N

Chapter 14: Oscillatory Motion

1 We continue our studies of mechanics, but
combine the concepts of translational and rotational
motion.

Q We will revisit the /deal spring. In particular, we

will re-examine the restoring force of the spring and
its potential energy.

[ We will consider the motion of a mass, attached
to the spring, about its equilibrium position.

A This type of motion is applicable to many other
kinds of situations: pendulum, atoms, planets, ...




Simple Harmonic Motion
] If we add a mass m to the end of the

N

J(massless) spring, stretch it to a displacement x,,
and release it. The spring-mass system will
oscillate from x, to —x, and back.

i i Without friction and air
m’}) m resistance, the

% X oscillation would
K | . continue indefinitely

_XO 0 Xo
[ This is Simple Harmonic Motion (SHM)

d SHM has a maximum magnitude of | xy|=A,
called the Amplitude



[ One way to understand SHM is to reconsider
the circular motion of a particle and rotational
Kinematics (The Reference Circle)

1 The particle travels on a circle of radius r=A4
with the line from the center to the particle making
an angle 6 with respect to the x-axis at some
instant in time

* Now, project this 2D motion onto a 1D axis



e

X= AcCo9 A X0 oA
bub=wt 4
T Therefore, 9

X= Acos t)

d xis the displacement for
SHM, which includes the
motion of a spring

d SHM is also called sinusoidal motion

4 x,...=A=x,=amplitude of the motion (maximum)

e  is the angular frequency (speed) in rad/s. It
remains constant during the motion.




[ As we saw in Chap. 4, ® and the period T are

related 277:

% CU=_

N

T

» Define the frequency

#cycles 1

f = =— Units of 1/s = Hertz (H
Sec T | / rtz (Hz)

21T o f Relates frequency and
W = T = angular (speed) frequency
e As an example, the alternating current (AC) of

electricity in the US has a frequency of 60 Hz

* Now, lets consider the velocity for SHM, again
using the Reference circle




V=-V,SIn@ > >
X
V,=rw= Ao

A

v=-Awsin( t)

J Amplitude of the
velocity is
V.. = Aw

1 Acceleration of SHM

a=-a coy
Ve riof
a=—1t=

r r
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a =rm’= Aa)2=> a=— Aa)ZCOS(o t)

H The amplitude of the acceleration |s
= Aw°

/\

3 Summary of SHM Amax =
X = Acos@ t) Xmax = A w = O,J;,Zg_;
V=-AwSinwt) V,,=Ao, ot=

a=— szcos(ut) Aa)z wt= OnZn
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Example Problem
Given an amplitude of 0.500 m and a frequency of

ve

"2.00 Hz for an object undergoing simple harmonic
motion, determine (a) the displacement, (b) the

ocity, and (c) the acceleration at time 0.0500 s.

So

ution:

Given: A=0.500 m, f=2.00 Hz, t=0.0500 s.

w = 2nf = 21 (2.00Hz)=4.00r rad/s
wt=(4.00r rad/sP0506)

=0.200rad=0.628ad

@) X= Acosft)=(0.500m)cos(0.82ad;




x=0.405n

V=-Awsin@ t)
v=—(0.500m)@r rad/3sin(0.628ad)
V=-3.69m/s
a= Aw°cosb t)
a=-(0.500m)@r rad/¥ cos0.628ad)

a=-639m/$

Frequency of Vibration

3 Apply Newton’s 2nd Law to the spring-mass
system (neglect friction and air resistance)
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F = ma, Consider x-direction only
= —kX— IMa, Substitute xand a for SHM

- k[Acos(,o ) ]= M- Aw°cosk t)]

k=nmmw*°

T Angular frequency of vibration for a
w = ,[— | spring with spring constant k< and
\'m | attached mass m. Spring is assumed

to be massless.




1 [k
o f f A | Frequency of
fm Vibration

N

m Period of
I=—=2t,|-=T vibration

A This last equation can be used to determine &
by measuring 7 and ;'777 m
TZ = 47'L'Z—=> k= 477;2—2

k T

[ Note that o (7 or 7) does not depend on the
amplitude of the motion A4

» Can also arrive at these equations by
considering derivatives




