Waves Problems Set

Period, Frequency, Terminology
1.
A metronome vibrates so that it makes 5 cycles in 12 seconds.  Calculate its period and its frequency (in Hz).

2.
The frequency of a record player is 33.33 rpm.  What is its period, in seconds?

3.  For each of the following, calculate the frequency, in hertz, and the period, in seconds:

(a)
a pendulum swinging 20 times per minute


(b)
a car engine rotating at 8000 rpm's (revolutions per minute)

[image: image1.wmf]
4.  For the wave shown to the right, measure 
     the wavelength and amplitude using a ruler.

Universal Wave Equation
5.
The frequency of a tuning fork is 256 Hz.  What is its wavelength, if the speed of sound is 340 m/s?

6.
Light travels at a speed of 3 x 108 m/s.  What is the frequency of a light wave with a wavelength of 500 nm?

7.
Your favourite radio station has a frequency of 88.1 MHz.  What is the wavelength (in m) of the radio wave if radio waves travel at the same speed as light?

8.  The distance between the second and sixth crests in a wave is 75 cm, and one crest

      travels a distance of 25 cm in 3.0 s. Find the frequency of the wave.

9. The wavelength of a water wave is 8.0 m and its speed is 2.0 m/s. How many waves will pass a fixed point in the water in 1.0 min?

10. Two people are fishing from small boats located 3.0 x101 m apart. Waves pass through the water, and each person’s boat bops up and down 15 times in 1.0 s. At a time when one boat is on a crest, the other is on a trough, and there is one crest between the two boats. What is the speed of the waves?

Standing Waves
11. A standing wave with five loops is generated in a string. If the waves travel at 17.5 m/s   

      with a frequency of 1.40 x 102 Hz, how long is the string?

12.
Standing Waves are produced in a string by sources at each end with a frequency of 10.0 Hz. The distance between the third node and sixth node is 54 cm. What is the wavelength of the interfering nodes? What is their speed?

Reflection & Interference
13
Note:  All measurements on the diagrams are of vertical or horizontal displacements.
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Draw the reflected pulse if the above pulse reflects from


a)  a free end.


b)  a fixed end.

14.
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Draw the resultant pulse when the two pulses above completely overlap.

15.
Sketch the resultant wave form when the following two pulses meet. (Assume the meeting point corresponds to the centre of each pulse.)
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speed of sound

16.
You are standing 2.5 x 102 m from a cliff wall and you clap your hands. The echo of your clap returns 1.45 s after you clap your hands. What is the speed of sound in the air?

17.
What is the speed of sound on a warm, summer day when the temperature is 30ºC?

18.
During a fireworks demonstration, an observer measures the time difference between the flash of light emitted and the sound heard from the explosion to be 1.50 s. If the air temperature is 20ºC, how far away is the fireworks explosion from the observer? (Assume that the flash is seen instantly.)

19.
The average young person can hear frequencies that are between 20. Hz and 20. kHz. At a temperature of 30.5°C, what range of wavelengths can this person hear? 

talkie talkie

20.
You know that the pitch of a train whistle is about 5.0 kHz. As you stand at a railway crossing, you hear a train whistle whose frequency is only 4.0 kHz. Is the train approaching you or travelling away from you? Explain your answer.

21.
Discuss the following statement: "If a tree falls in the forest and no one is there to hear it, it makes no sound." (In other words, what is sound?)

22.
Why would it be difficult to experimentally calculate the speed of sound in the classroom with a stopwatch and metre stick?

23.
The intensity of a sound received by humans depends on what two factors?

24.
Explain how the tines of a tuning fork create sound waves.

25. What effect does increasing each of the following have on the wavelength of a wave?

(a)
amplitude, if speed is constant

(b)
speed, if frequency is constant


(c)
frequency, if speed is constant

26. A water wave travels from shallow water (slower medium) into deeper water (faster 

       medium). What happens to the wavelength and frequency of the water wave?

27. When playing a stereo, there are certain sounds that can cause windows to rattle. Explain why this occurs.


Answers

1. 2.4 s, 0.42 Hz;   

2. 1.81;   

3. (a)
f = 0.33 Hz, T = 3.0 s

    (b)
f = 133 Hz, T = 0.0075 s
4. (Answer may vary depending on size of print out.)


wavelength = 2.0 cm


amplitude = 1.0 cm

5. 1.3 m;   

6. 6 x 1014 Hz;   

7.   3.41 m
8. 0.44 Hz


9. 150

10. 300 m
11. 0.313 m
12. 0.36 m, 3.6 m/s

14, 15.
 Use the principle of superposition.

16. 3.4 x 102 m/s.

17. 3.5 x 102 m/s.
18.   5.2 x 102 m

19. between 18 m and 0.018 m.

20.
Since the apparent frequency of the whistle is less than the true frequency, the train must be travelling away from you. This is due to the Doppler effect.
21.
To philosophers, the above statement could be considered "true" since their definition of 
sound is subjective and involves the personal sensation that exists in the mind of the observer. To a scientist, sound is defined objectively as the motion of particles in a 
medium caused by a vibrating source. Even if there is no one present, the particles still 
vibrate and, therefore, create sound. Since this is a science class, the above statement is 
considered false.
22.
The speed of sound is too fast to measure in the short time interval it would take to echo 
off of the walls in a typical classroom. A person's reaction time is larger than the time of the echo and our ears are not sensitive enough to distinguish the echo from the original sound since they would occur so closely together. (You need at least a 17 m distance to distinguish an echo from the source.)
23.
The intensity of a sound depends on the power of the source and the distance the 
observer is from the source.
24.
The tines, when struck, vibrate back and forth in the air. As the tines move outward, they cause the air particles on the outside of the tines to be compressed, creating a compression (a region with higher air pressure). As they move inward, they cause the air 
particles on the outside to be pulled apart, creating a rarefaction (a region with lower air 
pressure). The repeated motion of the tines continually creates successive compressions 
and rarefactions that travel outward creating sound. [The opposite pattern is created between the tines as they vibrate.]
25. (a)
 no effect (wavelength is independent of amplitude)

       (b)
 increase in wavelength (according to the wave equation,  )

       (c)
 decrease in wavelength  

26. The wavelength increases (according to the wave equation, v = f λ ). The frequency is unchanged, as frequency is determined only by the source.

27. The stereo is creating sound waves that have the same natural frequency as the windows in the car. This causes sympathetic vibrations to start in the windows and makes them rattle. This effect is due to resonance.
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