Tutorial 7 Homework

Name

SOLUTION

Work and energy

Tutorial section

Tutorial 7 Homework

Name

SOLUTION

Work and energy

Tutorial section


I. Weightlifter

A weightlifter grabs a 100 kg dumbbell that’s sitting on the floor and lifts it 2.0 meters to a point over her head.  Then she holds the dumbbell over her head, motionless, for several seconds.

A. How much work did she do on the dumbbell while lifting it?  Show your reasoning.

Since the force points along the direction of motion, the work she does on the dumbbell equals the force she exerts times the distance she moves it:  Wlifter on dumbbell = Flifter on dumbbell∆x.  To keep the dumbbell moving upward at steady speed (zero acceleration, hence zero net force), the lift force must equal the downward gravitational force—the dumbbell’s weight.  So, Flifter on dumbbell = Mg = (100 kg)(9.8 m/s2) = 980 newtons.  Lifting that weight through 2 meters therefore takes Wlifter on dumbbell = (980 newtons)(2.0 m) = 2000 joules of work, to 2 significant digits.

B. How much work did she do on the dumbbell while holding it over her head?  Explain.

Zero!  Work equals force times distance, and the dumbbell isn’t moving through any distance:  ∆x = 0.

C. The weightlifter says,

Don’t even try to tell me I’m not doing work while holding the dumbbell over my head.  I’m working hard—look at me sweat, and look how tired I get!

Reconcile your part b answer with the weightlifter’s feeling that she’s doing work on the dumbbell while holding it motionless.  In other words, explain how it’s the case that the weightlifter gets tired even though she’s not doing work on the dumbbell.

In everyday speech, “doing work” and “expending energy” mean the same thing.  The weightlifter is undeniably correct that she’s expending energy while holding up the dumbbell.  But in physics, you can expend energy without doing work.  Roughly speaking, you do work when you give “useful” (kinetic and potential) energy to an object.  While holding the dumbbell in place, the weightlifter gives it no additional energy; she just allows it to keep the potential energy it already has.  So, the weightlifter expends energy without doing work.  The energy she expends goes into heat production (she gets hot!), sweat production, muscle twitching, and so on—but it doesn’t go into the dumbbell.  

II. Sofa pushed up ramp

A sofa is mounted on rollers so that it moves with negligible friction.  Pushing that sofa up a ramp from the street onto a moving van, a worker does 1600 joules of work on the sofa.  Yet, the sofa gains only 100 joules of kinetic energy; it’s not moving too fast at the top of the ramp.  How is this possible?  Is energy conservation violated here?  Explain.

The work done by the worker on the sofa is the kinetic and potential energy he gives the sofa.  Since the sofa goes up a ramp, it definitely gains gravitational potential energy:  The higher off the street it gets, the more “potential” it has to gain speed if it falls.  So, energy conservation isn’t violated:  Of the 1600 joules of work done by the worker on the sofa, 100 joules go into the sofa’s kinetic energy while the other 1500 joules go into the sofa’s potential energy.

Rocket

A rocket of mass 6.0 kg takes off from the ground and goes straight up.  During the first 100 meters of its ascent, the engine exerts a 80 newton upward force on the rocket.

A. How much work does the engine do on the rocket during those first 100 meters?

Since the force points along the direction of motion, the work done by the engine is the force it exerts times the distance over which it exerts that force. So, during the first 100 meters, the engine does work Wengine on rocket = Fengine on rocket∆x = (80 newtons)(100 meters) = 8000 joules.  (The problem told us that Fengine on rocket = 80 newtons.)

B. Assuming kinetic and potential are the only kinds of energy the rocket gains, how much kinetic energy does the rocket have at the moment it’s 100 meters above the ground?  (Hint:  You’ll need to use a formula for gravitational potential energy but not a formula for kinetic energy.  Think about the relationship between work and energy.  To keep the math less messy, approximate g as 10 m/s2.)

In tutorial, you figured out that an object of mass m, when lifted to height h, has gravitational potential energy mgh.   So, at height 100 meters, the rocket has gravitational potential energy mgh = (6.0 kg)(10 m/s2)(100 meters) = 6000 joules.  But as we saw in part A, the engine did 8000 joules of work on the rocket, which means the rocket gained 8000 joules of “useful” (kinetic and potential) energy.  Since the rocket gained 8000 joules of useful energy, and since 6000 of those joules are potential energy, the other 2000 joules must be kinetic energy.  

C. At height 100 meters, the rocket has 1850 joules of kinetic energy, which is less than your part B answer.  Is energy not conserved, or is something else going on?  Where are the “missing” joules?

As the rocket cuts through the air, air resistance saps away some of its kinetic energy.  Specifically, the nose of the rocket starts heating up, as does the air it touches.  That heat energy has to come from somewhere—in this case, the rocket’s kinetic energy.  So, the “missing” kinetic energy didn’t just disappear; it changed into another form, “heat.”

III. Ramp vs. straight up

A lazy professor wants to lift a cart from the floor onto a table.  He can either lift it straight up along path 1, or he can push it up the ramp along path 2 (see the dashed lines in the diagram).  If he chooses path 2, the cart rolls with negligible friction.  Whichever path he chooses, the cart starts at rest on the floor and ends at rest on the table.  Here’s the issue:  Along which path will the professor do less work on the cart?

A. Why might a smart student say the professor does less work lifting the cart along path 1?

It’s a shorter path; he doesn’t need to lift over as much distance.  Intuitively, less distance means less effort. 

B. Why might a smart student say the professor does less work pushing the cart along path 2?

Pushing something up a ramp is easier than lifting it straight up, because on the ramp, you don’t fight gravity “head-on.”  In other words, the professor exerts less force if he uses path 2.  Intuitively, less force means less effort.

C. Along which path, if either, does the professor do less work?  Hint:  Think about the connection between work and potential energy (in cases where the object gains no kinetic energy).

Same work along either path!  The work done on the cart equals the kinetic and potential energy it gains. It doesn’t gain kinetic, because it starts and ends at rest.  Along both paths, however, the cart gains the same height—and hence, the same gravitational potential energy.  So, along both paths, the same work is done on the cart.

D. Reconcile your part C answer with the arguments given in parts A and/or B.  In other words, show how elements of the “incorrect” ideas from parts A and/or B can be used to correctly explain why your part C answer makes intuitive sense.  Continue on back if needed. 

Work depends on both force and distance:  Wprof on cart = Fprof on cart∆x.  Along path 1, the professor pushes the cart for less distance (as noted in part A), but he exerts a greater force, since he’s fighting gravity head-on (as noted in part B).  By contrast, along path 2, the professor pushes with less force but over a greater distance.  So, the greater distance of path 2 compensates for the greater force along path 1.  The work—the force times distance—works out the same in both cases. We can graphically represent that compensation as follows:  

F∆x = F∆x,   where the left side of that equation refers to path 1, and the right side refers to path 2.  This explanation reconciles the correct answer about work with the “incorrect” answers from parts A & B, because elements of our reasoning from parts A & B are built into this explanation.  A reconciliation shows what’s right about seemingly “wrong” bits of reasoning.
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