Matter & Motion – Fall 2015-16		 


Physics Lab 3: More Motion

Goals: Improve communication and teamwork capacities; Improve ability to make, describe, and record observations; Learn to use a data logger with a motion detector to measure motion and kinematics data; Learn to use LoggerPro software to analyze kinematics data; Gain more experience with graphical representations of motion; Explore motion in 1D (a vertically bouncing ball) and 2D (projectile motion, circular motion, arbitrary). 

Groups & Equipment: For today’s investigation, you will work in groups of 2, sharing a computer. You may choose your partner.

References: LoggerPro tutorials 01 Getting Started, 04 Motion Measurement, 07 Viewing Graphs, and 09 Curve Fitting, available under LoggerPro, File: Open: Tutorials.

Lab Notebook: Standard Lab Notebook guidelines. See earlier lab handouts for details. Make sure to leave room for any graphs you might print out later to attach into your lab notebook. Recall that for math and physics labs, your notebook should reflect your learning and your engagement, and should serve as a stand-alone representation of what you did and what you learned.

Part 1: Bouncing Ball Observations, Measurements, and Analysis
a) [bookmark: _GoBack]Once your group is formed, one partner should log in to the computer at your station. Make a folder in the Workspace in the Physics: Physics Lab 3 folder named 'Physics Lab 3 Name 1 Name 2' as suitable for your group.
b) Your instructor will drop a ball ("drop" means released from rest, please never throw balls in the lab room unless specifically directed and everyone alert) so that it bounces straight up and down. This will be done several times until you have a sense of how its position above the surface (the height) changes with time. As a group, we will identify some key features/events for a position vs. time graph and a velocity vs. time graph.
c) By yourself: In your lab notebook, draw the best graph you can (by hand) that represents the position above the ground (the height) vs. time. Consider just one "round trip": just after the ball hits the surface and is moving up through reaching top of its trip to just before the ball hits the surface on the way down.
d) By yourself: Draw the velocity vs. time graph that corresponds to the position vs. time graph you just drew.
e) With your partner: Share your graphs with your partner, compare them, discuss them. If needed, draw new graphs (don't cross out your old ones!). Note down any disagreements between you and your partner.
f) As a class led by the instructor we will collect data for the ball bouncing situation using the Ultrasonic Motion Detector. This will serve as a brief orientation to the equipment and data collection (you will work with this equipment directly in future labs). This data will be stored in the Handouts folder in the Physics Lab 3 folder; once it’s there copy and paste it to your working folder for this lab.
g) As a class, we will go over how to prepare useful position vs. time and velocity vs. time graphs from Motion Detector data, including showing individual data points and zooming in on regions of interest.
h) As a class, we will go over how to use some analysis tools, including reviewing how to do linear fits to regions of data and introducing how to use the tangent and integral tools. We will use the tangent tool to see the connection between the position vs. time and velocity vs. time graphs, and use the integral tool to see the connection between the area under a velocity vs. time graph and the corresponding displacement.
i) For the Ball Bounce data, do Linear Fits to the linear regions of the velocity vs. time graphs for while the ball is in the air (so the negative slope regions) for several different bounces. What physical quantity does the slope of a velocity vs. time graph give you? 
j) Record the acceleration (with units) for the ball while it is in the air for at least three different bounces (this means Linear Fits to three different parts of the velocity vs. time graph). Are these accelerations consistent with each other? Are they suggestive of an important physical constant?
k) Zoom in on one single bounce. Highlight a portion of the velocity vs. time data and use the Integral tool to determine the area under the velocity vs. time graph. Verify that this area is consistent with the corresponding displacement (recall displacement is change in position; use the cursor to determine the position). Do this for several different portions of the same bounce.

