Tutorial 8 – Spreading forces over surfaces

Instructor’s Guide

Overview

This tutorial is designed to help students understand the distribution of forces over surfaces, first in the context of ordinary contact forces and then in the context of hydrostatics.  Pressure is introduced as force per unit area; hydrostatic pressure is additionally introduced as the strength with which fluid would squirt out of a hole opened in a container.  Students eventually connect these ideas to free-body diagrams for layers of water in a beaker. 

Equipment

For this tutorial you will need to prepare special water containers, either one set for each student group, or one or two sets kept at the front for the whole class to use when they reach that activity.  The containers are essentially the ones pictured in exercises III.A, B, and C:  one “standard container,” one container the same width as the standard but deeper, and one container the same depth as the standard but a lot wider.  Plastic soda bottles with the tops cut off work fine; bigger containers would give more dramatic observations but might be harder to manage.  We use 16- or 20-oz soda bottles for parts A and B, and 2-liter bottles for part C. You will need to cut the minimum possible amount off the top of the 16- and 20-oz soda bottles (just the rounded part) and put the holes down as low as possible, or the water will just dribble out of the holes rather than squirting. Use a pushpin to make the holes.  Test your containers before using them with students – they can be tricky.  Students will need to fill the containers to the very brim.  Large buckets or dishpans of water are helpful.  

In addition to the water containers, it is helpful to have three identical disks to simulate three layers of water in a round beaker.  Six-ounce tuna cans are good for this purpose, or anything solid and similarly shaped will do.

Click here to see the tutorial homework.
Click here to see the tutorial homework solutions.
Click here to see the video documents for the Purple and Gray groups.
I.
A-C.  

Students are usually able to explain that the bed of nails is more comfortable than the single spike because the same force is spread over a greater area, and use similar reasoning to compare the hard floor to the bed of nails.  Many have trouble with the soft bed, however, reasoning that it is more comfortable just because it is “soft.”  See video clip Purple 2.  This isn’t exactly wrong, but it doesn’t relate the sleeper’s experience to physics concepts.  Sometimes students have not realized that the hard floor only touches certain points on the person’s body.  

D.

Most students can already recite the definition of pressure as force per unit area.  Students’ efforts to apply this definition often bring out tendencies to use various quantities interchangeably:  force and pressure, area and volume, volume and mass, cross-sectional area and surface area, etc. as in video clip Purple 1  and Purple 3.  Many other students have trouble reasoning with three quantities at once, explaining, for example, that in some situations “the pressure is less, because the area is greater, which makes the force less.”

II.


Students usually do fine answering these questions independently.  The intention of these questions is to help students start thinking about the forces exerted by contained fluids.
III.


A.

Students often sketch a qualitatively correct prediction.  Some students sketch a “rainbow” prediction, in which the top hole shoots water the farthest and the arcs are roughly concentric.  When explaining what causes the water to squirt harder from some places than from others, many students unfortunately offer a vocabulary word (“pressure”) rather than a mechanistic account (e.g., “the water above the hole presses down and squeezes water out of the hole, so the more water there is above the hole, the harder it squirts out”).  See if you can encourage students to explain how the effect happens.

B.

This exercise is surprisingly hard.  You might consider eliminating it from the tutorial so that students can spend their time on other questions.  The idea is to help students recognize that only the water above the hole affects the way it squirts out; however, many students think it’s the total amount of water that determines the squirting, and they spend a lot of time exploring that conviction.  The experiment that refutes that idea is somewhat difficult to perform because you have to hold the containers with their tops level rather than setting them on a table, as well as filling the two to the brim at the same starting time.
C.

Many students initially agree with Wendy.  Students who are familiar with the formula P = (gh sometimes agree with Doug, but their main reasoning will be formulaic.  More often, students think that Doug isn’t making any sense.  That’s fine, and instructors shouldn’t correct students at this point – just help them articulate their thinking.  The experiment is a bit tricky to conduct because students have to have the water levels aligned to make the relevant observation, and the water levels in the two containers fall at different rates!  It can help to point out to students that one container is a lot wider than the other (with the soda bottles we use it’s twice as wide), so if it’s hard to see any difference between the two, there’s probably not a significant difference…as in video clip Gray 2.  

Students are often very surprised by this observation and have a hard time accounting for it.  We hope they would decide that it’s not the total force exerted by the water above the hole (i.e., the weight of that water) that determines the strength of the squirting, but rather the weight of the water for each unit of area over which the weight acts (i.e., the weight per unit cross-sectional area of the container, which depends only on the depth).  See video clips Purple 5 and Purple 6 for an examples.  Gray 4 is another example.  In future versions of the tutorial, we plan to build more assistance for this reasoning into the worksheet.
Checkpoint 1

The purpose of this checkpoint is mainly to check students’ reasoning on the debate between Wendy and Doug.   Have them recount their initial reasoning, the observation they made, and whether and why they changed their minds.  Try to have them account for the observation as well as just make it (see above).

IV.
A.

These free-body diagrams are difficult and time-consuming for most students.  Some students include forces by non-adjacent layers (i.e., a force by layer 1 on layer 3); some include so-called buoyant forces in addition to normal forces between layers; some include weight forces in place of normal forces; and so on.  Having students agree on a communal free-body diagram can help, as can offering plentiful reminders of the basics of free-body diagrams.

Checkpoint 2
The purpose of this checkpoint is to insure that students have correct free-body diagrams.  A good way to check free-body diagrams is to go around the table with each student describing one force in detail – what object exerts the force, what object the force is exerted on, what type of force it is, and its magnitude (if known).  See above for some of the issues that arise.

A. (cont’d) and B.

Many students have ambiguous ideas about weight, volume, surface area, and cross-sectional area that come strongly into view for these questions, especially when they are showing where each of the contact forces is exerted (A.2).  The disks help TAs diagnose these issues, and help the students to clarify their own thinking.

Checkpoint 3
At this point, instructors should check on student understanding of which force is associated with which pressure, and over what area that force is distributed.  Have students use the disks to illustrate their answers.

V.
A.–D.

Almost everyone, including many TAs, initially thinks the pressure at T must be greater than the pressure at U because there’s “more water above it.”  Drawing the free-body diagram for the dashed box usually addresses the issue and helps people refine their conclusion that pressure is determined by depth (not just depth vertically above the point, but depth all the way to the water surface).  It can help to ask students whether there’s any significant pressure at point S.  If they’re not sure, ask them what they think would happen if they poked a hole in the container there: would water squirt out?
