
Oscillations 1

Oscillations

Oscillations 2

Oscillations
An oscillation is a repetitive motion about an equilibrium

position.  This is also referred to as periodic motion.

The amplitude A of the motion is the maximum displacement
from the equilibrium position.

The period T is the time for one cycle of motion.

The frequency f is the number of cycles in a unit of time.

The angular frequency ! is 2! times the frequency.

! 

f =
1
T

! 

" = 2#f =
2#
T

! 

T =
2"
#

=
1
f
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Simple Harmonic Motion
Simple Harmonic Motion (SHM) is periodic motion in which
the restoring force is directly proportional to the displacement
from the equilibrium position.

! 

Fx = "kx

! 

x = Acos(2"ft)

Simple Harmonic Motion is an oscillation that is described by
a sinusoidal function.

! 

= Acos("t)

4

Position

time

! 

x = Acos "t( )
! 

A

! 

"A
! 

T =
2"
#

Velocity

! 

v = "#Asin #t( )
time

! 

vmax

! 

"vmax

! 

= "vmax  sin #t( )

! 

= "amaxcos #t( )

Acceleration

time

! 

a = "# 2Acos #t( )! 

amax

! 

"amax
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Potential Energy in SHM

F (N)

x (m)Area = Work

! 

Fx = "kx

! 

WF = "
1
2
kx2

! 

UF = "WF =
1
2
kx2
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Energy in Simple Harmonic Motion

! 

E = K +U

The total energy is the sum of the kinetic and
potential energies of the object.

! 

E = 1
2m "#Asin #t( )( )2 + 1

2 k Acos #t( )( )2

! 

E = 1
2 kA

2sin2 "t( ) + 1
2 kA

2cos2 "t( )

! 

E = 1
2 kA

2

! 

E = 1
2 kA

2 sin2 "t( ) + cos2 "t( )( )

! 

= 1
2mv

2 + 1
2 kx

2
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Energy in Periodic Motion

O

-A

E K U

v = 0
amax

x
A

E K U

v = 0
-amax

E K U

-A/2

amax/2

! 

v = ± 3 / 4 vmax

A/2

E K U

-amax/2

! 

v = ± 3 / 4 vmax

O

E K U

! 

v = ±vmax
a = 0
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Maximum Speed

At the maximum displacements all of energy is
potential energy and:

! 

K = 0 and U = 1
2 kA

2

Passing through the equilibrium point all of the
energy is kinetic and:

! 

K = 1
2 kA

2 and U = 0

Since the maximum speed occurs at equilibrium:

! 

K = 1
2mvmax

2 = 1
2 kA

2

! 

and  vmax =
k
m
A
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Period of Oscillation

The period T is therefore:

! 

T =
2"
#

 = 2"
k
m

! 

vmax ="A =
k
m
A

! 

Since v = "#A sin #t( ) = "vmax  sin #t( ) it follows that :

! 

Ts = 2" m
k

! 

and " = k
m
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Maximum Acceleration

At the maximum acceleration occurs when the
restoring force is a maximum.  This occurs when
the displacement is A.

! 

F = kx = kA

! 

amax =
k
m
A

! 

= mamax

! 

=" 2A
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Horizontal Motion of a Mass on a Spring

The restoring force for an ideal spring is:

! 

Fs = "kx

m

x = 0

An attached mass m will undergo SHM when displaced
from equilibrium on a frictionless surface.

m

v = 0A
Fs

m

-A v = 0
Fs
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m

m
m

m

! 

y =
mg
k

!y1 y1 = 0

y2 = ?

not stretched

equilibrium
downward displacement

!y2

! 

K1 +Ue1
+Ug1

= K2 +Ue2
+Ug2

! 

Ue1
=Ue2

+Ug2

! 

1
2
k y+"y1( )2 =

1
2
k y#"y2( )2 +mg "y1 +"y2( )

Vertical Spring Oscillation Situation 1:
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! 

y2 + 2y"y1 +"y1
2 = y2 # 2y"y2 +"y2

2 +
2mg
k

"y1 +"y2( )

! 

2y"y1 +"y1
2 = #2y"y2 +"y2

2 +
2mg
k

"y1 +
2mg
k

"y2

! 

2mg
k
"y1 +"y1

2 = #2mg
k
"y2 +"y2

2 +
2mg
k

"y1 +
2mg
k

"y2

! 

"y1
2 = "y2

2

! 

"y1 = "y2 and

! 

A = "y1

Vertical Spring Oscillation Situation 1:

The motion has an amplitude A = "y1 with an equilibrium
point located at               .

! 

y =
mg
k Oscillations 14

m

m
!y1

!y2 = !y1

not stretched
and then
released

downward
displacement

m

2A =! y2

! 

K1 +Ue1
+Ug1

= K2 +Ue2
+Ug2

! 

Ug1
=Ue2

! 

mg"y1 =
1
2
k"y1

2

Vertical Spring Oscillation Situation 2:
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! 

mg"y1 =
1
2
k"y1

2

! 

2mg
k

= "y1

! 

"y1 = 2A

! 

A =
mg
k

Vertical Spring Amplitude Situation 2:

The motion has an amplitude        with an equilibrium
point also located at               .

! 

y =
mg
k

! 

A =
mg
k
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Motion of a Mass on a Vertical Spring

A mass m on a vertical spring oscillates with simple
harmonic motion with its equilibrium position determined
by the force of gravity on the mass.  At equilibrium:

! 

Fg = mg = ky0

! 

y0 =
mg
k
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The Simple Pendulum
A simple pendulum is an idealized model consisting of a
point mass suspended by a massless, unstretchable string.

! 

F = "mg# = "mg x
L

! 

F = "
mg
L
x

The restoring force F is:

F = -mgsin"

For small displacements sin" # " and

F = -mg" 

mgcos"mgsin"

mg

"

L

x
(arc length)
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! 

" =
k
m! 

= "kx

! 

F = "
mg
L
x

! 

=
g
L

! 

=
mg /L
m

The period T of a simple pendulum for small amplitudes  is:

! 

T =
2"
#

= 2" L
g   

! 

Tp = 2" l

g

The Simple Pendulum


