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OSCILLATIONS AND WAVES


PROBLEMS
4.1 

Kinematics of Simple Harmonic Motion (SHM) (2h) 
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4.1.1

Describe examples of oscillations.
4.1.2

a.
Define the following terms 



i.
displacement
iii. 
frequency
v.
phase difference




ii.
amplitude

vi.
 period


b.

A mass on the end of a spring oscillates once every 2 seconds.  What is its frequency?
4.1.3

a.
Define simple harmonic motion.



b.
i.
Write the equation that applies to all objects moving with SHM.



ii.

What is the significance of the negative sign that should be in your equation?




iii.
Describe the connection between the angular frequency  and the period T of an object performing SHM. 
4.1.4

A mass on the end of a spring oscillates with SHM along a vertical line once every 2.0 seconds. The amplitude of the oscillation is 0.20 m. 


i.
What is the angular frequency of the mass?



ii.
When the mass is 10 cm above the mean position what is the magnitude and direction of its acceleration? 



iii.
What is the magnitude of the greatest acceleration experienced by the mass?



iv.
What is the velocity of the mass when it has the greatest acceleration?
4.1.5

a.
When a particle is performing SHM and the timing starts when its displacement is - r, the following equations apply:





displacement  x = - r cos t   

velocity v =  vosin t





velocity v = ((r2 – x2)                   
vo =  r

A particle is performing simple harmonic motion with a period of 2.00 sec and amplitude 10.0 cm. When t = 0 its displacement is -10.0 cm.
i.
What is the angular frequency of the particle?

ii.
Write the equation that calculates the displacement in cm at time t.

iii.
Use your equation to calculate its displacement when

A. 
t = 0.35 sec.

B. 

t = 0.55 sec.

C.
t = 0.75 sec.
iv.
A graph of the particle’s displacement is to the right. Compare the displacement on the graph with your last answers.

v.
Write the equation for the velocity of the particle in cm s-1 at time t.

vi.
Use your equation to calculate its velocity when:

A. 
t = 0.35 sec.

B. 

t = 0.55 sec.

C.
t = 0.75 sec.
vii.
How far did the particle travel between t = 0.3 and 0.4 sec?
viii.
What was its average velocity between t = 0.3 and 0.4 sec?




ix.
What was the instantaneous velocity of the particle at t = 0.35 sec?



x.
Compare your answers to part vi A. and part ix.




xi.
When t = 0.35 sec, its displacement is -4.54 cm. Use the equation
v = ((r2 – x2) to calculate the particle’s velocity when its displacement is – 4.54 cm.




xii.
Compare your answers to part vi A. and part xi.

If the timing starts when the particle has zero displacement and moving in the + direction the equations are:





x = r sin t

v = vocos t

vo =  r



xiii.
Calculate the particle’s displacement when t = 0.9 sec.



xiv.
How fast was the particle moving when t = 1.5 sec.
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2.
4.1.6

a.
A 1.0 kg mass was hung from a spring and allowed to come to equilibrium. It was then lifted up 10 cm and released at time t = 0.  It performed SHM with a period of 1.0 sec.



i.
What was the angular frequency of the oscillation?




ii.
What was the acceleration of the mass at t = 0?



iii.
How far from the point of release was the mass at t = 0.25 sec?




iv.
How far from the equilibrium position was the mass at t = 0.25 sec?




v.
What was the maximum velocity of the mass?



vi.
At what times did the mass pass through the equilibrium position?




vii.
If the mass had been lifted up 5 cm and released, how would its period be changed?


b.
When a guitar string was plucked its midpoint performed SHM with frequency 256 Hz and amplitude of 2.0 mm. At t = 0 the string was moving through its equilibrium position.



i.
What was the angular frequency of the oscillation?




ii.
Calculate the maximum acceleration of the midpoint.




iii.
What was the maximum speed of the midpoint?




iv.
How fast was the midpoint moving when its displacement was 1.0 mm?





v.
If the string oscillated with a 1.0 mm amplitude, what would be its frequency?

[image: image5.emf]


c.
The piston of a car engine moves with approximately SHM as it moves up and down in the cylinder.



A graph of its displacement versus time is shown below when the engine is idling.
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i.
Calculate the frequency of the idle in RPM (revs per min)?




ii.
What is the angular frequency of the piston? (answer in terms of )




iii.
Write the equation for the displacement of the piston in cm as a function of time.




iv.
Calculate the maximum velocity of the piston.




v.
Write the equation for the velocity of the piston in m s-1 as a function of time.




vi.
Calculate the maximum acceleration of the piston.



vii.
How fast would the piston be moving when its displacement was 5 cm?
4.2

Energy changes during simple harmonic motion (SHM) (1h) 

4.2.1

Describe the interchange between kinetic energy and potential energy during SHM.
4.2.2

a.
When a mass performs SHM, the kinetic energy, the total energy and the potential energy are given by the equations EK = ½ m2(r2 – x2), ET = ½ m2r2 and EP = ½ m2x2.  




