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Announcements & Key Concepts (re Today)

- Online HW #6: Due TODAY!!
— Online HW #7: Posted and due Monday Nov. 4

- Midterm exams are graded and...

Some relevant underlying concepts of the day...
> Recap re 2-D center-of-mass (CM) calculations
> CM motion
> Review: Rotational motion
> Rotational kinetic energy

» Moment of inertia



Need to determine the density 6 [kg/m?]
Be careful w/ the units (e.g., [4,] = m, meaning it is a length and not an area!)

Hughes-Hallet et al (2004)



Ex. (SOL)

Hughes-Hallet et al (2004)



Motion of the Center of Mass

» From our definition of center of mass:

> Differentiating w/ respect to
(assuming mass stays const.)

> Differentiating again w/ respect to

Resnick & Halliday (1966)



Motion of the Center of Mass

> Included amongst these forces are internal ones, in that from Newton’s 37 Law,
they will occur in (equal but opposite) pairs and thereby cancel

- So only external forces
effectively contribute

Resnick & Halliday (1966)






Review: Rotational Motion

Then, in 1969, David Egger and Paul Davidovits of Yale
University combined confocal microscopy with lasers to increase
the resolution still further. Now, laser confocal microscopy,
combined with computers, can produce exquisite three-
dimensional images of complex biological material, including the
highly amorphous structure of dendritic cells.

https://www.immunology.org/laser-confocal-microscopy-dendritic-cells-1969



Review: Rotational Motion

From the midterm exam:



Review: Rotational Motion



Review (re Circular Motion)

> 1-D kinematics translates directly to circular motion (in polar coords.)

TABLE 4.1 Rotational and linear kinematics for constant acceleration

Rotational kinematics Linear kinematics
@f=wi+aAr Ve, = Vi, T a, At
0; = 6, + w, At + 5 a(Ar)? s¢ =5, + v, At + 3 a,(Ar)?
wf = w’+2a A6 vel = v.2+ 2a, As

Knight (2013)

- However, things tend to otherwise get a bit more complicated as we will see...



Rotational Kinetic Energy

- Imagine only a small section of
the wheel. It has some mass,
and it is moving with some
velocity. That piece has some
kinetic energy.

- Since kinetic energy is a scalar,
the KE of all such pieces
should add.

M. George



Rotational Kinetic Energy

* Something spinning may not have the location of its
centre of mass moving. So it would not have any
translational kinetic energy.

* But it would have some motional energy, since it takes
work to spin an object!

M. George



Rotational Kinetic Energy

Consider an
element of a rod
(with mass m;,)
undergoing
circular motion

Kesten & Tauck



Rotational Kinetic Energy

Angular velocity

Note: All points on the bar have the same ®

What about the
bar as a whole?

Velocity of mass
element m;

Associated kinetic energy

Kesten & Tauck



Rotational Kinetic Energy

Moment of
inertia

Kesten & Tauck



Rotational vs "Linear" Kinetic Energy

Kesten & Tauck



Rotational Kinetic Energy

Kesten & Tauck



Inertia

Wikipedia (re inertia)



Reminder: Inertial Reference Frames

> Similar to walking along on a (moving) train

> Frame of reference is inertial if it is in
uniform motion (which also includes being
at rest). That is, the frame itself is not
accelerating

> Strictly speaking, “Earth” is not an inertial
frame (due to the rotation of earth)

Knight (2013)

- Newton’s laws only apply in inertial reference frames



Moment of Inertia

* The moment of inertia, I, tells us how difficult it is to change the
angular speed of a rotating (or rotatable) object.

— 2
Krotational = E Iw

* This is the same idea as mass quantifying how difficult it is to
change the linear speed of an object.

* Moment of inertia depends on the particular sum of miriz terms,
which depends on the shape of the object, and about which axis
the object is rotating.

* In principle, one requires a volume integral to find this sum.

* |In practice, for some regularly shaped objects rotating about
certain axes, these sums are well known.

M. George



Moment of Inertia: Multiple masses

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

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

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



Kesten & Tauck