Part 2: Projectile Motion – Basketball Shot and Bounce
In the program share, under Handouts: Physics: Physics Lab 3, you will find some LoggerPro files. 
a) Begin by opening Basketball Shot with Analysis. In the Replay window, press Start. Watch just the movie once or twice in real time speed (your attention will also be drawn to the graphs but at first, try to watch just the movie). 
b) Now, adjust the Speed in the Replay window to be 0.25 x Original, and check on the Repeat button. Press Start and watch several times, making sure you can connect the motion of the ball shown in the movie with the corresponding x position vs. time and y position vs. time graphs. Next, go to Page 2 in this file, which also shows y position vs. time and y velocity component vs. time graphs. Next, go to Page 3, which also shows x position vs. time and x velocity component vs. time graphs. Write some brief notes, particularly contrasting the x motion and y motion.
c) Go back to page 1 and hit Pause on the Replay window. Go to Page 2 and using the y velocity vs. time graph, determine the acceleration of the ball while it is in the air before the first bounce. Record this value (along with units). What value is this suggestive of? Save this file in your Workspace folder. You are not required to include any motion diagrams or kinematics graphs from this file in your lab notebook, though of course you are welcome to if it will help solidify your understanding, connect to the notes you wrote down, etc.
d) Next, open Basketball Shot with Vector Analysis. In the Replay window, press Start, adjusting the Speed if you’d like. In this version, the velocity vector for the basketball is shown at various points along its trajectory, along with its x and y components. What do you notice about the x component of the velocity? What do you notice about the y component of the velocity? What connections can you make to what you’ve read about projectile motion? Write some brief notes. You are not required to save any motion diagrams, etc.

Part 3: Turntable and Circular Motion
Note: you are using LoggerPro just for its movie player capacity; you are not actually performing video analysis on the movie. In other words, DO NOT make a motion diagram, position vs. time graphs, etc. Recall that you can slow down the movie playback speed using Movie Options (right click on the movie).
a) Launch LoggerPro. Using Insert: Movie, insert the movie Turntable (in the program file share under Handouts: Physics: Physics Lab 3). Watch the movie and verify that it takes 5.205 seconds for the yellow block to make 3 full revolutions (recall that the time stamp is in the upper right hand corner of the movie window).
b) Calculate the angular speed of the yellow block in revolutions per second (assume constant angular speed).
c) What is the angular speed of the blue block? The green (light blue?) box?
d) Assuming the angular speed is constant, calculate how long it will take to complete 2 full revolutions. Verify your answer using the movie.
e) There are other units for angular speed. Convert your answer from part b) from rev/sec to RPM (revolutions per minute), degrees/sec, and rad/sec. Recall that one full cycle is 360 degrees, which is 2 radians. Clearly show your calculations, and organize your answers into a tidy final form (such as a table).
f) The yellow box is 12 cm from the center of the turntable. Determine the speed of the yellow box in two ways: by determining the total distance the yellow box traveled in some known time and using v = d/t (you will need to recall/look up/use the formula for the circumference of a circle) and by using the relation v = r(be careful with your choice of units for angular speed – ask if you’re unsure).

Part 4: Visualizing Velocity and Acceleration Vectors in 2D
a) Make sure you are using Firefox or Chrome. Go to phet.colorado.edu and click on Play with Simulations. Click on Physics, then Motion. There’s a number of simulations one could play with, but for now, find Ladybug Motion in 2D. As in Math Lab 3, accept any prompts required to run but don’t install any updates now. Expand to fill the screen. Confirm or turn on the following settings: Vectors – Show both[footnoteRef:1]; Choose Motion – Manual; Trace – Dots.  [1: Note these vectors are in green and red, respectively – this may cause some difficulties for anyone who is color blind (some estimates put color blindness in males in the US as high as 10% of the population); hopefully working with partners can help. The vectors are labeled, which should also help.] 

b) Use the mouse to move the ladybug around. What do you notice about the direction of the velocity vector compared to the path of the ladybug? What do you notice about the direction of the acceleration vector compared to the direction of the velocity vector?
c) Try out the different motions: Linear, Circular, and Ellipse. What do you notice about the direction of the velocity vector compared to the path of the ladybug? What do you notice about the direction of the acceleration vector compared to the direction of the velocity vector?
d) Summarize your observations. 

Extensions (if time) Choose any that interest you.
a) Examine the ball bounce data. The motion diagram and the y position vs. time graph bear some surface similarities but also some clear differences. Explain why. 
b) Examine the ball bounce data. Does the time between bounces change? If so, does there seem to be a pattern to that change? If so, can you determine a mathematical model for that pattern?
c) Examine the ball bounce data. The maximum height decreases for each successive bounce. Does there seem to be a pattern to that change? If so, can you determine a mathematical model for that pattern? 

