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CHAPTER 1. PHYSICAL FUNDAMENTALS OF 

MECHANICS 

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 of such an object are called 

oscillations. 

There are three main types of 
oscillations: 

Free 
oscillations 

Damped 
oscillations 

Maintained 
oscillations 



Free oscillations 

When a body vibrates with its own natural 
frequency, it is said to execute free oscillations. The 
frequency of oscillations depends on the inertial 
factor and spring factor. 

 

Examples 

 

 Vibrations of tuning fork 

 Vibrations in a stretched string 

 Oscillations of simple pendulum 

 Air blown gently across the mouth of a bottle. 

 



Damped oscillations 

Most of the oscillations in air or in any medium are damped. 
When an oscillation occurs, some kind of damping force may 
arise due to friction or air resistance offered by the medium. 
So, a part of the energy is dissipated in overcoming the resistive 
force. Consequently, the amplitude of oscillation decreases 
with time and finally becomes zero. Such oscillations are called 
damped oscillations (Fig.).  

 

Examples : 

 
 The oscillations of a pendulum 

 Electromagnetic damping in galvanometer (oscillations of a coil in 
galvanometer) 

 Electromagnetic oscillations in tank circuit 

 



Maintained oscillations 

The amplitude of an oscillating system can be made 

constant by feeding some energy to the system. If an 

energy is fed to the system to compensate the energy it 

has lost, the amplitude will be a constant. Such 

oscillations are called maintained oscillations (Fig.). 

 

Example : 

 

 A swing to which energy is fed continuously to maintain 

amplitude of oscillation.  



Forced oscillations 

When a vibrating body is maintained in the state of vibration by a 
periodic force of frequency other than its natural frequency of the 
body, the vibrations are called forced vibrations. The external force 
is driver and body is driven. 

The body is forced to vibrate with an external periodic force. The 
amplitude of forced vibration is determined by the difference 
between the frequencies of the driver and the driven. The larger 
the frequency difference, smaller will be the amplitude of the 
forced oscillations. 

 

Examples : 

 
 Sound boards of stringed instruments execute forced vibration, 

 Press the stem of vibrating tuning fork, against tabla. The tabla 
suffers forced vibration. 

 



Resonance 

In the case of forced vibration, if the frequency 
difference is small, the amplitude will be large 
(Fig.). Ultimately when the two frequencies are 
same, amplitude becomes maximum.This is 
a special case of forced vibration. 

If the frequency of the external periodic force is 
equal to the natural frequency of oscillation of 
the system, then the amplitude of oscillation 
will be large and this is known as resonanc. 

 

 

Advantages 

  

+Using resonance, frequency of a given tuning fork is determined with a sonometer. 

+In radio and television, using tank circuit, required frequency can be obtained. 

 

Disadvantages 

 

⁻Resonance can cause disaster in an earthquake, if the natural frequency of the building matches the 

frequency of the periodic oscillations present in the Earth. The building begins to oscillate with large 

amplitude thus leading to a collapse. 

⁻A singer maintaining a note at a resonant frequency of a glass, can cause it to shatter into pieces 



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

Sound waves, seismic waves, waves on stretched strings, and water waves are all produced 

by some source of oscillation. The time taken by a periodic motion to make one complete 

pattern is called period. And the number of patterns executed per second is called frequency 

A special kind of periodic motion occurs in mechanical systems when the force acting on an 

object is proportional to the position of the object relative to some equilibrium position, is 

called simple harmonic motion. 

A simple harmonic motion is a motion where the force acting on the particle is proportional 

and opposite in direction to the displacement of the particle. For one dimensional motion, 

this may be expressed mathematically as 

𝑥 = −𝑘𝑥 

Where 𝑥  is the force acting on the particle, 𝑥is the displacement of the particle with respect 

to its equilibrium position, and  𝑘 is a constant of proportionality called force constant. 



Si ce fro  Newto ’s seco d law 𝑥 = 𝑥, the acceleration of the particle is also 

proportional to the displacement of the particle: 𝑥 = − 𝑘𝑚 𝑥. And since 𝑥 = 𝑑2𝑥𝑑𝑡2, it follows 

that for a simple harmonic motion the differential equation 
𝑑2𝑥𝑑𝑡2 + 𝑘𝑚 𝑥 =  applies. With 𝑘𝑚 = 𝜔 , the differential equation satisfied by the displacement of a particle executing 

harmonic motion may be written as 𝑥𝑡 + 𝜔 𝑥 =  

The general solution of a 2nd order differentia equation is two dimensional, which means all 

of the solutions of the equation can be expressed in terms of two linearly independent 

solutions of the equation. The general solution of this equation can be written as a linear 

combination of these functions: 𝑥 𝑡 = cos 𝜔 𝑡             𝑥 𝑡 = sin 𝜔 𝑡  𝑥 𝑡 = cos 𝜔 𝑡 + sin 𝜔 𝑡  = 𝐴 cos 𝜑            = 𝐴 sin 𝜑  𝑥 𝑡 = 𝐴 cos 𝜑 cos 𝜔 𝑡 + 𝐴 sin 𝜑 sin 𝜔 𝑡  cos − = cos cos − sin sin  𝒙 = 𝑨 𝒄𝒐 𝝎𝟎 − 𝝋   



The constant 𝐴 represents the maximum value of the displacement of the particle and is 

called the amplitude of the motion. The constant 
𝑘𝑚 = 𝜔  determines how fast the particle 

oscillates back and forth and is called angular frequency of the motion. Its unit is 

rad/second.  

𝒙 = 𝑨 𝒄𝒐 𝝎𝟎 − 𝝋  

For a particle undergoing a harmonic motion, the following relationships between the 

oscillation properties and the force constant hold. 

