A mass attached to a spring oscillates back and forth as
indicated in the position vs. time plot below. At point

P the mass has
X

AN
%

\

positive velocity and positive acceleration.
positive velocity and negative acceleration.
positive velocity and zero acceleration.
negative velocity and positive acceleration.
negative velocity and negative acceleration.
negative velocity and zero acceleration.

N OV A WD =

zero velocity but is accelerating (positively or negatively).

Text ‘PHYSJC’ and your answer to 22333
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Schwarzchild Radius

® Ry=2GM/c?

® For the Sun (M = 2e30 kg):
» Rqg=3 km

® For a 1,000,000 solar mass black hole:
» Rs= 3,000,000 km
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Lab This VWeek

® VWe are doing Lab A on fluids. This is hot
in your lab manual.

® Download a packet from the course
website
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Ch 14:1-3 -- Simple
Harmonic Motion

PHYS 1210 -- Prof. Jang-Condell






Goals for Chapter 14

* To describe oscillations 1n terms of amplitude, period,
frequency and angular frequency

* To do calculations with simple harmonic motion
* To analyze simple harmonic motion using energy

* To apply the 1deas of simple harmonic motion to different
physical situations

* To analyze the motion of a stmple pendulum
* To examine the characteristics of a physical pendulum

* To explore how oscillations die out

* To learn how a driving force can cause resonance

Copyright © 2012 Pearson Education Inc.
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What causes periodic motion?

* If a body attached to a
spring 1s displaced from its
equilibrium position, the
spring exerts a restoring
force on 1t, which tends to
restore the object to the
equilibrium position. This
force causes oscillation of
the system, or periodic
motion.

Copyright © 2012 Pearson Education Inc.
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What causes periodic motion?

(a)

¢ If a bOdy attaChed tO a x > 0: glider displaced F,<0,s0a, <0:

. . . . to the right from the stretched \pr-ing
Sprlng 1S dlsplaced from 1tS equilibrium po‘ilion pulls glider toward

L]thhnum position.

equilibrium position, the b . i

spring exerts a restoring
force on it, which tends to ; m%r e

restore the object to the
equilibrium pOSitiOn. This x = 0: The relaxed spring exerts no force on the

glider, so the glider has zero acceleration.

force causes oscillation of
the system, or periodic i

] MWW 2 .
motion. PR

* Figure 14.2 at the right ©

x < 0: glider displaced F, > 0,s0a, > 0:

illustrates the re Storing to the left from the compressed spring

equilibrium position. pushes glider toward
force F equilibrium position.
° .‘. S
X y v.a,y
nA r
Fy
e |17 X X
=
r mg
4

Copyright © 2012 Pearson Education Inc.
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—X :—A_

© 2012 Pearson Education, Inc

¢ The amplitude, 4, is the maximum

magnitude of displacement from
equilibrium.

® The period, 7, is the time for one cycle.

® The frequency,/, is the number of cycles
per unit time.

Monday, April 18, 16



® The frequency and period are
reciprocals of each other

f=UT
T=1/f

Monday, April 18, 16
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Simple harmonic motion (SHM)

* When the restoring force is directly proportional to the displacement from
equilibrium, the resulting motion 1s called simple harmonic motion (SHM).

- An ideal spring obeys Hooke’s law, so the restoring force 1s F, = —kx, which results
in simple harmonic motion.

Restoring force F,

% =0
Fo >0
Displacement x
O
x>0
F <0

Q'W

The restoring force exerted by an 1dealized
spring is directly proportional to the
displacement (Hooke’s law, F, = —kx):
the graph of F, versus x is a straight line.

Copyright © 2012 Pearson Education Inc.
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Characteristics of SHM

» The displacement as a function of time for SHM with phase angle
¢ 1S
x = Acos(wt + ¢).

 For a body vibrating by an ideal spring:

« The angular frequency, w, 1s 2w times the frequency:

w = 2mf.

Copyright © 2012 Pearson Education Inc.
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Simple Harmonic
Motion Animation



A mass suspended from a spring is
oscillating up and down as indicated.
Consider two possibilities:

(i) at some point during (ii) at some point during
the oscillation the the oscillation the
mass has zero velocity mass has zero velocity
but is accelerating and zero acceleration.
(positively or :

negatively); yd \ /\
\/ N
A. Both occur sometime during the oscillation.

B. Neither occurs during the oscillation.

C. Only (i) occurs.
D. Only (ii) occurs.

Monday, April 18, 16 14



Displacement as a function of time in SHM

» The displacement as a
function of time for SHM X1

1
with phase angle ¢ is X = A < =
x = Acos(wt + ¢). (See : | /\ t
Figure 14.9 at the right. YEE T EAT
: M AVARVEAN

* Changing m, A, or k
changes the graph of x
versus ¢, as shown below.

(@) Increasing m; same A and k (b) Increasing k; same A and m (c) Increasing A; same k and m
Mass m increases from curve Force constant k increases from Amplitude A increases from curve
| to 2 to 3. Increasing m alone , curve | to 2 to 3. Increasing k alone 1 to 2 to 3. Changing A alone has
X increases the period. t decreases the period. X no effect on the period.

