
chapter 8 Rotational Motion

This chapter is a repeate of Capts 3,4,5,6,7

but we focus on rotation not a lihear.

L. Inclined Plane This pully is now no

taken to be mass/ess,
?It will take enago
tospin.

ET t Wadded- EST
or lost

PE+RE * MEN = PEf + KEp
? pulley.

KErrancatal + KEratational

? 8a : Rotational Kinematies

? 8b: Rotational Dynamics



8a Rotational Dynamics

Def: Rigid Body is a group of object
connected to gether such that their

spatial prientation does not change
artiticialchristmat tree w/ folding branches

O spin

Rigid Bray -
? Branches do not

Fo ld

o will not lose
orientatior whe

Spun

Branches open-up.

Non- Rigid Body



Angular Kinematics

*Angular Displacement

From geometry radius

- angle

- lengthis
called

arc lengt

subtended angle

are length

? All formulas presented here requine
t h a t  o  b e In radians.

360° = 2m

1
degrees radians

we wi l lassum
is to be provided
i  r a d i a n s
unless otterwizi

n o k o

equivalents
1360 ° = 2T = 100 = 1 revolution =400% m

militan usage
Abicycle tire rotates 2? timer l" How many
rad ians  i s th ìs?  2 .5  t r 1 ne = 5TT = 15 rado

I r o t



continued

(b) if the tinés radius is 13", how far down the
driveway did the "tive more?

l = rO {assumes no slippig )
Distrarced = tires circumterene * 2.5 rotations

255 in y 2.5 ngt

= 5T ? 13 in

= 65 TI inches X
but the formula...

195 in

radian

= (13 in) 2.5 mot
2 T
vxt

=  6 5  T  i n

EX A Hawk can distinguish a mouse on the ground
as long as the subtended angle is 0.000 3 rad

l age rIf the hawk is at 100m how small of rodent can
it distinguish fom a rock? I Resolution Calculation}

l = rO
- 0.0003 100m = (100m (0.0003- )

= 0.03 m
= 3 cm

?



6 Angular Velocity

we intoduce small case omega W" vs 1
small Big

the average angular velocity is given ar

W  =
A t

? ??? [WD = radians/sec § physis formulas)

? Cuey day(rpm = rotations / minute
usage

20%sec

EX A 13 in  h icyc le  t i re  ro ta tes 2 .5  t imes in  7sec.

Q :  W h a t  i s  i t s  a n g u l a r  s p e e d  i n t p m s ?

? 0
w  = A t

= 2.5 rotations

7 sec

= 0.357 rev/sec
6 0 5
/ min

= 2 1 . 4 3  r m

Q: what is its speed in radian /sec

0.357 re 2mrad
sec rev = 2.24 rad/sec



? angular velocity Vs) l inear  ve loc i ty

l  =  r  0 + t ime

l =  r  1 0
A t s t

6

l inear

readout

spelo ang whar speed

V =rw connection betwea
radar V  a n d  w

gun

speed at
speed of a point on the wheel's

r i m .
top. rw + o = are2

> V Bie V = 5w r w axel
- V = 0. speed

In the previous example assume the wered

that did 2.5 rot in Tsec 50.357 md/secy belongs

to a unicyclist. How fast is that cyclist moving
down the  road  ?

{w = 0.357 rad/sec 2 Top if wheel is
r = 13 1h

VTop = rw
? Vaxel

= 4.64 in / sec

So the axed speed =s top of time speed

Vaxel = 2.32 in/s 36005 1 ft 1 mi
12 in 5220 $t = 0.13 mi/hr



A carousel rotates at 1rotation per Gsec.

T O P :
View

# Radar Gun

(a) If the orter horse is zm from the center

how fast will the person on the horse more?

V = r w
=  2 m ( r o t

6 Sec

= 2.09 m/s

2m rad
Trot

Kb if you more to the inner hore, at 1. 5m
how fast do you more?

v = r  w
=  1 .5m /  1 r06  y  Ta

6 sec not
=1.5 7m/s



angular acien

Define

linear angular

A w

rads /sec?

