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Oscillations

14.1 Equilibrium and Oscillation

14.2 Linear Restoring Forces and Simple Harmonic Motion

1. On the axes below, sketch three cycles of the position-versus-time graph for:
a. A particle undergoing simple harmonic motion.

B A"

b. A particle undergoing periodic motion that is not simple harmonic motion.
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V.V

2. Consider the particle whose motion is represented by the x-versus- graph below.
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a. Is this periodic motion? \{QS ....................... b. Is this motion SHM? V}O ............................ ,
¢. What is the period? L('SQQ, ........................ d. What is the frequency? f: ’?=0'3‘5M

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.
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14-2 cHAPTER 14 - Oscillations

3. Figure A shows an unstretched spring. Figure B shows a mass m hanging at rest from the
spring. It has stretched the spring by L. Figures C and D show two instants in the oscillation
of mass m about the equilibrium position. Draw free-body diagrams for the mass in the
Figures B, C, and D.
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4. The figure shows the position-versus-time graph x

of a particle in SHM. A
a. At what times is the particle moving to the /\

right at maximum speed? : . ; —A 1)
-A

Os,Hs, %s
b. At what times is the particle moving to the left at maximum speed?

ds, bs

c. At what times is the particle instantaneously at rest?

'51 35' SSI 75
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14.3 Describing Simple Harmonic Motion

5. The graph shown is the position-versus-time graph of an oscillating particle.
a. Draw the corresponding velocity-versus-time graph.
b. Draw the corresponding acceleration-versus-time graph.
Hint: Remember that velocity is the slope of the position graph, and acceleration is the slope
of the velocity graph.

X

c. At what times is the position a maximum? Q. 55, a-Ss

<,

At those times, is the velocity a maximum, a minimum, or zero? . Z.2Y0Q

At those times, is the acceleration a maximum, a minimum, or zero? Y 1A\

d. At what times is the position a minimum (most negative)? .} 5 S) 2. S S

At those times, is the velocity a maximum, a minimum, or zero? __ 2.2 O
At those times, is the acceleration a maximum, a minimum, or zero? YAOXIWAIUYW

e. At what times is the velocity a maximum? 0O S) 8 S,Hs

At those times, where is the particle? ~OC X = O

f. Can you find a simple relationship between the sign of the position and the sign of the
acceleration at the same instant of time? If so, what is it?

Sign(e) = ~Siap (x)
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6. Consider the function x(®) = Acos Qmt/T).

b What is the value of x at r = 0? Explam

X=A cos(o)=]

c. What are the next two times at which x has the same value as it does at # = 0? Your answer
will be in terms of the quantity T and, perhaps, constants such as .

t=T,8T (cosafr=cosHir=])

d. What is the first time after # = 0 when x = 0? Explain.

t=Tly, cosl=o0

e. What is the value of x at r = 7/2? Explain.

x=—-A, CosT=-{

7. A mass on a spring oscillates with period 7, amplitude A, maximum speed Vimax» and maximum j
acceleration a,,,,.

a. If T doubles without changing A,
i. how does v, change, if at all?

Vs> \me The moss takes twice 08 lon3 to
"2 +rovelthe Some distonce.

ii. how does a,,,, change, if at all?

O, —> Omax The mass accelerates o half the
"R Speed intwice He time.

b. If A doubles without changing T,
i. how does v, change, if at all?

\)’M&? &\rwwc

ii. how does a,,,, change, if at all?

Rmax > Aoy
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14.4 Energy in Simple Energy ()
Harmonic Motion 7 .
8. The figure shows the potential-energy diagram 151
and the total energy line of a particle oscillating
on a spring. 101

a. What is the spring’s equilibrium length?

