CHAPTER SIX
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The law of motion
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The concept of force
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It is not always force needed to move object from one place to another
but force are also exist when object do not move, for example when you
read a book you exert force holding the book against the force of
gravitation.
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It is very important to know that when a body is at rest or when moving
at constant speed we say that the net force on the body is zero i.e. the
body in equilibrium.
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Newton’s laws of motion

Newton's first law, the law of equilibrium states that an object at rest will
remain at rest and an object in motion will remain in motion with a
constant velocity unless acted on by a net external force.

Newton's second law, the law of acceleration, states that the acceleration
of an object is directly proportional to the net force acting on it and
inversely proportional to its mass.

Newton's third law, the law of action-reaction, states that when two
bodies interact, the force which body A" exerts on body "B"* (the
action force ) is equal in magnitude and opposite in direction to the
force which body "'B"" exerts on body A" (the reaction force). A
consequence of the third law is that forces occur in pairs. Remember
that the action force and the reaction force act on different objects.

Newton's first and second law
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where m is the mass of the body and a is the acceleration of the body

Then the unit of the force is (Kg.m/s?) which is called Newton (N)
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ZF = md Newton's second law
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i Example

Two forces, F1 and F», act on a 5-kg mass. If F1 =20 N and F, =15
N, find the acceleration in (a) and (b) of the Figure
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E Solution

(a) &F = F1 + F2 = (20i + 15j) N
aF =ma \20i +15j=5a

a = (4i + 3j) m/s? or a =5m/s?



(b) Fox=15c0s60=75N
Foy =15sin 60 =13 N
F,=(7.5i+13j)) N

aF =F1+F>,=(275i+13)) = ma=5a

a=(5.5i +2.6)) m/s>  or a =6.08m/s?

Newton's third law
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W =mg
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ZF =F,,—mg =ma
where a is the acceleration of the elevator and the person.
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F,, =mg+ma when the elevator moves upward
F,, =mg—ma when the elevator moves downward

Tension
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i Example

Two blocks having masses of 2 kg and 3 kg are in contact on a fixed
smooth inclined plane as in Figure.

(a) Treating the two blocks as a composite system, calculate the
force F that will accelerate the blocks up the incline with acceleration of

2m/s?,
E Solution

We can replace the two blocks by an equivalent 5 kg block Letting
the x axis be along the incline, the resultant force on the system (the two
blocks) in the x direction gives



aFx =F - W sin (37°) = m ax
F-5(0.6) =5(2)

F=39.4N
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i Example

The parachute on a race car of weight 8820N opens at the end of a
guarter-mile run when the car is travelling at 55 m/s. What is the total
retarding force required to stop the car in a distance of 1000 m in the
event of a brake failure?
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i Solution

W =8820 N, g = 9.8 m/s?, vo =55 m/s, v = 0, Xt - Xo = 1000 m
m = W/g =900 kg

Vi2 = Vo? + 2a(X - Xo),

0 =552+ 2a(1000), giving a=-1.51 m/s?

aF =ma= (900 kg) (-1.51 m/s?) = -1.36 " 10°N

The minus sign means that the force is a retarding force.



