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In the tutorial about velocity and acceleration graphs last week, most of you didn’t finish the last set of questions about a cart going up and down a ramp.  The first two pages below cover that same tutorial material.  If you didn’t complete all of the tutorial questions do them below, working with a group, if possible.  DO NOT hand in these first two (tutorial) pages with this homework .

I. Up and down a ramp

In all these questions, just think about the cart’s motion after you stop pushing it up the ramp but before you catch it on the way down.

A. Velocity graph review.  

1. This graph shows the cart’s velocity vs. time.  On those same axes, graph the cart’s speed vs. time.  Speed is how fast something is moving, independent of direction.

2. What would you guess is a common mistake students make on the velocity vs. time graph for this and similar situations?  Explain.

B. Acceleration on the way down

1. 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. 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).

C. When performed with good equipment, the acceleration graph comes out as shown here.  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.

Which student do you agree with more in this case?  Explain.

D. How to decide?

1. Consider the contradictory arguments from part B 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? Explain.

2. Let’s see if the president-for-life of mistake-avoidance strategies can help us here.  Look at the velocity graph on the previous page..  By checking for coherence 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.  (If your above answers addressed this issue, skip this question.)

3. We just saw that checking for coherence 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) trending “up” or “down?” 

II. Rolling ball

A ball, released from rest,  rolls down ramp A, then along the floor, then up ramp B, as drawn here.  Rounded segments at the bottoms of the ramps allow the ball to roll smoothly from a ramp to the floor and vice versa. Air resistance is negligible.

A. Sketch the ball’s velocity vs. time and acceleration vs. time, from the moment it’s released until the moment it reaches its peak on the second ramp. Label your graphs in such a way that we can tell when the ball is on ramp A, when it’s on the floor, and when it’s on ramp B.  Remember to end your graphs at the moment the ball reaches its highest point on ramp B.

B. Now sketch distance vs. time.  (“Distance” here means the distance the ball has rolled along the track from its starting place.)  Explain your reasoning in words.

C. Bill got his position and acceleration graphs right but drew the incorrect velocity vs. time graph shown here.

1. Why do you think Bill make this mistake?  What advice would you give him to help him avoid that mistake in the future?


2. After drawing his velocity graph, how could Bill have realized that it’s wrong?  (If you already answered this in question 1, just say so.)


III. Velocity graph

Consider the velocity vs. time graph shown here, focusing on the issue of whether the object turns around (reverses direction).

A. Why might a smart student say the object reverses direction?

B. Why might a smart student say the object doesn’t reverse direction?

C. Does the object reverse direction?  As part of your explanation, explain why the other argument is incorrect, and give advice to someone who made that mistake that can help them understand why they made the mistake and how they can avoid it in the future.

D. Sketch a graph of the object’s position vs. time. 

IV. Bouncing ball

A hard rubber ball is dropped from rest.  It falls to the concrete floor and bounces back up almost to its initial height.  A motion detector is mounted on the ceiling directly above the ball, facing down.  So, in this example, the positive direction—the away-from-the-detector direction—is downward.
A. On these graphs, sketch the ball’s position, velocity and acceleration vs. time.  Treat the bounce as a sudden event that happens in a single instant of time.  (Below, you’ll think about what’s going on during the bounce.)  Because you’re dealing with all three kinds of graphs at once, think carefully and use the strategies you’ve learned for avoiding and catching mistakes.

B. Two students discuss the acceleration during the bounce, i.e., during the brief time the ball is in contact with the floor.

SMITHA:  The ball’s acceleration must be large during the bounce, larger than when it’s just falling or rising.  Because during the bounce, the ball’s velocity changes a lot, very suddenly, a big change in velocity over a very small time.  So, the acceleration — the rate of change of velocity — is big.

AJITA:
But look...because the ball is very bouncy, it hardly loses any velocity during the bounce.  That’s why it rebounds almost to its initial height.  For instance, if it reached the floor going down at 8.0 meters per second, then maybe it bounces back up at 7.9 meters per second or even 7.95 meters per second.  So, during the bounce, the velocity changes by a tiny amount.  Even though this change happens over a small time, the change in velocity per change in time isn’t too big, probably smaller than when it’s just rising or falling.
Which student do you agree with?  Explain.

C. During the bounce, is the acceleration positive or negative?  Explain. 
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