
chapter 8/89 Rotational Motion
= Kinematics

? We intoduced rotational motion in CHS
wher we studied c i rcular  mothr

and  g rav i t y

? In this chapter we explore all of
Newton' Law in a rotationed setting:

nowthis is NoT massters
EX

M 'FT

G

we ignored the pulley...if the rape
sticks la bit) to the pulley we need
to include its mass also.

We split chpts int two pieces
? 8a: rotational Kinematics
? 84: rotational dynamics



?? : Rotational Dynamics

Def Rigid Bady is a group of objecte
connected to gether such that the ir

spatial orientaton does not charge
artificialchristmat tree w/ folding branche

spin

Rigid Body -
? Branches do not

f o l d

o Will not lose
or ientat in  whe

spun

Branches open-up.

Non-Rigid Body



SA Angular Kinematies
Linear: X,V, a
Rotational: 0,00,a

3

? Angular Displacement
tre length, l, is

by

a r c

giner (subtended length

angle

All famulus requite O be in radians.
3600=271° 180°=11

360°%
2TTr

Also : 1 revoluton =360° = 2a rad

A bicycle tire rotates 4' times: How
many recions was subtended by the tired
valve stem? 4% rev.

rad =14.5 rev
Zarad

I rev
=9 T i = 28.2710



EX In the previon example if n=13

then how far down the road did the
t i r e  t r a v e l ?

4

F o r m u l a :

2 '

' l = ?
l = r  0 . 2ur)-44=2713'9

=117 T
=13" ( 28.27 rad) =367.57

=367.5" or 30.6ft
about 10yards



A Hawk can see, and just distinguish?
a rat on the ground if the subtended angle
is 3X10" radians, on larger

Q: If the Hawk is c00m overhead how small
can the rat be to not be obsered by the?

240=3.0110 " rad.

r = 100 m
l = r o

A l = r  D O
: 100m/0.0003-ad)

= 0 . 0 3 m
= 3cmal or less.

100m Souer F ie ld

33CM



? angular velocity "W'S big omega
w litte o maga

drease angular velocity

?  =
A t

[w] = radians/sec

doW calculus

? rpm = rev. per min

EX/A 13" Bicycle rotates 4.5 times in Tsecs.

what i the anguler velocity?
W  =

A t

= 4 . 5 v e r

I s e c
=0.643 revsec

= 0.643ren /360°
sec

3 6 0

= 231.43% sec

= 4,04 rad/sec

T r a t

180°

60 sec
m i n

2 7 0

I v e r

2 Trad

=38.6rpm



@ Angular velocity
W ? Recall

l = r 0

A l  =  r 4 0
A t

AX
A t  = r

? ?

A t

?VS. Linear Velocity

? V = T W

<W
radarB r a d a r g a n

E X

retum linear velocity V
signal

For the tire in the previous example:
How fast is it moving down thhe road?

Beao

on
tire Vaxel

Bead =rw

= 1 3 " 14.04=
radar gun see

= 52.52 "/sec

Naxel
?The axel speedin of the

tangential velocity, ViBead

So Vaxel= 52.52 26.26% 2.188 ft



EX A  c a r o u s  e l  r o t a l e s  a t  1 r o t a t i

p e r  6  s e c .
Top view

+ V

Cas If the oute horse is zm from the
center of ratation how fast will the
person travel if they jup off the
horse and hit the ground?

V = H W

= 2 m l
1not
Gsec

= 2 . 0 9 m / s

r o t

(b)  I f  the l ion is I'm out from the
center, how fast it clocked by the
cup and the radar gun?

V = r W 21 rab
=(1m\ =1.05M/s6 sec



@ angular acc'la

A t

InChpt 5.
o  rad ia l

1  t o
cirde

+

? Net acc'h

V fconst.

therefore cut const
? vecter addity

Anet = Ac+ATan

? Linear tangent to
c i r d e

a = r x
TAN

ATAN

=

v i r w

= r w

avecter magnitude



CEll. A memy ground is initilly at rest 4
while kids get on board. At too the
plattorm starts to rotate with an angular accle
oF x=0.060/527 This acclalsts

for 8 see until the desired speed,
acheived.

(a) What is the angular velocity at Ssee.

Since d= s t multhy x-At=Ws-Wo

or Wf=2. At here WE =00.064-183)

w=0.48*/s

(b) For a chied at 15 m from the conter
whatis it's linear speed? (radar gun)

VErW

V= (15 m(0.4819/5)
V=0.72m/s



& What is the childs tangential acc'h
durry start up?

Aran =5X

=1,5 m0.065/52)

a, = 0.09 m/s?

pr, a

9cm/s

9cm/s eversec

s e c

(a) What is the centipetal acc'ln@ti8s

ac =V° =ra*=(1,50(0.48%)

92=0.721/53

(e) what is the net accla@ti8see

#0.72/51+6009-4=0.734/3



Angular VS. Linear Kinematics (Chpt 2)

Linear (Connectes
*

V  =  V o t a t

x=Xotvottfat"

2=V.+2a4x

a =  Dy

V  = A X
A t

V = r W

x =  r 0

a = r  x

Angular

w = w o t a t

x =  A w
A t

W =
1  €

Also kee full: WU=2f and f=7
* we assume that wheel pally toll who slipping



EX A centifuge acc'lts a blood sample from rest (2)
to 20,000 rpm in 30 seconds. Assume constant
acc'ln

a) Find the anguler ace cleation, a

W.=0, Wf = 20000rpm, t=305
swx = At = WE-W. = (20000506 205X1m - 0

305
x=69.81096/5°

through how many revolutions did the centrifuge
travel to get up to speed?

=0+0. +72(69-81751 301) = 31,416 sadianssubtended

= (31416 rad) 22r2 Tr
=15000 ro ta t ions

Al t  f o rmu la :  08 '=w , '+2x -0

0=120000 (ZaX 600)?" - 0 °
2(69-81-/52)

0=31417 radians



Angular Force

Twisting Force

[Torque? (3)

moment

Top v iew: arm

Frush

T o r q u e  E r  F F1 = Force perpendicula
to momentarm

" max torque is acheived when applied fore
is to to the moment arm

? other angle are less efficient

- O R -

7=4 0=20°
Frush

push

0=0°

magnitude

Fpush

T =r FsinO

Trig Box

sinO

CoSO



? Dimensions
Ca l=moN Swai t . . .  th is  i s  Work=F id }

? Direction L i fE  rec to rs

* force

Calculus

Mane

? Posítive Torque
e v o l k

is tongue that tends to
c o u n t e r - c l o c k  w i s e  m o t h i

c o u n t e r  c l o c k  w i s e  5 0

Plane

C . w .

<  0

? Right Hand Kne

F

Jourl towards F



EXi If your forear is at 30° below your
the horizontal and youragBizely 700 N to life
a mass up, what is the torque at the elbow
if the Bicepts is attached at Scm from the
hinge point of your elbow?

(??)
700 Fmuscle =700N

60°?FHinge

(??? )

(ir)

attach

p o l -<W

T = r F s i n o

2=0.05m/(TOON) sin 60°

7 = 3 0 . 3 m N

130°

? U.S - Torgue Wreneh.
f t - l i s

dyne.cmm
N ?cm



Applications

o  T i re  I ron

14?)

? wrench

vector bubble
Front
v iew

(out aspage).

Redr
v i e n

( in to  page)

? motors

axe l

more torque is being applied
to the larger pulley


