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Chapter 8:
Rotational Motion

Rotational

Inertia
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Rotational Inertia

* You will learn:

Ny you choke up on a bat.

Ny you curl your arms when you run.
ny flywheels are used.

Ny you extend your arms for balance.
* How to balance a hammer.
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Review: Inertia for straight line motion:

1) Inertia. Property of an object it has that resists
changes in its motion.

2) More mass = More inertia

3) The more inertia (or mass) you have, the harder
it is to change your motion.

-1t is harder to get started; and,

=1t is harder to stop.

4) Newton’s 15t Law (Law of inertia):

- An object at rest tends to stay at rest

- An object in motion tends to __stay in motion
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Example:

Force and Motion

Girl pulls table cloth quickly but dishes remain on the table —
a lot of physics is happening here

What force keeps the dishes in place? No force. It is inertia.
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* Newton’s Law of Inertia for rotating objects:

An object rotating about an axis tends to
remain rotating about the same axis at the same
rotational speed unless interfered W|th by some
external influence. AT

* Think: wheel.

* Now think: really big wheel

* Which is harder to start or stop? g wheel

« The property of an object to resist changes in its
rotational state of motion is called rotational
inertia (symbol J).
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Rotational Inertia, Continued
* Depends upon

— mass of object.

— distribution of mass around
axis of rotation.

* The greater the distance
between an object's mass
concentration and the axis, the
greater the rotational inertia.

Which has more normal inertia?
neither...same mass

Which has more rotational inertia?
one with masses at end
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Ex. Flywheels are used to stored kinetic
(motion) energy. Once rotating, they tend
to keep rotating:

sewing
machine

car
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Hybrid car use flywheels help store KE

Emissinns | To reduce fuel consumption and pollution, vehicle makers are testing

HHCE flywheels found in Formula One racing cars. W h I t I I
1 When a driver breaks, 9 The electricity travels through cables to 5 y e a
electricity is generated charge the flywheel, which spins up |

EERE \;,\ ». thatKE go

— Vs ) . into friction,
which heats
things up
and cannot
§ =2 be easily

™ When the driver accelerates,
ol the flywheel sends energy

to the motor to power
the wheels, a3 car became the
: el first hybrid
vehicle to win the ?
o reused”
arce and phot of Le Mans race.
Hiybrid Powor

that can be used when they accelerate.
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Rotational Inertia, Continued-1

* The greater the rotational inertia, the harder it is to
change its rotational state.

« Why does a tightrope walker carries a long pole?

It has a high rotational inertia, so it does not easily
rotate.

|t keeps the tightrope walker stable.

Rotational inertia
- Sigh *
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Ex. Walking on ice

Why do you put your
hands out to help you
balance?

It puts mass further
from your axis of
rotation.

This increases your
rotational inertia.

This resists changes
In your motion
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Rotational Inertia...depends on the axis
around which it rotates:

1) Which axis has the pencil mass

closesft to |t’..? A | A j‘"@' _
Which axis has the pencil mass
furthest from it? (C a3
e
2) Which axis has the most C B
rotational inertia? qi_;
Which has the least? A =D
C

3) Which is easiest to rotate? A
Which is most difficult to rotate? C
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Gymnasts change their rotational inertia:

Where is the rotational inertia the greatest? d

a- b ¢ s dk

Where is the rotational inertia the least?
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Ex. Running

Ratalional Ineria

. You band your legs when you run to reduce their
Where IS the rotational inertia. Bent legs are easier to swing

axis of rotation back and fo
for her legs?

hips

When you bend
your legs to run,
are your legs
closer to or further
from your hips?

Why is it easier to run
when you bend your legs?

less rotational inertia...so

closer easier to start and stop them
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Ex. Choking
up on a bat

axes of rotation

Choking up means you swing the bat around
different axes of rotation. It allows you to:

...bring the bat to speed in less time,
...S0O you can walit to see the pitch,
...and also give a greater bat velocity.



Rotational Inertia of simple objects

The rotational inertia depends upon the shape of
the object and its rotational axis.

The basic equation is:

| = mr?

Simple Hoop about normal axis Hoop about diameter
pendulum__
.// N
|IIr !
\ roJ
\ /
I = mr?
Stick about Solid Solid sphere
end Stick 3b0Ut CG cylinder about CG

3%
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Detalils:
Simple Hoop about normal axjs
pendulum__ _ P
({/ 3
[] ‘ "
Why is | for R ¥
thlS Sthk l;r;”«Z | =mr2
greater?
Stick about _ Solid
end/ Stick about CG cylinder
g
L :, ::
I =112 ml2

I=1V3ml2

Why is | for
this hoop
greater?

oop about diameter

Solid sphere
about CG

| is greater when mass if further from the axis.
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Contest: Roll a hoop (normal axis), a solid
cylinder and a sphere down a ramp.

SL”‘S”EI - Hoop about ormal axis | op about diameter
Which gets e
to bottom ‘
first?
sphere
Stick about Solid sphere
Why’) end Stick about CG about CG
smallest | /X
I=13 \; 1/12 m*

Which gets to bottom last?  hoop

Why? biggest |

© 2015 Pearson Education, Inc.



Rotational Inertia
CHECK YOUR NEIGHBOR

A hoop and a disk are released from the top of an
Incline at the same time. Which one will reach the
bottom first?

A. Hoop

B. Disk

C. Both together

D. Not enough information
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Rotational Inertia
CHECK YOUR ANSWER

A hoop and a disk are released from the top of an
Incline at the same time. Which one will reach the
bottom first?

B. Disk

Explanation:
Hoop has larger rotational inertia, so it will be slower in gaining speed.
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Ex. Hammer balance

Demo: Hammer Balance

When is the hammer easier to
balance on your finger?

at the
here is the axis of rotation for the hammer? finger

nich situation has more rotational inertia? B
hy?  most mass is far from axis
©2015Pea20!1Cut!|orI1Snc.eaSIer to balance? B




Homework: due Wednesday @ 7 pm

* On page 153:
« #5-11
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