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Competing arguments:  Backward acceleration
After introducing you to the basics of velocity and acceleration graphs, this tutorial poses a scenario in which two sensible, good arguments disagree with each other.  The tutorial then focuses on strategies for deciding between competing good arguments.

I. Introduction to velocity and acceleration graphs


As usual, you’ll first predict and discuss what you think will happen before actually doing a given experiment.  In addition, you’ll continue analyzing any mistakes you happen to make.

Acceleration is the rate of change of velocity, i.e., the change in velocity that happens in each unit of time.

A. In this experiment, you will release a cart from rest on a ramp, with the motion detector at the top as shown in the drawing.

1. (Work individually)  Prediction: What do you think the velocity vs. time and acceleration vs. time graphs will look like?  Sketch your predictions here, using a dotted line.

2. Compare/discuss.  Graph your group consensus predictions with dashed lines.

3. Experiment:  Do the experiment and graph your result using a solid line.  Smooth out bumps, and don’t draw the part of the graph from before the cart was released or after it reaches bottom.

4. Mistake-catching lesson: If someone made a mistake while working individually, try to figure out what went wrong. Specifically, if you made a mistake, write what you were thinking and how you can modify that thinking to avoid the mistake in the future.  If someone else made a mistake, help them sort out why.

To show the kind of thing we’re looking for, here’s a good answer from someone who drew an increasing (upward-sloped) acceleration graph:  “I was thinking the acceleration goes up because the cart keeps getting faster.  But it’s the velocity that keeps going up.  The acceleration stays steady because the velocity increases at a steady rate.” 

Now you’ll repeat the experiment, but with a steeper ramp.

5. Prediction: Sketch what you think the new graphs will look like, emphasizing the ways in which they do and do not differ from your graphs in part A.  (Use a dotted line.)

6. Compare/discuss.  Graph your group consensus predictions with dashed lines.

7. Experiment:  Do the experiment and graph your result using a solid line.
8. Mistake-catching lesson: If someone made a mistake while working individually, try to figure out what went wrong. Specifically, if you made a mistake, write what you were thinking and how you can modify that thinking to avoid the mistake in the future.  If someone else made a mistake, help them sort out why.

B. In this experiment, you’ll attach a “brake” to the cart.  Then you’ll place it on a level surface (not a ramp) and give it a brief push away from the detector.

1. Prediction: Sketch your predictions for the velocity and acceleration vs. time graphs.  Just graph the motion after it gets pushed.  (Dotted line.)

2. Compare/discuss.  Graph your group consensus predictions with dashed lines.

3. Experiment:  Do the experiment and graph your result using a solid line.
4. Mistake-catching lesson: If someone made a mistake while working individually, try to figure out what went wrong. Specifically, if you made a mistake, write what you were thinking and how you can modify that thinking to avoid the mistake in the future.  If someone else made a mistake, help them sort out why.

II. Review of basic concepts:  Velocity and acceleration graphs

A. 
Which feature of a velocity graph indicates your acceleration?  Specifically, from the velocity vs. time graph, how can you tell whether the acceleration is small or large?

B. From the velocity vs. time graph, how can you tell whether the acceleration is positive or negative?

C. Which, if either, has more acceleration:  a car cruising steadily at 60 miles per hour or a rocket drifting steadily at 6000 miles per hour?  Explain.

D. In lecture, you learned about the president-for-life of all mistake-avoidance strategies, Checking for Consistency.  Can a version of this strategy be used with velocity and acceleration graphs?  In other words, can you use your velocity graph to check the accuracy of your acceleration graph, and vice versa?  Explain.

(
Consult an instructor before you proceed.



III. Up & down a ramp


In this experiment, the motion detector sits at the bottom of a ramp.  The cart starts near the bottom.  You’ll give it a brief push up the ramp.  So, after you let go, the cart rolls up the ramp, reaches its peak (highest point), and then rolls back down.   The following questions refer to the cart’s motion after you let it go but before you catch it after it rolls back down.

A. Velocity Predictions:  

1. (Work individually)  Prediction:  Sketch the cart’s velocity vs. time, using a dotted line.  (Don’t do acceleration until later.)  Hint:  Break this into two “subproblems,” the cart’s motion up the ramp, and then the motion down the ramp.

2. Compare/discuss.  Graph your group consensus predictions with dashed lines.

Acceleration at the peak 

3. (Work individually) Now let’s start thinking about the acceleration.  At the moment the cart reaches its peak, is its acceleration positive, negative, or zero?  Briefly explain.  Instead of hashing out this issue with other students today, you’ll do so Friday in lecture.

B. Acceleration on the way down

1. (Work together)  Consider the cart as it rolls down the ramp after reaching its peak.  Give a reason why a smart student might think the cart’s acceleration during that segment of the motion is positive.  Briefly summarize the reasoning.

2. (Work together)  Now give a reason why a smart student might think the cart’s acceleration during that segment of the motion is negative.  Briefly summarize the reasoning.

3. Below, sketch two different predictions for the cart’s acceleration vs. time.  On prediction graph 1, assume the cart’s acceleration as it rolls down the ramp is positive (argument 1 above).  On prediction graph 2, assume the acceleration is negative during that segment (argument 2).

 


PREDICTION GRAPH 1


PREDICTION GRAPH 2

C. Experiment.  Briefly look over your velocity graph prediction from 2 pages ago and the acceleration graph predictions you just drew.  Then, do the experiment with the motion detector. Pay attention only to the part of the graph that shows the motion after you let go of the cart but before you caught it.  Graph a smoothed-out version of your results on the next page.

RESULTS


D. What’s your next move?  Two students disagree about what they should do next to continue learning about acceleration.

VENUS:
“Look, now we know which argument to believe about whether the acceleration is positive or negative when the cart rolls down the ramp.  Physics is an experimental science!  Since we know the right answer and the reasoning behind it, we’re ready to move on.”
SERENA:
“But we also came up with a sensible argument that the acceleration would be positive, not negative.  To understand acceleration, I think we also need to understand what’s wrong with that argument.”
1. (Work individually)  Which student do you agree with more?  Explain why.

2. Compare and discuss your answers.  If someone disagreed with you, briefly summarize his or her reasoning.

E. How to decide?

1. (Work together)  Consider the contradictory argument about whether the cart’s acceleration is positive or negative as it rolls down the ramp.  Was it possible to decide for sure, without doing the experiment, which argument was correct?  Or is this a case where only the experiment can decide the issue?  Explain.

Let’s see if the president-for-life of mistake-avoidance strategies can help us here.  Look at your answer to question II.D back on page 3.  By checking for consistency between your velocity graph predictions and your acceleration graph, could you decide whether the acceleration is positive or negative as the cart rolls down the ramp?  Explain.

2. We just saw that checking for consistency can help you decide between sensible competing arguments.  Can that game also help you understand why the other argument is wrong?  See if you can use the connection between velocity and acceleration graphs to explain, in a common sense way, why the cart’s acceleration is negative even though it’s gaining speed (as it rolls down the ramp)?  Hint:  Is the cart’s velocity (not speed) going “up” or “down”? 

(
Consult an instructor if you have a chance.
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