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Linear Motion: v is constant
For objects v straight-live motiow,
K=1/2 mv2

KE =1/2 mv2 (Here v is a constant)

Tv rotating bodies, linear velocity of each particle
varies with distavce from the axis.

= Need a different approach to calenlate kinetic
evergy v rotating bodies.

wWhew a rigid body rotates around awn axis, each
particle moves i a circle with its own radius and
linear velocity

= However, the angular velocity w is constant
for each particle
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KE of R

L’)
1. Divide the body into small masses (Wy, My, .., Wn) each with its velocity (vq,
\/2, YY) \/n)\

2. Find KE of each particle: KE = 1/2 miviz where “I” represents any particle

I thanges from 1 to n, or particle number 1 to the last particle v

collection of very small masses, each with
its own velocity.

2. Sum the KEs:

Total KE =3 1/2 (mvi2)

k l Rotating blade of a helicopter shown as a

4. Use v = wr Fo fiud velocity of each particle

Total KE =31/2 mi(wri)2.

KE = 1/2 (Z VV\il”iz) w?
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T =3 w2 (from previous slide)
Then we can write KE in terms of T: Lower | Value Higher | Value

KE =1/2 (Tw?2) /

Understanding Rotational Tnertia

Depends on mass distribution relative (oY ¢
o the axis. &P

Wore the mass vear the axis, more
the T value

Different axes ield different I values
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ent of Inertia

For discrete particles: T =3 wiri2,

Example: This body is a collection of
3 discrete masses m1, m2 and m3

M1

A
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T = wWir12 + mara% + mars?
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For continuous bodies: T = [ r2 dwn,

Example: Using Integrals to find | for a rod rotating about the center

- 2
I=Jr2dm Mass = M
WMass/ unit lenayth = W/L
dam
e LN L RRRRRRRRRRRRRRRRRRRRRRRERREIE;
=1/2 %=0 x=L12
dx
dm = dx(WM/L)
AT =12 dwm

T=fx2 WL dx (x=-L/240x=+L{2)
T=(WM/L) [x2dx (x=-L/2+ox=+L/2)
I=_(1/12) mL2
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« » The Parallel Axis Theorem

If Lo is the rotational inertia about the axis through the center of mass,
the rotational inertia T about any parallel axis is:

I=I0+V\/\\/12

his the perpendicular distauce between the axes.

Example: Rod Rotated Abont 2 Different Axes

Cewtral Axis: End Axis (Usivg Parallel Axis Theorem)
= . WO —— === "L=.-.-+ _______________
X=-L{2 =0 ﬂx=L/7_ X=0 x=L
To=(1/12) ML2 T =01/12) ML2+WM(L/2)2
I=01/3)mL2
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Because of velocity “Vv”,
body experiences
Discus centripetal acceleration

This component of
acceleration will appear ouly
if v chavges with time

This would be +the resultant
acceleration, a vector sum of
radial and tangential
acceleration
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Rotation saEncE

w (Angular Velocity):
AVI@MI/M” Edquation Equivalent Linear Equation The rate at which an object rotates or revolves
relative to avother point, ie., how fast the angle

changes.

1 W=wWp+ot V = Vo + at
Wo (Initial Avgular Velocity):

2 0-08=wet+1/2 ot2 X - Xo = Vot +1/2 at? The angular velocity at the vitial time (+=0).
a (Fwgular Acceleration):

2 W?=we?+ 20 (8- 9) V2 = Vo2 + 24(X - Xo) The rate of chavge of angular velocity.

& (Avgular Displacement):

The awngle v radiavs through which a poivt or line has
beewn rotated in a specified sense about a specified

5 §-8=wt-1/2 at? X - %o =Vt-1/2 at? axis,

4 0-00=1/2 (Wo+ Wt  X-% =1/2 (Vo + V)t

8o (Ivitial Angular Position):
The initial avgle at the starting time (+=0).
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Eduation whew to Use Notes [ Cantion
s=0%r To find arc length (s) given avgle (8) and radins (r) 84 must be i radians.
« To find livear velocity (V) given angular speed (w) and | The v value would be same for all
V=wc*r . . :
radins (r) points at Radius (r)
To find the period of revolution (T) given radius (r) and : :
_ *
T=(2n*r)/v linear velocity (v) Evsure V is the linear speed.
Toon/w “(l'ﬁ)ﬁwd the period of revolution (T) aiven angular speed W st Ve constant for tne body.
« To find tavgential acceleration (ae) given angular o Must be constant. Becomes
ﬁt =0 r R . . .
acceleration (o) and radins (r) zero if v is constant
To find radial (cewtripetal) acceleration (a.) aiven livear | If Vv is constant, it becomes
Mh=V2[r : . . : :
velocity (V) and radins (r) uniform circular motion.
b w2 *r To find radial (cewtripetal) acceleration (a:) giveu W must be constant for +he body.

anamlar speed (w) and radins (r)
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‘ _ Hoop about Annular cylinder Solid cylinder
central axis (or ring) about (or disk) about
\ central axis central axis
I=MR? (a) I=IM(R] + R3) (8) ()
Axis
Solid cylinder Thin rod about Solid sphere
(or disk) about axis through center about any
central diameter perpendicular to diameter
length
@ | e @) o
Axis Axis
Thin R Hoop about any Slab about
spherical shell }x diameter perPendicnlar
about any axis through
diameter / /I center
mar b
-1 —a—_} L
= 2MR? (8 I= IMR? (4) I=iM(a? + b?) ()
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Image Source: Fundamentals of Physics Halliday & Resnick 10t edition
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Equivalents samce

Avgle Avgle Avgle Avgle

(Degrees)  (Radians) (Degrees) (Radiaws)
0° 0 210° /G
30° /G 225° on/4
45° n/4 2.40° An/2
@0° /3 270° 2n/2
ao’ /2 200° 5n/3
12.0° 2n/3 215° /4
135° 3n/4 330° /G
150° 5n/G 260° 20
1%0° m
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