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Summary of Chapter 5
The interaction that can cause acceleration is called a force which is either a push or a pull on the object. The study of the relationship between the force and the acceleration is called classical or Newtonian mechanics. The fundamental relations of classical mechanics are contained in Newton’s Laws of motion that we will discuss three of them in this chapter.

Newton’s First Law
If a body is a rest, it stays at rest. If it is in motion with constant velocity, it will continue with the same velocity (magnitude and direction) unless it is acted upon by a net external force. 


[image: image1]Remember that if the velocity is constant, then the object cannot accelerate.

Force
Now that we have defined a new physical quantity (force) we must define a unit for it so that we can measure it. Since force causes acceleration of an object that has mass, we can make this connection as our definition. 

We define the force that causes an acceleration of 1m/s2 for 1 kg mass to be 1 Newton (N). So the unit of force is Newton and 
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If we double the force (2N) while keeping the mass constant, then it is accelerated by 2m/s2. 
The force is measured by the acceleration it produces. Since acceleration is a vector quantity, so is the force. The force is labeled 
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 and has both magnitude and direction. The acceleration happens exactly in the same direction as the applied force, since the mass is only a scalar quantity.
Forces can be combined to give what is called “resultant or net force”. To find the resultant force or net force, we add forces as vectors in the same way we have dealt with vectors in chapter 3 
Mass

Now let us go back to the definition of the force in which both mass and acceleration are involved. Everyday experience tells us that the same force applied to different objects can result in different amounts of acceleration. For example, a thrown small object moves away from you quickly than a large object if the same force is applied to both of them. The acceleration differs because the mass is different. 
But what is the mass?
Let us apply the same force to bodies of different mass. 

If we double the mass, the acceleration is decreased by a factor of two. Thus, the acceleration is inversely proportional to the mass:
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If we compare an unknown mass mx with a known mass m1 and measure their acceleration, we can derive the unkown mass (from the above equation):
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Mass is an intrinsic property of objects. It is its ability to resist forces in their attempts to accelerate. The more mass the object has, the less acceleration it will have.
Newton’s Second Law

The net force on a body is equal to the product of the body’s mass and its acceleration. 
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(Newton’s second law)

Important: The forces involved in the above equation are all the forces acting on the body of mass m.  Other forces that may be applied to other bodies are not to be included.
This is a vector equation and can be decomposed along the three coordinate axes to get the following three equations:
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The acceleration along the x-axis is due to the net force along the x-axis.  This holds for each axis individually. 
Important: the acceleration along a given axis is caused only by the sum of the force components along that same axis, and not by the force components along any other axis.

To solve problems in which more than one force is involved we draw a so-called free body diagram.

The body is represented by a dot. The forces are shown with the tail end of the vector at the dot. 
If we have a collection of particles, we call this a system. Forces between the particles of the system are called internal forces. In this part of the course we are not interested in internal forces. We are interested in the external forces acting on the body. We get the net force and apply Newton’s second law to solve the problem. 
Some Particular Forces

· The Weight 
The weight 
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of an object is the force of gravitational attraction between an object and the Earth. It equals the product of the mass of the object and the acceleration due to gravity 
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 at the location of the object. 
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The weight is a force and therefore has units of Newton (N). Be careful not to confuse the weight of an object with its mass. A mass of 5 kg has a weight of 49 N (on the surface of the Earth of course).

· The Normal Force
Your book sitting on the desk is subjected to two forces. The weight due to gravity and the force of support provided by the desk on the book in the upward direction. We call this force a normal force 
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. The name normal means the force is perpendicular to the surface that provides the support.  See the figures below on how to draw the vector
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 when you are given a problem to solve.
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· Friction
A frictional force (
[image: image15.wmf]f

r

) is the force on a body when it moves or attempts to move along a rough surface. This force is directed along (or parallel to) the surface and opposes the motion. We will discuss this force in details in chapter 6.

[image: image16]
· Tension
A tension (
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) is the force on a body from a taut string or cord at its point of attachment. The force points along the cord, away from the body. For massless cords the pulls at both ends of the cord have the same magnitude 
even if the cord runs around a massless, frictionless pulley.
Newton’s Third Law
Forces always occur in pairs. If object A exert a force 
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on object B, then object B exert a force 
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of equal magnitude and opposite direction on object A, that is
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Problem Solving Techniques


The general method for solving problems dealing with Newton’s second law is:


1. Draw a neat sketch of the objects involved in the problem.


2. Isolate the object of interest and draw a free-body diagram, showing each external force that acts on the object.  Draw a free-body diagram for each object of interest.


3. Chose a convenient coordinate system for each object, and apply Newton’s second law in component form (� EMBED Equation.3  ���) to each object.


4. Solve the resulting equations for the unknown quantities using whatever additional information is available.


5. Check your results to see if they are reasonable.
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