Name:_____________________
                 Lab Partners:________________
                        Date:_____________


                                                           ________________  


                                                           ________________

Ch. 7:  Circular Motion
Investigation 1: Acceleration and Force in Circular Motion
Objective :  
To measure the acceleration of an object in circular motion


To measure the force causing an object to move in circular motion


To compare the acceleration of an object at the top and the bottom of a rollercoaster loop

Materials:
Lab Pro interface,

Logger Pro software,

Accelerometer

Force probe

Illustrations
Circular Motion using Physlet Physics
1. In the Physics_110_AVC folder, open the Physlet Physics subfolder and double click the “Start.html” file. From the left pane, choose Mechanics, and then “Ch.3: 2-D Kinematics”.
2. Click on Illustration 3.5 for a first introduction to circular motion. Click on all the links within this illustration and carefully observe the simulations. 
3. Continue with Illustration 3.6. In this illustration you will be introduced to non uniform circular motion.
Explorations
Exploring Circular Motion using Physlet Physics

1. Click on Exploration 3.6 and answer the following questions.
A point (red) on a rotating wheel is shown in the animation (position is given in meters and time is given in seconds). (The blue underlined words correspond to active links on the physlet page.)
a. Note that the speed of the red point is constant. Is its velocity constant? 
b. Click here to view the velocity vector.  After viewing the vector rethink your answer: is the velocity of the red point constant? 
c. What is the direction of the red point's acceleration vector?   Click here to view the acceleration and velocity vectors. 
d. How does the speed of the red point compare to the speed of another point, say a green one, which is at only half the radius of the red point?  Click here to view both points.  For clarity the green point is shown on the opposite side from the red one. 
e. Why is the speed of the green point less than the speed of the red point?  
f. How does the magnitude of the acceleration of the red point compare to the magnitude of the acceleration of the green point?  Click here to view both points and their velocity and acceleration vectors. 

Activity 1:  
Measuring acceleration with the "Accelerometer"

1. Connect the accelerometer to the LabPro by "plugging" into CH 1.  Start Logger Pro 3.2 and open the "Physics_110_AVC" folder. Double click on the “Ch_6_Inv_1_Act_1” file. An acceleration versus time graph opens. 

2. Calibrate the accelerometer. From the Experiment menu choose "Calibrate" and select "Calibrate Now".  Now, hold the accelerometer so that the arrow is pointing straight up, select "Keep" when it is, and type in  - 9.80 (m/s2) for the known value.  Then hold the accelerometer so that the arrow is pointing straight down, select "Keep" when it is and type in 9.80 (m/s2) for the known value.  You have now calibrated the accelerometer.  Hit "OK".

3. Now, hold the cord of the accelerometer so that the accelerometer is hanging vertically down.  Let the cord length be about .30 m from the middle of the accelerometer to the point where you are holding the cord.  Start the computer and record the acceleration value for the accelerometer that is hanging vertically with no motion:





Acceleration of stationary Accelerometer:  


 m/s2.



This is the value of "g", the acceleration due to gravity.  Go to "Experiment" and "Store 



Latest Run".  Draw your data on the following graph and label it.





Draw a free-body diagram of the







accelerometer hanging vertically





down.

Question:
1. How does the tension force of the wire compare to the weight of the accelerometer?
NOTE:  the accelerometer measures acceleration along the “axis” of the tension force that points 
towards the center.  If you calibrated the accelerometer with down as being -9.8 m/s2, the measured 
acceleration will be negative.  If not, it will be positive.
Now, take the accelerometer and gently swing it back and forth like a pendulum and record the data on the following graph. Indicate on the graph where the top of the motion was (with a T) and the bottom of the swinging motion (with a B).  



What is the acceleration at the Top?  
               m/s2  At the Bottom?  

 m/s2
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Using a free-body diagram to indicate forces and a motion diagram to indicate direction of the 




acceleration, find the tensional force (using N2L) on the accelerometer at the top of its swing.  