A 1.0 kg mass hanging from a spring was performing SHM with a period of 1.0 sec and an amplitude of 10 cm.



i.
What was the angular frequency of the oscillation?




ii.

What was the potential energy of the system when the mass was 10 cm from the mean?



iii.
Calculate the kinetic energy of the mass when its displacement from the mean was:





A.
5.0 cm
B.
0




iv.
What was the total energy of the system during the oscillations?
[image: image7.wmf]
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b.
A 1.0 kg cart was connected between two identical light springs, pulled aside 10 cm and released. It performed SHM with a period of 2.0 sec.
[image: image8.wmf] 




i.
What was the angular frequency of the cart?




ii.
Calculate the change in the potential energy stored in the springs when the cart moved from the mean position to a displacement of 10 cm.



iii.
How fast was the cart moving when it passed through the equilibrium position?




iv.
What was the displacement of the cart when its kinetic energy was equal to the potential energy stored in the springs?




v.
Sketch graphs of the kinetic energy and changes in elastic potential energy versus displacement for the cart’s motion on the same axes.
4.3

Forced oscillations and resonance (3h) 

4.3.1

Describe the meaning of the term damping.
4.3.2

a.
Describe two examples of damped oscillations.


b.
Describe a situation where the damping is critical.
4.3.3

State the meaning of:


i.
natural frequency. 


ii.

forced oscillations.
4.3.4

Sketch graphs on the same axes, of the amplitude of an oscillation subjected to a forced frequency versus the frequency when:


i.
light damping is present.

ii.

when heavy damping is present.

4.3.5

State what is meant by resonance.
4.3.6

Describe examples of resonance where the effect:


i.
is useful 


ii.
should be avoided.
4.4

Wave characteristics (2h) 

4.4.1

Describe the difference in the motion of the particles of a medium when a wave pulse passes and a continuous progressive (traveling) wave passes through a medium.

4.4.2

What do the oscillations of a medium that pass through it as a wave, enable to be passed from one place to another?

4.4.3

a.
Describe the difference in the effect transverse and longitudinal waves have on a medium. 
[image: image9.wmf]I
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b.
Name two types of waves that are:




i.
transverse

ii.
longitudinal



c.
﻿The diagram represents a transverse 




pulse moving to the left in a spring. 



Several points on the spring are labelled. 




i.
Which points are moving upwards?










ii.
Which point is moving faster than all others?




iii.
Which point is stationary but about to move upwards?






iv.
Which point will be the next one to stop moving for an instant?




v.
Which points are experiencing maximum restoring force?




vi.
Which points will move parallel to the spring at some stage while the pulse passes?

[image: image10.wmf]








4.
4.4.4

a.
Describe the terms crest and trough as applied to transverse waves.



b.
Describe the terms compression and rarefaction as applied to longitudinal waves.

4.4.5

Define the following terms:




i.
displacement

iv.  frequency  

vii. intensity




ii.
amplitude


v.   wavelength




iii.
period            

vi.  wave speed 

4.4.6

a.
During Science Week, the girls in the year 12 Physics class demonstrated longitudinal wave motion during General Assembly. They stood in line side by side 1 meter apart. The wave started when girl 1 swayed to her left. When girl 2 became aware of girl 1's motion, she swayed to her left also. Each girl in turn swayed to her left, swayed to her right and kept repeating the motion at a constant rate. The wave they created moved from left to right as seen by the audience. The diagram shows the girls at one instant of their demo. At this instant, girl's 4, 8, 12 and 16 have maximum lean.

[image: image11.wmf]
﻿



i.
At the instant of the diagram which girls were:






A.
swaying in the same direction as the wave's motion?






B.
swaying in the opposite direction to the wave's motion?






C.
stationary?





ii.
The heads of which girls were moving with the maximum speed:






A. 
in the same direction as the wave's motion?






B. 
in the opposite direction to the wave's motion?




iii.
If each girl represents an air molecule during the passing of a sound wave, which girls are at the centre of:






A.
a compression where the pressure is higher than normal?






B. 
a rarefaction where the pressure is lower than normal?





iv.
Which pressure region compression or rarefaction, moves:






A. 
in the same direction as the wave?






B. 
the opposite direction to the wave?

﻿


v.
Let a lean to the right as seen by the audience be a positive displacement. Sketch the displacement/distance graph of the girls at the instant of the diagram.

