MTH 174 7.5 Handout

Definition of 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 force is defined as W = FD.

v e

MT3WNIINE% | Lifting an Object

Determine the work done in lifting a 50-pound object 4 feet.
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Definition of Work Done by a Variable Force
If an object is moved along a straight line by a continuously varying force F(x),
then the work W done by the force as the object is moved from

x=a to x=0b

is given by

W= (lim, 2 AW

L = J’: F(x) dx.
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1. Hooke’s Law: The force F required to compress or stretch a spring (within its
elastic limits) is proportional to the distance d that the spring is compressed or
stretched from its original length. That is,

F=kd

where the constant of proportionality k (the spring constant) depends on the
specific nature of the spring.
2. Newton’s Law of Universal Gravitation: The force F of attraction between two

particles of masses m, and m, is proportional to the product of the masses and
inversely proportional to the square of the distance d between the two particles. That is,

m,m,
d*’

F=G

When m, and m, are in kilograms and d in meters, F will be in newtons for a value
of G = 6.67 x 10~!! cubic meter per kilogram-second squared, where G is the
gravitational constant.

3. Coulomb’s Law: The force F between two charges ¢, and g, in a vacuum is
proportional to the product of the charges and inversely proportional to the square of
the distance d between the two charges. That is,

992

F=k"32

When ¢, and g, are given in electrostatic units and d in centimeters, F will be in
dynes for a value of k= 1.
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[{ Compressing a Spring

+ <« <> See LarsonCalculus.com for an interactive version of this type of example.

A force of 750 pounds compresses a spring 3 inches from its natural length of
15 inches. Find the work done in compressing the spring an additional 3 inches.

Natural length: F(0) =0

Figure 7.48
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Moving a Space Module '

A space module weighs 15 metric tons on the
surface of Earth. How much work is done in
propelling the module to a height of 800 miles
above Earth, as shown in Figure 7.49? (Use

4000 miles as the radius of Earth. Do not consider
the effect of air resistance or the weight of the
propellant.)

e into Orbit

Figure 7.49
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Figure 7.50
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A spherical tank of radius 8 feet is half full of oil
that weighs 50 pounds per cubic foot. Find the

work required to pump oil out through a hole in T
the top of the tank.
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Lifting a Chain

A 20-foot chain weighing 5 pounds per foot is lying coiled on the ground. How mucy
work is required to raise one end of the chain to a height of 20 feet so that it is fully
§ cxtended, as shown in Figure 7.51?

Work required to raise one end of the
chain
Figure 7.51

Work done by expanding gas
Figure 7.52
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APL"B Work Done by an Expanding Gas

A quantity of gas with an initial volume of 1 cubic foot and a pressure of 500 pounds
per square foot expands to a volume of 2 cubic feet. Find the work done by the gas.
(Assume that the pressure is inversely proportional to the volume.)

8|Page