𝜔 = 𝑘 ,    ν = 𝜋 𝑘 , 𝑇 = 𝜋 𝑘
 

The constant 𝜑 is called the phase angle of the motion, and its effect is to shift the graph of 

the cosine function to the right (if positive) or to the left (if negative). The constants 𝐴 and  𝜑 can be determined from initial conditions. 



Velocity of a particle in simple harmonic motion  𝑣 𝑡 = 𝑥 𝑡 = 𝑥𝑡 = 𝐴 cos 𝜔 𝑡 − 𝜑 ′ = −𝜔 𝐴 sin 𝜔 𝑡 − 𝜑  

Acceleration of a particle in simple harmonic motion 

𝑡 = 𝑣 𝑡 = 𝑣𝑡 = 𝑥 𝑡 = 𝑥𝑡 = 𝐴 cos 𝜔 𝑡 − 𝜑 ′′= −𝜔 𝐴 cos 𝜔 𝑡 − 𝜑  

Maximum magnitudes of velocity and acceleration in simple harmonic motion 

𝑣𝑚𝑎𝑥 = 𝜔 𝐴 = 𝑘 𝐴 

𝑚𝑎𝑥 = 𝜔 𝐴 = 𝑘 𝐴 



Energy of a harmonic oscillator 
The force acting on a harmonic oscillator is conservative. Therefore the mechanical energy of a 

harmonic oscillator is expected to be conserved. An expression for this conserved mechanical 

energy can be obtained by adding the kinetic and potential energy of a harmonic oscillator. 

Assuming the potential energy of the spring to be zero at the relaxed position 𝑥 = , the 

potential energy is given as  

𝑝 𝑥 = −  𝑥 𝑥′𝑥 = −  −𝑘𝑥′ 𝑥′ = 𝑘𝑥𝑥
 

Using formula for displacement 

𝑝 = 𝑘𝐴 cos 𝜔 𝑡 − 𝜑  

Formula is a potential energy of a simple harmonic oscillator. 



Kinetic energy of a simple harmonic oscillator 

𝑘 = 𝑣 = 𝐴 𝜔 sin 𝜔 𝑡 − 𝜑 = 𝑘𝐴 sin 𝜔 𝑡 − 𝜑  

Total energy of a simple harmonic oscillator 

= 𝑝 + 𝑘 = 𝑘𝐴 cos 𝜔 𝑡 − 𝜑 + sin 𝜔 𝑡 − 𝜑 = 𝑘𝐴  



The Pendulum 

Simple Pendulum 

A simple pendulum is composed of a weight, or bob, 

hanging freely from the end of a string or bar.  

Gravity pulls the bob in a downward arc, causing it to 

swing.  

 

This type of pendulum is the most common and can be 

seen in clocks, metronomes and seismometers. 

Pendulums are subject to the local forces of gravity and 

do not operate the same way in different parts of the 

world.  

 

For instance, since the earth is not a true sphere, 

pendulum clocks are slightly slower near the equator 

than near the poles. 



Foucault Pendulum 

A Foucault pendulum is a type of simple pendulum that swings in 

two dimensions.  

This pendulum was first developed by Jean Bernard Leon Foucault in 

1851 and demonstrated the rotation of the earth.  

Once the Foucault pendulum is set in motion, its swing will tend to 

rotate clockwise in a circle over the course of about a day and a half.  

Foucault's pendulum was the first demonstration of the rotation of 

the Earth that did not require astronomical observation. 



Double Pendulum 

A double pendulum consists of two simple 

pendulums, one suspended from the other.  

It is also called a chaotic pendulum, since its 

motions become more chaotic the larger they 

are.  

A double pendulum acts similar to a simple 

pendulum for small motions but becomes less 

predictable as the motions increase in size.  

The motion of the first pendulum tends to throw 

the second one in unexpected ways.  

Double pendulums are used primarily in 

mathematical simulations. 



In the Physics-1.Mechanics course we 

study 4 pendulums: 
Simple gravity pendulum or mathematical 

pendulum 
A mathematical pendulum is an idealized system, which 

consists of a unponderable and inextensible cord with the 

length L, at which a material point with the mass m, which 

oscillates about the suspension point  is suspended . A 

small heavy ball suspended by a long tenuous poorly 

extensible cord can be pretty concrete approximation to 

the mathematical pendulum. 

Physical pendulum 
A physical pendulum is simply a rigid object which swings 

freely about some horizontal axis under  gravity force. In 

this experiment physical pendulum is a homogeneous steel 

rod with the length L. The scale is applied and the prism 

(the edge of the prism is the axis of oscillation of 

pendulum) is fixed on a steel rod. By moving the prism 

along the steel rod you can change the distance from pivot 

to center of mass. 



A physical pendulum with two adjustable knife edges for an accurate determination of "g". 

Reversible (Kater's) Pendulum 

Using a simple pendulum, the value of g can be determined by measuring the length L 

and the period T. The value of T can be obtained with considerable precision by simply 

timing a large number of swings, but comparable precision in the length of the pendulum 

is not so easy. For example, it's hard to estimate where exactly the center of the mass is. 

To overcome this difficulty we can turn a physical pendulum into a so-called reversible 

(Kater's) pendulum.  

Two knife-edge pivot points and two adjustable masses are positioned on the rod so that 

the period of swing is the same from either edge. 

Oberbeck’s pendulum  

 
It consists of four steel rods, that are fixed on a bush at right angle.  

Two sheaves with two different radii r1 and r2 are forced on that bush. 

Four plumb bobs with equal mass m0 can be shifted along the rods and 

fixed at different distances L, providing a way to change the inertia 

moment of the system. The entire construction can rotate clear about 

the horizontal axis. A thread with fixed plumb bob with mass m on its 

end is twirled on one of the sheaves, as a result, pendulum begins to 

rotate. 