[image: image12.wmf]incident

   pulse
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vi.

If the horizontal axis represents normal pressure, sketch the pressure/distance graph that corresponds to the displacement versus distance graph.



vii. 
Study the two places of 'compression' created by the girls. The lean of girls near each compression is small yet they create a large 'pressure' increase. The same effect occurs at each 'rarefaction'. The lean of girls near each 'rarefaction' is also small. Why do large 'pressure' changes occur in places where girls have a small lean?
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5.


b.
﻿The graph is the displacement/distance graph of a transverse pulse moving along a spring at 100 cm s-1. Let time be zero at the instant when the pulse is in the position shown.
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At what time will point P:




i.
begin moving?




ii.
first be stationary for an instant?




iii.
have zero displacement and be moving down?




iv.
have displacement -50 cm?




v.
have zero displacement and be moving up?




vi.
have displacement +50 cm?




vii. 
Sketch the displacement/time graph of point P. Show the time scale on the horizontal axis.

[image: image15.wmf]Shallow
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4.4.7

a.
Derive the relationship between wavelength, frequency and speed.



b.
﻿A young adult can hear a sound if the air vibrates with a frequency between about 20 Hz and 18,000 Hz. Assuming the speed of sound is 340 m s-1 at room temperature, what range of wavelengths can the ear detect?



c.
The wavelength of the light that comes from a He-Ne gas laser has a wavelength of 



630 nm. What is the frequency of the light from the laser?
4.4.8.


For waves in two dimensions describe the meaning of the terms:



i.
wavefront.








ii.
ray.
4.4.9

a.
State the speed of all electromagnetic waves in free space.


b.
State the orders of magnitude of the wavelengths of the following radiations in the electromagnetic spectrum. Use the metre as the unit.



i.
radiowaves






ii. 
light






iii.
gamma rays


[image: image16.wmf]








6.
4.5

Wave properties (2h) 

4.5.1

a.
For each of the following situations, state whether a phase change occurs or no phase change occurs.




i. 
A transverse pulse passes from a light spring to a heavy spring.




ii. 
A longitudinal pulse in a slinky reflects from a fixed end.




iii.
A transverse pulse in a light spring partially reflects from the join where a heavy spring is attached.



b.
The diagram below shows a pulse in a heavy spring travelling towards a slinky. Complete the springs with the correct phases and amplitudes of the partially reflected and transmitted pulses.

[image: image17.wmf]
[image: image18.wmf]


c.
Opposite is a 1:5 scale diagram of a straight pulse moving at 40 cm s-1 towards a straight barrier. On the diagram:




i.

draw the directions of propagation of points X, Y and Z.




ii.
draw the pulse when Y is touching the barrier.




iii.

draw the pulse after 5/8 s has elapsed.





iv.
What is the angle of incidence?



d.

A circular pulse is now generated in the same tank from point O. It is drawn ¼ s after being generated. On the diagram:




i.
mark as I, the image of O assuming the barrier is a mirror.




ii.
draw the paths followed by P and Q before and after reflection.




iii.
draw the pulse ½ s after it was generated.

[image: image19.wmf]
[image: image20.wmf]
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4.5.2

a.
State Snell’s Law.



b.
A ripple tank contains a uniformly deep section and a uniformly shallow section. The speed of waves is 40 cm s-1 in the deep water and 25 cm s-1 in the shallow water. The deep water sections of two straight pulses are drawn. 




i.
On the diagram draw the direction of propagation of the waves in the deep water that passes through P.





ii. 
Draw the normal to the boundary at P.





iii.
What is the angle of incidence in the deep water?





iv.
Calculate the angle of refraction in the deep water.





v.
At what angle to the boundary will the wavefronts be in the shallow water?





vi.
Draw the two wavefronts in the shallow water.





vii. 
Assuming a 1:5 scale, what is the wavelength of the waves in the deep water?





viii. 
Calculate the wavelength of the waves in the shallow water.




ix.
On your diagram measure the wavelength of the waves in the shallow water and compare its value to the one you just calculated.

[image: image21.wmf]
4.5.3

a.
Sketch the diffraction patterns formed when:




i.
waves move towards an object with a size similar to the wavelength of the waves.




ii.
waves move towards a gap with a size similar to the wavelength of the waves.



b.
Describe the amount of diffraction that occurs when:





i.
the object/opening is large compared with the wavelength of the waves.




ii.
the object/opening is small compared with the wavelength of the waves.



c.

