrive    

d. The sum of the times needed for the two waves to arrive

Ans: 

42. The Richter Magnitude scale for earthquakes is the base-ten logarithm (i.e. the exponent) of the maximum amplitude of the shaking of the seismogram, measured in microns. What is the (approximate) magnitude of this earthquake?

a. 2

b. 3

c. 4

d. 100

e. 1000

Ans: 

43. In boxing, a boxer can utilize two approaches: to throw a continuous series of “jabs” in order to wear down his opponent, or to throw a “haymaker” punch in order to knock out his opponent. Which case represents an application of the concept of frequency?

a. A series of jabs

b. A single haymaker

c. Neither


d. Both

Ans: 


44. Scientists have discovered a method

for determining whether a volcano

is in danger of an immanent eruption.

Which of the following do you think

Is the most useful in predicting a

volcanic eruption?



a. The total amount of gas is measured to be increasing

b. The interior is shaking at its resonance frequency


c. Lava has already begun pouring out of the crater

Ans: 

45. As you stand at a street corner, a car rushes by you at constant speed. If you hear a relatively high pitch from the noise of the car, this implies the car

a. Was approaching you


b. Was receding (moving away) from you

c. Was just passing you 

Ans: 

46. You listen carefully to the car as it recedes from you. As the car gets further and further away, the noise from the car shows that 

a. The amplitude and frequency both drop (decrease)

b. The amplitude drops and the frequency rises (increases)

c. The amplitude drops and the frequency remains constant
   

Ans: 
47. An astronomer looks at the light coming from a distant galaxy and notices that the wavelengths are longer than they would be in her lab. What can she deduce about the galaxy?

a. The galaxy is receding from us


b. The galaxy is approaching us

c. The galaxy is made of different substances than our galaxy
Ans: 

48. While on a small powerboat on a lake, the wind picks up and creates waves with amplitudes of 2 feet. As the boat reaches the crest of a wave, how far down (from the bottom of the boat) is it to the water in the nearest wave trough?

a. 1 foot



b. 2 feet


c. 3 feet


d. 4 feet


Ans: 

In the year 1178, monks of the monastery in Canterbury, England, witnessed an explosion on the Moon. It was (much) later determined to be the result of the impact of a small asteroid.

49. Which type of wave(s) was generated by the impact of the asteroid? Hint: the Moon is completely solid.

a. Longitudinal

b. Transverse


c. Both


d. Neither
Ans: 

50. Scientists of the 20th century were able to detect the shock waves generated by the impact. What did they find?

a. The amplitude had decreased substantially since the impact but the frequency had remained the same


b. The amplitude had decreased but the frequency had increased

c. The amplitude and the frequency had both decreased

Ans: 

51. Besides the impact site itself, where would have the Moon been most affected by the shock waves of the asteroid impact?

a. Nearby, as molten rock & debris poured down

b. Several hundred miles away, out of range of the debris but still close enough to feel the shockwaves

c. On the opposite side of the Moon, as the waves would be bent back toward a common point



Ans: 

An ideal pendulum exhibits simple harmonic motion. Real pendulums cease to swing eventually, unless energy is added to keep them swinging. The tendency to slow down a pendulum is called damping. A pendulum that swings many times before stopping is under damped, a pendulum that swings exactly once is critically damped, and a pendulum that doesn’t make a full swing is called over damped.
52. Jump on your bed at home. How would you best describe the behavior of the bed?

a. Under damped


b. Critically damped


c. Over damped

Ans: 

53. Consider the behavior of your car when it hits a small bump or pothole in the road. Which is the most desirable situation for your car’s shocks?

a. The shocks are under damped

b. The shocks are critically damped

c. The shocks are over damped



Ans: 

54. Standing in a dome-shaped auditorium with a small crowd of people, you hear faint voices that do not belong to anybody near you. Which effect is at work here?

a. Constructive interference


b. Destructive interference

c. Doppler Effect

d. Resonance

Ans: 





In a classroom demonstration, two students hold a jumping rope at opposite ends. They send equally high wave pulses toward each other as shown above.

55. What will happen to the waves as they meet in the middle of the rope?

a. The waves will crash against each other and move backward

b. The waves will crash against each other and stop

c. The waves will meet and briefly create a wave twice as high  

d. The rope becomes straight for a brief moment

Ans: 
56. What will happen to the wave pulses after they meet?

a. They will continue onward through each other as if nothing had happened to them


b. They will come to a complete stop and remain in the middle as one large stationary pulse

c. They will come to a complete stop and disappear altogether

Ans: 

57. What can we say about the energy carried by the two waves? Assume losses to damping are negligible.

a. The total energy of the waves is dispersed (lost) once the two waves meet each other

b. The total energy of the waves remains the same during the entire process


c. The total energy of the waves increases briefly when they meet each other

Ans: 






Now suppose the two students send waves of equal amplitude toward each other as shown above.

58. What will happen to the waves as they meet in the middle of the rope?

a. They will crash into each other and move backward

b. They will crash against each other and stop

c. The waves briefly meet and create a wave twice as high

d. The rope becomes straight for a brief moment


Ans: 

59. What can we say about the energy carried by the two waves? Assume losses to damping are negligible.

a. The total energy of the waves is dispersed (lost) once the two waves meet each other

b. The total energy of the waves remains the same during the entire process


c. The total energy of the waves increases briefly when they meet each other

Ans: 

60. Students repeat these demonstrations, but now with coils that they move back & forth to create longitudinal waves. What can we expect?

a. The results will be the same because both situations use waves 

b. The results will be very different because longitudinal waves are very different from transverse waves

c. The results will be very different because the waves travel at different speeds in the coils compared to the rope

Ans: 

In the fall of 2003, administrative officials of the University of Wisconsin contemplated forbidding the playing of a popular song between the third & fourth quarters of football games. The crowd would jump up & down during the song. The officials decided to allow the song to be played after checking the structural integrity of the stands.

61. What might the crowd do to make this potential problem worse?

a. Do the “wave” around the stadium as they jump

b. Jump up & down in unison


c. Jump up & down randomly

d. Cheer loudly as they jump

Ans: 
True or False

1. The motion of a wave and the motion of the medium or the particles that compose the wave are always the same.

Ans: 

2. Galileo discovered that the time it takes a pendulum to swing from its starting point and return to that same point depends solely on the mass of the pendulum arm.

Ans: 

3. A wave transfers energy without transferring mass.

Ans: 

4. The amplitude of a wave is the distance between the crest of a wave and the trough of a wave.

Ans: 

5. Energy can travel as a particle or a wave.

Ans: 

6. When the medium through which a wave travels moves perpendicular to the motion of the wave itself, a transverse wave is said to exist.

Ans: 

7. The Doppler effect predicts that the frequency of a wave increases when heard by an observer in front of a fast moving object that is emitting the wave.

Ans: 

8. The Doppler effect predicts that the wavelength of a sound emitted from a moving object will be smaller when measured from the perspective of an observer measuring the wave as she watches the source move away from her. 

Ans: 

9. The Doppler effect applies only to sound waves such as the wailing of a police siren, and not to any other type of wave.

Ans: 

10. All seismic waves are transverse waves.

Ans: 
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Rising lava








