1l48 Oscillations

14.1 Simple Harmonic Motion

1. Give three examples of oscillatory motion. (Note that circular motion is not the same as
oscillatory motion.)

[. Awmass kahjms from a SPrmj

2. A tennis ball bcmg vo\\eyecl back and {orth
7 Washboard road bum?s

4. A bea"'mj heart

5 AC eletric current and “°H“°§-

G. A pma’ulum Sw;namj

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.

x

—

b. A particle undergoing asymmetric periodic motion.

A A
B

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.

x

VTN N

T I {sec)
8

[
(=

a. Is this periodic motion? S‘(CS b. Is this motion SHM? no
1
¢. What is the period? Hsee  d Whatis the frequency? f= 7= 0.25Hz

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? s
b. Draw the particle’s position-versus-time graph, starting fromx=0atr=0s.

v

T T I{sec)
6 12

" S

5. The graph on the next page is the position-versus-time graph of an oscillating particle. It is
constructed of parabolic segments that are joined at x = 0.

a. Is this simple harmonic motion? Why or why not?

No . Swusoldal oraphs are wot the same as parabolic segmeaTs,

Derwutves of sinuseids are also Stmunser “(

b. Draw the corresponding velocity-versus-time graph. 3
Hint: What is the derivative of a parabolic function?  \wear Function

c. Draw the corresponding acceleration-versus-time graph.
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d. At what times is the position a maximum? 0,2,4 s

At those times, is the velocity a maximum, a minimum, or zero? o

At those times, is the acceleration a maximum, a minimum, or zero? __YA1AWW AN
e. At what times is the position a minimum (most negative)? ‘g; "5, 53

At those times, is the velocity a maximum, a minimum, or zero?

(@)

At those times, is the acceleration a maximum, a minimum, or zero? _waXimuwy

f. At what times is the velocity a maximum? LS, 2.5 s

At those times, where is the particle? o

g. 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?

S icSnS ace O?Qob\)fe.

. The figure shows the position-versus-time graph x
of a particle in SHM. A

a. At what time or times is the particle moving

/ N\

to the right at maximum speed?

0,4s

b. At what time or times is the particle moving
to the left at maximum speed?

2. 03

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

, 55,153

T T T l!(h]
v : \i/
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14.2 Simple Harmonic Motion and Circular Motion

7. 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? 9 *2%60° =300

b. Through what angle in radians has the particle moved? _[O T= 3.4 rads
c. What is the particle’s frequency f?

Seycles _ 2.0Hz
25s —

d. Use your answer to part b to determine the particle’s angular frequency .

=2TT f= 41T = 12.6 ra&{s

e. Does o (in rad/s) = 2xf (in Hz)? \[I es

8. 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-t graph.

d. ¥
¢,=0rad ¢,= Zrad X
X X )
0 0 \/
C.

¢,= mrad = ——Idd
x
AA
\/ ’

_f_/ ' \/ " \/
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9. 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) ¢, = 7/2 rad and ii) ¢, = —n/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.

NAL AL
IAVAAVAS VALV,
FaWauaWa

Q,ntn

VUV

10. The graph below represents a particle in simple harmonic motion.

UV
NNV o

a. What is the phase constant ¢,? Explain how you determined it.

Keo= 62_— Cos ¢ = ¥ b, = cos™ ('i'?.j = -0

b. What is the phase of the particle at each of the three numbered points on the graph?

[ o -]
Phase at 1: -120° (or 240") Phaseat2: ___ O’ Phaseat3: _120°
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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11. The graph shows the velocity versus time for a particle in simple harmonic motion.

v y

TN Ny
e e N ANV

a. What is the phase constant ¢,? Explain how you determined it.

d€oso®) | 0t
at -1/
sy s so fse () gos 2008

b. What is the phase of the particle at each of the three labeled points on the graph?

Phase at 1: _.__LS_QO— Phaseat2: __279°  Phase at 3: L

c. Place dots on the circle 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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14.3 Energy in Simple Harmonic Motion

12. The figure shows the potential-energy diagram
and the total energy line of a particle oscillating
on a spring.

Energy (1)

204

a. What is the spring’s equilibrium length?
20em

154

104

b. Where are the turning points of the motion? =
. . . 54 -
Explain how you identify them. : \ /

\Hem, L om

c. What is the particle’s maximum kinetic energy? 10+

~7J

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

r g i T 0= T —T—T—% —r— X(cm)
as a function of position. > 6 @ 20 ' 24 28

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

\2 em, 29 cm

13. A block oscillating on a spring has an amplitude of 20 cm. What will be the block’s amplitude

ol nery OISO EXPHIL 1 i the amplinde spsred
maX = 1.1 . so o J,ou-ga\t,-ﬁ\ﬂ- -?,IM’J'57 re,ciu‘cl‘cs [N ﬁ. e feast
E:.. i"__\_‘-_ﬁ- - f_.’.'_. wn thae O p [CJ“*AG-

Yoz ZOew «{2 = 28.%5em

14. 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 doubled? Explain.

