[bookmark: _uhgaa4wewv5c]Video Analysis of 1D Motion
Our goal in this lab is to get a better understanding of the relationships between graphs representing motion, words describing motion, and the actual physical motion. You will take home videos of a variety of objects moving in one dimension, and use software to analyze the motion.
[bookmark: _8jo91ei5dcbf]Equipment
You will need the following equipment to complete the lab. If you do not have any of the equipment listed below, please let your instructor know.
· Smartphone or computer with video recording capabilities. Cameras with slow motion capabilities are ideal.
· A way to prop up your phone so that you can take videos of yourself doing things (or another person to help you take videos).  
· Computer that runs Vernier Video Analysis
· Some way to measure distances (a ruler or tape measure, for example).
· An object that rolls easily and smoothly (a ball works best).
· An object that you can slide (for example a book).
· A flat surface that you can tilt upwards so that objects can roll or slide on an inclined plane. (For example, a board, a guitar case, or a large piece of cardboard).
· Tape or other objects to mark points locations in space.
[bookmark: _frqdz9ql708t]Prelab: Taking the Videos and Doing the Tracking
Your goal is to take videos of a number of different examples of one-dimensional motion. For effective analysis these videos need to be taken carefully. For each video make sure you do the following:
· iphone users: more recent iphones use default video formats that are not compatible with the Video Analysis software. Before you record your videos, open Settings and go to Camera > Formats, and set Camera Capture to Most Compatible instead of High Efficiency.
· Prior to each recording, measure a distance between two well-separated points that are about as far away from the camera as the moving object will be. (For example, you could put tape markers on the floor near to the object). Record the distance between these two points and ensure they will be visible in the video.
· The motion of the object should be across the screen, NOT towards or away from the camera.
· Do not move the camera while the video is being recorded. This is crucial! There is a tendency to try and “track” moving objects with the camera: try to avoid doing this! Propping up the camera rather than holding it is ideal, but you can take good videos by carefully holding the camera steady.
· If possible, use slow-motion filming.
· Use a background that is of a different color than moving object. If the object is dark, use a light background, and vice-versa.
· Caution: with many phones there is a delay after you press the “record” button before filming begins. Hit the “record” button, wait until you see at least one second has elapsed in the recording, and then do the motion.
[bookmark: _mr7b0358lte0]Videos to record:
1. Before finishing the recording of any video, double check that you have done ALL of the setup steps above correctly!
2. Record a video (#1) of the sliding object (such as a book) sliding across a level surface. Try to avoid having the object rotate as it slides to the extent possible. (Give the object a gentle push to start the motion).
3. If possible, complete the tracking (see below) for the above video before capturing the other videos- doing the tracking on this first video helps you learn what does and doesn’t work for the filming the other videos. 
4. Record a video (#2) of a rolling object rolling up and down a gently inclined surface in one motion. Give the object a gentle push up the incline to start the motion, but make sure that the object is rolling upwards, while not in contact with your hand, for some time in the video.
5. Record a video (#3) of the sliding object sliding up and down an inclined surface in one motion. Make sure the incline is steep enough so that the object slides back down the incline. Try to avoid having the object rotate as it slides, to the extent possible. Give the object a gentle push up the incline to start the motion, but make sure that the object is sliding upwards while not in contact with your hand for some time in the video.
6. Once you have taken your videos transfer them to your computer. (You can also use Video Analysis on your phone, but using a computer is much easier). 
7. Find and record the frame rate each video was taken at. This can be tricky; on some phones (like my old iphone 6), if you play a slow motion video file on your computer it will appear to be normal speed.  In this case, locate the file and view its “Properties” and then click the “Details tab. The frame rate (in fps, or frames per second) should be displayed in the “Video” section. On other phones, like my Samsung Galaxy s10, a slow motion video taken at 240 fps will appear slowed down when played on a computer video player, and the file properties will say the video was taken at 30 fps.  In this case, you can try and look up the frame rate your phone uses for slow motion. 240 fps is a good guess if you are not sure.
8. Prelab Gradescope Q1: Based on question 6 above, what do you believe is the fps rating of your videos and why?
[bookmark: _h6g8njwonprj]Doing the Tracking
For each of the videos you should track the motion of the object, just as you did in the Intro to Vernier Video Analysis lab. A few things to note:
· Skip any frames where your hand is in contact with the object or after the object has stopped/crashed into something at the end of the motion: we want to track just the simple motions as much as possible.
· Pick one point on each object to track. If the object is rotating as it moves, you must use the center of the object as your tracking point.
· Use the Video Options to set the frame rate appropriately.
· Don’t forget to set the scale using a known distance in the frame.
· Experiment with the “Advance Frames” options. You want to be placing around 20 points for each video. Too few will lead to bad results, and too many will take forever. For the videos of objects moving up and down, be sure you capture at least 7 points both before and after the object reaches the top of its motion.
· You’ll look at the graphs during our synchronous lab session, so no need to look at them too much right now.
· Prelab Gradescope Q2: Take screen captures of each set of tracking points (the pictures, not the graphs) and place them in your Gradescope prelab.
· Save each of your tracking files before you exit- be sure to keep track of where the video files and tracking files are! Also save your prelab GradeScope file: you will add to it when you do the main part of the lab.
[bookmark: _adudxbvdl70j]Live Lab: Analysis of the Data
This portion of the lab is to be done in your live (synchronous) lab session, unless otherwise noted by your instructor.
[bookmark: _ij8yhnyk8qkq]Video 1: Object Sliding on a Flat Surface
Load your data for the video of the object sliding on a flat surface. Display two graphs, one of the position x and one of the x-velocity. Make the graphs big so you can see them well and, if needed, adjust the scales so that changes in the data are clearly visible.

