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Force

A force can be thought of as a push or a pull; a force changes the state of rest or the state of motion of a body.  For example, for gravitational forces on the earth, it is common to use units of measure that correspond to the weight of an object.
Work Done by a Constant Force

If an object is moved a distance, d, in the direction of an applied constant force, F, then the work, W, done by the constant force is defined to be

Exercise 1:  Compute the work done in lifting a 185-pound object five feet.

Work Done by a Constant Force

Suppose that an object is moved along a straight line from x = a to x = b by a continuously varying force, F(x).  In order to create a formula that calculates the total work done by a variable force, we do the following.

First, partition 
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 into n subintervals.  A typical subinterval is
Second, note that if n is large and since F is continuous, then F is approximately constant on each subinterval.  Thus, on 
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, for any 
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Third, summing up the approximations of the work done on each subinterval, we get an approximation for the total work.


W 
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where 
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Finally, the approximation becomes an exact calculation when we let
Therefore, we define the total work to be

W =

Some Well-Known Physical Laws of Force

In order to calculate work, we need to know the formula for a given force.  The following two laws of physics were developed in the seventeenth and eighteenth centuries.

	Hooke’s Law (Robert Hooke):  The force, F, required to compress or stretch a spring is proportional to the distance, d, that the spring is compressed or stretched from its original length.
That is,     F =

where k is the constant of proportionality (the spring constant), which depends on the particular spring.
	Law of Universal Gravitation (Isaac Newton):  The force, F, of attraction between two particles of masses m1 and m2 is proportional to the product of the masses and inversely proportional to the square of the distance, d, between the two particles.

That is,     F =


Exercise 2:  A force of 1,200 pounds compresses a spring five inches from its natural length of two feet (twenty-four inches.)  Calculate the work done in compressing the spring an additional seven inches.

By Hooke’s Law, the force, F(x), required to compress the spring x units from its natural length is F(x) =
From the given data, we have
F(5) =
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And by Hooke’s Law,

F(5) =

Hence, F(x) =

Because the spring is compressed from x = 5 to x =


inches less than its natural length, the total work done is


W =

Exercise 3:  A space module weighs twenty tons on the surface of the earth.  How much work is done in propelling the module to a height of 500 miles above the earth?  Do not consider the effect of air resistance or the weight of the propellant.
By the Law of Universal Gravitation, the weight of an object varies inversely as the square of its distance from the center of the earth.  Thus, the force, F(x), exerted by gravity is


F(x) =



where c is the constant of proportionality

The module weighs twenty tons on the surface of the earth, and the radius of the earth is approximately 3,960 miles.  Thus, we have
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 F(x)    =
Since the module is propelled from x = 3960 miles (from the center of the earth) to x =
the total work done is

W =
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