
PHYS 301 FALL 2013 HWA7 Due Nov 27 at the PS hour.

A review of single axis motion and angular momentum.
This short memo is to accompany your regular and insistingly repetitive

reading of the textbook not to replace it.
Read Chapter 6 of Kleppner and Kolenkow as much as necessary. Study

the worked out examples in detail. Repeat the above more than once. Make
reading of Chapter 6 a habit. Do all of this slowly: Festina lente.

Let us first remember the most important lesson: The direction of angular
momentum is not generally along the axis of rotation (the direction of ~ω). But
under special circumstances one can justify

~La = Ia~ωa

where a refers to the axis chosen.
What are these conditions? For instance if we know that all the particles

are confined to move on a single plane -move means their velocities are all
on the same plane- the direction of total angular momentum is in a direction
perpendicular to this plane since the direction of all particles angular momenta
are in this same direction. In this case if any point is chosen to define an angular
velocity these will all be parallel to the same axis. Hence if all the particles are
confined on a plane we can use the condition above.

But what about a cylinder that rotates about its axis of symmetry? Well we
say it is effectively a planar system and falls in the category above. Consider
for instance the figure below

It seems to indicate that a cylinder is being towed with a certain force by
pulling a rope that is wound around the cylinder. The hidden assumption in the
figure above is that IT ACTUALLY ASSUMES the following if we look from
the top

That is the cylinder is being towed from the center of mass which means it
will not interfere with the axis of the rotation of the cylinder. Thus this does not
create a torque in a direction different than the direction of rotation it simply
makes the thing rotate about the axis of symmetry faster without rotating the
axis of symmetry.

If this is not assumed we can not use ~La = Ia~ωa. Or better for us to be able
to use ~La = Ia~ωa we impose this condition on the application point of the force.

In almost all problems of this type, this -top view- is not drawn making the
problem look effectively 2D. Whereas I believe not drawing the top view is the
hint that the problem is 2D. Take your pick. Education faculty students can
enlighten us about whether this is am important issue in teaching or not.

Anyways. Whenever you can justify ~La = Ia~ωa this means the problem is
effectively reduced to a 2D problem since the 3rd direction serves merely as
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indicating the direction of the torque -into the board or out of the board- via
the right hand rule of the right handed coordinate systems.

Now if these things are justified we can effectively forget about the vector
nature of the axis -but remember it when we calculate the torques- and write
down

~τa =
d

dt
~La

simply becomes

τa =
d

dt
La = Iaαa +

dIa
dt
ωa

where αa = ω̇a, the angular acceleration.
NOTE that we can allow for a change in the moment of inertia because even

though the closed system can not have mass change the distribution of these
masses can change and I is all about shape.

If furthermore the moment of inertia is constant and the object is said to be
rigid. We can then say

τa = Iaαa

Another simplification that often occurs in problems of this type is ”rolling
without slipping”. This condition geometrically binds the velocity of the center
of mass of the body to the angular velocity about the center of mass. For a
cylinder we know that this is given as v = Rω. But consider an ellipsoidal
barrel instead of a circular one -a cylinder that is- ?

You can get around this by considering a more formal definition of ”rolling
without slipping”. This statement simply says that the points of the rigid body
that are in contact with the floor have zero relative velocity with the floor -
otherwise they would slip :). Try to implement this condition on the mentioned
ellipsoidal barrel. When one gives up -for technical reasons- one understands
why it seems that mechanics is only interested in cylinders and spheres! The
increase in complication is really a bit much considering the ”simple” general-
ization of the shape of the barrel.

I shall not try to defy physics for the love of technical expertise. So we shall
be dealing with cylinders and spheres mostly -But I can throw in an occasional
”cone” for desert.

HWA7 Starts here
1. A cylinder of mass M and radius R is being pulled via a rope that is wound
around it. The pull force is to the right and its magnitude is F , we also assume
that the pulling force is rather gentle.
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Show that if the pulling radius r > R/2 we have the following picture
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and if the pulling radius r < R/2 we have the following picture
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where in both instances we have

a =
2F

3M

(
1 +

r

R

)
|f | = F

3
|1− 2r

R
|

Furthermore also show that for the following situation
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we have

a =
2F
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)
f =

F
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(
1 +
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)
Intrepret all these results: especially the direction of the friction force. Re-

member that for all these cases we found the motion which is rolling without
slipping, not anything else. Discuss also what you feel considering your ”intu-
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itive” feeling about the last case.

1.2 Now let us remember that the static friction force has a maximum allowed
value,

fmax
s = µsN = µsMg

Re-intrepret each solution and find the limits on the meaning of ”F is gentle”.

2. A more complicated example. Consider the following figure
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There is a rigid rod of length 2L with stoppers at both ends. On the rod
two beads of mass m each are connected by a thin tread. Initially the system is
rotating with angular speed ωo and the beads are equidistant from the center.
We shall ignore all masses other than those of the beads -or consider the limit
where the the beads are much heavier.

We shall study the motion that arises when the thread somehow breaks. In
the following when I say ”argue” I mean use a physical principle or equation to
arrive at the mentioned result

2a1. Argue that even after the thread breaks

r1(t) = r2(t)

where r1 and r2 denote the distance of each bead from the center.
2a. Argue unambiguously -but ignoring all the other masses than the bead

masses- that

ω(t)
dr2(t)

dt
= −r(t)2 dω(t)

dt

2b. Argue unambiguously that

r̈ =
a4ω2

o

r3

2c. Show thus by assuming that ṙ(t = 0) = 0 that

ṙ2 = a2ω2
o(1− a2

r2
)

2d. Show that the solution is

r(t) = a
√

1 + 4ω2
ot

2

2e. From the above find ω(t).
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2e. Now assume that when the beads reach the end stoppers of the rod the
beads stick there -assume that even though we ignore the masses of the rod and
the stoppers they are capable of this. It makes sense because breaking a rod
along its length is much more difficult no matter how light it is. FIND the final
angular velocity of the system after the beads stick.

2f. Compare the initial and final kinetic energies. Do they match? If not
explain.

3. Solve problems 6.1, 6.3, 6.4, 6.7, 6.8 and 6.41 of Kleppner and Kolenkow.
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