Q1a. Export (Tap the Page icon in the upper left and select “Export”) or take a screenshot of the graphs you created, and place them at the start of your lab document.

For all questions below, focus only on data for times when the object is sliding while not in contact with your hand. Always exclude the first three and last three data points.

Q1b. Would you describe the X vs. Time graph as flat, linear, curved, or something else? (There will inevitably be some noise in the data, so use your best judgement to characterize the overall shape of the graph). Does this result indicate that the motion is constant position, constant velocity, constant acceleration, or none of the above? 

Q1c.Is your result above similar to or different from the results of your group members? Explain any differences.

Q1d. Would you describe the X-Velocity vs. Time graph as flat, linear, curved, or something else? Does this result indicate that the motion is constant position, constant velocity, constant acceleration, or none of the above? Is this result consistent with your answer from the previous question?

Q1e. Locate a part of the X-Velocity vs. Time graph that looks more or less linear. Highlight that section of the graph by clicking and dragging across it horizontally and do a linear fit. Be sure to exclude the first and last three points of data. What is the resulting slope (with units), and what is the physical meaning of that slope?

Q1f. Is the X-acceleration the same sign or the opposite sign as the X-Velocity? What does comparing the signs of the X-acceleration and X-velocity tell you about the motion?

[bookmark: _xe7vclb6t500]Video 2: Object Rolling Up and Down a Ramp
Load your data for the video of the object rolling up and down a ramp. (Here, there is some motion in the y direction, but we will focus on the x motion for simplicity). Display two graphs, one of the position x and one of the x-velocity. Make the graphs big so you can see them well and, if needed, adjust the scales so that changes in the data are clearly visible.

Q2a. Export (Tap the Page icon in the upper left and select “Export”) or take a screenshot of the graphs you created, and place them at the start of your lab document.

For all questions below, focus only on data for times when the object is rolling while not in contact with your hand. Your data should include both upwards and downwards motion.

Q2b. Would you describe the X vs. Time graph as flat, linear, curved, or something else? (There will inevitably be some noise in the data, so use your best judgement to characterize the overall shape of the graph). Does this result indicate that the motion is constant position, constant velocity, constant acceleration, or none of the above? 

Q2c. Is your result above similar to or different from the results of your group members? Explain any differences.

Q2d. Would you describe the X-Velocity vs. Time graph as flat, linear, curved, or something else? Does the above result indicate that the motion is constant position, constant velocity, constant acceleration, or none of the above? Is this consistent with the result from the previous question? 

Q2e. Locate a part of the X-Velocity vs. Time graph that looks more or less linear. Highlight that section of the graph by clicking and dragging across it horizontally and do a linear fit. Be sure to exclude the first and last three points of data. Note that the parameters of the best fit line are displayed in the box that pops up. What is the resulting slope (with units), and what is the physical meaning of that slope?

Q2f. For what part of the motion (upwards or downwards motion) is the acceleration the same sign as the X-Velocity, and for what part of the motion is the acceleration the opposite sign as the X-Velocity? 

Q2g. By looking at the signs of the velocity and acceleration, how is it possible to determine if an object is speeding up or slowing down?

[bookmark: _2t1mibfk4voa]Video 3: Object Sliding Up and Down a Ramp
Load your data for the video of the sliding up and down a ramp. (Here, there is some motion in the y direction, but we will focus on the x motion for simplicity). Display two graphs, one of the position x and one of the x-velocity. Make the graphs big so you can see them well and, if needed, adjust the scales so that changes in the data are clearly visible.

Q3a. Export (Tap the Page icon in the upper left and select “Export”) or take a screenshot of the graphs you created, and place them at the start of your lab document.

For all questions below, focus only on data for times when the object is sliding while not in contact with your hand. Your data should include both upwards and downwards motion.

Q3b. Do two linear fits on the X-Velocity vs. time graph. Be sure to exclude the first and last three points of data. The first fit should use just data points on the way up, and the second just data points on the way down. Report the resulting slopes with units.

Q3c. You should see that the acceleration on the way up and the acceleration on the way down are different. Often, this can be seen on the X-Velocity vs. time graph as well. (It is a bit difficult to get good results here, so compare your results to your classmates’ too!).  Why are the upwards and downwards accelerations different here, but not in the rolling video? (Hint: we will learn later that forces cause acceleration. Consider the directions of the frictional force, which is opposite the direction of motion, and the gravitational force as the object goes both up and down).
Convert your document to a pdf.  Combine your pdf files from the prelab and lab into one file, and submit that file via GradeScope. See the GradeScope tutorial on how to do this.
