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Date:    Fri, 11 Nov 2005 

From:    Barb Hilligoss 

Subject:  AP B rotational motion question

     I have a question that came up in a discussion of a rotational motion problem in AP B Physics.  The problem is this:

     A solid rubber ball (mass = .1 kg) is attached to the end of a light thread.  The ball is swung vertically.  It is 0.2 meters off the ground at its lowest point and 1.8 meters off the ground at its highest point.  The speed (tangential from the diagram) at the top is 6.0 m/s.

     My question is this: If I was asked to find the total energy of the ball and I am finding it at the top, do I need to have

        E total = KE translational + KE rotational + PE

        E total = 1/2 (mv^2)  + 1/2 (I w^ 2) + mgh

        E total = 1/2 (mv^2) + 1/2 (mv^2)  + mgh      (since I = m r^2 and w = v/r)

OR does the E total only = KE rotational + PE?


-----------------

Date:    Sat, 12 Nov 2005 

From:    Don Yost 

     I think it might be helpful if we consider the energy.  There is energy of position and energy of motion.  Energy of motion can be determined by 1/2 m v^2 .

     In rotational systems, it is often handier to express 1/2 m v^2 in rotational coordinates: 1/2 I w^2.  They are the same thing.  You can use whichever form of the equation you wish, but of course you can't use it twice.

------------------------------

Date:    Sat, 12 Nov 2005 

From:    Aaron Titus 

     The total kinetic energy of any system of particles is the sum of the kinetic energies of the particles in the system. For certain situations, it can be useful to write this as

     K= sum K_i = K_trans + K_rel

where K_trans = translational kinetic energy = 1/2 M v_cm ^2 and  K_rel is the kinetic energy relative to the center of mass.

In this case, you only have 1 particle. Thus,

     K=1/2 m v^2

Now, you can substitute v = wr. Then,

     K=1/2 m w^2r^2 which you can write as K=1/2 I w^2 with I=mr^2.

But that's just two different ways to write the kinetic energy of the  system.  Thus,

     E = K+U_grav (if the system is defined to be ball + Earth)

Substituting gives

     E=1/2 mv^2 + mgh


------------------------------

Date:    Sat, 12 Nov 2005 

From:    "R. McDermott" <rmcder@PEOPLEPC.COM>

     Great question!  My inclination here would be to agree with another poster that you would not need to consider rotational KE.  However he suggested that this was due to an assumption that the rotational KE about the CM was negligible (which is most likely the intent of the problem).  I think you can go further than that, but I welcome correction if I'm making an error in analysis.  It seems to me that an additional rotational KE factor can be ignored in a case like this so long as the pendulum described isn't a physical pendulum (sphere rotated about an axis at its edge).  So long as there is a discontinuity in the mass distribution between the bob and the pivot point, the sphere can be treated as a point mass at the end of a "string" that extends from the pivot point to the center of the sphere.  By so doing, treating the KE as strictly translational produces the same result as treating the KE as strictly rotational.  Once the pendulum becomes physical (essentially no string), the KE must be treated as strictly rotational and is no longer equivalent to translational KE.

------------------------------

Date:    Sat, 12 Nov 2005 

From:    Richard McNamara

R. McDermott wrote:

>Great question!  My inclination here would be to agree with another poster that you would not need to consider rotational KE.  However he suggested that this was due to an assumption that the rotational KE about the CM was negligible (which is most likely the intent of the problem).  

That all depends upon the radius of the rotating sphere, r, when compared to the radius of the circular path, R. You can determine kinetic energy in either of two ways:

A. From the center of mass of the object:

In this case you also have to consider the rotational kinetic energy of the sphere using the sphere's moment of inertia around its center of mass, 2/5(mr^2), and its angular velocity, w, which is still the ratio of its translational velocity to the radius of the circular path, v/R.

B. From the center of rotation of the system:

In this case you will have only rotational kinetic energy, depending on the radius of the sphere compared to the radius of the circular path, you should consider using the moment of inertia given by the parallel axis theorem, I = mr^2 + I-central axis. For the sphere rotating at the end of the axis the new I would be given by: I = mR^2 + 2/5(mr^2).

Since this is multiplied by w^2 = v^2/R^2 to determine the rotational kinetic energy, either approach gives you a kinetic energy expression that looks something like:

Ek = 1/2(m + m(r/R)^2)v^2 for the combination of translational and rotational kinetic energies.

The bottom line is similar to the point I think Ron is making. If the radius of the circular path, R, is significantly bigger than the radius of the sphere, r, then the ratio r/R becomes small enough to make the rotational energy of the sphere about the central axis of the circular path negligible.

Why all this fuss about rotational inertia of the rotating sphere? Have you ever tried the conservation of energy experiment where you roll a ball down an incline from different heights and measure its velocity at the bottom of the ramp? When you plot v^2 vs. h, did you get a slope of 

'2g' like theory says you should? Nope, you get a number that's quite a bit smaller. If there was no sliding of the ball, you'll get a slope value much closer to 10g/7 or 1.43g. Why? Because the rotational energy of the sphere is significant in this case.

mgh = 1/2*mv^2 +  1/2*(2/5*mR^2)*(v/R)^2

mgh = 1/2*mv^2 + 1/5*mv^2 or  mgh  =  7/10*mv^2

So v^2 = 10g/7 * h

If you 're teaching an AP course and need to do rotational energy after you've done translational energy, you may want to consider doing the ball on the ramp investigation to show that the final kinetic energy squared is directly proportional to the initial gravitational energy. "Why isn't the slope equal to 2g?" they'll ask. Just ask them if all of the parts of the ball are rotating at exactly the same speed. Maybe there's more to it than just 1/2mv^2, you'll suggest. Be sure to ask the students 

to save their results for later in the year. I found it was valuable to re-examine the data in light of rotational energy and show why slope was less than 2g. It will also prepare them for this multiple choice question that AP and IB throws out there every once in a while.

Two disks of similar mass and radius rolling across a horizontal surface each begin rolling up an incline. The first disk rolls up an incline that is frictionless; the second incline does have friction. How do the final heights of the disks compare?

Correct answer: Disk rolling up the ramp with friction will go higher than the frictionless.

Why? If there is no friction, the disk going up the frictionless ramp will continue rotating at the same angular velocity the entire time it's on the ramp. Therefore when it gets to its maximum height on the ramp, the disk will still have a significant amount of its energy stored in the rotation of the disk, leaving less energy to be transferred into gravitational energy.  For the frictional ramp, the friction is causing a torque on the disk. While this torque doesn't cause the speed of the disk to change, it does affect the angular velocity of the disk. This decrease in angular velocity (and decrease in rotational kinetic energy) causes the disk to roll further up the ramp.

If you can't tell by now, rotational motion has always been a favorite topic of mine.   
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