- ot

._.:. . ."

- ifd:'-,i!-'»‘i.u.g;,-,.’%.;\’:,‘;.,:ag




Rotational Kinematics

Reference line

Rotational kinematics Linear kinematics
Angular Position 0 X
Angular Velocity o Y

Angular Acceleration a a




0 = 0: Reference line
0 > 0: Counterclockwise
0 < 0: Clockwise

Angular displacement is
expressed in one of three units:

1. Degree
2. Revolution (rev)
3. Radian (rad)




/ Reference
7 line

arc length s
@ (in radians) = _ = —
Radius r

For 1 full rotation, g _ Z_ﬂr = 2 rad

. I
~.1rev =360 degree =2 rad

1 rad = 360 =57.3°
27T

1 rad =1rev/2n = 0.159 rev




Angular Velocity

The average angular velocity of an object undergoing rigid
rotation is defined as the angular displacement A0 of any
point on the object divided by the time At taken for that
point to sweep through the displacement A0:

0 —06 _A0
t,—t At

The instantaneous angular
velocity Is defined as the limiting
value of the average angular
velocity when At goes to zero:

o =

|
Reference line

I AH . d 9 The SI unit of angular velocity is radians per
) = ||m - () = —— second (rad/s)

At—0 At dt




The vector nature of angular velocity

e \We have treated angular velocity
as a scalar, though in truth it is a
vector quantity. The angular
velocity vector is parallel to the ) |
axis of rotation, and the direction ~__
It points Is given by the right
hand rule: grasp the axis of
rotation with your right hand so
that your fingers curl in the
direction of rotation; then the
direction your extended thumb
points in is the direction of the
angular velocity vector.




Angular Acceleration

e The average angular acceleration of an object undergoing

rigid rotation is the change in the angular velocity of the
object within the time interval At:

_ w,—w, Aw
o = = —
t,—t, At

e The instantaneous angular acceleration is defined as the

limiting value of the average angular acceleration when
Dt goes to zero:
Aw dw

a=Ilm — o = ——
At—0 At dt

e The Sl unit of angular acceleration is radians per second-squared (rad/s?)




Symbols Used in Rotational and Linear Kinematics

Rotational Motion Quantity LinearMotion
6 Displacement X
@, Initial velocity V,
) Final velocity V
o Acceleration =\

t Time t
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dow = o dt
jda) jadt_ajdt

O—-0, =0l

O=a0,+ol
V=V, +al




The Equations of Kinematics for Rational and Linear
Motion
Linear Motion Rotational Motion
(a = constant) (a0 = constant)
V=V, +al W= w, +
1 1
X=Xo+=(VotV)L 0=0,+=(w, + o)t
2 2
1 1
X=X, +Vt+=at’® 0=0, +w,t+=at’
2 2

Vi =v, +2a(x-X%,) @° =, +2a(0-0,)
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i) Jﬁ% t=2.7 s Ol 2 sl K &W ¢ A9 ) G (c,\)

=, +oat =0+ (3.2rad /s*)(2.7s)
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Angular, tangential and radial variables

A point on an object
undergoing rigid rotation
IS described by its radius
r and the following
angular variables:

0 —angle

o — angular velocity

o — angular

acceleration -
tangential components:

vy - tangential velocity radial components:

: : ao - radial acceleration
noential acceleration R . oG
ar. tange the radial velocity is O!




e Notes:

the uniform circular motion we studied in chapter 5 is a
special case of rigid rotation, where the angular
acceleration is zero.

If the angular acceleration is non-zero, then the motion
traced out by a point on the circle is called nonuniform
circular motion
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- = r_ S
dt dt

V. =T | |

V= \/ Vo + Vo =V, [ —
dv V°
T :rd_a) aT :ra aR:—:ra)z

dt dt I

a= \/aTz ra,? =(ra)? +(eo)? =rla? + o




