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C.2 
Mechanics 

•  Mechanics is the study of the relationship between 
the motion of bodies and the forces applied to them 

 It describes, measures and relates forces with motion 

•  Statics: study of forces, resultant forces, bodies in 
equilibrium, no acceleration 

•  Kinematics: study of motion, position and time 

•  Dynamics: study of forces and motion 



C.3 
Forces and equilibrium 

Forces 
magnitude and direction 
components of a force 

Equilibrium 
static or dynamic 
forces in balance 

Preparation 
What are the fundamental forces? List them 
What is a component of force? Give one example 
What is equilibrium? Draw a diagram with 3-4 forces 



C.4 
Four fundamental forces 

All forces can be described by four fundamental forces: 

1.  Gravity: long range, v. weak 

2.  Electromagnetic: responsible for many electrical, 
magnetic and EM wave phenomena 

3.  Weak nuclear: short range, radioactive decay 

4.  Strong nuclear: short range 



C.5 
Statics – what is a force? 

•  A force is a directed action of one body on another 
•  The action “tends to move” the body and depends on 

the magnitude, direction and point of application 
of the force 

•  A force is represented by a vector: 



C.6 
Properties of forces: opposition 

•  Forces occur in equal and opposite pairs (Newton’s 
3rd law), each having the same line of action and 
acting on different bodies 

•  In mechanics, we consider two types of forces: 
–  contact forces 
–  body forces 

(distributed) 

 N = -R 

centre of
 gravity 



C.7 
Properties of forces: line of action 

•  The external effects of a force on a rigid body are not 
changed when the point of application is moved along 
its line of action 

•  Only the internal effects change 

•  Body and contact forces 
•  Equal and opposite pairs 

–  same line of action 
–  acting on different bodies 

•  Sliding vector - external forces do not change 



C.8 
Properties of forces: resultant 

•  When two or more forces act at a point (concurrently), 
their effect is that of a single force equal to the vector 
sum, or resultant, of the individual forces 

•  The resultant force is the sum of all external forces 
acting on a body: 

     R = ∑i Pi 



C.9 
Components of a force (2D) 

•  Define orthogonal directions fixed to the body 
•  Angle θ is the angle between P and the x axis 

   P   =   PX  
            PY �

   



C.10 
Components of a force (3D) 

•  Triad of directions fixed to the body 
•  Mutually ⊥ in this case 
•  Angle α is the true angle between P and the x axis 

Vector eq. of force: 

P = Pxi + Pyj + Pzk 

Eq. of scalar components 
combined in a row vector: 

  Px         P.i    
P  =   Py   =   P.j  

  Pz         P.k 

where Px = P cos α �
and similarly for Py and Pz. 



C.11 
Representing a body as a particle 

•  If we ignore rotational forces on a rigid body, 
we can represent it simply as a particle 

•  It is safe to do this when: 
•  Rotational forces are in balance (no net moment) 
•  All lines of action pass through a common point   



C.12 
Equilibrium of a particle 

•  Equilibrium occurs when all forces are in balance 
 i.e., the sum of all components is equal to zero: 
     R = ∑i Pi = 0 

Static      Dynamic 



C.13 
Equilibrium example 

•  Calculate force F in terms of the unit vectors i and j 
for a block on a slope: 

   W   =  - mg j 
         F   =  F cos θ i + F sin θ j 
         N   =  - N sin θ i  + N cos θ j 



C.14 
Summary of forces 

•  Fundamental forces 
–  Gravity 
–  Electromagnetic 
–  Weak 
–  Strong 

•  Properties of forces 
–  magnitude and direction 
–  point of application 
–  equal and opposite pairs 
–  line of action 
–  components of a force 
–  resultant force 

•  Equilibrium 

 R = ∑i Pi = 0 



C.15 
Moments, torque and general equilibrium 

Moments of a force 
magnitude and direction 
components of a torque 

Equilibrium 
forces in balance 
torques in balance 

Preparation 
What is the moment of a force? Give the equation for a moment 
What is an example of torque? Find a definition of torque 
What does direction of torque mean? Illustrate with an example 


