April 9, Week 12
-

Today: Chapter 9, Rotational Energy

Homework #9 - Due April 16 at 11:59pm
Mastering Physics: 7 questions from chapter 9. Written
Question: 10.80
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Review

-

fThe rate at which an objects spins is given by its angular
velocity, <, and angular acceleration &.

__db __ dw
W="q =g
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velocity, <, and angular acceleration &.

W="1 =g

RHR | - Curl the fingers of your right
hand in the “sense" of the rotation.
Your extended thumb, points in direction

of 5.
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velocity, <, and angular acceleration &.

do dw
= T
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Review

fThe rate at which an objects spins is given by its angular T
velocity, <, and angular acceleration &.

RHR | - Curl the fingers of your right
hand in the “sense" of the rotation.
Your extended thumb, points in direction

of 5.

V=WxT
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Review

fThe rate at which an objects spins is given by its angular T

velocity, <, and angular acceleration &.
__do _ dw
W= YT g

RHR | - Curl the fingers of your right
hand in the “sense" of the rotation.
Your extended thumb, points in direction

of 5.

V=WxT

Take the fingers of the right hand and “sweep" X Into _B>
L extended thumb points in direction of cross product J
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Connected Rotating Objects
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Connected Rotating Objects
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N When connected by a non-slipping
R chain or belt, the two rotating objects
must have the same linear velocity
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chain or belt, the two rotating objects
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V1 = U9

|W1"“1 — w272 I
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Connected Rotating Objects
o -

When connected by a non-slipping
chain or belt, the two rotating objects
must have the same linear velocity

V1 = U9

(W1T1 = WaT2 |
Different Angular Velocities
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Linear Accelerations

-

vaery point on a rotating object has two acceleration
components.
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Linear Accelerations

. N

very point on a rotating object has two acceleration

components.
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Linear Accelerations
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vaery point on a rotating object has two acceleration
components.

a..4 - changes in direction

N/ Aan - Changes in speed
I Arad

2 - 2=
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Linear Accelerations
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vaery point on a rotating object has two acceleration
components.

a..4 - changes in direction

)
N/ Aan - Changes in speed
I Arad
2 = —
=16 SRS ———
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e

components.

Linear Accelerations

very point on a rotating object has two acceleration

-

a..4 - changes in direction

d.n - changes in speed

2 - 2—>
Arad = U? = w?r Arqd — — W I
atan = Qr
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Linear Accelerations

very point on a rotating object has two acceleration
components.

-

a..4 - changes in direction

%

2
— v __
Arad = 5= =

atan = Qr

W

2

r

ai.n - Changes in speed

= _ 2%'
Argqd — —W I
Atan
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Linear Accelerations

-

vaery point on a rotating object has two acceleration
components.

a..4 - changes in direction

d.n - changes in speed

2 - 2= I
ﬁ @ Arad = U? = w?r Argqd — —W I

— —
= Qpqd T Atan
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Linear Accelerations

-

vaery point on a rotating object has two acceleration
components.

a..q - changes in direction

At g
2., - changes in speed
— N tan g p
r Arad
2 — —
=16 i =% v (R 7]
Qtgn, = QT §> —axT

& = 3rqd T Btan a4 = \/ Urad + atan
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Non-Circular Objects

-

Putting the origin of the coordinate system at the axis of
rotation allows us to use all of the equations for circular
objects.

-
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Non-Circular Objects

-

Putting the origin of the coordinate system at the axis of
rotation allows us to use all of the equations for circular
objects.

-

~
N

L r = distance from axis of rotation J
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Clicker Quiz
-

The following object is rotated about one end as shown.
What is the linear speed of the point A?

-
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Clicker Quiz
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The following object is rotated about one end as shown.
What is the linear speed of the point A?

(a) dw
(b) §w

(©) Fw

(d) 2d w
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Clicker Quiz
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The following object is rotated about one end as shown.
What is the linear speed of the point A?

