
186 Rotational Dynamics
(Newton's Laws in rotation set-ups)

? mass: Recall that a refridgerate full of
Kambucha is harder to acc'lt than an
emply refridgerator. We called this

"inertia" and scientists late called it

mass . F x aF x m a s s
F=ma Irhear.

? In the potational wold we will find it
easier to twist a bicycle fire's axel
t o  ge t  i t  r o ta t i ng  than  to  tw i s t
a motorcycles t i re

ann

? We ca l l  th is  ro ta ton i l  iner t ia
Newtr's Second Law

Linear Rotational

F= ma T = 12

I is the a ta fondl hernal
also called moment it chertia"



@ How do wedefine "I"

? Start with
Newton's,

T = I
2nd Law in Rotatio

? substitute in
T = r E

Mard also sub in

? rF = I(a)

a

? replace Fwith ma I = md

I  =  m r I Formula ser calculating
the moment it inertia

Dimensins. [ I ]  = kgmi

I ,  <In

axel

m

I ,Emr?
(less rota, instia))

? Replace with heavier mass

Inore rotationaly
inertia

? let M=2m

I z = 2 m  5 2

? Dowble the wass, double the inertial



EX

?  A d d  m o r e !  m a s  s e r
a t  rad ius  r

(3)

NotBalance1)

I  =  E m i r i ? m

/  -? =m3 and r,=rz=r3 1=3mr

? cont inuous mass

(balanced)

- NOWDouble theradius..

2 r

four times

The twist, tongue,
to acc'lt this longer spoked mass.

I = m  ( 2 r ) =



@ Table of moments of Inertid

? Hoop or hollow cylinde

R

- H o l l o w

I = M R

? Solid dist or hockey puck of solid cylinder

M .  I r
÷ M R

Solid cylinder

? Thick-walled hollow cylinder

I =M (RintRout

Rinner

?  S o l i d  S p h s e

I =
5

Router

M R '

? plate
Rods (1'743)

I = 3 Me I iMe?



E X

Newton's Laws For rotatio

6  L i n e a r

?  r o t a t i o n a l

m o u n t s

I F  = m a

E x = I a

(5,

sum of  torques
= Intertia. angular

a c c ' e n

frictional

Torque

m o t o r

grinder
m i l l

ete
Angular

acc'en of
a x e l

L T :

t h r e e
a x l e
mounts

f r i c t i n
torque

resistance

torque
b i l l

torque

t h e
a x e l

= I
-  ???

total moment of
i ns t ia  o f
pulleys taxel

berings
(resistance to

a c i l n  ) )



A slywheel has a mass if 50 ky and =@
diameter of 0.9m. what is its momat
o f  i n e r t i a ?

chart: I=MR solid cylinde

M = (50k5) (0-91)

=5 kg.n'
Find the moment of chertia for a non-standar

shaped pully if all we know is that it take
15 N of fare.me goalied tangentialy to acc'lt

He pulley to 30 see in 3see's of time.
The radils is 33 cm% the beirings have If=1. ImM,

(1) l i i
C. CW

R rotate -

T.

F= 15N (üi)

S o l v e  f r I :

I  =  Iba l t -T  f r i e ton  ,

= 0.33m)(15N) - 11mN
101/52

*  =  1 w
A t

= 0.385 kg mz

= 30°%3s = 10%2



I more Challenging

An empty bucket is  re leased and i t  fa l ls  int  a

well. The pulley is no longs, massless. Find the
acc ' l n  o f  t he bucket. Usé I from the previous example

m= 1,53 kg (ii) freebody
R...

I = 0.385 kgm?
(+)

R = 0.33m

Trig = 1-ImN
a =

(+)

acc'le

(cü)eguationsat motons:
G

ST = Ix , T=r F, a=Rx

RFF - Tfrietion = I  K
Cin) math

S  F  =  ? ?

Bucket

-F.

F r  =  F g - m a cram

Fr - mg-m/Ra R (mg-mRx
Ring-maR'

c o m b i n e  2 :  x  [ I t m R '  = R m g - I s

+ F = ma

w a n t

(0.33 m)(1.53kg) (9.81%*) - 1.1mN

0.385 kg.m'+1.53k9) (8.33m)
a = Rx.

x = 6.98% 2.3m/5° of Bucket



AKE in Rotation

consider a wheel rotating and traveling on a
sur face:

? Klinear

Krot ==Ics
he have both translational (linear) KE
a n d  r o t a t i o n a l  K E .

So  t o ta l
Ktar = Krat t Kinear

Let R= 50cm, m= 40 kg, V=10m/s
if. I =30kg .n '  Wha t i s  t he  t o t e l  KE?

Ktot =Kineart Krat of the wheel above

b u t  v = r w

= =  m v '

==(10m/s [50kg+
30 kg. m'

(0.5m) °

=  6 2 0 0 J
2 0 0 5  o f  l i n e d  K E

Breakdown: $ 6000J of rotatinal KE



EX Find a fomula for the speed of a round
object rolling down a ray.

I =R MR? k=1 for hop, Riz disk, ki,sphere
start@rest

H I Y P E .
Olevel
ofPE.