INACT, N AL A £,
:\yz/\x, ) :v v

3

Copyright © 2012 Pearson Education Inc.
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x = Acos(wt + ¢)

What happens if | change m, k, or A?

Monday, April 18, 16
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x = Acos(wt + ¢)

(a) Increasing m; same A and k
Mass m increases from curve
[ to 2 to 3. Increasing m alone
X Increases the period.

L. 2 3

17
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x = Acos(wt + ¢)

(b) Increasing k; same A and m
Force constant k increases from
curve 1 to 2 to 3. Increasing k alone
*_ decreases the period.
3 2 1

18
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x = Acos(wt + ¢)

(¢) Increasing A; same k and m

Amplitude A increases from curve
1 to 2 to 3. Changing A alone has
X no effect on the period.

19



x = Acos(wt + ¢)

Changing ¢, keeping everything else same
These three curves show SHM with
the same period T and amplitude A
but with different phase angles ¢.
%

— aw
K O,¢=Z
E
_A_

- r 1 3r T
4 2

5
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(a) Displacement x as a function of time ¢

I x = Acos (ot + ¢)

mak A
=

ARV

.eT»I

(b) Velocity v, as a function of time ¢

S U= —wA sin (wt + ¢)

W‘“gf/\ any
o wA}_/ «\/ \/

lTldX

The V-t graph is shifted by
%cyclc from the x-r graph.
(c) Acceleration a, as a function of time ¢
Ax  a, = —w?A cos (wt + @)
— 2
= WA /
Amax w o }7\ I/\\/}/\ y

Tdmax — _sz F 2 : |
A T

The a -t graph is shllled by — cycle from the
Ut glaph and by — cycle from the x-t graph.

21



Energy in SHM

 The total mechanical energy £ = K + U 1s conserved in SHM:
E =12 mv?+ 1/2 kx* = 1/2 kA? = constant

E=K+ U
E is all potential E is partly potential, E is all kinetic E is partly potential, E is all potential
energy. partly kinetic energy. partly Kinetic energy.
energy. energy.

Copyright © 2012 Pearson Education Inc.
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Q12.6 @

x 1

This 1s an x-¢ graph for ;T 77T

. max A
an object connected to

. . . 0 t
a spring and moving in \/ T \/ 2T \
simple harmonic “Xpax = TA T

motion.

At which of the following times 1s the potential energy
of the spring the greatest?

F. t=1T1/8
G.t=T/4
H. t=3T/8
I. t=1/2

J. more than one of the above

Monday, April 18, 16 23



Q12.7 @

x 1

This 1s an x-¢ graph for ;T 77T

. Amax — A
an object connected to

. . . 0 t
a spring and moving in \/ T \/ 2T \
simple harmonic “Xpax = TA T

motion.

At which of the following times is the kinetic energy of
the object the greatest?

K. tr=T/8
L.t=T/4
M.t =3T/8
N.t=T/2

P. more than one of the above

© 2012 Pearson Education, Inc.
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Energy diagrams for SHM

 Figure 14.15 below shows energy diagrams for SHM.

» Refer to Problem-Solving Strategy 14.2.

* Follow Example 14.4.

(a) The potential energy U and total mechanical
energy E for a body in SHM as a function of
displacement x

The total mechanical energy E is constant.

\ Energy

(b) The same graph as in (@), showing

kinetic energy K as well

At x = *A the energy is all potential; the kinetic
] energy is zero. :

At x = 0 the energy is all kinetic;
the potential energy is zero.

i Energy| ’5
NG v E=K+ U 4~

£

|
I
I
|
I
|
I
l

X

—A i 0 A

At these points the energy is half
kinetic and half potential.

Copyright © 2012 Pearson Education Inc.
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Spring + Gravity

(a)

[ =
A hanging/spring
that obeys
Hooke’s law

© 2012 Pearson Education, Inc

Monday, April 18, 16

(b) A body is suspended from the
spring. It is in equilibrium when the
upward force exerted by the stretched
spring equals the body’s weight.

(c) If the body is displaced from
equilibrium, the net force on the body
1s proportional to its displacement.
The oscillations are SHM.

F = k(Al — x)

mg

26



force

Spring + Gravity

spring alone

position




Spring + Gravity

spring + graV|ty \\

posmon

spring alone

force
(@)
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Spring + Gravity

different equilibrium positign

net force
(@)

0

position

Monday, April 18, 16 29



An object hangs motionless from a spring.
When the object is pulled down, the sum of
the elastic potential energy of the spring and
the gravitational potential energy of the object
and Earth

Q.increases.
R. stays the same.
S. decreases.
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Angular SHM

A coil spring (see Figure 14.19 below) exerts a restoring torque T,
= —k0, where K 1s called the forsion constant of the spring.

 The result 1s angular simple harmonic motion.

Balance wheel Spring

The spring torque 7, opposes
the angular displacement 6.

Copyright © 2012 Pearson Education Inc.
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