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example:

ya pp
disclsolid cylinder

↳ y )

on
no slip f of

⇒÷
find the equation of motion for the disc

.

sdutiojtradmF_FgtFeDftdi@FgoIIiIOt1oxFgitRdxEin.3.kttTEin.ijeDbtrans_moxoe-Esy-Eoose.mghftCsinpimglICxs-Dmii-sinpj.m

g+f@
fiiittfitcfI

fill - ( osp.mg =D ffnicosf.mg
rot : Ict - {

Extent÷±€Ef¥g0II Rfin
.

As before : RO= - x + const =D REE

Ic (E) =R Fine

⇐nr9tEs=rfI .

=D

mail.FI
substituting

into # y; = sinpyny-*E%
-

Iii = sinpg
E = ⇐sinp ) .g

F=¥@
-

|
coeff # of inertia



So the Center of mass OF ( given by × )
,

moves

with the same equation of motion as a point

mass with gravity equal to Esg .

no friction

Est bntying-1¥
forasph= : Icsehere = }emR2

=D "

gravity
" #1¥ = Etg

faster than the

dtscforahoop: Icwoe - mR2 "

gravity
"

# g .



Specidlcate :

pure
translation at EE

mr÷= Fat

the = iutot =D Ice -MEE

o=MtYee×am¥l÷,→|I;±f←f°
" "

Block is being pushed trans
on frictionless surface

.

Y¥ j£-÷Q_: what are at
,

and
1/1/1

the normal forces actingKian on the base
.

mifc= # tot

g
no y . component

we know that at = are float
=Myf TO

'
→

. ,

m ( at )=fe + My + Nzf - mgfin=D a= Em
, my

- N ,tNz I 1 Tnt

-Nz=mg=rotational motet=E

hf  + o.my
- N ,d ,

+ Nzdz = 0

=D hf - Md ,
+ ( my

- N
, )dz=o =D µ=(hft=dz

d
,

+ dz

Tradeoff between N , &Nz
.

There is

#
c e

f  after  which the block tips .



example :

yoM
y^↳

&

"÷t@[
slipping

tot

× asM= friction coeff between S and @

Z = f
.

coeff between R and D
.

Given the disc is observed to be
moving

to

the right with acceration:xc=@Find : the minimum z
that is consistent with

this observation .

EoM/H+=ZH

kineticegsohtdi.ph#.ing-omrEeF+o+np-N+=mN

0=-14 ,zz

rotational 0=2 Mci
o=R(zH

) - Rfen ) =D zH=nN_translational
mE=FI+

x.de#i.zm(9/o)=zHOznNy.direetion_mij=o=Nz@

my
sub into the x. direction equ :| =DN=mfz⇐n- team #

' in

Zam ) = ionouzio
=D Z= Ltdatslipto

guarantee no slip : 23,101g
Suppose : µ= 0.2 then Z > 1.0-0=0.64



Equivalently

m%=F@
ET @

#

II = Ice -

MEf- p
Can replace the multi - force

3 situationDe*
I.IT?IYtme.%

This transformation can  he helpful .

Ftot

example pulling a filing cabinet across a low

friction surface

.(
ice )

Equivalent force
model

uH÷I÷÷Y±g"
man-

, ;"
#TpFit- N - equiv

Q_: What is The rape
of height force

for which the cabinet does not topple ?
We know -¥ Ed a- ¥

FBF.gl#Wf=Ewtae:x:mii=P=W=-dzEhtoEE

an y : 0 = N . W ~ ↳
→

i.
II

rot : o=wd+PCIh) ]✓|¥EhE3z#f
=D D= h - b

/
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