W  =
A t

Tan= ?  x

N o t e :  I n  c h p t  s

V

l =  r

we use aradial not atan.
Av = V z - V,

center

Both

?  ? ? ? -

?  U n i t o m :  n e t  =  A c  ,  Q  t a n  = 0
Aw = const.
A x = 0

A tan = 0

à
ceptrpetal

Anet ac'la
"tangential § Current topie}

The tine can be
acc'ltn in spad

Non- Unitam
motita.....

there is angular
a c i e n .  o t h e r i s

tan = 0



?  N o t e :
- a c e n t  =

4

but Vtan = r W

ac = [rew = rw

A cent = rw2 =

A mers-go-round is init ial ly at rest while kid
board.  A t=o the p la t form s tar ts  to  ro ta te
w i t h  a n  a n g u l a r  a c c ' l n  o f  x = 0 . 0  6 / s e c

(a)  Af ter  8 sec what  is  the angular  veloc i ty?
swX = A t 2 ? At = w

W s  = W . + 2 t 2 = constant.

=  0  +  ( 0 . 0 6  / s * ) ( 8 5 )
W = 0 .  48*%

(b)For  a  ch i ld  a t  1 .5m f ron the center  what
is her l inear speed?

TopView: V  = r a

V = (1.5 m) ( 0.48 /s)

= 0.72 m/s
hand rails ice



c) what is the chald's tangental acce

A tan = r 2
= (1.5 m)(0.06' /5)

ata = 0.09 m/5'

(d) What is the centipetal acc'la @ t=ss?

0, = V2 = TW
r

a. = (1.5m X0.48 %)

ac = 0. 35 m/s°

E) Net accla both magnitude and direction

= (035)'+ (0.09)°

= 0.128 m/52

?  g  =  t a n  ' 0 .010.35.

= 14.4° off the radial axis



@ angular vs. linear

Lihear Comecter

l=r Q

V = r w

x = r  o

kinematies

Angular

V  =  V o t a t

X= Xo+Vot +2 a t2 2
0 = 0. two t tz xt

Vs° = V. + 2a 4x

a  =  Av /A t

V = Ax/At

a  =  r a  ?  2  =  1 w

w = A0/st

nice formulas to have also:
(W = 2 T S) and f= t T= period

note: we assume the wheel spins w/ slipping



1 2
EX A centrifuge acolto @ 20, 000 pm i 30 ser.
Assume the acc la  i  constant .

(a) what is the angular acien?

x  =
2 Tr

20,000 %

(Wg = 2094.4%

-  0%2
=

6 0 5

3 0  s e c

x = 69.81 rad /52
/  0

(b) Through how many rotations did the centrifuge tranel
get from rest to 20, 000 pm?

w a n t  t h i s

W F  -  0 °  =  A 0
2  x

10 = 2094.4 /s) - 0°
2(69.81 /52)

0 = 31,417.5 radians

convent to rotations:

31,417.5r I n t

= 5000.3 ro ta t ions

to spin up to
20, 000 ???



@ Angular Force [Torgue?

"Twisting Force

3

moment

armT o p  v i e w :

Frush

Torque Er FI F1 = Force perpendicula
to momentarm

? max torque is acheived when applied fore

i s  t  t o  t h e  m o m e n t  a r m
? other angle are less effiziet

TOP VIEW:

-OR-
0=45° F.

push
0 = 20°

Frush

Fresh "

magnitude: T = r FsinO

= 0°

Trig Box

sin o

COS 0



? Direction
14

T o n g u e ,  l i k e  f a r e ,  i s  a
vector quanti ty

wrench

Top View:

RH rule:

F

oY

r'" CAss to applied fire

Finges along the moment arm (radial)
The thumb gives the direction of to te

vector

Right Hand

C o n v e n t i o n S

Counter-
clock wise

"EC.W."
(+) Torgue out ofpage

clockwire
(-) torque into

the page



5

EX If your forear is at 30° below your
the horizontal and your, gait? 700 N to l i f t
a mass up, what is the tongue at the elbow
if the Bicepts is attached at Scm from the
hinge point of your elbow?

(??)
700N Fruscle = 700N

' 5cm

F
Hinge

(?? )

(iv)

attach

poIn

60,

c-cw.

T=r FsinO

T: =(0.05m(700N) sin 60°

T = 30.3 mN

1 30°

? US - Torgue Wrench.
I t  -  l b s

dyne . cm
N ? cm



Applications

?  T i l e  I r o n

16

2) Fush ? wrench

T

vector bubble

3-D rector Frontvien
(out spage).

Rear
v ien

(into page)

?  m o t o s

a x e l

Frop

(ble it play
more torque is being applied
to the larger pulley