[image: image2.png]Accel (m/3°2)

100

50|

Acceleration vs. Time

Time ()





[image: image3.png]Force (N}

Force vs Time

Time ()







Question:

2. Why is the acceleration at the top different than "normal" acceleration (where "normal" acceleration is hanging vertically without moving)?
Hint:
Notice that it would be useful to do N2L in the radial direction.




Using a free-body diagram to indicate forces and a motion diagram to indicate direction of the 




acceleration, find the tensional force (using N2L) on the accelerometer at the bottom of its swing.


Question:
3. Why is the acceleration at the bottom different than "normal" acceleration (where "normal" acceleration is hanging vertically without moving)?

Activity 2:  
Acceleration during Circular Motion
Prediction:
If you were to rotate the accelerometer in a vertical circle, use motion diagram (MD) and free-body 

diagram (FBD) techniques to predict what you would expect the tensional force and the 



acceleration to be at the top of the circle and at the bottom of the circle?




top of the circle?





FBD




MD




bottom of the circle?





FBD




MD

Question:

4. Which net force do you expect to be larger?

1. Take the accelerometer and measure a radius of .50 m from the middle of the accelerometer to the point where you are holding it.  Rotate the accelerometer with uniform speed in a vertical circle at about 1 revolution per second.  When you get a good set of data, record your data on the following graph.





Acceleration at the top? ______________m/s2    



Acceleration at the bottom?______________m/s2



Acceleration at horizontal (side) position?________________m/s2

Question:


5. Does this agree with your predictions?

Comment:
Notice that there are two different "problems" with this measurement.  The primary problem is the 



difficulty in maintaining constant speed, particularly from the top (usually slower speed) to the 



bottom of the circle (usually faster speed).  Second, the acceleration is changed by the addition or 


subtraction of the centripetal acceleration (the larger value in this case) and gravitational 




acceleration (the smaller value in this case) differing by whether the accelerometer is at the top or 


bottom of the vertical circle.

2. As a comparison, keep this data and take another set of data with the accelerometer of radius 




.50 m and rotating at about 1 revolution per second.  However, this time rotate the 




accelerometer in a horizontal circle.  When you get a good set of data, record this 




measurement on the previous graph.
Questions:


6. How does this horizontal data differ from the vertical data?  

7. Explain why this is so.

3. Repeat step 1 above, but at 2 revolutions per second.  Also record the data from the earlier 



graph.





Acceleration at the top? ______________m/s2    




Acceleration at the bottom?______________m/s2




Acceleration at horizontal (side) position?________________m/s2

Question:


8. Is the acceleration dependent on velocity of the rotating accelerometer?  And how.

Comment:
This acceleration associated with circular motion is called centripetal acceleration.  The 



centripetal acceleration is always toward the center of the circle of the circular motion.

Activity 3:  
Looking at the Force in Circular Motion

1. Close the acceleration file, remove the accelerometer and plug into LabPro the force probe 



(CH 1).  In the Physics_110_AVC folder choose the “Ch_6_Inv_1_Act_2” file.

2. Zero the force probe in the vertically hanging down position.  Secure a 50 gram hook mass on the 
force probe by taping the two hooks together. Start the program and record you value for the force. Record your value on below.





What is your reading?  


 N.

3. Store this data for later comparison.  
Prediction:
What do you expect the value for the force to be when you swing the force probe in a vertical 



circle?  Draw free body diagrams at the top, bottom and horizontal (side) positions. Use the 



diagrams to predict the tensional force (what the force probe will be measuring) be at the




top of the circle?

bottom of the circle?

horizontal (side) position?




Expected value:


Expected value:


Expected value:

4. Do the experiment!!  Measure a distance of .50 m from the hook on the force probe to the 



place where you are holding the cord.  Swing the force probe (and mass) in a vertical circle as 



uniformly as you can.  Record your data on the following graph!!


Questions:

9. What is the force at the top of the circle?

10. What is the force at the horizontal (side) position?

11. What is the force at the bottom of the circle?

12. How do these values compare to the ones you predicted?  

5. Now swing the force probe (still a radius of .50 m) in a horizontal circle.  When you get a good set of data, record (and label) your data on the previous graph.

Question:

13. Does the horizontal circle data differ from the vertical circle data?  

14. Why or why not?
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