(li) freeboty hot usefull (energy Problem)

(ici) egns:PEA = KEB P. +K, = Pa+K, TW,ork

(ir) math: M g H = = M y +. I w ' v= Rw
2

AgH = ! M U T I L M R S

2gH =  V2+RV '
2g H

V  = I + k

? No mass in final
fomula

? No Radius of object

V

DropIt!

ungh =-zmv?

Rgh = v

? The larger k is the slower

How fast is a solid sphere moving after
descending Im vertically down a ramp?

V 219.8m/s") (lia).
1 + 7 5

2 (9.8)
= 7 / 5

19, (9.8)

= 13.74m/s

1 m



* Work do n e  b yTargue

? lihear: W=F.d

? rotational: W  =  T O

Power : W
s t

work needed to twist
an object

T A O= A F = T W ? rotational

P =  F . V? l i h e a r

Angular  Momentum

? l inear :
? rotational:

P = mv

L = I w= I w/ angular Momentum

?  l i h e a r ! "

? rotational

F  = A P
A t

C = 1 Newton's law recast sh
A t "rotational dynamics.

Consenvation of angula momentum of a system

"The total angular momentum of a rotating
systen remarks constant if the net toque
acting mit is zero'"



gas

@ Angular Momentum

Just as we saw linear momentum being
conserved.their is a rotationd counter.
part called angular momentum also consered.

? Linear P= mV Lis called the
? Angular 4 = I w angular momentum.

? Conssvaton Fumula :
L Before =  L a f t e r

E X Governor.

9

Cot olden days
t h e
g o v e r n o r

ques on
t h e  f v e l l i n e

electrict

geneator Slow

(closed = Steed to

agply
more

gas.

f a s t

o p e n

is a mechanical
throttle contro
used to maintain

speed
g a s

va l ve

o u t

= Fast, need

slow

s l o w e r

I, co,
2(rim )w.

o p e n

=

=

=

=  ( /

L 2
I ,  W 2

2 ( r i m ) w z

Wolored



EX Ice Skater

r o = 0 . 8 m

Wopen

s p i n s  s l o w

r c =  0 . 2 5 m

Wilosed

5 pins faster.

W o

w. (E)

Wc =10.2400 factor of 10
faster!



EX

(r)

C l u t c h . rear
di f fant i l

a x e l

2 6

Trans

engine clutch
d r i v

shaft
DATA

M, =645 Ma=9kg

R ,  = R z = 0 . 6 0  c m

Befare: W,=7.215 W2=0

After :  W, =W2 = ?

Qi What is the combined rotational velocities if the
plates were unattachd to the drive shaft.

Before
(??) =  A f f e  o  a f t e r

= I , a s ,  +  I z w é

m. R'w.

W ' =

=(M, +M2)R"w'
M i

M I t M a

W'=(664+9 13)

W' =2.9 rad/see combined syster



11Ch8o-PartIII "Mixture of Angular and Lines" Mon

a  a n g u l a
mom.

a  T h e a r

m o m .

L = I W

1  T
=  m V

x = r 0
V E r W
a = r x
connectors between angular; linear

@ Even objects moving in a straight live have
angular Womentum: Iwit. a fixed point? L = r p

This is important

E Betore Inpact straightside After Impact:
rotational side

y spins
rp=  L

mEV

aight line momentum
TOPVIEW

Catcher is not spinning

EX merry go round (MGR)
Before runs a

jumps on

Catcher Is spinning

A f t e r o

MGR is not spinning MGR is spinning

I  s i t s
down

grab onto
m.G.R.

Topview Top view



EX A MGRound has an Imart 112 kg un' and

a radius of 1.5m. A 60kg girl runs
tangent to the non-moving MGR and grabs on.

Qi what is the combined rotational speed after
attachment?

ImGR 60kg girl running
V = 2m/s

r = 1 . 5 m

B e f o r e

4=?

After girl

? Conssiation of anjula mornentur

L Bature =  L a t t e r

girl L o b o t h
I m a r t ,  +  r p = Icoribined WE

r (mr) =  ( Img  +  Ig i r l )  Wf
? Solve

W f
r m v

m r i

Cs: (1.52) (60k8)(24(3)
112/m'+6043 1-54)

wt =0.73-96/sec
Irot
Zarad =7rpm



gyrosapes fabit tocomplicated for phys d6} 14

A spinning wheel in expty space

will always point to the same
far away star. These systems
is what space telescopes, ta ISs,

and aircraft use to keep their
orientation.

? The ISS uses 4 such. In stead of using
little rocket engines thrusting the station uses gyros

to point it always to wards the SUN so the
Sole aways gain max. sunlight to pour trait
station. the same

direction

* Basic gyro has 3-gmbles
attached

to
spacecraft

? Demo:Walts Lewin Ire tial Guidere

# Gyros can control motion:
? Demo: peson with bicycle on

sensors record

the diversin fom
rotating plat form reference to display

*  F r a l l y "Walts Lewin Bicycle wheel Gyrosco, he orientation
? Demo:tongue can cause precession of a gyro:

Walter Lewin Wheel Momentum


