Tutorial 2 – Acceleration Graphs

Instructor’s Guide

Overview

This tutorial builds on the last one in a few key ways.  While Tutorial 1 focused on position and velocity graphs, this activity introduces acceleration.  For the most part, the work cycles will remain predict/experiment/discuss.  However, the ultimate learning goal for this tutorial is different.  In Tutorial 1, the focus was on catching mistakes.  Some parts of the tutorial build on this lesson from last week.  After those, though, the focus should be on getting the students comfortable with reconciling competing arguments.  Therefore, the “meta-lessons” of this tutorial don’t happen after the experiments, but before them.
Click here for the associated ILD.



 HYPERLINK "../../../Student_Materials/02_Velocity_and_Acceleration/Tutorial_02_Homework.doc" \o "See the bottom of this guide for commentary on the homework." 

Click here to see the tutorial homework.



 HYPERLINK "../../../Student_Materials/02_Velocity_and_Acceleration/Tutorial_02_HW_Sol.doc" \o "Tutorial HW 2 solutions" 

Click here to see the tutorial homework solutions.


Click here to see the video documents for the Green, Orange, Red, and Yellow groups.
I.

Acceleration is a newer concept to the students.  The prediction phase shouldn’t take very long, but the experiments will.  The motion detector equipment and predict-discuss-experiment cycle carries over from last week and reinforces the lessons there.  Since the tutorial exercises on competing arguments don’t appear until page 4, take any opportunities you get to point out competing arguments between students in your groups.
A.

1-2.  These questions, if desired, can be combined.  By forcing groups to draw a consensus prediction, they’ll have the relevant discussions.  Video clip Orange 1 shows a few minutes from one of these discussions.  This group is discussing whether or not the acceleration will be constant.  Video clip Red 1 shows a student giving an informal reason for her prediction.  Clip Red 2 shows a TA (after the experiment) going back and checking on these predictions.  Video clip Green 1 shows the students getting some conceptual ideas right and the values wrong.
3.  Many motion detectors have a hard time getting acceleration graphs right.  Students have to be careful doing trials here, and sometimes, TA intervention is required.  Video clip Yellow 1 shows a TA doing an informal checkout and retrial with a group.  Clip Green 2 shows the group getting bad graphs.  The TA responds by going over their predictions.
4.  As you go around the room, you can see if students made any mistakes in their predictions.  Get them to catch their own mistakes.  Retry the experiments if the computers are giving them bad graphs.
B.

1-2.  Once the students do the experiment with the shallow ramp, many will predict the steep ramp correctly.
3.  This experiment is harder because it happens over a shorter time.  We’ve found through experience that the graphs don’t look as good here either.  Video clip Yellow 2 shows a group dealing with a bad graph, and clip Yellow 3 shows the TA followup.  To help the motion detector work, sometimes additional index cards on the carts help.  Video clip Orange 2 shows a group doing such a trial and discussing the results with a TA.  Video clip Red 3 shows the TA checking for agreement between predictions and experiment.  Clip Red 4 shows the same group and the TA digressing into a force discussion.
C.
The next experiment requires a brake.  Some lab carts come with brake pads, but we’ve found that homemade brakes work fine.  An index card or other light object can be attached with tape to your carts.  As long as it drags behind, it can slow the cart down and give you the behavior you want.  The brake should not be too strong or weak.  Ideally, you want the cart to make it most of the way down the track and stop near the end.
1-2.  Students will come up with a variety of predictions.  Clips Red 5 and Orange 3 show groups discussing their predictions before trying the experiment.  Video clip Yellow 4 shows a group coming to quick agreement and then trying the experiment.

3.  If the brake works well, the graphs will often be fine, but you may need to suggest to students that they should consider a limited part of the motion (after the push and before the stop).  The cart’s starting and stopping complicates the analysis of the graph.  Clips Green 3 and Green 4 give yet more examples of a group’s trials.
4.  This is an opportunity for mistake catching.  If you can encourage your students to do this, that’s great.  Video clip Red 6 shows a TA watching a student discussing mistakes.

II.

This section should go much more quickly than section I.
A.

The size of the slope of a velocity (versus time!) graph indicates whether the acceleration is small or large.

B.

Students might address this issue in A.  Whether they do or not, the checkout should help you cover all the possible bases.

C.

This question may seem easy at this point, but the students can have interesting discussions about it.  Video clip Red 7 shows a group that seems to confuse velocity versus acceleration.  One of their students uses a graphing technique to resolve the dispute.  Video clip Green 5 shows a similar confusion and reconciliation.
D.

This item implies a connection with lecture.  In our lectures, we either use a discussion or ILD to bring up “checking for consistency” as a productive learning and problem solving tactic.  Tailor the wording of this question to match with your class.  Whether you explicitly teach consistency checking or not, the second part of the question (can you use your velocity graph to check…) is very appropriate.

Checkpoint 1


By this point, you’ve likely been so busy helping students with their equipment and experiments that you have a sense for their place in section I.  At this checkpoint, make sure they get the answers to section II right, and see how well they checked for consistency.  Video clip Yellow 5 demonstrates a typical checkout with a group that’s getting most of the concepts right.
III.


This next section is an ideal place to promote checking for consistency.  At the top of the ramp, the cart has zero velocity and nonzero acceleration.  Students have trouble with this, as their quick assertion “acceleration is velocity over time” would give a zero acceleration at a moment of zero velocity.  They will get the best data if their push lets the cart go most of the way up without hitting the top.
A.
Students may get this wrong, but if you catch it, it may be best to let it go for now and allow them to catch their own mistake later.
B.
Of course, when you choose to address the acceleration at the peak will depend on your class, and you should adjust this question accordingly.  Video clip Green 6 shows students discussing this question.  They start out confusing velocity and acceleration, and the TA lets them go.  They have a good mental idea of what happens but occasionally say confusing things.
C.
This series of questions is the big way the tutorial addresses the “competing arguments” issue.  Students that are married to a particular idea for how the cart accelerates may be unwilling to consider other ideas.  If you see this happening, lean on the students to get them to consider other possibilities.  Remind them that they don’t have to agree with the ideas they’re proposing.  Video clip Yellow 6 shows students briefly arguing this.  One of them is willing to consider that acceleration is positive here, and the others remain committed to their correct idea.  Clip Green 7 shows the students arguing (with help of the TA) between two competing ideas.
D.
A major problem with this experiment is that friction does not always act in the same direction as gravity. Therefore, although the accelerations before and after the peak will be similar, you may get students finding two different accelerations for this motion.  Video clip Yellow 7 is a long snippet showing a group doing this experiment.  Once they finish the experiment, make sure your students check their velocity and acceleration graphs for consistency.
E.
We don’t have video of students reaching this point.  If they do, they’ll have an opportunity to argue about whether understanding competing arguments is a useful thing.  Since this is early in the semester, accept that the students still may not think the way you want them to on questions like these.
F.

These are “meta” questions that deal with the learning goals of the tutorial.

Ending Checkout

Many students won’t finish this tutorial in a fifty-minute period.  If they do get here, check to see conceptually what they say about the acceleration of the cart at the top of the ramp.  You might also engage them in a conversation about the items in parts E and F above.
Tutorial Homework 2
Many students don’t finish the tutorial during the hour that is typically allotted, but most of them are well equipped to do the second half of it on their own.  The homework asks them to do so before attempting the other problems.  Students then practice the tutorial ideas by making kinematics graphs for a ball on different-sloped ramps and a bouncing ball.  They also practice spotting the errors in kinematics graphs, and constructing arguments for opposing sides of a kinematics issue.
