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Physics 2101
Section 3
March 12rd : Ch. 10

Announcements:
* Mid-grades posted in PAW
* Quiz today

« I will be at the March APS
meeting the week of 15-
19th Prof. Rich Kurtz will
help me.

Class Website:
http://www.phys.lsu.edu/classes/spring2010/phys2101-3/

http://www.phys.Isu.edu/~jzhang/teaching.html



Forces of Rolling

1) If object is rolling with a_,,=0 (i.e. no net forces), then v, =®R = constant (smooth roll)

...if constant speed, it has no tendency to slide at point of contact - no frictional forces

am=0 T—>oc=o —TM:O T'r=o
Acom = OR leom® = Tpet Toet = |R||f]siNO

2) If objectis rolling with a_ % O (i.e. there are net forces) and_no slipping occurs,
thenaz0 = 120
... static friction needed to supply torque !

kinetic friction - during sliding (a_, # oR)
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static friction -  smooth rolling (a,, = oR)
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Rolling down a ramp : Energy considerations

An object at rest, with mass m and radius r,
roles from top of incline plane to bottom.
What is v at bottom and a throughout.
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— Using v*=v; +2alL

Using 1-D 2
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Rolling down a ramp: acceleration

N

- Acceleration downwards

- Friction provides torque
Yo-Yo
- Static friction points upwards

Newton’s 2" Law

Linear version
x: f,—F sind=-ma,

y: N-F cosd=0
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. - Tension provides
Angular version

,_[:
S \ Ry T
om = R,

20 @ =7 =R, _ R*(mgsin6-ma,,, ) fol':z;jeee =90° (@ (1;)]';4
Foom = | - Axle: R = R,
—>a_, =oR l /
o = Beon _ Rf, l g
R I Aoom = 2
gsin 6 1+ |Com/mR0

a =
" “141_/mR?

com



- Rolling Down a Ramp
Consider a round uniform body of mass M and radius R

rolling down an inclined plane of angle 8. We will
calculate the acceleration a_,, of the center of mass
along the x-axis using Newton's second law for the
translational and rotational motion.

Newton's second law for motion along the x-axis: f,—Mgsin&d=Ma_, (eq. 1)
Newton's second law for rotation about the center of mass: z=Rf, =1__ o
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a . . -
o = _% We substitute « in the second equation and get Rf, =—1I_ . = —

f.=—I Heom (eg. 2). We substitute f, from equation 2 into equation 1 —
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Prob. 11-64 noN-smooth rolling motion

A bowler throws a bowling ball of radius R along a lane. The ball slides on the lane, with initial speed

d)

Veom,0 @nd initial angular speed @, = 0. The coefficient of kinetic friction between the ball and the
lane is u,. The kinetic frictional force f, acting on the ball while producing a torque that causes an
angular acceleration of the ball. When the speed v, has decreased enough and the angular
speed ® has increased enough, the ball stops sliding and then rolls smoothly.

[After it stops sliding] What is the v, in terms of @ ?

Smooth rolling means v, =Ro
During the sliding, what is the ball’s linear acceleration?

From 2" law: X: —f =ma_, But fo=uN So a,, =—f,/m

A~

(linear) y: N-mg=0 = u, Mg =—49

During the sliding, what is the ball’s angular acceleration?

From 2" l[aw: 7=Rf (-2) But fo=uN So la=Rf, = R(x,mg)

(angular) la(-2) = 7 = Rf (-7) = 41,mg o Rﬂkm%
What is the speed of the ball when smooth rolling begins? ( v W
When does v, =R® ? V., =V, +a,,t v, =V, —ugt I( CO%)

H 1 Vcom :V _lLl g
From kinematics: @=0,+A t= a/ _lw oK L
a Rp,mg

Re,mg J

V

How long does the ball slide? vV = 0
° 0 = @+ 1/mR?)
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Torque & Angular Momentum

Conservation of:

. Linear momentum (closed, isolated system)

. KE (elastic collisions)

. Mechanical energy (only conservative forces)
. Total energy

. Angular momentum (closed, isolated system)



