WORK PROBLEMS - lifting    CALCULUS 2       NAME_______________________________

WORK REVIEW         W = F x d

If a constant force is applied across a distance, it is very straight forward!

Ex:  A 10 pound weight is pushed across a frictionless surface for 50 ft.  How much work is done?
W = F * d = 50 ft * 10 lb = 500 ft-lb

BUT – what if it’s not a constant force applied through a distance?  What changes?

Ex:  A 50 pound rock is attached to a cable (weighing .3 lb/ft).  I am standing on a ledge 20 ft. above the ground and want to pull the rock to the ledge.  How much work is done?

Recall W = F * d

What is the Force?  It is considered as the “weight’ = the force that we have to overcome is the force that gravity pulls the rock toward earth….i.e. the weight!

Is the force (weight) constant?  NO – as the cable is pulled up, the total weight changes, because there is less cable extended.  How do we account for this?

We imagine that we will determine the work done in pulling the rock up a very small amount.  Then we’ll pull it up another very small amount.  Then we’ll pull it up another very small amount, etc, etc.  THEN – we will accumulate (or sum) all the individual amounts of work to determine the total work.

What does this sound like??  INTEGRATION

STEP 1) represent the amount of work done in pulling the weight up a very small distance.

W = F*d

F = weight of the rock + weight of the cable (during that brief interval)

D = a very, very small distance 
STEP 2) sketch a diagram to illustrate the physical situation, and determine the amount of Force & distance associated with a specific x-value (let’s try x = 1)
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At x = 1, what is the work? F = 50 lb + the weight of 19 ft of rope = 50 lb + 19 ft * (.3 lb/ft)

The distance you move this specific amount of weight is very small, let’s call d = delta x
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At x = 2, what is the work?  F = 50 lb + the weight of 18 ft of rope = 50 lb + 18 ft * (.3lb/ft)

The distance you move this specific amount of weight is very small = delta x
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At x = 3, what is the work? F = 50 lb + the weight of 17 ft of rope = 50 lb + 17 * (.3lb/ft)
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Can we find a general formula for the work done at any point, x, in the interval??
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Does this seem REASONABLE????
STEP 3)  Determine the TOTAL amount of work done

We will now ACCUMULATE (SUM) all the work – INTEGRATE!
W = 
[image: image6.emf]f (50 + (20 - x)(.3))dx
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We can identify parts of our equation that correspond to physical attributes within our problem.  This MUST be our guide in setting up these problems.  

Practice problems:
1.  A worker on a roof 50 ft above the ground needs to lift a 300 lb bucket of cement from the ground to a point 20 ft above the ground by pulling on a rope weighing 4 lb/ft. How much work is required?

2.  A banner in the shape of an isosceles triangle is hung from the roof over the side of the building. The banner has a base of 25 ft and a height of 20 ft. The banner is made from material with a uniform density of 5 pounds per square foot. Set up an integral to compute the work required to lift the banner onto the roof of the building. Evaluate the integral to find the work.
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