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Oscillations and Mechanical 
Waves 
� Periodic motion is the repeating motion of an object in which it 
continues to return to a given position after a fixed time interval. 
� The repetitive movements are called oscillations. 
� A special case of periodic motion called simple harmonic motion 
will be the focus. 

�  Simple harmonic motion also forms the basis for understanding 
mechanical waves. 

� Oscillations and waves also explain many other phenomena 
quantity. 

�  Oscillations of bridges and skyscrapers 
�  Radio and television 
�  Understanding atomic theory 
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Periodic Motion 
l Periodic motion is motion of an object that 
regularly returns to a given position after a fixed 
time interval. 
l A special kind of periodic motion occurs in 
mechanical systems when the force acting on 
the object is proportional to the position of the 
object relative to some equilibrium position.  

l  If the force is always directed toward the 
equilibrium position, the motion is called simple 
harmonic motion. 
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Motion of a Spring-Mass System 
� A block of mass m is 
attached to a spring, the 
block is free to move on a 
frictionless horizontal 
surface. 
� When the spring is neither 
stretched nor compressed, 
the block is at the 
equilibrium position. 

�  x = 0 

� Such a system will 
oscillate back and forth if 
disturbed from its 
equilibrium position. 
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Hooke’s Law 

l Hooke’s Law states Fs = - kx 
l  Fs is the restoring force. 

l  It is always directed toward the equilibrium position. 
l  Therefore, it is always opposite the displacement from 

equilibrium. 
l  k is the force (spring) constant. 
l  x is the displacement. 
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Restoring Force and the 
Spring Mass System 

l In a, the block is displaced to the right of x = 0. 

l  The position is positive; The restoring force is directed to 
the left. 

l In b, the block is at the equilibrium position. 

l  x = 0; The spring is neither stretched nor compressed; 
The force is 0. 
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Restoring Force, cont. 
l The block is displaced to the left of x = 0. 

l  The position is negative. 
l  The restoring force is directed to the right. 
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Acceleration 
l When the block is displaced from the equilibrium point and released, it is 
a particle under a net force and therefore has an acceleration. 
l The force described by Hooke’s Law is the net force in Newton’s Second 
Law. 

l The acceleration is proportional to the displacement of the block. 
l The direction of the acceleration is opposite the direction of the 
displacement from equilibrium. 
l An object moves with simple harmonic motion whenever its acceleration 
is proportional to its position and is oppositely directed to the displacement 
from equilibrium. 
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Acceleration, cont. 
l The acceleration is not constant. 

l  Therefore, the kinematic equations cannot be 
applied. 

l  If the block is released from some position x = A, 
then the initial acceleration is –kA/m. 

l  When the block passes through the equilibrium 
position, a = 0. 

l  The block continues to x = -A where its 
acceleration is +kA/m. 
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Motion of the Block 

l The block continues to oscillate between –A 
and +A. 

l  These are turning points of the motion. 
l The force is conservative. 
l In the absence of friction, the motion will 
continue forever. 

l  Real systems are generally subject to friction, so 
they do not actually oscillate forever. 
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Analysis Model: A Particle in 
Simple Harmonic Motion 
l Model the block as a particle. 

l  The representation will be particle in simple 
harmonic motion model. 

l Choose x as the axis along which the oscillation occurs. 
l Acceleration 
 
l We let  
 
l Then a = -ω2x 
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A Particle in Simple Harmonic 
Motion, 2 

l A function that satisfies the equation is 
needed. 

l  Need a function x(t) whose second derivative is 
the same as the original function with a negative 
sign and multiplied by ω2. 

l  The sine and cosine functions meet these 
requirements. 
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Simple Harmonic Motion – 
Graphical Representation 

l A solution is  
 x(t) = A cos (ω t + φ) 

l A, ω, φ are all constants 
l A cosine curve can be 
used to give physical 
significance to these 
constants. 
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Simple Harmonic Motion – 
Definitions 

� A is the amplitude of the motion. 
�  This is the maximum position of the particle in 

either the positive or negative x direction. 
� ω is called the angular frequency. 

