
9/23/2013 Fall 2013, Calculus II Quiz 9 Solutions and Comments Sitaraman

1.Find the amount of work done (measured in lb-ft) in pumping all the water out of a tank with base 4 feet
by 5 feet and 4 feet tall. Water weighs 62.4 lbs per cubic foot.

As in class I will start the co-odinate system at the top edge, with the depth in feet given by y.
Then the horizontal strip at a depth y will have to be moved through a distance of y feet.
The strip at the top moves through 0 feet while the one at the bottom through 4 feet. So the integration

will go from 0 to 4, in terms of y.
The volume of such a strip of thickness ∆y is given by 4× 5×∆y = 20∆y.
Its weight (the foce of gravity) is then given by 62.4(20∆y) = 1248∆y.
So the work done is given by:

W =

∫ 4

0

1248y dy = 1248[y2/2]40 = 1248× 8 = 9984 lb-ft.

If you set up co-ordinates differently

If you set up the co-ordinates to start at the bottom, then the integral will go from 0 to 4 but the strip
of water at y feet height will have to go 4− y feet to reach the top.

Then your integral will be

∫ 4

0

1248(4− y)dy.

But the answer will be same. In fact you can see that this will look exactly like previous integral if you
make the switch 4− y = u and write the integral in terms of u.

You will get du = −dy =⇒ dy = −du and the integral will go from u = 4 to u = 0 but then∫ 0

4

f(u)(−du) = −
∫ 0

4

f(u)du =

∫ 4

0

f(u)du.

Why is it not integral of weight times height of entire tank?

Many of you did the problem by saying Work equals Force times distance. Here Force equals weight
which equals weight density times Volume. Volume is 4 times times 4 equals 80. You then prodeeded to
integrate 62.4 times 80 times the height.

This is wrong because different sections of the tank are at different depths. It takes more work to pump
out water at the top than the water at the bottom. That is why we find the work done by adding up the
work done in lifitng horizontal slabs of water at varying depths. You cannot calculate it by multiplying entire
weight of tank times its height.

It is possible, though, to say that the average height of a slab of water is h/2 = 4/2 = 2 and so work
done is total weight times 2 and you would be right, but we don’t know that the answer is right until we
integrate and see that we get the same answer.

Why is it not integral of Force times dx ?
This was done in problems involving force on an object moving a given distance, where the force is

changing. There Force times dx represents the work done in moving the object through a small distance dx.
When you add it all up it gives work done in moving the entire distance.

Here the force is constant for a given slab of water (force of gravity depends only on mass) but the slabs
are at different heights.
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