Tutorial 5 – Free Body Diagrams
Instructor’s Guide

Overview

This tutorial is designed to help students understand when and how free body diagrams (FBDs) are helpful.  Many students approach FBDs as though they’re just required things one does to show the instructor they understand the situation.  They also believe that many force problems in physics can be done without them.
In some cases, they’re absolutely right!  The main activity in this tutorial asks two questions for a boxes-on-rollers system: one that is easily solvable without an FBD, and one where an FBD would help.

We use a new device called playing the implications game as well.  Students are asked to make a prediction about forces that they can check is wrong provided they receive guidance on what implications to investigate.  FBDs help them do this.  A good experience this week with the implications game may let students become much more effective at catching their own mistakes and considering the consequences of their answers.
Click here to see the associated ILD.
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Click here to see the tutorial homework.


Click here to see the tutorial homework solutions.
Click here to see the video documents for the Blue and Yellow groups.
I.

You’ll want to know what students think about FBDs at the beginning of the tutorial.  There are no checkpoints here, but float around and watch the kind of things they say.  Instructional support helps these questions work, so you can go around and ask for their opinions in an open-ended way.  We hope the students will eventually agree with Daphne, but at first, you want something honest more than “phony and what you want to hear.”
Even though Daphne has the right epistemological idea, students can label forces inaccurately assuming that “they know what they mean,” but this could lead to conceptual troubles later.

II.

This section of the tutorial has been discussed in depth in a published article: R. E. Scherr and E. F. Redish, “Newton’s Zeroth Law: Learning from listening to our students,” accepted to The Physics Teacher, June 2004.
In our old version of this tutorial, sections II and III were reversed.  The problem (you’ll see it in video later) was that the friction issue for the horse-and-wagon problem took up so much time that students couldn’t get to the neat “implications game” stuff in this section.  Therefore, we made this the first physics activity students do in this tutorial.
A.

The accelerations of the two blocks are the same if they’re pushed together.  One common mistake is for the students to apply 200 N as F in a = F/m.  This is like saying that the whole 200 N force is separately applied to both boxes.  Then, with two different masses, they’ll get two different accelerations.  For an example of students discussing this idea, see video clip Yellow 3.  If they got the right answer quickly (as we suggest), they shouldn’t need a free body diagram to do it.  One question you could ask to guide them in the right direction is, “Imagine you saw this happening in a home movie.  Could you describe the motion of the boxes?  Do they stay together, or does one get out ahead of the other?  What does that imply about their position, velocity, and acceleration?”
In question 4, an honest answer for many students is, “No, a FBD is completely superfluous here.  Make sure they’re not being phony about this.

B.

A common intuition for students is that the whole 200 N gets transferred to box B.  That’s why we phrased the question this way.  It’s a tangible thing, and students can apply their intuition (that 200 N gets transferred through) by referring to a real consequence (the stuff inside the box breaks).

C.

You’ll get a chance to look at their diagrams soon.  All students will have done the N3 tutorial, and should be able to recognize which forces make up the N3 pairs.  However, it’s still a natural thing for some students to “cancel out” the force of Box A on Box B with the force of B on A.  See video clip Yellow 4 for students using that line of reasoning to argue that it’s really only the 200N hand force that matters.
Checkpoint 1

The purpose of this checkout is to insure that students have correct free-body diagrams at this point.  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).  For box A, some students initially draw just three forces (the weight force, the normal force, and the force exerted by the person).  TAs may help by asking, “If you were box A, what would you feel touching you?”  Students often remind each other that box A feels box B pushing back on it, and add that force to their free-body diagrams.  For box B, students usually draw the correct number and direction of forces.  Many students label the force to the right as being 200 N and/or as being exerted by the person.  TAs should NOT correct that error at this time; instead, they should let students proceed with the tutorial, which helps them critically examine their initial assertions later on in the lesson.  Similarly, TAs may inquire (“just out of curiosity”) about students’ intuition regarding the glassware, but should NOT correct them if they’re wrong.  

C. (cont’d)

If box A exerts 200 N on box B, then B exerts 200 N on box A.  That means the net force on A would be zero, and it can’t accelerate at all.  That means that we should reject the notion that all the force is transmitted to B.  Students sometimes have a hard time making this final leap.  They may say that all of this doesn’t make any sense… but that’s precisely the point!  See video clip Blue 3 followed by Blue 4.  Yellow 5 also deals with this point.  They have to learn here that if the implications to a certain answer are ridiculous, then the initial answer must be ridiculous if all the intermediate steps are valid.
D.

Hopefully, the FBDs let them see what the N3 pair was and that the net force is zero in the implications game.  Some students, even now, don’t think that FBDs are that useful.  It would probably be damaging epistemologically to force the issue too much, but maybe you can get them to sympathize and say for some people, FBDs are a little more than just something for an instructor to check.  For example, the FBD may help you realize that the force from B on A is 200 N.
E.

This is easy… provided that they got question A above right.  All it takes is using the mass and (already-calculated in A) acceleration of B.
Checkpoint 2

For this checkout, TAs should listen to students recount their reasoning for the “implications game,” and state their conclusion regarding the glassware.  TAs should also make sure to ask about question D (whether free-body diagrams were helpful).  It can be helpful to contrast this problem with the first one, in which free-body diagrams weren’t necessary.

Many students have enough trouble with them that you’ll be checking them out informally anyway.
F.
G
Students have offered a number of interesting responses to this prompt.  One is that the 200-N force is only partially transmitted to box B – that some of the force gets “used up” in accelerating box A, and the leftover force accelerates box B.  Other students wonder how the system would “know” how much force to use up on box A, and decide instead that the pushing force is distributed between the boxes proportionally according to their mass (three-quarters of it to box A, and one-quarter to box B).  We will be curious to hear your students’ responses.

H.

You might decide to eliminate this question.  It really depends on how you teach students about FBDs and Newton’s third law.  We tell people to label forces as Fagent->recipient,  and this is so N3 pairs can be easily recognized as FA->B and FB->A (just reverse the indices).   Without this, you can still see how 200 N on B would lead to a non-accelerating box A, but you need to decide if that’s enough.

III.

This question is discussed in Hewitt’s Conceptual Physics book.  Students need to understand that N3 forces act on two different objects, and free body diagrams might help to this end.

A.  This is a very difficult question for students.  Their initial answers will be quite varied but tend to contain nice points from which to build.  Here’s an example (video clip Blue 1) of students trying to connect the horse-and-wagon question back to Timmy and the Well from the Newton’s 2nd Law tutorial (#3).
B.
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In an earlier version of this tutorial, we had this section as section II and the boxes as section III.  We found that students spent nearly the whole tutorial period on the horse-and-wagon questions, and that the issues raised were rather different than we had intended.  In particular, we found that students struggled mightily with the directions of the frictional forces on the horse and on the wagon.  While the ensuing discussions were in some cases excellent, see video clip Blue 2 for an example, they did not serve the main purpose of the tutorial, which is to help students see free-body diagrams as tools for sense-making.  For this reason we moved this section to the end and consider it a “supplement,” to be completed as time allows.

Checkpoint 3

This is optional, but students will likely need help here.  In our classes, we found students would seek help long before this point.

C.

The advantage is that here, the FBD makes it easy to believe the horse can feel a net forward force.  The backward force on him isn’t competing with the force he exerts on the wagon because these are on two different diagrams.