0 cm S_I | \/ , .Ex<cm>

b. Where are the turning points of the motion?
Explain how you identify them. K0

H em, o em
U=t

c. What is the particle’s maximum kinetic energy? | /\\
N b ° 5 S 0 T T 1 T T T T T T T T x(cm)

12 16 20 24 28

d. Draw a graph of the particle’s kinetic energy as
a function of position.

e. What will be the turning points if the particle’s total energy is doubled?

: , ~ 2- AX
lbem  JR.4em  AX = [E so ﬁqgu):g,qm

9. Equation 14.23 in the textbook states that § m(vye,)® = 5 kA%. What does this mean? Write a
couple of sentences explaining how to interpret this equation.

The equaction meons thock e moximum
potentiol enexray LKA isthe Same S
the maximum Kinet cenery am V'..i ot

rt does not. i mply ot Hnese moaxima occur
ok thesametime.. The neray Juts boack oand
Fortin Sothat whenne pefential eneray is
o.Moximum. the kinetic enengy iszefo
ongd Ut ce-UeXSa.
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10. A mass oscillating on a spring with an amplitude of 5.0 cm has a period of 2.0 s.

11.

a. What will the period be if the amplitude is doubled to 10.0 cm without changing the mass?

Explain.

Explain.

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

c. The energy is doubled.
AW\FHU\&L N\ Crea ses \o\( Vo{
\ 2
E=okA

8.0s The period is independent of the
omplitudeforan ideal Spring

b. What will the period be if the mass is doubled without changing the 5.0 cm amplitude?

~2.Bs The pe,r‘\od \s proportionad to the
S%U.OJ"Q oot oFthe W\O?SS)PQ?D ™ wmcreases \3\/ \ri"
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14.5 Pendulum Motion

12. The graph shows the displacement s versus time for an oscillating pendulum.

N v

[ VANYVANE RVANYAW
\/

—A —vmuw

a. Draw the pendulum’s velocity-versus-time graph.

b. In the space at the right, draw a picture of the
pendulum that shows (and labels!) |
* The extremes of its motion. I
* Its position at =0 s.
* Its direction of motion (using an arrow)
atr=0s.

l
|
!
I

)

A': -Smc\x "‘6 SW\”‘\= A
t-0

13. 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 increased by a factor of 4?
Note: You do not know the values of m, L, or &, 50 do not assume any specific values.

as, The period is tndependent of the mass,

b. Its length is increased by a factor of 4?

The pexiod 19 roooﬁiona\Jro{-he_ uofe -
45, (oot oF Hhe lgws‘ir\f\. h

c. Its oscillation amplitude is increased by a factor of 4?

The period is opproximotely dent
Qs | ey OPProximoate ly Independe:
as of ¥he omolitude. v ineept
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14.6 Damped Oscillations

14. For a damped oscillation, is the time constant 7 greater than or less than the time in which the
oscillation amplitude decays to half of its initial value? Explain.

T yc‘/-z. T=time to deca\{ bv Ve ~37

15. The amplitude of a damped oscillation decays to one-half of its initial value in 4.0 s. How much
additional time will it take until the amplitude is one-quarter of its initial value? Explain.

.05 ‘4= Y/ax!/2 50 the additional Hime is t‘/z'

16. If the time constant 7 of an oscillator is decreased,
a. Is the drag force increased or decreased?

- Iwncreosed

b. Do the oscillations damp out more quickly or less quickly?

more quickly
17. The figure below shows the decreasing amplitude of a damped oscillator. (The oscillations are
occurring rapidly and are not shown; this shows only their amplitude.) On the same axes, draw
the amplitude if (a) the time constant is doubled and (b) the time constant is halved. Label
your two curves “doubled” and “halved.”

Amplitude
A
\\ = Douloled
JRalved ™~ T——

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

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

19. 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
amplitude 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 as a function of its speed if the car has

small
¥ damping

worn out shock absorbers (small damping
coefficient). \3;“3;\-6 "
Draw both graphs on the same axes, and label P 3
them as to which is which. . . . v (mph)

0 10 20 30 40
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