E = Smy?
. ()
€T \\L

- 2 ( €z
N2 = \ ('E__T\

\l 2 '\l\«-—% \l:’_:?_ch;—“-E:z%‘%c;?d

\

-
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15. The figure shows the potential energy diagram of Energy (1)
a particle. t 3
a. Is the particle’s motion periodic? How can you tell? &:E /
\(es, there are 'l’urnin.\) pomtsat lcu 2 =

Ou\oQ aJ( Tcw\ ano‘k 'ﬁne rw"nf/(ﬂ, X
0sc lades botweenthese Two points.

0 T T y T T T T T xlem)
b. Is the particle’s motion simple harmonic motion? 0 2 4 6 §
v 92
How can you tell? No. The TE curve s K
ne T 01\.»«.4(1“\'7“-- 3
2 .|
. . ~ . ] -
c. What is the amplitude of the motion?
3 Cm, 0 f T T T T T b T x{cm)
0 2 4 6 8

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

16. Equation 14.25 in the textbook states that %kAz = %mviax. What does this mean? Write a
couple of sentences explaining how to interpret this equation.

E"“”BT s W“I‘Fzrn& ‘Omc{d &V\& ‘Fa.r“H'\ b-&mtﬂf\ G\.H {)o“ﬂ"ﬁ:[*'
-Q‘V\.f_,f"’ri ocjr"HmL Q,\G‘H‘-?-Me) ('.1?—1‘-&2) a.nr/Q A\l Emc_"rlc_, -LV\-E—"‘;}/ o

v».' Llpr\‘,..,w\ o\’n*‘(&) (J" MUL ). ﬂe e‘lﬂ‘-'h;‘h Aoc; v_:._o__“"
"Hnl. .?.at 1 ¢ T e Y S(MQ,GC \/_H'w.

S oy Haat the ?o\r“hrc'l_x_ eve has MFIM A
The eqmation celetes expressions for the enemy ot dwo different fimes.



Oscillations - CHAPTER 14 14-9

14.4 The Dynamics of Simple Harmonic Motion

14.5 Vertical Oscillations

17. A block oscillating on a spring has period 7= 2 s.
a. What is the period if the block’s mass is doubled? 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.

T- i'ﬁr— So % the VV\th‘LS Abwlo\é the Pe/‘lacﬁ
Wl nerease Lu,{ J-.( TT‘ )\“__r’/; ':. ?.'W‘J—,>

‘
Tz 2.93s
b. What is the period if the value of the spring constant is quadrupled? .
TF da Sfrm3 constant (3 olumtﬂm letE ﬁnﬂ- eriod ts decreased

by atecter of 2. T2 an (2 - o)l T

T= ls.

¢. What is the period if the oscillation amplitude is doubled while m and k are unchanged?

The l,er{o& s unchaneld. The Gmp“fh-a(# does not
offect the Pﬁ.ﬁo& TR o

18. For graphs a and b, determine:
¢ The angular frequency w.
* The oscillation amplitude A.
* The phase constant ¢,.
Note: Graphs a and b are independent. Graph b is not the velocity graph of a.

d. X (em) b. v (cm/s)

S ANYA T S ANAY
N T N T~

oo 314 T o= 3,14 rads

- _10cwn a= Y em = 308cm  (Vuays WA)
¢]U: 600 ¢“= il %Oo
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19. The graph on the right is the position-versus-time x
graph for a simple harmonic oscillator. A4
a. Draw the v-versus-f and a-versus-t graphs. 1 /\ /\

0
b. When x is greater than zero, is a ever greater than § / \/ \/
) o N

zero? If so, at which points in the cycle?

No v

c. When x 1s less than zero, is a ever less than zero?

If so, at which points in the cycle? 0_ \/’ \/ !
No o]

d. Can you make a general conclusion about the 0
relationship between the sign of x and the sign . \ /\ /\
ofa? The Sians of x and o are

oepns’d‘b_ a \/ \/

e. When x is greater than zero, is v ever greater than zero? If so, how is the oscillator moving
imes? - -
atthose times? . T £ x50 and V>0, 't\'\e,pbdg,c:\‘ is slowwmg

dou)v\ a s W ae{roaghcs o ‘hA!"V\'TAJ ?o.;\—’t-.

