Rotational Dynamics Lab


Physics 202





This lab consists of several short (?) exercises.  Some involve the PASCO rotation analyzer and some simply involve putting your body into rotational motion.  There are several “stations” around the room.  Your team needs to work through each exercise below, but the order does not matter.  LOOK AROUND THE ROOM TO SEE WHICH STATIONS ARE AVAILABLE!   Use whichever station you can and try to avoid waiting for your favorite station.


SETTING UP:   The stations should be set up for you, your job is to find them.


STATION #1:   Moment of inertia.


The PASCO rotational analyzers should be set up with weights attached to a bar on the side opposite the pulleys (there is probably only one!).  Your mission is to find the moment of inertia of the rotating system for at least three different positions of the weights when you place a torque on the pulleys.  To do this you will need to…


Set the weights as close to the axle as you can.  Measure the distance from the center of the axle to the center of the weights (this is roughly “R” for calculation of the moment of inertia of these weights).  


Wrap a string around one of the pulleys (the medium sized one is suggested, but use the same one for all parts of this experiment) and attach a weight to the other end of the string.  You will use this weight (mass m)  to produce tension in the string which produces torque.  NOTICE:  The tension in the string is  “m ( g - a )”  where “a” is the acceleration of the hanging mass, so your life will be simpler if the acceleration is small!  Choose your weight accordingly!  


Release the mass and measure the rotational acceleration that results.  (Get messy data?  Go to Collect, Data averaging, and choose “9” for the number of points.)


Calculate the tension in the cord.  The tension in the string is  “m ( g - a )”  where “a” is the acceleration of the hanging mass.  To find this you need to know the acceleration of the hanging mass which is just ( r  where r  is the radius of the pulley that the string is wrapped around.  From the tension figure out the torque, which is r times the tension.  Record your data  (torque and ( and the distance R  from the weights to the center of the axle).


Go back to step a, repeating with the weights slightly farther out (maybe two centimeters).  Do this until you get the weights to the outer edge of the rod.


For each R  value, calculate the rotational inertia (I = ( / ( ).  GO TO ANOTHER COMPUTER, and start “Graphical Analysis” (or Excel but Graphical Analysis is highly recommended).  Make a plot of rotational inertia ( I ) vs. R.  Fit a  polynomial curve through it with as few parameters as possible (a low order polynomial).  What do you see?


�
STATION #2:   Rolling wheels.


The wooden wheel and the brass hoop (and a basketball?) should both be available (you will have to share, but take turns) as are wooden ramps and motion detectors.  Your mission is to roll the wheels down the ramps and determine their moments of inertia.


In class we decided that if we write the moment of inertia of an object as 


� EMBED Equation.2  ���,


then the acceleration of a wheel down a ramp inclined at an angle (  will be given by:


� EMBED Equation.2  ��� ,


and the speed after descending a vertical distance (x (starting from rest) is given by


� EMBED Equation.2  ��� .


Roll the hoop (or the wooden wheel) down a ramp and use whichever formula you want to find (.   (Get messy data?  Go to Collect, Data averaging, and choose a higher value for number of points.)


Repeat this with the wooden wheel (or the hoop).


Repeat this with a basketball or other large ball.


How do these measured values compare with what you expect from the table in your textbook?  What does this tell you about the objects you were studying?





STATION #3:  Roll your eyes.


Toy stores sell plastic balls with fake eyes (or globes or basketballs) suspended in fluid inside.  The “eyes” are weighted so that they do not roll, but rather slide along on a cushion of oil as the plastic shell rolls.


CAREFULLY  roll an “eye” (or “globe” or “basketball”) on a level surface.  (THEY BREAK EASILY!)  Observe what is happening.


Now take a real golf ball or (other solid ball) and a ping-pong ball (or other hollow ball) the same size as the toy.  PREDICT:  If you were to roll these three balls down an incline, which would get to the bottom first?


CAREFULLY roll them down a gentle incline and catch them before they crash into anything.  How did your prediction hold up?


�
STATION #4:  The falling spool of thread:  


Imagine hanging on to the free end of a spool of ribbon or thread, and dropping the spool (like a yo-yo) as shown below.


                       � EMBED MSDraw.1.01  ���





Will the spool fall straight down or hit the “x” under the place where the ribbon is held?  Neither one?





An “extended free body diagram” is a free body diagram in which an extended body is represented by its shape (here a circle) instead of a dot.  Draw an extended free body diagram by drawing a circle and drawing the forces acting on the spool where they act on it.  Does this help you answer part A?





Try it.  Take a spool and drop it while holding the ribbon (thread).  Where does it land?  It may be hard to tell exactly what it did, so try dropping it next to a vertical wall so you can see if went straight down (hitting the “x” directly under the spool) or whether it moved sideways (hitting the “x” under the place where the ribbon is held).  Look back at your extended free body diagram and make sure it agrees with your result.








�



STATION #5:  The bicycle wheel and your angular momentum.


Stand on a platform that is free to rotate, and get a bicycle wheel spinning over your head or in front of you with the axis pointing up and down.  Take a minute to figure out which way the angular momentum vector is pointing.  It points in the same direction as the angular velocity vector.   (If it easier for you to hold the wheel, you can try to do this with the axis pointing horizontally and then try to point it vertically, but it will be easier to follow if you have the axis vertical at the start.) 





Now try to tip the wheel so that the axis is not pointing straight up and down.  What happens?


If you were standing on the ground, and thus not free to rotate, what would tipping the wheel do to the vertical component of angular momentum?  What would you be doing to the angular momentum vector?   As you try to do that, what does the platform do?  What does your body do?  What does the total angular momentum vector do? 





STATION #6:  The spinning ice skater (or student in a chair)


You don’t have to pull on the angular momentum vector to change angular momentum.  The angular momentum of an object is the angular velocity times the moment of inertia:


� EMBED Equation.2  ���,


where r is the distance from mass m to the axis of rotation.


Sit on a chair that is free to rotate, and hold your arms out as far as you can (hold weights in your hands if you want), and start spinning (gently unless you are very brave!).





What does pulling in your arms do to your moment of inertia?


Reduce your moment of inertia by pulling in your arms.  What happens?  What happens to your angular velocity?  Do you think  your angular momentum changes as well?


�



STATION #7:  The gyroscope.


Finally, look at a spinning top, a gyroscope, and the bicycle wheel hanging from the yellow rope (spin the wheel with the axis horizontal and then hang it from the rope).  


 


Try to tip the gyroscope by pushing on the axis of rotation. What happens? 


As you push on the axis, in which direction is the torque that you place on the gyroscope?  In which direction is the change in angular momentum?


Now look at the effect of gravity on the top and the wheel hanging from the rope.  In what direction is the torque produced by gravity?   (Notice that the center of mass is NOT directly above the point that supports the wheel.)


In what directions are the changes in angular momentum of the wheel and the top?  How do these directions compare to the torques on the wheel and the top?
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