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Rotational Kinematics:

Rotational Kinematics involves many of the linear variables we have been using before —
displacement, velocity, and acceleration — only we add the word angular to each of those

variables.
For example:
o Angular Displacement: AB = ef — 91‘
- Is similar to Linear Displacement: AX = Xf—Xj

= Units for angular displacement are degrees, radians, and revolutions.
= 1 revolution = 360° = 2r radians

AB
o Average Angular Velocity: () = ——

At

« Is similar to Average Linear Velocity: V' =

AX

At
rad

=  Typical units used in physics for angular velocity:

rev

=  Typical units used outside of physics for angular velocity: .

= Converting 4.7 radians per second to revolutions per minute (or rpms):

rad 605ec)( lrev rev

sec\ 1min |\ 2nrad = 44.88 “45m
AW

At

= Is similar to Average Linear Acceleration: @ =

w=4.7

o Average Angular Acceleration: ) =

AV

At
rad

52

= Typical units for angular acceleration:

Rotational Kinematics typically involves rigid objects with shape. Rigid objects maintain a

constant shape as they rotate.
o Different points in a rotating, rigid object will move in different directions.
o Arigid object cannot be modeled as a point particle.

o All the points in a rigid object go through the same angular displacement during the same
time interval, have the same angular velocity, and have the same angular acceleration.

Uniformly Angularly Accelerated Motion, UaM:
o Is similar to Uniformly Accelerated Motion, UAM.

o The UaM equations are valid when the angular acceleration of the object is constant.
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o

o

o

These are the UAM - UaM equations on the equation sheet:

C Ve =Vyp+ayt = 0=Wwp+at .
: x=x@+vxgt+§axt2=>9=9@+w@t+§at2
C V= Vel + 28, (X — Xp) = W2 = wp? + 2 (6 — Bp)

This is the one UAM - UaM equation not on the equation sheet:

1 1
. AX = §(Vf+vi)At=>A9: E(wf+w1-)At

Angular velocity initial and angular velocity final are instantaneous angular velocities.

e In graphs of rotational motion:

O
O
O

The slope of an angular position as a function of time graph is angular velocity.
The slope of an angular velocity as a function of time graph is angular acceleration.
The area “under” an angular acceleration as a function of time graph is change in angular
velocity.

= Area above the horizontal time axis is positive.

= Area below the horizontal time axis is negative.
The area “under” an angular velocity as a function of time graph is change in angular
position or angular displacement.

Connecting Linear and Rotational Motion:

e An object moving along a circular path moves through an angular displacement, however, it also
moves through a linear distance. That linear distance is called arc length.

)
O
@)

A typical symbol for arc length is s.

The equation for arc lengthis § = ["Ae
The base S.I. units for arc length are meters.

e An object moving along a circular path has an angular velocity, however, it also has a linear
velocity. That linear velocity is called tangential velocity.

o

@)
O
@)

The symbol for tangential velocity is v.
The equation for tangential velocity is Vt =rw
The base S.I. units for tangential velocity are meters per second.

The direction of tangential velocity is tangent to the circular path being traced out by the
object and perpendicular to the radius.

e When an object moving along a circular path has an angular acceleration, it also has a linear
acceleration. That linear acceleration is called tangential acceleration.

o

@)
@)
@)

o

The symbol for tangential acceleration is a.

The equation for tangential acceleration is at = ra

The base S.I. units for tangential acceleration are meters per second squared.

The direction of tangential acceleration is tangent to the circular path being traced out by
the object and perpendicular to the radius.

If the magnitude of the tangential velocity of an object is increasing, the tangential
acceleration of the object is in the same direction as its tangential velocity.

If the magnitude of the tangential velocity of an object is decreasing, the tangential
acceleration of the object is in the opposite direction as its tangential velocity.

If the magnitude of the tangential velocity of an object is not changing, the tangential
acceleration of the object is zero — the object has no tangential acceleration and the
object has no angular acceleration

e In order to use each of the three equations relating a linear variable to a rotational variable, the
rotational variable needs to be in radians.

o

This is because radians are a dimensionless quantity.

e The equations for tangential velocity and tangential acceleration use the magnitudes of the
vectors in those equations.
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o In AP Physics 1 we use clockwise and counterclockwise to describe the directions of
angular quantities like angular displacement, angular velocity, and angular acceleration.
e Previously we learned that centripetal acceleration equals tangential speed squared over radius.
We now know centripetal acceleration also equals radius times angular speed squared.
e The three different accelerations an object can have in circular motion are angular acceleration,
tangential acceleration, and centripetal acceleration.

o Angular acceleration is the only one of the three which is an angular quantity with units of
radians per second squared.

o Both tangential acceleration and centripetal acceleration are linear accelerations with
units of meters per second squared. One way to tell the difference between the two is by
their directions.

= Tangential acceleration is always in a direction tangent to the circular path being
traced out by the object and perpendicular to the radius being traced out by the
object.
= Centripetal acceleration is always in a direction perpendicular to the circular path
being traced out by the object and in toward the center of the circle along the
radius.
e The word centripetal means center seeking.

o Tangential acceleration and centripetal acceleration are always perpendicular to one
another.

o Circular motion cannot exist without centripetal acceleration.

o Tangential acceleration results from the change in magnitude of the tangential velocity of
an object.

o Centripetal acceleration results from the change in direction of the tangential velocity of
an object.

e We can derive the equation relationship between angular velocity and period.

o For one full revolution, the change in angular position of the object is 2r radians and the

change in time is the period, T.

AB  2nrad 21

At T W

e When a rigid object is rotating, the terms angular displacement, angular velocity, and angular
acceleration refer to the whole object, however, the terms arc length, tangential velocity,
tangential acceleration, and centripetal acceleration refer to a point particle in a specific location
on the object.

W=
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