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Objectives


· To learn to extract data from a video to answer a question

· To apply the definition of average velocity during a time interval to a real-life situations
Introduction

[image: image1.wmf]Many times in school you are asked to solve word problems. In word problems, all the information you need to solve the problem is given to you; you only have to figure out which numbers gets multplied, divided, added or subracted, etc, and you can find the answer. Real-life science rarely works that way. More often, our first step in a problem is figuring out how to find the quantities we need to know to solve a problem. 

[image: image2.wmf]For example, a word problem in a book might say, “A jet plane flies for 2.6 hours and covers 2300 km. What is the average speed of the jet plane?” All we have to do is use the definition of average velocity to realize that we simply divide the distance the object travels by the elapsed time. But if we wanted to determine the actual speed of an actual plane, we’d have to first measure the distance and measure the time it took to cover that distance. 
For example, the ride called Ripcord at ValleyFair in Shakopee MN releases two riders who are strapped into a giant pendulum and released from a 180 feet (about 55 meters) tall. The riders swing in a downward arc. The photo above shows two riders swinging past the lowest point on the arc. How fast are they going? As we’ll see, equipped with a video of the riders, and knowing one of the rider’s heights, we can determine the velocity of the riders as they swing past the low point. 

Method
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Let’s begin by considering the definition of average velocity of an object during a time interval:
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[image: image6.jpg]


Where (x is the distance the object travels during a time interval (t. If we want to determine the velocity, we need first to measure these two quantities. We’ll do this by viewing the video in Quicktime, or another video player that allows us to step through the video frame by frame. 

Let’s choose a clever time interval: the time it takes for one of the riders to pass a specific point. If we look carefully at the video, we can see that the riders bodies pass the horizontal tower in the background. If we want to know the time it takes for the riders to travel this distance, we can count the number of frames of video as they pass the tower. We can use the rate at which the video was shot to convert the number of frames to an amount of time. For example, if it takes 14 frames for the rider to pass a specific location, and the video is filmed at 210 frames-per-second, we know the time for the rider to pass a specific point is:
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Now, we use the definition of average velocity and the knowledge that Jake, the taller rider, is 1.88 meters tall. This gives a velocity of:
[image: image8..pict]
Procedure

Download the videos of the falling tennis ball and the hover puck. The tennis ball video is filmed using a high-speed camera at 420 frames per second. The grid of horizontal lines is spaced 10 cm apart; the ball is 6.7 cm in diameter. Use both of these distances, as described below, to answer the questions.

The hoverpuck video is filmed from a camera mounted on the ceiling above a tile floor. A person rolling across the floor on a cart releases a low-friction hoverpuck and the puck slides across the floor. A grid of lines is superimposed on the video; the grid spacing is 0.5 meters. In this case, we can consider three separate velocities: 

1. The velocity of the puck in a direction perpendicular to the direction the cart is rolling (we’ll call that the y-direction).

2. The velocity of the hover puck in the same direction of the rolling cart (we’ll call it the x-direction)

3. The velocity of the person on the rolling cart, even though we can only see their hands.
Open the videos using Quicktime, or another viewer that allows you to advance the video a frame at a time. Use the technique described above to answer the following questions.

Questions

1. What is the speed of the tennis ball as it passes each of the horizontal grid-lines as it falls? 

2. Observe the column of water at emerges from the splash caused by the tennis ball. To find the speed of the column of water, use the time interval during which the water travels from one horizontal grid-line to the next. 

a. What is the average velocity of the column of water as it passes between the first two grid lines on its way upwards?

b. As the splash rises, the column of water separates into droplets. Look carefully and see if you can measure the speed of the last droplet as is passes between the lowest two grid-lines on its way back down.

3. What is the velocity of the hoverpuck in the y-direction when it is at the lower left of the screen? What is the y-direction velocity at the top right of the screen?

4. What is the velocity of the hoverpuck in the x-direction when it is at the lower left of the screen? What is the x-direction velocity at the top right of the screen?

5. Compare the x-direction velocity of the hover puck to the x-direction velocity of the cart as it rolls across the floor.
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Figure � SEQ Figure \* ARABIC �2�. These two images show the interval during which the riders pass the right-most edge of the vertical tower. The taller rider travels his own height (1.88 meters) during this time.
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Figure � SEQ Figure \* ARABIC �1�.  Jake and Abby are on a ride called the Ripcord at ValleyFair amusement park in Shakopee MN.  This is from a high-speed video filmed at 210 frames per second. Using this video, and knowing Jake’s height, we can determine the velocity of the riders at this point in the ride.
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