Reconciling intuition:  The case of normal force






Interactive Lecture Demonstration 3
        

Name:  ____________________    Tutorial section _______

Reconciling intuition by looking at it another way:  The case of normal force
I. Is the normal force really a “force”
Consider a book sitting on a desktop.  Physics classes train you to draw something like the free-body diagram shown here.  Two students, however, think this diagram doesn’t make much sense:

MARIA:  On the one hand, they tell us a force is a push or pull exerted by one object on another.  But the desk doesn’t push on the book in the same way a person pushes on a book.  The desktop just blocks the book from falling.  So, although I know we’re supposed to call the normal force a “force,” I don’t think it makes sense.
CARLOS:  Along those same lines…If the book weighs 5 pounds, the normal force is 5 pounds.  But if the book weighs 10 pounds, the normal force is 10 pounds.  So, the normal force “adjusts.”  How does the desktop “know” how strong a force it needs to exert?  Desks aren’t that smart!
A. (Work individually)  When it comes to learning physics, do you think Maria and Carlos are raising good issues, or do you think they’re likely to get sidetracked and/or confused?  Explain.

B. Discuss your part A answer with a neighbor.

C. (Work together)  To sidestep the intuitive problem Maria brings up, can we just say the desktop exerts an “influence” that isn’t a force, an influence that prevents gravity from making the book fall down? Hint:  Check for Coherence with Newton’s 2nd law.

(
Class discussion:  Believing vs. understanding
Rigid vs. springy objects
Dr. _________ has set up an interferometer, a laser-based device designed to detect small movements.  Dr. ______ will place a book on the slate desktop and use the interferometer to see if the desk compresses in response to the book’s weight.

D. (Prediction; work together)  Do you think the desk will compress?  Or will it stay rigid?  Explain.

(
Class discussion & experiment

E. Since even a rigid desktop is a little springy, let’s explore the intuitive issue of whether a spring pushes.  Dr. _______ will do a series of mini-experiments.  After each one, you’ll answer a question.

1. (Work together)  Consider the horizontal spring acting on a cart, as Dr. ______just demonstrated.  Intuitively, would you say the spring pushes on the cart, i.e., exerts a  force on the cart?  Briefly explain.

2. (Work together)  Consider the modified version of the spring acting on a cart, as Dr. ______ just demonstrated, with he cart held in place ratherht than released. Intuitively, would you say the spring pushes on the cart, i.e., exerts a  force on the cart?  Briefly explain.

3. (Work together)  Now consider the vertical spring acting on a cart, as Dr. ________ just demonstrated.  Intuitively, would you say the spring pushes on the cart, i.e., exerts a  force on the cart?  Briefly explain.

4. (Work together)  Now consider the modified version of the vertical spring acting on a cart, as Dr. _________ just demonstrated.  So, instead of a person resisting the spring, as occurred in experiment 2 above, gravity  resists the spring.   Intuitively, would you say the spring pushes on the cart, i.e., exerts a  force on the cart?  If you have competing intuitions, say so.

(
Class discussion

5. (Work together)  Suppose you put a heavier object on the spring.  How does the spring “know” to exert a bigger upward force than before?

F. Keeping in mind the interferometer experiment, give an intuitive explanation for how the desktop pushes on a book.  In other words, address Maria’s intuitive objection from the beginning of this lesson.

G. When you place a heavier instead of a lighter book on the desktop, how does the desktop “know” to push up with a stronger force?  (This addresses Carlos’s intuitive objection from the beginning of this lesson.)

(
Class discussion:  What was the point of today’s lesson?
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