�  Units are rad/s 

  
� φ is the phase constant or the initial phase 
angle. 
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Simple Harmonic Motion, cont. 

l A and φ are determined uniquely by the 
position and velocity of the particle at t = 0. 

l  If the particle is at x = A at t = 0, then φ = 0 
l The phase of the motion is the quantity (ωt + 
φ). 
l x (t) is periodic and its value is the same each 
time ωt increases by 2π radians. 
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Period 

l The period, T, of the motion is the time 
interval required for the particle to go through 
one full cycle of its motion. 

l  The values of x and v for the particle at time t 
equal the values of x and v at t + T. 

2T π
ω

=
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Frequency 
l The inverse of the period is called the 
frequency. 
l The frequency represents the number of 
oscillations that the particle undergoes per unit 
time interval. 

l Units are cycles per second = hertz (Hz). 

1ƒ
2T
ω
π

= =

Section  15.2 Abeer Alghamdi 



Summary Equations – Period 
and Frequency 
l The frequency and period equations can be rewritten to solve for ω.	

 
 
l The period and frequency can also be expressed as: 
 
 
l The frequency and the period depend only on the mass of the particle 
and the force constant of the spring. 
l The frequency is larger for a stiffer spring (large values of k) and 
decreases with increasing mass of the particle. 
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Motion Equations for Simple 
Harmonic Motion 

� Simple harmonic motion is one-
dimensional and so directions 
can be denoted by + or - sign. 
� Remember, simple harmonic 
motion is not uniformly 
accelerated motion. 

2
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Maximum Values of v and a 
l Because the sine and cosine functions 
oscillate between ±1, we can easily find the 
maximum values of velocity and 
acceleration for an object in SHM. 
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Graphs 

l The graphs show: 
l  (a) displacement as 

a function of time 
l  (b) velocity as a 

function of time 
l  (c ) acceleration as 

a function of time 
l The velocity is 90o 
out of phase with the 
displacement and the 
acceleration is 180o 
out of phase with the 
displacement. 
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SHM Example 1 

l Initial conditions at t = 0 
are 

l  x (0)= A 
l  v (0) = 0 

l This means φ = 0 
l The acceleration 
reaches extremes of   ± 
ω2A at ±A. 
l The velocity reaches 
extremes of ± ωA at x = 
0.	
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SHM Example 2 

l Initial conditions at t = 
0 are 

l  x (0)=0 
l  v (0) = vi 

l This means φ = - π / 2 
l The graph is shifted 
one-quarter cycle to the 
right compared to the 
graph of x (0) = A.	
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Simple Pendulum 

l A simple pendulum also exhibits periodic 
motion. 
l It consists of a particle-like bob of mass m 
suspended by a light string of length L. 
l The motion occurs in the vertical plane and is 
driven by gravitational force. 
l The motion is very close to that of the SHM 
oscillator. 

l  If the angle is <10o  
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Simple Pendulum 
l The forces acting on the 
bob are the tension and the 
weight. 

l     is the force exerted 
on the bob by the 
string. 

l         is the gravitational 
force. 

l The tangential component 
of the gravitational force is a 
restoring force. 

T


mg
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Simple Pendulum 
l In the tangential direction, 

l The length, L, of the pendulum is constant, and for 
small values of θ. 

l This confirms the mathematical form of the motion is 
the same as for SHM. 

t t
d sF ma mg m
dt

2
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d 2θ
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Simple Pendulum 

l The function θ can be written as θ = θmax cos 
(ωt + φ). 
l The angular frequency is 

l The period is 
 

g
L

ω =

2 2 LT
g
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Simple Pendulum, Summary 
l The period and frequency of a simple 
pendulum depend only on the length of the 
string and the acceleration due to gravity. 
l The period is independent of the mass. 
l All simple pendula that are of equal length and 
are at the same location oscillate with the same 
period. 
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A swinging rod 

l  A uniform rod of mass M and length L is 
pivoted about one end and oscillates in a 
vertical plane. Find the period of oscillation 
if the amplitude of the motion is small.  
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HomeWork 
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1. 



