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rotations of a rigid body

=» suppose we have a body which rotates about some axis

=» we can define its orientation at any moment by an angle, 6
(any point P will do)

radians

= measuring 8 in degrees turns out to be a poor choice

=» radians are a more natural choice of angular unit

One radian is the angle at which the arcs \n angle # in radians is the ratio
has the same length as the radius r of the arc length 5 to the radius r.
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angular velocity

=» describe the rate of rotation by the change in angle in a given time
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angle in a given time.

a) Acceleration velocity

b) Angular velocity

c¢) Radians

d) Collision

(notice, just like linear motion but with x—6)
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angular acceleration

-» suppose the rate of rotation changes - we need angular acceleration
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o= = (notice, just like linear motion but with v—w)
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negative constant o
positive constant o begins with positive w
4 t=0s A t=0s
w=0rad/s w=5. rad’s
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angular motion vs. linear motion

=» the analogy between angular motion & linear motion is strong

=» for constant acceleration we have = for constant angular acceleration we have
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Q/ (w = w-+x t) for

a) Constant angular acceleration
b)t=0
c)v=0

Q/ (v =V, + at) for

a) Constant acceleration
b)x=0
C)V=X




motion of points in a rigid body

=» consider the motion of a couple of points within the rigid body y

the blue point at a large radius travels
further in the same time than the red point

-

so although the angular speed is the same,

the linear speed is different
y




Force vs. Torque

| Forces cause accelerations
1 What cause angular accelerations?

There are three factors that
determine the effectiveness of the
force:
The magnitude of the force
The position of the application of the force
. The angle at which the force is applied

Torque Definition

awiEse rolation

2 Torque, < Is the'tendency of @  futis s cmdectiisem

force to rotate an object about “~ "' .
some axis i

Let F be a force acting on an

object, and let r be a position :

vector from a rotational center
to the point of application of ™ iorwinors

passes through point O, =

the force, with F perpendicular ;"o

hence the torque are zero.

to r. The magnitude of the
torque is given by

\

F 5 tends to cause clockwise re

-
z' —_— /‘?4 €, S0 118 torque 18 negafive: 7, =

Line of action
of F|

Ae
I~ Lever

arms of F
I e
S and Fy

Line of
action of F,

tation about point

Fsls




Cross P'rqduct
C-:AXBZ Bsiné

' The cross product of two vectors says
something about how perpendicular they are.

1 Magnitude:

( {% B|= ABsin !

+ 0 is smaller angle between the vectors
Cross product of any parallel vectors = zero

« Cross product is maximum for perpendicular
vectors

. Cross products of Cartesian unit vectors:
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Cross Product

irecti i Right-hand rule
Direction: C perpendicular to ight-hand rule

both A and B (right-hand rule)
+ Place A and B tail to tail
. Right hand, not left hand

Four fingers are pointed along

the first vector A
‘sweep’from first vector A

into second vector B through
the smaller angle between
them

. Your outstretched thumb
points the direction of C

First practice 1 1
AxB=BxA?




Torgue Units and Direction

The SI units of torque are N_m ]l]l;\——\;k:\—\llll)k\:llllkll!l)]‘iulIullqlh
Torque is a vector quantity 3

r =1 % F
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1 Torque magnitude is given by e
(out of page)

T = }./T' \;in (/) — F/ /,7/’/ < ~Line of action of F

! d : 4 I=rsing
1 Torque will have direction 0

. If the turning tendency of the force is counterclockwise, the
torque will be positive

If the turning tendency is clockwise, the torque will be negative

Net Torque

1 The force F,will tend to

cause a counterclockwise 1= .
rotation about O P o,

' The force F,will tend to Ao
cause a clockwise rotation L (e

arms of F

about O A5 Tt
ST=11+ 0+ n=FAh-FRb ;”H.,: e
If X7 # 0, starts rotating .
 If X7 = (), rotation rate does

F5 tends to cause clockwise rotation about point
not change vy

(2, SO 118 lorque 1S negative: 7

Line of
action of Fy




Q/ The Sl unites of torque are -------- .
a) N.m
b) N

c)m



