STATICS

Types of Force:  

Weight. This is a non-contact force due to gravity which causes the constant acceleration of every particle on Earth.  Weight = mg

Thrust. e.g. an object at rest supported by a vertical spring from below, then there must be an upward force in the spring to balance the downward force of weight. 
Tension. e.g. an object hanging from a string in equilibrium, then tension is the opposite force to weight 

Normal contact Force and Friction:
Imagine pushing a brick along a flat horizontal surface. First model the brick as a particle. The weight of the brick is balanced by the ‘push’ of the surface on the brick. this is called the normal reaction or normal contact force. If the table is not a smooth surface then the frictional force is that opposing the force of the push on the brick.




Example 1

Suppose the brick has a mass of 3 kg, the push is a force P of 12 N and the force due to friction is 2 N.
Then we draw a force diagram, note where the vectors go:



W 
=    mg
  =  

N
=    W
  =  


since the brick is in equilibrium in the vertical direction
Resultant Force 
=    


So the brick will move in the direction of the push as N and W 

are equal.
Example 2   A brick on a slope



Suppose we push the brick down the slope.

The brick has a mass of 3 kg, the push is a force P of 12 N and the force due to friction is 2 N.

Again we draw a force diagram, note where the vectors go and the angles! 



Now imagine we choose the direction of the slope as our coordinate axes, (our i, j plane)
So 


Push 

= 

Friction 
=




Weight 
=


The component of weight in the j direction balances the normal contact force so:

Normal contact force 
= 


In the i direction the resultant force is 

So the brick will move down the slope, accelerating at a rate 
caused by a force of 

Example 3
Now consider if the push was UP the slope.

We would have:




Can you see why friction acts down the slope?

Again we choose the direction of the slope as our coordinate axes, 

So :
Push 



= 


Friction 


=


Weight (same)


=
 
Normal contact force 

= 
 

In the i direction the resultant force is 

So the brick will still accelerate down the slope, but due to a smaller force.
Example 4  particle in equilibrium held by a string
A Particle of mass 2 Kg is attached to the lower end of an inextensible string. the upper end of the string is fixed. A horizontal force of 21 N and an upward vertical force of 0.5g N act upon the particle, which is in equilibrium with the string making an angle ( with the vertical. 
Calculate the tension in the string and the angle (.

Draw a diagram:







Resolving horizontally gives:


(1)
21 
=

Resolving vertically gives:




2g
=

(
(2)
14.7
=


(1)((2) gives

tan (
 =
 
So


   (
=

So (1) gives
  
 T 
=

Example 5     More than one particle

A light inextensible string passes over a smooth pulley fixed at the top of a smooth plane inclined at 300 to the horizontal. A particle of mass 2 Kg is attached at one end of the string and hangs freely. A mass m is attached to the other end of the string and rests in equilibrium on the surface of the plane.
Calculate the normal reaction between the mass m and the plane, the tension in the string and the value of m.

Draw a diagram:

The tension in the string

is equal in both 

directions





First consider the 2 Kg mass
Resolve vertically: (no other forces)





   T 
=   
So



   
Now consider the mass m. 

Resolve parallel to the surface of the plane:





  T
=  




  m 
=   

Now resolve at right angles to the plane:





   R
=   

more examples in 

M1 Solomon pages 26-30
Saddler Understanding mechanics pages 87-89
The coefficient of Friction.

If the particle is in equilibrium (not moving) then the Friction Force must be just big enough to oppose the Push Force. If we push harder then the Friction force must increase up to the point where the particle moves.

So there is going to be a Maximum value of the Friction force. We call this Fmax, if the particle is at the point of moving we say it is in a state of limiting equilibrium.

In fact Fmax is directly proportional to R the Normal contact Force.

So we have:





Fmax   =  μR


Where μ is the coefficient of friction (and will be a different value for different surfaces!)

We can use the above formula to solve problems.
Example 6   

Calculate the maximum frictional force which can act when a block of mass 2 Kg rests on a rough horizontal surface, the coefficient of friction between the surfaces being μ = 0.7





Resolve vertically
R 
=
2 × 9.8
   =    19.6 N 
So 



Fmax
= 
μR   
=   0.7 × 19.6  
=  
13.72 N
Example 7   
A parcel of mass 3 Kg rests in limiting equilibrium on a rough plane inclined at 300 to the horizontal. The value of μ is 1/3. A horizontal force of magnitude X N is applied to the particle so that equilibrium will be broken by the particle moving upwards. Find the value of X.
Force diagram:






Note that Fmax is down the slope since we know X will push the parcel up the slope.
Now imagine we choose the direction of the slope as our coordinate axes, (our i, j plane)

So we can resolve Weight and X into their components

X = X cos 30 i - X sin 30 j

W = - 29.4 sin 30 i – 29.4 cos 30 j  

And 
Fmax   =  μR
= 1/3 × R 

So resolving in the direction of i gives: (count the number of forces here so you don’t miss any out!)

29.4 sin 30  + 
Fmax   -    X cos 30

= 
0
Or

29.4 sin 30  + 
1/3 × R   -    X cos 30
= 
0
(1)

And resolving in the direction of j gives

29.4 cos 30   +        X sin 30    -     R 

=
0 
(2)

Convert coefficients on your calculator and you have two equations with two unknowns!

Solve (1) and (2) simultaneously to get:

 X =   33.2 N





 R =   42.06 N
Working for the above simultaneous equations:

(1)

√3/2 X  -   1/3 × R   =   14.7     

3×(1)
   
      3√3/2 X  -   R   =   44.1

(2)

        R -    0.5 X     =  25.461

(1) + (2)
            2.098  X     =   69.561






X     =  33.2

Note that if the particle is sliding across a surface then Friction will be at its maximum value.
We will look at moving objects in the next chapter.

More examples in 

M1 Solomon pages 31 to 34
Saddler Understanding mechanics pages 118-121 (some questions involve moving particles)

Exam practice (Statics review)

M1 Solomon pages 35 - 37
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