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Oscillations

15.1 Simple Harmonic Motion

1. Give three examples of oscillatory motion. (Note that circular motion is not the same as oscillatory
motion.)
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2. On the axes below, sketch three cycles of the displacement-versus-time graph for:

a. A particle undergoing symmetric periodic motion that is not SHM.

b. A particle undergoing asymmetric periodic motion.
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c. A particle undergoing simple harmonic motion.
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3. Consider the particle whose motion is represented by the x-versus-z graph below.
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a. Is this periodic motion? Ves o b. Is this motion SHM? ND e
c. Whatistheperiod? M sec  d Whatis the frequency? ‘? = =1F = 0.25kz

e. You learned in Chapter 2 to relate velocity graphs to position graphs. Use that knowledge to draw
the particle’s velocity-versus-time graph on the axes provided.
4. Shown below is the velocity-versus-time graph of a particle.

a. What is the period of the motion? _ 6 s
b. Draw the particle’s position-versus-time graph for an oscillation around x = 0.
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5. The figure shows the position-versus-time graph of a x
particle in SHM. A

a. At what times is the particle moving to the right at

maximum speed? i \7/5\\%// 1(s)
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b. At what times is the particle moving to the left at maximum speed?

L, b s

c. At what times is the particle instantaneously at rest?
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15.2 SHM and Circular Motion

6. A particle goes around a circle 5 times at constant speed, taking a total of 2.5 seconds.
a. Through what angle in degrees has the particle moved? 5 x36 O = g0 D ‘
b. Through what angle in radians has the particle moved? S ¥ 2T = (O ( rad >

c. What is the particle’s frequency f?

5—.5—3"% = 2.0Hz
2 .55

d Use your answer to part b to determme the partlcle s angular frequency .

50 ZTQ Har la - o 2. é’/s or 12.6 rmé/s

e. Does @ (in rad/s) = 2#f(in Hz)? YBS

7. A particle moves counterclockwise around a circle at constant speed. For each of the phase constants
given below:

» Show with a dot on the circle the particle’s starting position.
» Sketch two cycles of the particle’s x-versus-¢ graph.

a. Y b.
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8. a. On the top set of axes below, sketch two cycles of the x-versus-# graphs for a particle in simple
harmonic motion with phase constants i) ¢, = 77/2 rad and ii) ¢, = —7/2 rad.

b. Use the bottom set of axes to sketch velocity-versus-time graphs for the particles. Make sure each
velocity graph aligns vertically with the correct points on the x-versus-¢ graph.
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VANAVENANYA
/N ‘
0 T — I 0 ri : t
| \\// \\\/ r\\/
| | \ A
-~A - » —A

Yy Vy

< ¥
Qﬁﬁ.\a AX g=zm B = L Start | |
~ 1 3
e R 7R
% -'%,:V v \ 2&\)/3
1 LI

a. What is the phase constant ¢,? Explain how you determined it.
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M ?m:}rmk— where Vo <0 (and nob dhe ¥ zuaévm«fw where V >O§.
b. What is the phase of the particle at each of the three numbered points on the graph?

w — g __ o {1
Phase at 1: ,")'W +ZT = 3~ Phaseat2: 2w+ = 37  Phaseat3: 3'”' G S
3

c. Place dots on the circle above to show the position of a circular-motion particle at the times
corresponding to points 1, 2, and 3. Label each dot with the appropriate number.
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15.3 Energy in SHM

10. The figure shows the potential-energy diagram of a Energy (J)

particle oscillating on a spring. 50

a. What is the spring’s equilibrium length? PE

|

| 20 ¢
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b. The particle’s turning points are at 14 cm and 5

26 cm. Draw the total energy line and label it TE.

c. What is the particle’s maximum kinetic energy? 0 x(cm)
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d. Draw a graph of the particle’s kinetic energy as a

function of position. s s,
“ <
e. What will be the turning points if the particle’s total ‘\
energy is doubled? \
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11. A block oscillating on a spring has an amplitude of 20 cm. What will be the block’s amplitude if its
total energy is tripled? Explain.
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12. A block oscillating on a spring has a maximum speed of 20 cm/s. What will be the block’s maximum
speed if its total energy is tripled? Explain.
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13. The figure shows the potential energy diagram of a particle. Energy (J)
a. Is the particle’s motion periodic? How can you tell? 3
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b. Is the particle’s motion simple harmonic motion? How 0A———F——T—f———— x(cm)
can you tell? 0 2 4 6 8
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c. What is the amplitude of the motion? 14 f/
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d. Draw a graph of the particle’s kinetic energy as a function of position.

14. Equation 15.25 in the textbook states that 3kA? = Imv2,.. What does this mean? Write a couple of
sentences explaining how to interpret this equation.
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15.4 The Dynamics of SHM

15.5 Vertical Oscillations

15. A block oscillating on a spring has period 7= 4 s.
a. What is the period if the block’s mass is halved? Explain.
Note: You do not know values for either m or k. Do not assume any particular values for them. The

required analysis involves thinking about ratios.
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b. What is the period if the value of the spring constant is quadrupled?
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16. For graphs a and b, determine:

* The angular frequency .
* The oscillation amplitude A.
* The phase constant ¢,

Note: Graphs a and b are independent. Graph b is not the velocity graph of a.

x (cm) v, (cm/s)
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CHAPTER 15 ¢ Oscillations

17. The graph on the right is the position-versus-time graph for x

a simple harmonic oscillator.

a.
b.

