* Motion broken into
— Motion of CM 2. E. =ma,,XFE, = ma,

— Motion about CM 2Tem = lem@em



Two Problem Types

* Real Pulleys

* Rolling



R

e

1. Real Fixed Pulleys

Fixed pulley, no a. Interested
only in t's and o.. TFBD only

Friction btw string and pulley.
Tension varies over pulley.

Treat as two different T's
String relates a, ., to o and R

Ris leverarm for T's (T L R
always)



RT, —RT, =—la
| =%MR? & a =a/R
T,—T,=—"Ma

T,—M,g=+M,a

T, —M,g=—-M,a

a=(M,—M,)g/(M, + M, + %M)



2. Rolling Without Slipping

VR e aand a dir"s related
F * a=Ruo
* f, notf,, not f /M

* Must find formula for f,

Moving right & speedingup o Djr" of f_ must be consistent
S
Given p, and ,. Find a and f.. Wlth Newto n’s Laws

If F is too big , disk will slip. e f and a must be expressed
What is F;;,? ,S . ).
in terms of given quantities



Find consistent a & o

Add all forces but f,

F, N, & W cannot produce a
torque. Some “other” force

must!

—Rf, = —la
|=%MR? & a=a/R = f .=%Ma
F-f,=Ma & N-Mg=0

F-%Ma =Ma = a=2F/3M
f,.=%Ma = f =F/3



Will start to slip ...

Note f.=F/3 sof, T when F T
But f, cannot exceed f M2

s = KN =p Mg
So will slip when f, =fma or
F/3=pMg or F=3uMg



Kinetic Energy & Rotation

* A rotating object has no linear KE since v=0

. . . 1
* But each piece is moving K; = Emiviz
Kiotat = 2 K;
= Z - m;v?

Em (R;w)?




Kinetic Energy & Rolling
* Object has linear and rotational KE
\(D

1 5 1
° Krolling — EmivCM +§ICMC‘)

2

* If no slipping, ®=V,/R



Example

N
fs T — 1 2 1 2
j H W = —mgh + > MY + Elw

wg , \(D_V>

* Do any of the forces do work?
* No!lll
* Nis_ L toD, mgincluded in PE



Rolling and W,

* Contact is instantaneously at rest, D = 0 for f,
* W, =0 as long as surface is not moving!



Rolling and W,

Q)

* When truck moves gently forward, unsecured
oarrel will roll backwards off truck.

* Here K,;ng inCreases because static friction does
positive work. Here f, acts over the distance truck
moves.

e Won’t do these cases.