The diagram shows straight waves in a ripple approaching a gap between paraffin blocks. On the diagrams, draw the wavefronts after passing through the gaps.﻿

[image: image22.wmf] 
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d.
When walking away from an outdoor concert and turning several corners and passing several buildings, the base notes can be still be heard. Explain why this occurs.
4.5.4

Describe three examples of diffraction.
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8.

4.5.5

a.
State the principle of superposition.



b.
Explain what is meant by constructive and destructive interference.

4.5.6

a.
For each of the following types of interference between the waves coming from two sources and in phase, state the conditions that must be present for it to occur.




i.
constructive







ii.
destructive



b.
Two speakers are placed in an open area 1.0 m apart and facing in the same direction. 
A signal generator is connected to both speakers so they play the same 1000 Hz tone in phase. When standing on the 2nd line of minimum intensity, Helen is 3.2 metres from one speaker. Calculate the two possible distances she could be from the other speaker. The speed of sound is 340 m s-1.


c.
An adjustable phase wave generator has two sources dipping into the water in a ripple tank at a constant frequency of 10.0 Hz. The waves it produces move through the tank at 50.0 cm s-1. 
A point on the second nodal line is 30.0 cm from one source and 38.5 cm from the other. What is the phase difference between the sources?
4.5.7

a.
The diagram shows two pulses in a slinky moving towards each other. Draw the shape of the resulting pulse when the two pulses completely overlap.
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b.
﻿Two wave trains with the same amplitude and frequency were generated at opposite ends of a spring. The frequency was chosen so a standing wave would form. The diagram shows the trains before overlap began. The ends of the spring are not shown. There were more waves in each train that are outside the ends of the scale. Time was zero at the instant of the diagram.


﻿

i.
The speed of the waves is 4 divisions/sec. Calculate the value of:





A.
the frequency of the waves.

B.
the period of the waves.




ii.

On the diagram below, use a pencil to draw each train when t = 3 sec, if it were the only one in the spring.
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iii.
On the diagram above, use a red pen to draw the spring as it looked when t = 3 sec.




iv.
Which points on the scale have zero displacement at 3 sec?




v. 
At what time was the section of spring between 0 and 22 straight for the first time?




vi.
At what time after t = 3 sec, did the spring first have maximum displacement?




© Copyright B & G Scientific 2007                          May be copied for student use.                      Oscillations and waves.
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ANSWERS TO PROBLEMS
4.1.1  mass on a spring, tuning fork prongs  4.1.2 a. i. The position of the object relative to the mean. ii. The greatest distance the object moves from the mean.  iii. The number of oscillations of the object per sec. iv. The time it takes for the object to complete one oscillation. v. When two objects oscillate with the same period but not in time, phase difference is the fraction of the period that one object lags behind the other. b. 0.5 Hz  4.1.3  a. SHM is the motion when the acceleration of an object is proportional to the displacement from its normal position and is in the opposite direction to the displacement. b. i. a = -2x  ii. The direction of the acceleration is in the opposite direction to the displacement.  iii.  = 2/T  4.1.4  i.  rad sec-1  ii. 0.99 m s-2 down  iii. 2.0 m s-2  iv. 0   4.1.5 a. i.  rad sec-1  ii. x = -10 cos t  
iii. A. -4.54 cm  B. 1.57 cm  C. 7.07 cm  iv. the same  v. v = 31.4 sin t  vi. A. 28.0 cm s-1 B. 31.0 cm s-1  C. 22.2 cm s-1  vii. 2.79 cm  viii. 27.9 cm s-1  ix. 27.9 cm s-1  x. very similar – the av. velocity is equal to the instant. velocity at the mid-point in time when acceleration is constant. Acceleration is not constant for SHM but over 0.1 sec it doesn’t change much. xi. 28.0 cm s-1  xii. the same  xiii. 3.09 cm  xiv. 0   4.1.6 a. i. 2 rad sec-1  ii. 3.9 m s-2 down  iii. 10 cm  iv. 0 

