
ELASTICITY 

• An elastic object is one that returns 
to its original size and shape after 
contact forces have been removed. If 
the forces acting on the object are 
too large, the object can be 
permanently distorted. 



Elastic Deformation 

• A deformation is the change in size or shape 
of an object. 

• When a force F is applied to a given solid, the 
length L of the solid is increased by ΔL. 

• It has been experimentally proven that  

1. ΔL     F 

2. ΔL     L 

3. ΔL  1/A 



• So that we can write that 

 
•                                                            (1)        

•    ;   

 

Y is called Young’s modulus and is a measure of 
an object’s stiffness. 

 

 

 

      ;     



Definitions 

• The fractional length     is called Strain  

 

• While the force per unit cross sectional area  

     

    Is called the stress 



Hooke’s law 
• Equation 1 can be rearranged in terms of 

stress and strain as follows 

      

     that is; stress is   
    proportional to strain 

 

Or that     

     if        and 

     then      

 





Sample problem 
• A steel beam is placed vertically in the 

basement of a building to keep the floor 
above from sagging. The load on the 
beam is 5.8 X 104 N and the length of the 
beam is 2.5 m, and the cross-sectional 
area of the beam is 7.5X10-3 m2  . 

 Find the vertical compression of the beam 
given that Y for steel =200 X109 Pa. 



solution 

• from 



Shear Deformation 

A shear 
deformation 
occurs when 
two forces 
are applied 
on opposite 
surfaces of an 
object. 



Definitions 

 

 

 

 

 

 

Where S is the shear modulus 

 



Sample problem 

• The upper surface of a cube of gelatin, 5.0 cm 
on a side, is displaced by 0.64 cm by a 
tangential force. If the shear modulus of the 
gelatin is 940 Pa, what is the magnitude of the 
tangential force? 

• Solution: 

From  



Solution contd 

then 



Volume deformation 

 

 

 

 

  The stress-strain relationship is thus 

 

 

where B is called the bulk modulus. The –ve sign is 
to make +ve since Δv will be –ve. 

 

 



The bulk modulus (B) 

• The bulk modulus (B) of a substance 
essentially measures the substance's 
resistance to uniform compression.  
It is defined as the pressure increase 
needed to effect a given relative 
decrease in volume. 



Sample problem 

• By how much should the pressure on a liter of 
water be changed to compress it by 0.10% 
given that the bulk modulus for water is 2.2 
x109 N/m2.    

 

• Solution:      ( Δv =0.001 X v0) 

-Δv/v0   = 0.001  (0.1%) ;v0 = 1L = 1000 cm3
     

ΔP = B(-Δv/v0) =2.2 x 109 N/m2)(0.001)                       
   = 2.2 x 106 N/m3 



Oscillations about equilibrium 

• Oscillation is the periodic variation, 
typically in time, of some measure  
as seen, for example, in a swinging 
pendulum. Many things 
oscillate/vibrate: Periodic motion 

(a motion that repeats itself over and 
over) 



Parameter used to describe vibrations 

• Period T Time taken to complete one 
cycle of the vibration. Units: s 

• Frequency f = 1/T 

 Number of vibration cycles per second. 
Units: 1/s (Hz, Hertz) 

• Amplitude A Maximum displacement 
from equilibrium position 



shm 

• Simple harmonic motion (SHM) 
occurs when the restoring force 

(the force directed toward a stable 

equilibrium point) is proportional to 

the displacement from equilibrium. 

i.e            F = - k x    (F and X are always 
opposite in direction) 



Reference circle 
 

As point      
moves round 
the circle, its 
projection 
along x axis 
(p) moves to 
and fro thus 
exhibiting a 
s.h.m. 
  
  
  
 
  
  
  
 
 



Velocity and acceleration of SHM 

• From             = ω√A2-x2 

 

 

• The above equations imply that 

1. Displacement is maximum when        is zero 

2. Velocity is zero when     is zero 

3. Acceleration is maximum when       is zero 

This is true for the initial condition of   

   



• ω is the angular frequency in rad/s 

 

 

 

 

 

• T = 2π/ω 



Practice question 

• A body vibrates in SHM with a freq of 50 Hz 
and an amplitude of 4 cm. find 

a. The period 

b. The acceleration at the middle and at the 
end of the path of oscillation. 

c. The velocities at the middle and at the end of 
the path of oscillation 

d. The velocity and acceleration at a distance of 
2 cm from the centre of oscillation 



Energy stored in a spring 
• Potential energy stored in a spiral spring when 

stretched or compressed is given as 

 

The total energy E=K+U= 

When the object is at one of its maximum 
displacements, -A or +A, it is instantaneously 
at rest  (v=0) so all the energy s potential i.e 

 

 

 

 

Energy of 
the SHM 

; 



Speed of a spring – mass system 

• From 

Rearranging we have 

 

 

So that  

 

  



Maximum speed of mass on a spring 

• At point x=0; the potential energy is zero so 
that all the energy is kinetic and we have 

 

Maximum speed 
of mass on a 
spring 



Derivation of Parameters for the 
spring  

• From                      where t=T, d = 
circumference 

 

and v is the maximum velocity for a spring mass 
system  we then have    
        
        
        
 Period of object oscillating on a spring  



• But Then frequency of object oscillating  on a 
spring  

• Also from  we can write that 

 

 



Sample problem 

• A block with a mass of 0.25 kg sitting on a 
frictionless surface is connected to a light 
spring that has a spring constant of 180 N/m. 
If the block is displaced 15 cm from its 
equilibrium position and released, what are 
(a) the total energy of the system (b) the 
speed of the block when it is 10 cm from its 
equilibrium position? 



solution 
• Given: m= 0.25 kg;   k= 180 N/m;  A= 0.15m 

X=0.1m 

(a)Total energy E=      = 

(b)  



Simple pendulum 

For the simple pendulum it can be 
mathematically shown that for angle     less 
than      , the period T is 

                           

 

 

   The period of a simple pendulum 
  

 



Equation for vertical motion 

For the case where 
the initial condition 
is such that  

 

Then  

 

y 