Angular Momentum Linear momentum

(Single particle) Awhen particle passes through point

it has Iinearptngnmr{}um:

with components in x-y plane

4

Angular momentum
with respect to point O the angular momentum
is defined as:

—

(=FxP=m(FxV)

- tail at origin)

where T is the position vector of the particle
with respect to O.

e Units kg-m?/s
ecomponents in z-direction only !
(L to x-y plane)
ejustasin 7, ¢has meaning only with respect
to a specified point (axis) Extension of
(b)




Newton’s 2" Law in Angular Form

(single particle)
Relationship between force and linear momentum
Newton’s 2" Law in linear form Ifnet = Z Ifi —ma= %

Relationship between torque and angular momentum

—

_ _ d / The vector sum of all the torques acting on a
Tt — Z .= particle is equal to the time rate change of the
dt angular momentum of that particle.




Example #1

A cannon ball, with mass m, is shot directly upward with
velocity vy,. What is the angular momentum and torque of I
: |
—

the ball about a point a distance x, from the cannon?




CHECKPOINT 4 In part -~ R it — =

a of the figure, particles 1 and 2 7 . x‘x I’

move around point O in opposite rrf”_ ‘"x& X

directions, in circles with radn 2 m { [ Oe : E ' PPN R
and 4 m. In part b, particles 3 and ' i 55 2

4 travel i fhe same ditection,+ YT g . nu LTET a0 R
along straight lines at perpendicu- R

lar distances of 4 m and 2 m from (a) (b)

point O. Particle 5 moves directly

away from O. All five particles have the same mass and the same constant speed. (a) Rank
the particles according to the magnitudes of their angular momentum about pomnt O.
ereatest first. (b) Which particles have negative angular momentum about point O?




- CHECKPOINT 5 The figure shows the position vector 7 of a particle at a
certain instant, and four choices for the direction of a force that is to accelerate the
particle. All four choices lie in the xy plane. (a) Fq y
Rank the choices according to the magnitude of Fy ;
the time rate of change (d€/dr) they produce in the
angular momentum of the particle about point O, 4 e

greatest first. (b) Which choice results in a negative fi : -
rate of change about O?

0




Newton’s 2"9 Law in Angular Form
System of particles

Total angular momentum
n
L=l +L+L+..+1 =21
i=1

Relationship between torque and angular_momentum for system of particles

N .

Tt = T represents the net external torque.
dt

net




Example #2 6.5 kg

2.2m/s ‘
(Problem 11-27) " TJ /

Two particles are moving as shown. 1.5 m 3.6 m/s

a) What s their total moment of inertia about point O? #)
b) Whatis their total angular momentum about point 0?  *~———28m e

c) What is their net torque about point O? 58

a) The total moment of inertia about point O is found from:

| =2 1.=>mr>=(6.5-kg)(1.5-m)* +(3.1-kg)(2.8-m)* =38.9-kg- m’
b) The total angular momentum about point O is:

L, = ZII =>m, (E X \r/i )=m, (ry,sing, )(-2) + m, (r,v, sin 6, )(+2)
L, = [-(6.5-kg)(1.5-m)(2.2-m/s)+(3.1- kg)(2.8- m)(3.6-m/s)]z

=9.8-kg-m?/s-z

c) The net torque about point O is:

. dL

—_ tot —) closed, isolated system

Tnet dt



Angular Momentum of a Rigid Body
Rotating about a Fixed axis

dL . . da)
=7 =la=
dt dt
L=1lw
Example #3 (Problem 11-39)
Three particles are fastened to each other with
massless string and rotate around point O. . |tOt _ m(d)z 4 m(2d)2 i m(3d)2
What is the total angular momentum about point O?
o m
/)\//&/A
m — 2 ~
d L =lo=14med”° -2

\e tot
i /s 7



A/ CHECKPOINT 6 In
the figure, a disk, a hoop, pisk £
and a solid sphere are
made to spin about fixed
central axes (like a top) by
means of strings wrapped around them, with the strings producing the same constant
tangential force F on all three objects. The three objects have the same mass and ra-
dius, and they are initially stationary. Rank the objects according to (a) their angular
momentum about their central axes and (b) their angular speed, greatest first, when
the strings have been pulled for a certain time ¢




