




Class 24 Class 24 -- RotationRotation
Chapter 10 Chapter 10 -- Wednesday October 20thWednesday October 20th

•Definitions
Angular displacement, velocity and acceleration

•Vector representation for angular quantities
•Rotation with constant angular acceleration
•Relating linear and angular variables
•Kinetic energy of rotation and rotational inertia

Reading: pages 241 thru 255 (chapter 10) in HRWReading: pages 241 thru 255 (chapter 10) in HRW
Read and understand the sample problemsRead and understand the sample problems
Assigned problems for Wednesday from chapter 10 (due Assigned problems for Wednesday from chapter 10 (due 
Sunday October 31st at Sunday October 31st at 11pm11pm): ): 

2, 10, 28, 30, 36, 44, 48, 54, 58, 64, 78, 1242, 10, 28, 30, 36, 44, 48, 54, 58, 64, 78, 124



Translation and rotationTranslation and rotation
TranslationTranslation RotationRotation

Translation + rotation (Ch. 11)Translation + rotation (Ch. 11)



Translation and rotationTranslation and rotation
TranslationTranslation RotationRotation

Translation + rotation (Ch. 12)Translation + rotation (Ch. 12)

RigidRigid
bodybody

FixedFixed
axisaxis



The rotational variables (scalar notation)The rotational variables (scalar notation)

Angular position:Angular position: ( )in radianss
r

θ =

•• ss is the is the length of thelength of the arcarc from a reference (from a reference (θθ = 0= 0 rad) line, to rad) line, to 
the angle the angle θθ, at constant , at constant radius radius rr..
•• The angle The angle θθ is measured in is measured in radians (rad)radians (rad), which is a ratio of , which is a ratio of 
arc length to radius; it is, therefore, a dimensionless quantityarc length to radius; it is, therefore, a dimensionless quantity..
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The rotational variables (scalar notation)The rotational variables (scalar notation)

Angular displacement:Angular displacement: 2 1θ θ θ∆ = −

An Angular displacement in the counterclockwise direction An Angular displacement in the counterclockwise direction 
about an axis (usually the about an axis (usually the zz--axis) is positive, and one in axis) is positive, and one in 
the clockwise direction is negative.the clockwise direction is negative.



The rotational variables (scalar notation)The rotational variables (scalar notation)

Average angular velocity:Average angular velocity: 2 1

2 1
avg t t t

θ θ θω − ∆
= =

− ∆

Instantaneous angular velocity:Instantaneous angular velocity:
0

Limavg t
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t dt
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The rotational variables (scalar notation)The rotational variables (scalar notation)

Average angular acceleration:Average angular acceleration: 2 1

2 1
avg t t t

ω ω ωα − ∆
= =

− ∆

Instantaneous angular acceleration:Instantaneous angular acceleration:
0
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∆



Vector representation of angular quantitiesVector representation of angular quantities

••Angular velocity and acceleration are vector quantities.Angular velocity and acceleration are vector quantities.
••Angular displacement is not (see section 10Angular displacement is not (see section 10--3 in HRW).3 in HRW).
••Right hand rule determines the direction of the vector, and the Right hand rule determines the direction of the vector, and the 
magnitude is given by magnitude is given by ωω for velocity, and by for velocity, and by αα for acceleration.for acceleration.
••Although displacement does not obey the rules for vectors, one Although displacement does not obey the rules for vectors, one 
must still specify an axis when giving an angular displacement.must still specify an axis when giving an angular displacement.



Rotation at constant angular accelerationRotation at constant angular acceleration

Missing
variable



Relating linear and angular variablesRelating linear and angular variables

The position:The position: ( )in radianss rθ θ=

The speed (differentiate the above):The speed (differentiate the above):

ds d r
dt dt

θ
=

But, But, dsds//dtdt is the instantaneous speed is the instantaneous speed v.v.
dv r r
dt
θ ω= =

All points on a rigid body have the same All points on a rigid body have the same 
ωω, so points with greater radius , so points with greater radius rr have have 
greater speed greater speed vv; the directions are not ; the directions are not 
the same for different points on a rigid the same for different points on a rigid 
body body -- in factin fact v rω= ×



Relating linear and angular variablesRelating linear and angular variables

The position:The position: ( )in radianss rθ θ=

The speed (differentiate the above):The speed (differentiate the above):

ds d r
dt dt

θ
=

But, But, dsds//dtdt is the instantaneous speed is the instantaneous speed v.v.
dv r r
dt
θ ω= =

The time period for rotation isThe time period for rotation is::
circumference 2 2

velocity
rT

v
π π

ω
= = =

NoteNote: : TT is independent of is independent of rr..

Important: all angular measurements must be in radians!Important: all angular measurements must be in radians!



Relating linear and angular variablesRelating linear and angular variables

Acceleration:Acceleration:

dv d r
dt dt

ω
=

SoSo,, ta rα=

aatt is the linear tangential accelerationis the linear tangential acceleration

Again: all angular measurements must be in radians!Again: all angular measurements must be in radians!

Centripetal acceleration:Centripetal acceleration:
2
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va r
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Kinetic energy of rotationKinetic energy of rotation
2 2 21 1 1

1 1 2 2 3 32 2 2
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K m v m v m v
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= ∑
where where mmii is the mass of the is the mass of the iith th particle and particle and vvii is its speed.is its speed.

ReRe--writing this:writing this:

( ) ( )2 2 21 1
2 2i i i iK m r m rω ω= =∑ ∑

The quantity in parentheses tells us how mass is distributed The quantity in parentheses tells us how mass is distributed 
about the axis of rotation. We call this quantity the about the axis of rotation. We call this quantity the 
rotational inertiarotational inertia (or (or moment of inertiamoment of inertia) ) II of the body with of the body with 
respect to the axis of rotation.respect to the axis of rotation.

2
i iI m r=∑ 21

2K Iω=