v. 0.63 m s-1  vi. 0.25, 0.75, 1.25 s ….  vii. stay the same  b. i. 512 rad sec-1 ii. 5.2 x 103 m s-2  iii. 3.2 m s-1  iv. 2.8 m s-1  v. 256 Hz  c. i. 600 RPM  ii. 20 rad sec-1  iii. x = 8 sin 20t  iv. 5.0 m s-1  v. v = 5 cos 20t  vi. 316 m s-2  vii. 3.9 m s-1  4.2.1 As the object moves further from the mean, KE decreases and PE increases.   4.2.2 a. i. 2 rad sec-1 ii. 0.20 J  
iii. A. 0.15 J  B. 0.2 J iv. 0.20 J  b. i.  rad sec-1 ii. 0.049 J  iii. 0.31 m s-1 iv. 0.071 m  v. see notes p5 4.3.1 Damping occurs in SHM where a force exists that transfers energy away from the system and decreases the amplitude of the oscillation.  4.3.2  a. Waves in a slinky spring lying on the floor die out. Air resistance and friction at the pivot cause a pendulum to stop swinging.  b. Needles in electrical meters are critically damped so they move to the new reading and stop without oscillating.   4.3.3 i. The frequency at which an object will oscillate without outside interference.  ii. An object is forced to oscillate due to outside interference. 4.3.4 i. & ii. see notes p7  4.3.5  Resonance occurs when forces are applied to an object which have a freq equal to one of its natural modes of vibration. 4.3.6. i. Pushing a child on a swing.  ii. A trailer carrying drums of liquid can start swaying from side to side through large distances. 4.4.1 A pulse is a short burst of wave motion. A continuous wave train is one pulse after another.  4.4.2 energy  4.4.3 a. A transverse wave makes the medium oscillate at right angles to the direction of motion. A longitudinal wave makes the medium oscillate parallel to the direction of motion. b. i. light and waves in a slinky shaken sideways.  ii. sound and waves in a slinky pulled in an out. c. i. C, D, E  ii. D  iii. B  iv. A  v. B, F  vi. none.   4.4.4 a. A crest is the part of a transverse wave where the medium has been made to rise up. A trough is the part of a transverse wave where the medium has been made to move down.  b. A compression is the part of a longitudinal wave where the particles of the medium are closer than normal. A rarefaction is the part of a longitudinal wave where the particles of the medium are further apart than normal.  
4.4.5 i. The position of a point in the medium relative to the normal position.  ii. The greatest distance the medium moves from the normal position. iii. The time it takes for the medium to complete one oscillation.  iv. The number of oscillations of the medium per sec.  v. The distance from a point in a medium to the next point moving in phase. 
vi. Wave speed is the speed that the wave front moves through the medium. vii. The energy a wave brings to a 1 m2 area each second. 4.4.6  a. i. A. 5, 6, 7, 13, 14, 15  B. 1, 2, 3, 9, 10, 11 C. 4, 8, 12, 16   ii. A. 6, 14  B. 2, 10   iii. A. 6, 14   
B. 2, 10 iv. A. Compression  B. Rarefaction  v. & vi.                                                             vii. Girls 5 and 7 have a small lean but in opposite directions so a large change 
occurs in the separation of girls 5, 6 & 7.  
Same for girls 9,10 & 11.  b. i. 0.2 s   ii. 0.5 s  iii. 0.8 s   iv. 1.2 s   v. 1.6 s  vi. 1.8 s   vii. 
4.4.7  a. see notes.  b. 17 m to 19 mm  c. 4.8 x 1014 Hz   4.4.8  i. The wavefront is 
the line of the disturbance at the head of the wave.  ii. A ray is the direction of travel

at 90o to the wavefront.  4.4.9 a. 2.998 x 108 m s-1 b. i. 102 m  ii. 10-6 to 10-7 m  iii. <10-10 m
4.5.1  a. i. no ii. no  iii. yes  b. slinky: smaller amplitude and same phase as incident pulse. heavy: smaller amplitude and same phase. c.  i.  ii.  iii.                      
iv. 22o   d. i.  ii. iii.



4.5.2  a. sin i/sin r is a constant  













b. iii. 34o iv. 20o v. 20o  vii. 3.5 cm













viii. 2.2 cm
4.5.3 a. i.                 ii.                 b. i. slight  ii. strong  c. i.                  ii.                 d. Bass notes have long wavelengths












      and diffract strongly around buildings.
  4.5.4 Waves diffracting around a breakwater, sound diffracting around a building and light diffracting through a narrow slit.  4.5.5  a. Total displacement equals the sum of the displacements of the waves overlapping. b. Constructive interference occurs when the waves overlapping have the same phase and produce a large displacement. Destructive interference occurs when waves overlapping have opposite phase creating a small displacement.   4.5.6 a. i. pd = m 
ii. pd = (n-1/2)  b. 2.7 m or 3.7 m  c. 0.2 4.5.7 a.                              b.  i. A. 0.5 Hz   B. 2 s  ii.  iii. 
iv. 1, 5, 9 ,13, 17 & 21  v. 3.25 s   vi. 3.75 s