(a) dw
(b) §w

‘(C) 37dw|

(d) 2d w
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Rotational Kinetic Energy
-

Any rotating object has a kinetic energy due to its motion.
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many small pieces.
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Rotational Kinetic Energy

A

We have to imagine splitting the rotating object up into
many small pieces.

-

ny rotating object has a kinetic energy due to its motion.

Look at the i-th piece
It has kinetic energy, K; = £ M;v?

Vg — 1w
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Rotational Kinetic Energy
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We have to imagine splitting the rotating object up Iinto
many small pieces.

ny rotating object has a kinetic energy due to its motion.

Look at the i-th piece
It has kinetic energy, K; = £ M;v?
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|

Rotational Energy — p. 7/10



Rotational Kinetic Energy
-

A

We have to imagine splitting the rotating object up Iinto
many small pieces.

ny rotating object has a kinetic energy due to its motion.

Look at the i-th piece
It has kinetic energy, K; = £ M;v?
v; = riw All pileces have same w

1 2 1 2, .2
K@' = §Mi (mw) = §MZ"I“Z-CU
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We have to imagine splitting the rotating object up Iinto
many small pieces.

ny rotating object has a kinetic energy due to its motion.

Look at the i-th piece
It has kinetic energy, K; = £ M;v?
v; = riw All pileces have same w

1 2 1 2, .2
K@' = §Mi (mw) = §MZ"I“Z-CU

K =~ Z K; = Z %Mﬁguﬂ
1 1
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Rotational Kinetic Energy ||
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We have to imagine splitting the rotating object up into
many small pieces.

-

ny rotating object has a kinetic energy due to its motion.
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Rotational Kinetic Energy ||

L N

ny rotating object has a kinetic energy due to its motion.

We have to imagine splitting the rotating object up Iinto
many small pieces.

K ~ % (Z Mﬂ“f) w2
1

This expression becomes exact
In the limit as the number of pieces
approaches infinity (and so the size
of each piece approaches zero)
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Rotational Kinetic Energy ||
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ny rotating object has a kinetic energy due to its motion. T

We have to imagine splitting the rotating object up Iinto
many small pieces.

K ~ % (Z Mﬂ“f) w2
1

This expression becomes exact
In the limit as the number of pieces
approaches infinity (and so the size
of each piece approaches zero)
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Rotational Kinetic Energy ||

L N

ny rotating object has a kinetic energy due to its motion.

We have to imagine splitting the rotating object up into
many small pieces.

K ~ % (Z Mﬂ”?) w2
1

This expression becomes exact
In the limit as the number of pieces
approaches infinity (and so the size
of each piece approaches zero)
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Moment of |nertia

-

In the limit, the sum becomes the Moment of Inertia, I, for
the rotating object.
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Moment of |nertia

fIn the limit, the sum becomes the Moment of Inertia, I, for T
the rotating object.
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Moment of |nertia

-

In the limit, the sum becomes the Moment of Inertia, I, for
the rotating object.

-

[%ZMiriQ
I = lim ZMT
1—00

I = erdM: ferdV
(p = density)

- |

Rotational Energy — p. 9/10



Moment of |nertia

-

In the limit, the sum becomes the Moment of Inertia, I, for
the rotating object.

-

[%ZMiriQ
I = lim ZMT
1—00

I = erdM: ferdV
(p = density)

K = 11,2

1
2
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Moment of Inertiall

-

The moment of inertia, I, is the rotational counterpart to T
mass, i.e., it plays the same role in rotation as mass does in
linear motion.
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Moment of Inertiall

-

The moment of inertia, I, is the rotational counterpart to T
mass, i.e., it plays the same role in rotation as mass does in
linear motion.

The moment of inertia tells us how “hard" it iIs to make an
object rotate.

The moment of inertia depends on:

(a) The object’s shape.
(b) The axis of rotation.
(c) The total mass of the object.
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