Water Bucket Problem – Calculus/Physics Problem 1.0
1. A bucket weighs 4 lbs and starts with 40 lbs of water. It is raised up from an 80 ft well.

It rises at a rate of 2 ft/sec and leaks water out at a rate of 0.2 lb/sec. How many ft-lbs of work is done pulling the bucket to the top of the well.

(a) Physics Solution: Work done against gravity (assuming we only pull the bucket upward at a constant speed) is given by: W = mgh  (using weight or w = mg with pounds for units).

Or just the ‘easy’ definition of work: W = Fd  ‘Work equals force times distance.’ So…


Work (in lifting the 4lb bucket 80 ft upward) or WB = 4(80) = 320 ft-lb 


Work (in lifting the 40lb of water 80 ft) would​ be WW = 40(80) = 3200 but wait…

The water is leaking out! And… Does it leak completely out? And if so, when?

Since the bucket rises 80 ft at 2 ft/sec, it takes 40 seconds to get to the top (using d = rt).

The water leaks out at a rate of 0.2 lb/sec. So after 40 seconds,  we’d lose 0.2(40) = 8 lbs.
Hmm… We need to lift 40lb of water at the beginning and 40 – 8  or  32lb at the end…

We can use the Merton Rule and calculate a simple arithmetic mean…so in order to use the easy definition of work, we’ll find the average force or 
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 and get…


WW = 36(80) = 2880 ft-lb … so WB + WW = 
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Also, find the ‘area under the curve’ (trapezoid here!) 


Average Force is 40 lb over a distance of 80 ft so…



WB + WW = 
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(b) Calculus Solution: We can use the calculus definition of work: 
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The trick here is that with the information given, we’ll get F(t) before we get F(x)…


Also, t0 = 0 sec and tf = 40 sec. Initially F = 44 lb and in the end F = 4 + 32 = 36 lb


D(weight)/dt = – 0.2t (lb/sec) so: F(t) = 44 – 0.2t   vs   F(x) ???


Well…  using d = rt, we have:  x = 2t  (and also dx/dt = 2 ft/sec), so t = 
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Substituting into F(t) = 44 – 0.2t, we get F(x) = 44 – 0.2(
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Now we can integrate!  
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 = 3520 – 320 





or  
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Hey, we could have integrated with respect to ‘t’!   Since dx = 2dt …
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or  
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