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— This is a practical example
of a center-of-mass
calculation!



Announcements & Key Concepts (re Today)

— Online HW #7: Posted and due Monday Nov. 4

- Midterm exams are graded and will be handed back next week

Some relevant underlying concepts of the day...

» Moment of inertia

> Parallel-axis Theorem

> Rotation + Conservation of Energy



Preliminary midterm scores....




Preliminary midterm scores....

Blue is vers.A
Orange is vers.B



Review: Rotational Kinetic Energy

Moment of
inertia

Kesten & Tauck



Rotational Kinetic Energy

Kesten & Tauck



Moment of Inertia: Uniform bar rotating about one end

Moment of
inertia

Now in integral form, but...

... how are r and m functionally-related?

Uniform density! Am/Ar = M/L

(equal proportions)

Now in the limit:

Kesten & Tauck



Moment of Inertia: Uniform bar rotating about one end

Kesten & Tauck



Moment of Inertia: Uniform bar rotating about its center

Recall: Note the similarity here
w/ respect to CM
calculations...

Just change the limits
of integration!

... a key difference being that
here things are moving (or
more specifically, rotating)

Question: What is a
thin rod and why is
that needed?

Kesten & Tauck
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MomentS of Inertia

M. George



Aside: Some of those other shapes....

Thin hoop rotating about center

- When does a "thin
hoop" become a "thin
cylindrical shell?

Kesten & Tauck



Aside: Some of those other shapes....
Similar argument before re

Thin hoop rotating about center density & proportionality

Kesten & Tauck



Reminder (re proportionality)

- Because the density is uniform (i.e., constant), proportionality reasoning applies here!

Knight (2013)



Aside: Some of those other shapes....

Thin hoop rotating about center

Similar argument before re
density & proportionality

Kesten & Tauck



Aside: Some of those other shapes....

Thin hoop rotating about center

- Remarkably L does not
factor in here!

Kesten & Tauck



Aside: Some of those other shapes....

Thin disk rotating about center

Similar argument before re
density & proportionality

Double integrals! (beyond our scope)

Kesten & Tauck
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Parallel-Axis Theorem

* Tells you how the moment of inertia would change
for one of those regular objects it we chose to
rotate the object about some other axis.

I:ICM+Mh2

where I, is the moment of inertia through the
centre of mass as indicated in some table.

M is the mass of the object.

h is the distance of from the centre of mass to the
new axis of rotation.

M. George



Parallel-Axis Theorem

Kesten & Tauck



Parallel-Axis Theorem: (quasi-Proof)

Kesten & Tauck



Conservation of Energy (Revisited)

Now we factor rotation into the kinetic energy consideration:

Kesten & Tauck



Conservation of Energy (Revisited)

> lgnore losses
> Consider one object at a time
> Assume it is initially at rest

Kesten & Tauck



Conservation of Energy (Revisited)

When the smoke clears....

The "disk" wins the race. Perhaps not very intuitive at first....

... until you keep in mind a key principle at play here:
Energy can be stored in a variety of ways

Kesten & Tauck
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Review: Vector Algebra

Vector algebra follows familiar rules (cont)

Note: Multiplication of two vectors is a bit trickier (we’ll get there later in the semester)

Knight



Review: Vector Algebra

The "dot product"” (re work)

Wolfson

- Another means to multiply vectors (the "cross product") now arises
as we head into the notion of torque...

T = #xF = || |F|sing
where 7 is the distance from the axis of rotation
F is the applied force

¢ is the angle between 7 and F



Torque

* But how does one achieve a particular angular
speed? What cause angular acceleration?

e For translational motion, it was a force that caused
changes in velocity.

* For rotational motion, it is the torque, 7, (tau) that
causes changes in angular speed. Torque can be
thought of as the angular force.

M. George



