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Simple Harmonic Motion
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Simple Harmonic Motion (SHM)

1. Amplitude is
different

Displacement
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is different.

\/

Phase is different.
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Displacement, Velocity, and
Acceleration of SHM
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28 = x, cos(ax + ) (displacement).
oty o & ol N
V()= ——=—|x, cos(af + 2
= gl oostar+a] 1 |
5 m I T
vit) = —@x, sin(@t+¢)  (velocity). o
a‘v(r) d | 0 ‘
fy= — &, Sl e + - %, -
1O 7 gl sinaes ]
a(t)=—a'x, cos(of +¢)  (acceleration) % 0 ‘
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Click on the image to start the simulation




Examples of SHM

Hanging Mass

o] Z
;
1. Pendulum 5
2. Spring+weight al)=-e'xt)
Which parameters of the system are important ?
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Displacement, Velocity, and Acceleration
of Simple Harmonic Motion

21 = x, cos(ad + ¢) (displacement), ; . )
v(t) = —ox, sm(wft +¢)  (velocity). E o r
I a@)=-a'x, cos(@t +¢) (acceleration). rar, ! “
E 0 i
at)=-a'x(E) F |
b
L @
g O,
2
m < 0 d
3 ~wx, -
—
| 5]
+_‘"’m Click on me? image to start the simulation
k b .
F=—fg | o= 1/: (angular frequency) T= —  (period)
i k
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(= — x(F)

The Force Law for SHM

Force is proportional to displacement with a
negative constant of proportionality

F=ma=—(mo*Hx

0.15)
0.10]
0.05)

o

F =i,

1.0

0.5]

]

04

-10

12
10

RIS R L O

(m Position
WWW
AVAVAVAVAVANY ‘ Y
VVV.V.VV.V)V; "
1 2 3 4 &8 F 7T E(?) I I I 2 2
(mis) ‘elocity _J‘(m xll] o .ﬁ: = mﬂ_} .
5 _ B lar fr
i ST = o (angular frequency)
(misZ) Acceleration M .
T=2m,]— (period)
. (?) ;C
Force does not depend

04/07/2004 7

on the amplitude

Energy of SHM

1, 1
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Simple Pendulum

I =mL2

F, = -mgsin(0)

= -mgLsin(0)
=-mglLO (for small 0)

A
F,smg-" o l-a=1
N T d20
2 e = _ —_—
mL T mgLO =———>» i (g/L)0
04/07/2004 Andrei Sirenko, NJIT 9

P
Pivot —

Simple Pendulum o\
Simple pendulum follows SHM |

& _ Looks like spri dx _ T
i =-(g/L)0 ooks like spring F_.(k/m))(

Solution by analogy

Spring Pendulum

X =X cos(ot+}) 0 = 0,,cos(wt+)
K [
®= = o= L
T=2n /E T=2n /l
k 4
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Simple Pendulum: Questions |

point L

a) is half as large  b) Stays the same
c) is twice as large d) is 4 times greater
e) is 16 times greater

Q2. If we double 6, the period:

a) is half as large  b) Stays the same
c) is twice as large d) is 4 times greater
¢) is 16 times greater
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Q1. If we double 6 the energy: -

An Angular Simple Harmonic Oscillator

Suspension
wire 7
T=2m, |—
.. | ., K
o S |
Rod
Object X
{a) (h)
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The Physical Pendulum

Any rigid body behaves
like SHO close to
stable equilibrium

= [a

2
I % =-mghe

We know the solution

T=12r Ih (physical pendulurm, small amplitude). W= ‘-mlg—l 1

Compare to: 7 _ 5 0 =0_cos(ot + )
I=mit
for SHO
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t=-mghsin(0) = -mgho

The Physical Pendulum

T=72r

(physical pendulum, small amplitude).
mgh

F,sin@ I

QZ:

Three physical pendulums, of masses #y, 2y, and 3wy, have the same shape and size and are

suspended at the same point. Eank the masses according to the periods of the pendulums,
greatest period first.

Hint: use the formula for the period and think about | (rotational
inertia). Since the exact shape is not given to us in the text of
the problem, then we can try to check a couple of different

shapes; point mass 7= /2 solid rod 1 =1/3 mL2
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Damping of harmonic oscillations

V\ /\ /\ /'\ /\ /'\ Simple Hz;;:;(;;::t?;[]:tion is an
1 \_/ \/ \/ \/ \/ \/ Energy is constant = Motion never decays

. In real life the motion eventually stops
‘ Friction
’ Air Resistance : Kugnd support

Mechanical Energy = 0

F,=-bv Air resistance, etc.

Direction opposite to motion I vane

Magnitude proportional to velocity = | Damping. b
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Damping of harmonic oscillations

V\ /\ /\ /\ /\ /\ X—xlgcos(mt) IVZ-XUL-Jlsin(mt)
VYV VY | e-tar s Lol

2 2 m
Rigid supper
: _— Damping Force
i oy
1l — o e e
2 " dgx dx
T Darmpanz, b —2+b_+lkx_cl
" Hl £ &

x(t) = x,e ™ cos(@'t+ @) o= b2
23
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Damping of harmonic oscillations

A
IR I
() =x e ™™ cos(m't+ @) o= %-i’;

E)m Lioche™™ ottty

Mechanical energy
E(t) decrease with
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