Introducing Work

JiTT questions before class, or can be given as reading homework:

Question 1: What is the definition of work?
Solution: Work is the change in the total energy of a system due to forces external to the system.

Question 2: A person pushes against a brick wall with a force of 5N. How much work is done by the person?

Solution: Well, presumably the wall is unaffected (does not move), so the person does zero work on the wall.

In-class concept questions:
1. In which of the following situations is work done?

A. Whenever one object pushes on another while moving the second object through a distance in the direction of the force.

B. Whenever one object pushes on another.

C. Whenever an object moves through a distance.

D. Work is always done in all three of the above situations.

E. None of the above—work is done only when you have to mow the lawn.

1 A Discussion: Answer A is essentially the definition of work. Work requires both a force and motion through a distance (in the same direction as the force) and so B and C cannot be correct.

2. In which of the following situations is work done?

A. Earth does work on the moon as the moon completes one orbit.

B. The road does work on your car as you drive one mile down a straight road at a constant speed

C. You do work on your book pack as you stand and talk with your friend for 30 minutes while holding it on your back. That is why your back gets tired.

D. The upward force by your shoulders on your book pack does work on the book pack as you walk horizontally across the room.

E. None of the above—work is done only when you try to figure out these questions.

2 B Discussion: Answer A cannot be right since the Earth’s gravitation force on the moon is always perpendicular to the moon’s orbital motion. To do work, a force must be in the direction of the motion.

Answer B is correct since the frictional force by the road on the car points forward in the car’s direction of motion. It is this external force that pushes the car along. Even though the net external force on the car is zero, since it has a constant velocity, the forward frictional force is still doing work on the car. The net force is zero since the frictional force by the road on the car is balanced by a backward force by air drag on the car, but answer B only refers to one of these forces, which does indeed do work on the car. In answer C, nothing moves, so no work is done. Finally, in answer D, the upward force by your shoulders on the book pack, which holds it up against gravity, is perpendicular to the direction the pack is moving, and so that particular force does no work on the pack.

3. Suppose you slowly lift a book weighing 12 N from the floor to a shelf 2 m above the floor. You move the book at a constant speed. While you are lifting it, how large is the average net force on the book? (For these questions, consider the book your system.)
A. 12 N.

B. 24 N.

C. 0 N.

D. 6 N.

E. None of the above.

3 C Discussion: Since the book is being raised uniformly, i.e., at a constant velocity, then the average net acceleration is zero and so is the average net force according to Newton's law of motion.

4. How large is the average net force by your hand on the book?

A. 12 N.

B. 24 N.

C. 0 N.

D. 6 N.

E. None of the above.

4 A Discussion: The average net force on the book is zero because you are lifting up on the book with a force that exactly cancels the force by Earth on the book, i.e., its weight, which is 12 N.

5. How much work is done by you on the book?

A. 12 J.

B. 6 J.

C. 0 J.

D. 24 J.

E. Enough to work up a good sweat.

5 D Discussion: You lift upward on the book with a force of 12 N as it moves upward through a distance of 2 m. Thus, you do an amount of work on the book equal to W = F·d = (12 N)·(2 m) = 24 J.

6. Since there is work done by you on the book, how can the book not have any kinetic energy when you put it on the shelf?

A. Only because you do negative work on it as you slow it down to put it on the shelf.
B. Its potential energy increased.

C. Gravity does work on the book.
D. Cannot answer this question for this definition of system.
E. It does have kinetic energy. It goes flying off the shelf!

6 C Discussion: Since you also had to speed it up from rest, the answer cannot be A. Since the Earth is not in the system, you cannot have potential energy, which is always due to the configuration of the system (unless you are deforming the book). If the Earth is not in the system, it exerts a force on the book, which does work. This work is negative since the force and displacement are in opposite directions. All this definition of system changed is what we defined as work (due to an external force) vs. change in potential energy from separation of objects inside the system.
At this point, we would do some truly nasty examples, with at least one using multiple definitions of systems to make sure the students get the differences. It is extremely important to bring up this difference explicitly, since a common error students make is to use work due to a force and the potential energy due to that interaction in the same problem. According to the force, it can be much easier to think in terms of potential energy (for instance springs) and it is easy to introduce this concept in terms of gravity, since it is a constant force near the surface of the Earth.

After-class homework questions (can also be used for small group discussion in lab or practicum setting):

1. Can a force inside a system do work on the system?

Solution: No, a force only performs work if it is external to the system it is affecting.

2. Determine what type of work (positive, negative, or zero) is involved in each of the following interactions:

A. You slow a rolling ball to a stop (the ball is defined as the system).

B. You and a friend lift a sofa (the two of you, the Earth and the sofa are defined as the system).

C. You push against a car, but do not move it (the car is defined as the system).

D. A golf club strikes a stationary golf ball, driving it downrange (the ball is the system).

Solution:
A. Negative- the force vector points in the opposite direction of the displacement vector.

B. Zero- although you and your friend would exert yourselves to lift the sofa, if you are defined to be a part of the system then by definition you can do no work on the system.

C. Zero- the reasoning here is slightly different from part B, in that although you are not a part of the system (and therefore can do work), the point of application of force undergoes a zero displacement, thus you perform zero work.

D. Positive- in this instance the force vector will point in the same direction as the displacement, producing positive work.