2. 



3. 



4. 
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5. 

t=3 min=3×60=180 sec 
a)  T=180/120=1.5 sec 
b)   T=2π√L/g  
L=T2g/(4π2)=(1.5)2 9.8/(4×3.142) =0.559 m 
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خاصة  حا"ت  


نابض  لكتلة  التوافقية  الحركة الوحدة Simple Harmonic 
Motionالتوافقية  الحركة  ص  الحركة  التوافقية   

هوك  قانون:  
F=-‐kX  (k  constant  force  )

N ا"رجاع  قوة  (ا@ؤثرة  القوة(
F

  X0=0,  V=V0,t=0,
ϕ=π/2    فإن

X=Acos(ωt-‐π/2)
X=(V0/ω)sinωt



X0=A,V0=0,t=0
ϕ  0=فإن


X=Acosωt  

ا@حور  باتجاة  الحركة  مسارY   ا@حور  باتجاة  الحركة  مسارX   m اLزاحةe  سعة 

Y=Asin(kx-‐ωt+Φ) X=Acos(ωt+Φ)
X0=Acos(Φ)      (t=0)

V=-‐V0cosωt


V=-‐ωAsinωt


V=-‐ωAcos(kx-‐ωt+Φ)
V0=-‐ωAcos(Φ)            

(t=0)
Vmax=|ωA|=√  (k/m)

V=-‐ωAsin(ωt+Φ)
V0=-‐ωAsin(Φ)            (t=0)
Vmax=|ωA|=A√  (k/m)

m/s السرعة
dx/dt  =v

a=-‐ω2v0sinωt a=-‐ω2A a=ω2Acos(kx-‐ωt+Φ)
amax=|ω2A|=(k/m)A

a=-‐ω2Acos(ωt+Φ)
amax=|ω2A|=(k/m)A

m/s2 التسارع
a=dv/dt

Φ=-‐π/2 Φ=0 (kx-‐ωt+Φ) (ωt+Φ) االلططوورر  ددررججةة  

Φ=tan-‐1(-‐V0/ωX0) درجة phase constant الطور  ثابت   Φ

A=v0/ω A=X A=√  (X02+(V0/ω)2) m الحركة  سعة(ازاحة  اقصى(

ω=√  (k/m) Rad/
sec

( the angular الزاوي  التردد
(frequency
ω=2πf

f=√  (k/m)/(2π) Hz  
Or  

1/sec

frequencyد 
f=ω/2π  ,    f=1/T

T=(2π)  √  (m/k) sec  Periodi  الدوري  الزمن
T=2π/ω,  T=1/f

Rad/m ا@وجي  العدد  
K=2π/λ  

m ا@وجي  الطول  
λ  =V  T,  λ=V/  f
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البندول  منظومة  في  البسيطة  ا"هتزازية  الحركة الوحدة التوافقية  الحركة  خصائص  
مماسة  قوة:

F=-‐mgsinθ
N ا"رجاع  قوة  (ا@ؤثرة  القوة(

F
S=Lθ m اLزاحة  سعة

θ=θ0cos(ωt+Φ) )درجةO(   الزاوية  السعةΘ
)درجةO(   القصوى  الزاوية  السعةθ0  

dθ/dt=-θ0ωsin(ωt+Φ)
Vmax=|ωA|=A√  (g/L)

rad/s السرعة
dθ/dt  =v

d2θ/dt2=θ0ω2cos(ωt+Φ) 

amax=|ω2A|=Ag/L
rad/s2 التسارع

a=d2θ/dt2

ω=√  (g/L) rad/sec الزاوي  التردد
ω=2πf

f=√  (g/L)/(2π) Hz  
Or  

1/sec

التردد
f=ω/2π,  f=1/T

T=(2π)  √  (L/g) sec الدوري  الزمن
T=2π/ω,  T=1/f
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