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ROTATION: FULL LESSON SUMMARY

Rotation: A Comprehensive Overview
1. Angular Position (6)

e Angular position describes the Aris of
orientation of a body in Botation
rotational motion relative to a '
reference axis, often fixed. It is
measured in radians.

Ling o o body
{perpendicular 4o rofation axs)

e 1 revolution (rev) =360° = 2n
radians.

e The formula for angular position
is:
O=s/r
where:
s = arc length,
r = radius of the circular path.

2. Angular Displacement (A6)

e Angular displacement is the change in the
angular position of a rotating body between
two points in time.

e Itis positive for counterclockwise motion
and negative for clockwise motion.

.

e Formula:
AG = 92 - 91
where 687 and 6, are the initial and final
angular positions.
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3. Angular Velocity (w)

Average angular velocity is
the rate of change of angular
displacement over time.
w_avg = A0/ At

where AB is angular
displacement and At is the
time interval.

Instantaneous angular
velocity is the rate of change
of angular position at a
specific moment in time.
w=do /dt

(where dB is the small
change in angular position
and dt is the small change in
time).

Both average and
instantaneous angular
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Anaular position at
+wo different +Himes

velocities are vector quantities with direction given by the right-hand rule. If the curl of the fingers of
your right hand matches the rotation direction, your thumb points along the axis of rotation to

indicate the direction of w.

4. Angular Acceleration (a)

Average angular acceleration is
the rate of change of angular
velocity over time.

o_avg = Aw / At

where Aw is the change in
angular velocity and At is the
time interval.

Instantaneous angular
acceleration is the rate of
change of angular velocity at a
particular moment.

o=dw/dt

(where dw is the small change in
angular velocity and dt is the
small time interval).

Like angular velocity, angular
acceleration is a vector and
follows the right-hand rule.
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Avaular velocity at
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5. Kinematic Equations for
Constant Angular Acceleration

These equations describe
a w=2n/T

rotational motion when the
angular acceleration is constant,
analogous to linear motion

equations: .
Higher vear speed

1. w=wo+at AS L MoVYE
2. 8=00+wot +0.5at> tovards e Egﬂqs

3. w?=wo?+2a(0-86p)
4. 0-60= 05(0.) + (JJo)t

Here, wo is the initial angular
velocity, and 6o is the initial
angular position.

In rotation w is always constant
for any point on the body.
However, the linear speed v varies

6. Relating Linear and Angular Kinematics This appears only when
the tangeutial vielsckhy or
e Thelinear speed v of a point on a rotating object is the linear velosity dhanges

related to its angular speed w and its distance from the
axis of rotation, r: v=rw

e The tangential acceleration (a:) is related to the angular
acceleration (a): a; = ra

e Radial (centripetal) acceleration (a,) is related to the
angular velocity (w): a, = rw? |

These relationships show how angular quantities translate to
linear motion at any point on a rotating object.

Thiis will atways be
present as lowy ds the
skject is moving wih a
velseity V7, that may be
i:i.-ﬁf;mq‘mq or constant
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Pecause of velocry “v*,
body experiences
cemtripetal acceleration

This weitld ke Hhe resulant
aceeler ation, a vector siim of
radial and Tangewtial
aceeleration

This component of
acceleration will appear only
if "V changes with +ime

7. Rotational Kinetic Energy

e The rotational kinetic energy (K) of an object rotating about an axis is given by:

K =(1/2) | w?
where:
o I=moment of inertia of the object (depends on mass distribution relative to the axis).

o  w =angular velocity.

e The moment of inertia (I) for a collection of particles is:
|=3 miriz
where:

o m;is the mass of particle i.

o riisthe perpendicular distance of particle i from the axis of rotation.
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8. Moment of Inertia

Moment of inertia (1) is the rotational
equivalent of mass in linear motion. It
represents the resistance to changes in
rotational motion.

For continuous bodies, | is calculated by
integrating the mass elements over the
body: I = fr*dm

(where dm is a mass element at a distance
r from the axis).

The moment of inertia depends on the axis
of rotation. The farther the mass is from
the axis, the larger the moment of inertia.

9. Parallel Axis Theorem

Example: Rod Rotated About 2 Different Axes
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Example: This body is a collection of
3 discrete masses m1, m2 and m3

1 i
®. -
b ore
i 5@
iz
: mz

T =mir2 + mala2 + mara?

The parallel axis theorem allows calculation of the moment of inertia about any axis parallel to one
that passes through the center of mass (I_cm): I =1_cm + Mh?

where:

o M =total mass of the object.

o h=perpendicular distance between the center of mass and the new axis.

Cewtrral Axis:

To=(1/12) ML2

End Axis (Using Parallel Axis Theorem)

I=(AMZ)ML2+M(L{Z2)=
I=(/3)mL2
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10. Torque (1)

Torque is the measure of the force causing an
object to rotate about an axis. It is the rotational

equivalent of force. .

e Torque (1) is given by:
T =rFsinB or the cross product rXF

where:

o r=distance from the axis of
rotation to the point where the
force is applied.

o F=applied force.

o 0 =angle between the force and
the lever arm. ]

e Torque can be thought of as a force
applied over a distance (lever arm) to
create rotation.

11. Newton’s Second Law for Rotation

e The rotational equivalent of Newton's second law is:
2t=la
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Analogy between Linegr ond Rotational voriohles

where Itis the net torque on the object, | is its moment of inertia, and a is its angular acceleration.

General approach to solving problems where both rotation and linear motion happen

[

Suysteri T: Honging Block |E| |

Mewton's Second Law

Forces Acting on Block

é '3' Mewton's Second Law for
Aralyzing Rotation
Block Disk

T Acki isk
Systam orgue Acting on Dis

annbin na Motion:

Linear Accelerakion

Tangentiol Linear Accalaration

WWW.THESCIENCECUBE.COM



