Math 2300: Calculus 2 Work - Basic Formulas and Units

6.6 Applications to Physics and Engineering - Work

In Physics, a force is a push or pull on an object.

Newton’s 2nd Law of Motion: If an object moves along a straight line and its position is given by a function
s(t), then the force F' on the object is given by
F=ma

“Force equals mass times acceleration.”

When a force moves an object, we say the force does work on the object. Work can be thought of as the amount
of energy it takes to move an object.

The work W done by exerting a constant force F' over a distance d is given by
W = Fd.

“Work equals force times distance.”

Relevant Units

In the SI metric system:

e Force is measured in Newtons (N = kg - m/s?)
e Mass is measured in kilograms (kg)
e Distance is measured in meters (m)
e Work is measured in Newton-meters (N-m) a.k.a. joules (J)*

In the US Customary system:
e Force is measured in pounds (I1bs)
e Distance is measured in feet (ft)
e Work is measured in foot-pounds (ft-1b)

Note:
e The weight of an object is the force on the object due to gravity, NOT its mass.
/ e In the US system, the fundamental unit is the unit of force. (There is a unit of mass,
called a slug, but it is not commonly used.)
e Acceleration due to gravity, denoted g, is approximately 9.8 m/s? in SI units and _appres-
imately 32 ft/s? in US units. '
e The density of water, denoted p, is approximately 1000 kg/m? in SI units.

*One joule is the amount of work done by a force of 1 N over a distance of 1 meter.
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6.6 Work Examples

Example 1: It takes a force of 10 N to compress a spring 0.2 m from equilibrium. How much work is done to
stretch the spring 0.5 m from equilibrium?
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Example 2: If 10 J of work is needed to stretch a spring 0.5 m beyond its natural length, how much work is
needed to stretch it from 1 to 2 m beyond its natural length?
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Example 3: A cable that weighs 2 1bs/ft is attached to a bucket filled with water that weighs 40 lbs. The bucket
is initially at the bottom of a 100 ft well. Determine the amount of work necessary to lift the bucket
to the top of the well.
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About linear densities:
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Example 4: A cylindrical tank with radius 4 m and height 10 m is filled with water to a level of 8 m. Find the
work required to pump the water out of the top of the cylindrical tank.
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Example 5: A conical tank with base radius 4 m and height 10 m is filled with water to a level of 8 m. Find the
work required to pump the water out of the top of the exhndsieat tank.

(o + Now H,\e. \;o\uww o a Clice o!lfend.s on
8 + whod l«)ejﬂ\n\- Yo sliee ot

\6" W=F-d= mg_d f'\/o‘

! /

° Need o Hind Hwse
for each waktr pumging probo.

vol= volume of o <lhce

d = distance from the
s lice o ‘\"P/Spou'\‘

Ouv s lices lok (ke Qisks otapfm'. @}4}

vol = Krzala_
gw\’ w\na‘\' $ Vv in teems of 9’0
i T 'o”. Simi lav +viay\3|'.s,
r_4

Also ol = IO—% Y, o\\/\l‘;f-ﬂ (%g}bda 8. (,0’50

& <
S W= [ prgm (By) (0-dy
— jf 1900 - (2.8) T ( é%)z (10-9.) Ay



Math 2300: Calculus 2 Applications - Work

Example 6: A tank is formed by taking half of a cylinder of radius 5 m and height 14 m and laying it on its side.
It is filled with water to a level of 4 m. Find the work required to pump the water out of the top of
the cylindrical tank.
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