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Physics, Unit 8, Vibrations and Wave Properties, Objectives and Review, Worksheet (key)

1. What is the period of a pendulum? The period of a pendulum is the time it takes for it to make one complete 

    cycle. 
2. If you triple the frequency of a vibrating object, what will happen to its period? The period will decrease three times.    
    (f = 1 / T)
3. (a) Distinguish between the period and the frequency of a vibration of a pendulum. (b) How do they relate to one 
    another?   (a) The period of a pendulum is the time it takes for a pendulum to complete one cycle. The 
    frequency of a pendulum is the number of complete cycles the pendulum completes in one second.   (b) Period 

    and frequency are inversely related to each other (one goes up, the other goes down and vice versa). 
4. What factor(s) affect the frequency of a pendulum?  The factors affecting the frequency of a pendulum are the  

    length of the string and the acceleration due to gravity (g). 
[image: image1]5. Draw and label a transverse wave. 
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6. Draw and label a longitudinal wave.
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7. Compare and contrast transverse and longitudinal waves.  With transverse waves, the medium (the substance, 
    represented by the curved line) is displaced from the equilibrium position along a line perpendicular to the 
    direction of energy travel. With longitudinal waves, the medium (the substance, represented by the close 
    together and the far apart lines) is displaced from the equilibrium position along a line parallel to the direction   

    of energy travel. 
8. Does the medium in which a wave travels move along with the wave itself? Defend your answer with an example.  
    No it doesn’t. Only the energy in the disturbance moves in the direction the disturbance is moving. An example 
    of this would be that, with a Slinky, the energy associated with a disturbance moves in the direction of the 
    disturbance while the Slinky stays in the same position after the disturbance has passed through.
9. How does the speed of a wave relate to its frequency and wavelength?  The speed of a wave is equal to its 
    frequency times its wavelength (v = f λ).
10. As the frequency of a wave is increased, does the wavelength increase or decrease? Give a mathematical example.
      As the frequency of a wave is increased, its wavelength decreases (v = f λ). If the velocity is a constant 10 m/s 
      and the frequency of the wave is increased from 1 cycle / s to 2 cycles / s, the wavelength must decrease from 
10  to 5 m.  

11. How far, in terms of wavelength, does a wave travel in one period?  A wave travels one wavelength in one period 
      since one wavelength is equal to one cycle.
12. While watching ocean waves at the dock of the bay, Dave notices that 10 waves pass beneath him in 30 seconds. He 
      also notices that successive crests of the waves exactly coincide with the posts of the dock that are 5 meters apart. 
      What are the (a) period (T), (b) frequency (f), (c) wavelength (λ), (d) speed (v) of the ocean waves?   
      (a) 10 waves / 30 s  =  1 wave / 3 s, therefore the period (T) is 3 seconds.   
      (b) frequency (f) = 1 / period (T)  =  1 / 3 s  =   0.33 cycles per second or 0.33 Hz = f   
      (c) wavelength (λ) = 5 m (wavelength is measured crest to crest, trough to trough, or one similar point on the 
           wave to the next similar point on the wave)   
      (d) speed (v)  =  f λ  =  (0.33 / s) (5 m) = 1.66 m / s = v      
13. When a wave source moves toward a receiver, does the receiver encounter an increase in wave frequency, wave 
      speed, or both?  The receiver encounters an increase in wave frequency due to the Doppler Effect. 
14. Would it be correct to say that, with the Doppler Effect, there is the apparent change in the speed of a wave due to 
      motion of the source?  No. The speed of the wave doesn’t change since v = f λ and, the higher the frequency of 
      the wave, the shorter is its wavelength.
15. Distinguish between constructive interference and destructive interference. Constructive interference occurs 
      when two waves are added together to make a resultant wave that is larger than the two original waves. 
      Destructive interference occurs when two waves subtract from each other and cancel each other out. This 
      makes a resultant wave that is smaller than the two original waves.
16. Is interference a property of only some types of waves or of all types of waves?  Interference is a property of all 
      types of waves. 
17. What causes the refraction of a wave?  Refraction occurs when the speed of a wave changes due to a change 
      in the medium it travels through. This change in speed also results in a change in the direction of motion of 
      the wave if the wave is at an angle to the boundary of the change in medium.
18. What happens when a wave is reflected?  Reflection occurs when there is a barrier that the wave cannot travel 
      through completely, if at all. The wave will bounce off similarly to a tennis ball off the floor according to the 
      law of reflection. The law of reflection states that the angle of incidence equals the angle of reflection. 
19. What causes the diffraction of a wave?  Diffraction is the bending of a wave around a barrier or through an 
      opening. 
20. Describe how a standing wave is produced.  A standing wave is produced when a medium is vibrating at its     

      natural frequency between two fixed points. When this occurs, the wave moving back and forth between the 
      fixed points will look like it is simply oscillating up and down and no longer traveling along the medium.   
21. (a) Where on a standing wave is the node? (b) The anti-node?   (a) The nodes on a standing wave are at the 
      points where there is no interference.   (b) The anti-nodes on a standing wave are at the points where there is 
      maximum interference. 
22. Where on a standing wave would you measure the amplitude of the wave?  The amplitude on a standing wave is 
      measured as the distance between the equilibrium point and the maximum displacement. This maximum 
      displacement occurs at the antinodes on a standing wave. 
23. Describe what happens when an object is forced to vibrate at its natural frequency?  When an object is forced to 
      vibrate at its natural frequency, a dramatic increase in the amplitude occurs. This phenomenon is called  

      resonance. 
24. You have two pieces of metal, one has a higher natural frequency when is vibrates. Describe the possible differences 
      in the two pieces of metal that may be the cause of the frequency difference.  One possibility would be the type of 
      metal in both samples. Another possibility would be the length of each piece of metal. Another possibility 
      would be the temperature of each piece of metal. 
Problems:

