Oscillations

Readings: Chapter 14



Oscillation: Periodic Motion
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Oscillation: Periodic Motion: Simple Harmonic Motion

Position

Simple Harmonic Motion — sinusoidal
oscillation

AN
VARV

X(t) = Acos(z_l_—”t) =Acos(2zft) or  x(t)= Asin(z_l_—”t) = Asin(2r ft)

The most general expression for sinusoidal motion
27T
X(t) = Acos ?t+¢0 = Acos(27 ft+ ¢,)

@, - phase constant A - amplitude

If @, =90° then X(t) = ACOS(Z?Z' ft+900) = ASin(27z ft) 3



Oscillation: Periodic Motion: Simple Harmonic Motion

b Example: Uniform circular motion
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X(t) = Acos(z_l_—”t) = Acos(2r ft)

l.Jtarts atx = A, 2. Passes through 9. Returns to
", X x=0atr= _'T & x=Aatt=T
A*
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3. Reaches x = —A att = éT 4. Passes Lhmugh x=0att= iT



Oscillation: Periodic Motion: Simple Harmonic Motion

AN
VARV,

X(t) = Acos(z_l_—”uqooj = Acos( 27 ft+ ¢, ) = Acos(wt + ¢,)

Position

A

A - amplitude T — period of motion (units —s)

=— -f its — hertz — Hz =1/
@, - phase constant f = requency (units —hertz — Hz =1/s)
1

w=2rf=27— -angular frequency
(units —rad/s)



X(t) = Acos(z_l_—ﬁt +¢0) = Acos( 27 ft+ ¢, ) = Acos(wt + ¢, )

y Angle attime 7is @, - phase constant
" d) - l’_b“ + wl.

&

Initial position of  phage constant specifies the
particle at t =0

|
) : initial position of the oscillator
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The initial x-component of the
particle’s position can be anywhere
between —A and A, depending on ¢,



Simple Harmonic Motion: Position, Velocity, and Acceleration

Position x

(t) — dt

= —a)Asm(wt + qoo) ==V ax sin(a)t + (00)

4 4 r
X(t) = Acos(at + ¢, ) A_\ /\ /
dx(t) _ A4 cos(wt+@,) 0 . . | — !
= \/ T \/ 2T
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x(t) = Acoswt

Vmax = oA

Velocity v,
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=— Acos(a)t +@,) = -’ X(t)
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v(t) = —v_ . sl



Simple Harmonic Motion: object oscillating on a spring

X(t) = ACOS(wt + (Do) a(t) = —a)ZACOS(a)t + goo) = -’ X(t)

Newton’s second law:

ma=F =-ma”x = —kx a)=\/E
m

F =—kX Hooke's law:

Simple harmonic motion of block
N\
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Simple Harmonic Motion: Conservation of energy

X(t) = ACOS(a)t+(00) K

V(t)=—a)ASin(a)t+(oo) 0= m

Kinetic energy:

2
K=" _ M a)ZAZSinz(a)t+go0)
2 2
Potential energy:
kx® K
U=—=—A’cos’(wt +
2 2 (@t+,)

Total energy:

E=K+U =%w2Azsin2(wt+¢o)+gA2 cosz(a)t+go0)=

K

K :
=EAZ(smz(cot+qpo)+cos2(a)t+goo))=§A2 10



K = = r;a)ZAZSinz(a)t+(o0)=gA28in2(0)t+¢o)

2
U=kL—EAZCOSZ(a)t+¢O) W = h
2 2 m

The total mechanical
S energy E 1s constant.

Potential energy

Kinetic ener
. / gy

Energy

11



Example: Find the relation between kinetic and potential energy at x=A/3.

X(t) = Acos(a)t + (00)

The total energy is the sum of kinetic and potential energy. At x=A the

kinetic energy is 0.

E=K+U=§A2

At x=A/3 the potential energy is

ke kAT KA 1.
2 29 18 9

Then the kinetic energy at this point is

K=E—U=5A2—£A2=ﬁA =
2 18 9
Then kx?
u 1 1
K 4kA® 8
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Simple Harmonic Motion:

If force is proportional to displacement (it is not necessary the spring
system)

F =—-kx
then
ma = F = —kx
a_dzx
d?x dt*
M —=—kX
dt

Solution of this equation:

/ K
X(1) = Acos(a)t+qo0) =,—
m
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Oscillations about equilibrium position

Equilibrium:
KAL=w

AL=Y
k

Net force:
Fro = K(AL— y) =W =—Ky + (KAL—w) = -

y(t) = Acos(wt + ¢, )

Oscillations about equilibrium position
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The pendulum: small-angle approximation

The net force is the sum of two forces: tension and

Center = gravitational force.
of circle _
¢ Tangential component of the net force is
Foi =W, =-wsing
If y is the arc length then
{ 921
Tangential W, |
axis \\/ y
B F .. =W =—-wsin—
A net,t t |
v " Ify<<l then
F .. =W = wsinl~ wl— K
net,t — 't — |~_ I__ oY
W
kO = — = mg
then y(t) = Acos a)t+qo0 | I
o= fi= (st :



Simple harmonic motion of block
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If the system has a friction then there is an energy
loss
. A is the initial amplitude. E k A2
AR The envelope of the 2
‘\ ......... amplitude decays
ﬁ N exponentially: ] ) )
i ﬁ““" L = Apbil2m The energy is determined by the amplitude
f\“ ~ h" of oscillations, so the energy loss means
0 U U umufjuffvfj\x + that the amplitude is decreasing
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