20. For the oscillation shown on the left below:
a. What is the phase constant ¢,? __CoS o =% _ Po=~
b. Draw the corresponding v-versus-¢ graph on the axes below the x-versus-t graph.

c. On the axes on the right, sketch two cycles of the x-versus-7 and the v-versus-t graphs if the
value of ¢, found in part a is replaced by its negative, —¢,.

x

z:/\/\/\ L o8 A
Nl N _A:\/\/\

P A ACD A O
A NS v;./ v

max max

d. Describe physically what is the same and what is different about the initial conditions for
two oscillators having “equal but opposite” phase constants ¢, and —@,.

The w\rho,l S‘[‘n_r'hv\b ?O\v\‘\" 18 tbe same For ;fo and ’ﬁo . Tathe ¢
first case, howewer, the wrotion (s mow“‘j roeards magimawm A“P“"“"""‘

KJ"‘I LQ. tn "H"\( Seconi Case r{'l_s Mouw\j '\-oqwf,(s e eﬂtb“ binien (30"\-
Por ﬂ, Hhe atal w,loc,'.%.( s pesitive . for -4, tis ne:aod‘we,.
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21. The top graph shows the position versus time for a x
mass oscillating on a spring. On the axes below, sketch the
position-versus-time graph for this block for the following yaN /
situations: . S 7

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. x

0 : t
b. The amplitude is halved and the mass is quadrupled. x

0 ] T ~ T o t
c. The phase constant is increased by 7/2 rad. x

Uq\ T T T /-1\ I

IR’ N

d. The maximum speed is doubled while the amplitude x

remains constant. .
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14.6 The Pendulum

22. 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 doubled?
Note: You do not know the values of m, L, or g, so do not assume any specific values.

L— N ' -
! - J-——- (s Mch_@-e.v\r!ucn’f ofthe wmass. “ ?-S\
b. Its length is doubled?

’5: :J_E'% = j;::" or Tz: ET' - iﬂ._@jj
T L ol

c. Its oscillation amplitude is doubled?

Thé_ -?er{oo\ s 1}\0(&?8?\&04‘ 9‘? the o\Mlen.,on. €or

%Me‘u O.v\.ﬁl-QS . t'\ - Q*S I

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

Tf LN o SO
3 NP4 N
"“;;fv”\. e
e gy e e,

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

=0.707A

b. What is the value of the phase constant ¢,?

Cos go =—.107
gfo = 128€°*

c. In the space at the right, draw a picture of the
pendulum that shows (and labels!)
* The extremes of its motion.
* Its position att =0 s. -5
« Its direction of motion (using an arrow) at t =0 s. s -~
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14.7 Damped Oscillations

24. If the damping constant b of an oscillator is increased,

a. Is the medium more resistive or less resistive? morc<
b. Do the oscillations damp out more quickly or less quickly? Mole
c. Is the time constant 7 increased or decreased? c{ ecreanse d

25. 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.

26. The figure below shows the envelope of the oscillations of a 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
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27. a. Describe the difference between 7 and 7. Don’t just name them; say what is different about
the physical concepts that they represent.

r\—l)"i’l«a pen ocLJ s Yhe Time Jor eachh cycle ol Hhemothon, the
Lime required for the motion *o repent ciself,

z: the &"‘MF“"S Ftime, constant, (s the time reﬂu’-reo{ -Tom*ﬂae
enecrqy of the osci\latoe 4o clrof) oy o factor of e .

b. Describe the difference between 7 and 1.
T is the Time Peﬁlhx;‘eﬂ(‘%r— the energy +o decay l
tt/ s *the Time Feollm‘PCo( or the eneryy ‘o &u:cuy by /2.6
T

b)/ e..|~3-??o\

14.8 Driven Oscillations and Resonance

28. What is the difference between the driving frequency and the natural frequency of an oscillator?
The driuina -Freo\uenc.?w w the J}rg,,\..\,,\(,‘( of an external borce that
is applied 4o the system . The natuml -Fr.eqwmcy is e
‘Prtalwmr.y ol ose. [{aTons due do the systoms restoring €orc =
Alhen CL'\SPl&C!O{ ‘?ﬂ”ﬂ'\ eﬁ"':ll"gr"“"" The &rfdﬂ'\{] "F“Cﬁmenc?, ancl
Aot | —P"‘\Mnc?« ore \ndependomt

29. 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 as a function of its speed if the car has
new shock absorbers (large damping coefficient).

Amplitude

b. Draw a graph of the car’s vertical bouncing
amplitude as a function of its speed if the car has
worn out shock absorbers (small damping
coefficient).

Draw both graphs on the same axes, and label
them as to which is which.