Draw the v,-versus-t and a,-versus-t graphs.

When x is greater than zero, is a, ever greater than zero?
If so, at which points in the cycle?

. When x is less than zero, is a, ever less than zero? If so,

No. Vi

at which points in the cycle?

No.

a

d. Can you make a general conclusion about the relation- a __' p
ship between the sign of x and the sign of a,? m \\\ 7 '\ f’f \
i = 0 T f T T T 4
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. When x is greater than zero, is v, ever greater than zero?

If so, how is the oscillator moving at those times?

§
!

i

\?if?‘l . When ¥ an A \/)4 have Yha « Anee “ﬂ:”ﬁj&'“x, Hae c::SC:! (\a‘;\*o .

gVoun q Aowa az Gx(l\womc.keg a \‘f"ca;m'mi Pewt

1%

18. For the oscillation shown on the left below:
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a. What is the phase constant ¢,? fé‘w - =60 s\nes co %g‘@o ’-‘i&“‘ﬂ&" S ¢ o » O
b. Draw the corresponding v,-versus-t graph on the axes below the x-versus-¢ graph. '
c. On the axes on the right, sketch two cycles of the x-versus-¢ and the v,-versus-¢ graphs if the value of

¢, found in part a is replaced by its negative, —g,,.
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d. Describe physiéally what is the same and what is different about the initial conditions for two
oscillators having “equal but opposite” phase constants ¢y and — ¢
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19. The top graph shows the position versus time for a mass
oscillating on a spring. On the axes below, sketch the position-
versus-time graph for this block for the following situations:

Note: The changes described in each part refer back to the
original oscillation, not to the oscillation of the previous part of
the question. Assume that all other parameters remain constant.
Use the same horizontal and vertical scales as the original
oscillation graph.

a. The amplitude and the frequency are doubled.

. -
>M\04T - ‘;

b. The amplitude is halved and the mass is quadrupled.

Perigd T o« Im

c. The phase constant is increased by 7/2 rad.

d. The maximum speed is doubled while the amplitude
remains constant.
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15.6 The Pendulum

20. A pendulum on planet X, where the value of g is unknown, oscillates with a period of 2 seconds. What
is the period of this pendulum if:

a. Its mass is tripled?
Note: You do not know the values of m, L, or g, so do not assume any specific values.

ToE st gt o e 0 (22

b. Its length is tripled?

c. Its oscillation amplitude is tripled?
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21. The graph shows the displacement s versus time for an oscillating pendulum.

—0.7074 /: \ v\\ '\'\ o \/ \/

/ DFQ, v,, s posikive

a. Draw the pendulum’s velocity-versus-time graph.
b. What is the value of the phase constant ¢?

C B= = 3T o 2135°. Yo Spand ¥, o find e

i
Sp= ~ 0. F0FA = Peos P, Gves Po= 3 %_r bur alse reguiring
Bo =

i
P Ve =+ 0.707 Vmax = = Nmax 5 ¢o 3\‘#&:‘: = - 3“_
c. In the space at the right, draw a picture of the

pendulum that shows (and labels!)

zue.(

1
* The extremes of its motion. I

e Its positionatt=0s. ' : \
* Its direction of motion (using an arrow) at t =0 s. X \b
1

sMaaK
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15.7 Damped Oscillations

22. Can the following be reasonably modeled as SHM? Answer Yes or No.

a. A perfectly elastic ball bouncing up and down to the same height. ‘\l O
b. A marble rolling in the bottom of a bowl. Yes },,WT ‘H\ A aw\\o\v\ﬂ. .
c. A plastic ruler clamped at one end and “plucked” at the other. \jﬁﬁJ il Cll‘“"*%“‘*%

d. A heavy mass hanging from a rope that is twisting back and forth, \/,,e,s ¥ with d @;m_(}‘t = 3

23. If the damping constant b of an oscillator is increased,
a. Is the medium more resistive or less resistive? ~ fheore. esgishve.
b. Do the oscillations damp out more quickly or less quickly? __ w\pre. iuC\c,k\\!

¢. Is the time constant 7 increased or decreased? d R COGE

24. A block on a spring oscillates horizontally on a table with friction. Draw and label force vectors on the
block to show all horizontal forces on the block.

a. The mass is to the right of the equilibrium point and moving away from it.

25. A mass oscillating on a spring has a frequency of 0.5 Hz and a damping time constant + = 5 s. Use the
grid below to draw a reasonably accurate position-versus-time graph lasting 40 s.
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26. The figure below shows the envelope of the oscillations of a lightly damped oscillator. On the same
axes, draw the envelope of oscillations if

a. The time constant is doubled.
b. The time constant is halved.

Amplitude

15.8 Driven Oscillations and Resonance

27. What is the difference between the driving frequency and the natural frequency of an oscillator?
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.28. A car drives along a bumpy road on which the bumps are equally spaced. At a speed of 20 mph, the
frequency of hitting bumps is equal to the natural frequency of the car bouncing on its springs.

a. Draw a graph of the car’s vertical bouncing amplitude  aAmplitude

as a function of its speed if the car has new shock
absorbers (large damping coefficient). _
b. Draw a graph of the car’s vertical bouncing amplitude -~ SQAQ‘“ )
as a function of its speed if the car has worn-out Camping
shock absorbers (small damping coefficient). 1 ‘
Draw both graphs on the same axes, and label them Vd T lerge )
as to which is which. d Gwmptng
: . IS (mph)
0 10 20 30 40
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