1.    If a mass of 0.55 kg attached to a vertical spring stretches the spring 36 cm from its original equilibrium position, with 

       is the spring constant?
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       x = – 36 cm, m = 0.55 kg, g = 9.8 m/s2, k = ? 

       Felastic = – k x         FW = m g
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       down is (–) (∑Fy)    FW  +  Felastic  =  0 (equilibrium, no acceleration)












              Fweight (down)
· (m g)  +  (– k x)  =  0
 – k x  =  m g
      – k  =  (m g) / x         k  =  – (m g) / x

k  =  [– (0.55 kg / 1) (9.8 m/s2)] / – 0.36 m
       k = 15 N / m         
2.    A 0.75 kg mass attached to a vertical spring stretches the spring 0.30 m.     a. What is the spring constant?  

       b. The mass spring system is now placed on a horizontal surface and set vibrating. What is the period of vibration?

       x = – 0.3 m, m = 0.75 kg, g = 9.8 m/s2, k = ?, T = ? 
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       down is (–) (∑Fy)    FW  +  Felastic  =  0 (equilibrium, no acceleration)
· (m g)  +  (– k x)  =  0
 – k x  =  m g
      – k  =  (m g) / x         k  =  – (m g) / x
 Fweight (down)

k  =  [– (0.75 kg / 1) (9.8 m/s2)] / – 0.3 m
       k = 24.5 N / m         

       b.  T = 2 π √m / k      = 2 π √0.75 kg / 24.5 N/m  =  1.1 s  =  T   
3.
If you are designing a pendulum clock with a period of 1.5 s, how long should the pendulum be? 

T = 1.5 s, g = 9.8 m/s2, L = ?



T = 2 π √L / g 
L = T2 g / 4 π2  =  (1.5 s)2 (9.8 m/s2) / 4 π2  =  0.56 m = L 
4.
A 125 N object vibrates with a period of 3.25 s when hanging from a spring. What is the spring constant of the spring?


FW = 125 N, T = 3.25 s, g = 9.8 m/s2, k = ?


T = 2 π √m / k      k = 4 π2 FW / T2 g  =  (4 π2) (125 N) / (3.25 s)2 (9.8 m/s2)  =  47.7 N / m = k  
5.
Find the length of a pendulum that oscillates with a frequency of 0.27 Hz.

f = 0.27 Hz, g = 9.8 m/s2, L = ?


T = 2 π √L / g       T = 1 / f      L = g / (f2) (4 π2)  =  9.8 m/s2 / (0.27 Hz)2 ( 4 π2)  =  3.4 m = L 

6.
The speed of all electromagnetic waves in empty space is 3 x 108 m/s. Calculate the wavelength of electromagnetic waves emitted by the following frequencies. (a) radio waves at 88 MHz  (b) visible light at 6 x 108 MHz  


(c) x-rays at 3 x 1012 MHz

v = 3 x 108 m/s, f1 = 88 MHz, f2 = 6 x 108 MHz, F3 = 3 x 1012 MHz, λ1 = ?, λ2 = ?, λ3 = ?  

(a) v = (f1) (λ1)   λ1 = v / f1    3 x 108 m/s / 8.8 x 107 Hz  =  3.41 m = λ1         

(b) v = (f2) (λ2)   λ2 = v / f2    3 x 108 m/s / 6 x 1014 Hz  =  5 x 10–7 m = λ2  
     


(c) v = (f3) (λ3)   λ3 = v / f3    3 x 108 m/s / 3 x 1018 Hz  =  1 x 10–10 m = λ3     
7.
A stretched string fixed at both ends is 2 m long. (a) What are the 3 longest wavelengths that will produce standing waves on this string?  


L = 2 m, n = number of harmonic


(a) fundamental frequency (first harmonic) (n = 1): L = λ1  / 2     since L = 2 m and λ1 = 2 L, then λ1 = 4 m 

     (shown below)
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     second harmonic (n = 2): L = λ2    since L = 2 m and λ2 = L, then λ2 = 2 m (shown below)   
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third harmonic (n = 3): L = 3/2 (λ3)  =  2 (λ3) / 3   since L = 2 m and λ3 = 2/3 (L), then λ3 = 1.33 m 



(shown below)
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8.
A simple 2.5 m long pendulum oscillates in a location where g = 9.8 m/s2. How many complete oscillations does the pendulum make in 5 minutes? 


L = 2.5 m, g = 9.8 m/s2, t = 5 min, oscillations in 5 min = ? 



T = 2 π √L / g   =  2 π √2.5 m / 9.8 m/s2    =  3.2 s = T

(1 oscillation / 3.2 s) (60 s / min) (5 / 1)  =  94 oscillations in 5 minutes
