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Lecture No. 2

Subject:  Vector Addition of Forces

2.0     Objectives of Lecture:

· To determine the resultant force; knowing magnitudes, directions, and senses of its components.

· To resolve a known force into two components in the two directions.

2.1
Determination of Resultant Force & 

Resolution of a known Force 

a) Using Parallelogram Law (Graphical Method)

i)
Determination of resultant force

· The resultant of known forces and the resolution of a known force into components along two axes may be worked out using parallelogram law by adopting the following steps:

· Make a parallelogram with the help of magnitudes, directions, and senses of the two given forces, analogous to the vector addition using the parallelogram law.
· The diagonal of the resulting parallelogram is taken as resultant of the two forces.

Note:

If the resultant of more than two forces is to be determined, successive applications of the parallelogram law can be carried out.

For example, if three forces F1, F2, F3 act at a point O, as shown in Fig.2.1, the resultant of any two of the force is found – say, F1 + F2 – and then this resultant is added to the third force, yielding the resultant of all three forces; i.e., FR = (F1  + F2) + F3
Fig.2.1: Resultant of three forces

ii) Resolution of a force into components along two axes

· If a force is to be resolved into components along two axes directed from the tail of the force, then start at the head of the force and construct lines parallel to the axes, thereby forming the parallelogram. The sides of the parallelogram represent the components.

· Label all the known and unknown force magnitudes and the angles on the sketch and identify the unknowns.

b)
Using Trignometry (Analytical Method)

Redraw a half portion of the parallelogram to form a vector triangle of the components and their resultant, and apply Sine law and Cosine law, as shown in Fig.2.2.
Fig.2.2:Application of sine and cosine laws for a vector triangle.

 i)
Determination of resultant force

The magnitude of the resultant force can be determined from the law of cosines, and its direction is determined from the law of sines. 

ii) Resolution of a force into components along two axes

The magnitudes of two force components are determined from the law of sines.

Numerical Examples

· Try the solved examples from Book
(Examples 2-1 to 2 – 4, page 22 to 25)

· Unsolved Examples

2-1
Determine the magnitude of the resultant force and its direction measured clockwise from the positive x – axis (Fig. 2.1).

Fig.2.1
2-2
Determine the magnitude of the resultant force if 

(a)
FR = F1 + F2;
  (b)  FR = F1 - F2
    Fig.2.2

2-3  Resolve the 200-N force into components acting along the x and y′ axes    and determine the magnitudes of the components (Fig.2.3).

Fig.2.3

2-4  
For the force system, as shown in Fig.2.4

a) Determine the magnitude of the resultant force FR = F1 + F2 and its   direction measured clockwise from the positive u axis.

b) Resolve the force F1 into components acting along the u and v axes and determine the magnitudes of the components.

c) Resolve the force F2 into components acting along the u and v axes and determine the components.

Fig.2.4

2-5       A plate is connected to the two forces at A and B as shown in Fig.2.5

a) If  θ = 60°, determine the magnitude of the resultant of these two                   forces and its direction measured from the horizontal.

b) Determine the angle θ  for connecting member A to the plate so that he resultant force of FA and FB is directed horizontally to the right. Also what is the magnitude of the resultant force.

Fig.2.5

2-6
For a two-membered frame, as shown in Fig.2.6
    

a) Determine the magnitudes of the two components of F directed    along the axes of AB and AC. Take F = 500 N.

b) Determine the magnitudes of the two components of F directed    along the axes of AB and AC. Take F = 300 N.

Fig.2.6

· Try the other unsolved examples from Book
(Examples 2-11 to 2 – 30, page 27 to 30)
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