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Course Details: 
 
 
General Coplanar force systems : Basis concepts, Law of motions, principle of transmissibility of forces, Transfer of 
a force to parallel position, Resultant of a force system, simplest resultant of two dimensional concurrent & non 
concurrent force systems, free body diagrams, equilibrium & its equations, applications. 
Trusses & Cables : Introductions, simple truss & solutions of simple truss, method of joints & method of sections. 
Friction :Introduction , Laws of coulomb friction, equilibrium of bodies involving dry friction, belt friction, 
applications. 
Centre of gravity , centroid, Moment of Inertia :Centroid of plane, curve, area ,volume & composite bodies, 
moment of inertia of plane area, parallel axis theorem, perpendicular axis theorem, principal moment inertia, mass 
moment of inertia of circular ring, disc, cylinder, sphere and cone about their axis of symmetry. 
Beams: Introductions, shear force and bending moment , differential equations for equilibrium, 
shear force & bending moments diagrams for statically determinate beams. 
Kinematics of rigid body: Introduction, plane motion of rigid bodies, velocity & acceleration under translation & 
rotational motion, Relative velocity, projectile motion. 
Kinetics of rigid bodies: Introduction, force, mass & acceleration, work & energy, impulse & momentum, 
D’Alembert principles & dynamic equilibrium. Virtual work. 



Resultants of Force Systems  
&  

Equilibrium of Force Systems 

















SYSTEM OF FORCES 

When several forces of different magnitude and direction 
act upon a body, they constitute a system of forces.  

 

 
If all the forces in a system lie in a single plane, it is called a coplanar 
force system.  

If the line of action of all the forces in a system pass through a single 
point it is called a concurrent force system. 

 

 In a system of parallel forces all the forces are parallel to each other. 

 If the line of action of all forces lie along a single line then it is called a 
collinear force system 









 



Equilibrium: 
Equilibrium is the status of the body when it is subjected to a system of forces. We know that 
for a system of forces acting on a body the resultant can be determined.  
By Newton‟s 2nd Law of Motion the body then should move in the direction of the resultant 
with some acceleration. If the resultant force is equal to zero it implies that the net effect of 
the system of forces is zero this represents the state of equilibrium. For a system of coplanar 
concurrent forces for the resultant to be zero hence 

ΣFx   = 0 
Σ Fy  = 0 

Free Body Diagram: 
Free body diagram is nothing but a sketch which shows the various forces acting on 
the body. The forces acting on the body could be in form of weight, reactive forces 
contact forces etc. An example for Free Body Diagram is shown below. 





Moment 
A force can tend to rotate a body about an axis which neither intersects nor is 
parallel to the line of action of the force.  
 
This rotational tendency is known as the moment M of a force. 



 



 







Lami’s Theorom 







Find the magnitude of the force P, required to keep the 100 kg mass in the 
position by strings as shown in the Figure 



Find the magnitude of the force P, required to keep the 100 kg mass in the 
position by strings as shown in the Figure 



METHOD OF RESOLUTION FOR THE RESULTANT 
FORCE 

 

1. Resolve all the forces horizontally and find the algebraic sum of all the 
horizontal components (i.e.,∑ H). 

2. Resolve all the forces vertically and find the algebraic sum of all the vertical 
components (i.e., ∑V).   

3. The resultant R of the given forces will be given by the equation:   

 

 
4. The resultant force will be inclined at an angle θ, with the horizontal, such 
that  



 
 

Q. The forces 20 N, 30 N, 40 N, 50 N and 60 N are acting at one of the angular 
points of a regular hexagon, towards the other five angular points, taken in 
order. Find the magnitude and direction of the resultant force. 
 



Conti… 



 
 
Q. An electric light fixture weighting 15 N hangs from a point C, by two strings AC and 
BC. The string AC is inclined at 60° to the horizontal and BC at 45° to the horizontal as 
shown in Fig. Using Lami’s theorem, or otherwise, determine the forces in the strings 
AC and BC. 



SOLUTION: 



A string ABCD, attached to fixed points A and D has two equal weights of 1000 N 
attached to it at B and C. The weights rest with the portions AB and CD inclined at 
angles as shown in Fig. A string ABCD, attached to fixed points A and D has two equal 
weights of 1000 N attached to it at B and C. The weights rest with the portions AB and 
CD inclined at angles as shown in Fig. 
 



SOLUTION: 



A sphere of weight 100 N is tied to a smooth wall by a string as shown in Fig. 2.33(a). 
Find the tension T in the string and reaction R of the wall. 





Determine the horizontal force P to be applied to a block of weight 1500 N to hold 
it in position on a smooth inclined plane AB which makes an angle of 30° with the 
horizontal [Fig 





A system of connected flexible cables shown in Fig. (a) is supporting two vertical 
forces 200 N and 250 N at points B and D. Determine the forces in various segments 
of the cable. 





A rope AB, 4.5 m long is connected at two points A and B at the same level 4 m apart. 
A load of 1500 N is suspended from a point C on the rope 1.5m from A as shown in Fig. 
What load connected at a point D on the rope, 1 m from B will be necessary to keep the 
position CD level ? 



 





Reaction and Support 
CONDITIONS OF EQUILIBRIUM 

1. If the body moves in any direction, it means that there is a resultant force 
acting on it. A little consideration will show, that if the body is to be at 
rest or in equilibrium, the resultant force causing movement must be 
zero. Or in other words, the horizontal component of all the forces (∑ H) 
and vertical component of all the forces (∑ V) must be zero. 
Mathematically,      

                       ∑ H = 0 and ∑V = 0 

2. If the body rotates about itself, without moving, it means that there is a 
single resultant couple acting on it with no resultant force. A little 
consideration will show, that if the body is to be at rest or in equilibrium, the 
moment of the couple causing rotation must be zero. Or in other words, the 
resultant moment of all the forces (∑ M) must be zero. Mathematically,  

                                          ∑ M = 0 

 



 
 

Q. A smooth circular cylinder of radius 1.5 meter is lying in a triangular groove, one side of 
which makes 15° angle and the other 40° angle with the horizontal. Find the reactions at 
the surfaces of contact, if there is no friction and the cylinder weights 100 N. 
 



Conti.. 
 



cont.… 



Two smooth spheres each of radius 100 mm and weight 100 N, rest in a horizontal 
channel having vertical walls, the distance between which is 360 mm. Find the 
reactions at the points of contacts A, B, C and D shown in Fig. 







Q. Three cylinders weighting 100 N each and of 80 mm diameter 
are placed in a channel of 180 mm width as shown in Fig. 
Determine the pressure exerted by (i) the cylinder A on B at the 
point of contact (ii) the cylinder B on the base and (iii) the 
cylinder B on the wall. 



Solution: 

(i) Pressure exerted by the cylinder A on the cylinder B 

Let R1 = Pressure exerted by the cylinder A on B. It is also equal to pressure 
exerted by the cylinder A on B. 

First of all, consider the equilibrium of the cylinder A. It is in equilibrium 
under the action of 

the following forces, which must pass through the centre of the cylinder as 
shown in Fig. 5.17 (a). 

1. Weight of the cylinder 100 N acting downwards. 

2. Reaction R1 of the cylinder B on the cylinder A. 

3. Reaction R2 of the cylinder C on the cylinder A. 

Now join the centres O, P and Q of the three cylinders. Bisect PQ at S and join 
OS as shown in fig. 

 



Conti.. 



Conti.. 



Conti… 


