Lecture 6

Physics 106
Fall 2006

Angular Momentum

‘Rolling

http://web.njit.edu/~sirenko/
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Angular Momentum:
Definition: 77— 7« 5= m (7 x 9 [kg m?/s]

l=r-m-v-sing

Angular Momentum | — | )
for rotation

System of particles: =
Torque:

i - 7 d, -
. 7=[rxF —(L)=7 =1d

|7 i (L)

/ 7 = rFsing
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Conservation of Angular Momentum

Angular momentum of a l
solid body about a fixed axis ' &

L =1Tw

If the net external
torque z,acting on

Law of conservation of

macroscopic scales!)
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angular momentum ; a system is zero, the
- D c‘j::;---. angular momentum
L =const. = L;=Ly; | L of the system
i an remains constant,
(\Valid from microscopic to ) no matter what
i changes take place

within the system

Linear Momentum Angular Momentum

—

ﬁ - mv _I.J=|‘~>(p' [kg m?/s]
L="Xp =mrxv
[kg m/s] L = m'r-v-sind
Both are vectors
. d, -
_.:EE - P - L — ‘_f S Id.'
F=gr =me dt( )
For rotating body:
mée> I L=lo
vV €20

FOR ISOLATED SYSTEM: L IS CONSERVED
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Linear Momentum Conservation:

D1i + D2i = ﬁlf + ﬁ2.f 1. Define a reference frame

- - _ - - 2. Calculate P before the collision
MyVy + MaVy = MyVie ¥ MVae 3. Compare with P after the collision

Both, elastic and
<—D Inelastic collisions

Anqular Momentum Conservation:

"If the external torque is equal to zero, L is conserved”

Axis 1. Define a rotational axis and the

@ b origin

v ..~4 2. Calculate L before interaction or
@ any changes in I
3. Compare with L after the
interaction or any change in T
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Example:

1. Define a rotational axis and the
origin

2. Calculate L before interaction or
any change in T

3. Compare with L after the
interaction or any change in I

f\\llj/.-’
-

Solid eylinder
(or disk) about
central axis
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Example:

A horizontal disc of rotational inertia | = 1 kg.m? and radius 100

cm is rotating about a vertical axis through its center with an
angular speed of 1 rad/s. A wad of wet putty of mass 100
grams drops vertically onto the disc from above and sticks
to the edge of the disk. What is the angular speed of the disk
right after the putty sticks to it?

1. L,=l-@ =1kg.m2-1rad/s =1kg-m?s
2. ;= (,+mr2) = (1 kg.m2+0.1 kg.m?)
3. L;=L,(angular momentum conserv.)

4. o=/ |;=1rad/s - (1/1.1) = 0.91 rad/s
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Anqular Momentum Conservation:

"If the external forque is equal to zero, L is conserved”
Axis
s

m 1 Li = L bullet = mVFSIn(TC/Z) = ???

Le=To = (Mr2+ Mr2 + mr2 ) o, =
=2 kgm?/s

4
IJK
R
n

M =1kg .
m =10 g = 0.01 kg m 3. L; = L¢ (angular momentum conserv.)
r=Im

4, = (2 2 2 =2
=0 o; = 1rad/s V buller = @ ((2Mr2 + mr2 )/mr = 200 m/s
Vidiet =2 Ke/Ki=?

5. K =3mv2,,.=200J

Define a rotational axis and the .
origin 6. Ki=zTIw?=17J
Calculate L before interaction or
any changes in T
Compare with L after the
interaction or any change in I
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K,/K; = 1/200




Rolling

s quoth rolling
motion

Veom — WR

Rowation axis at /*

Rotation and Translation Reference frame

(&) Pure o —

/‘X *\
i >

©

(a) Pure
./,--—. - //,— =

/ N\ /2NN

¢ | | Voom ||

w0 | | ) . |

4 i
b P AP
= et

Ve = Ve

Rolling of the train wheel
Is it the same or slightly different?
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Forces

A net force F,; acting on a
rolling wheel speeds it up or
slows it down and causes an
acceleration.

2 There is a slipping tendency for
the wheel, while the friction
force prevents it.

T KN RN 0y
P R A A Ay SR L T
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Rolling Motion: without slipping

S=R0

[ORORS-S20
dt

At any instant

| the wheel rotates about

the point of contact
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Kinetic Energy

Stationary observer

K = %Ipwz
Ip = Iom+ MR? Parallel-axis theorem
K = %Immw2+%MR2w2
Veom = wiR
. A rolling object has two types
K = Mmw? 4+ 1Mo? g 0Dj yp

of kinetic energy: a rotational

Sample Problem X12-1: A uniform solid kinet_ic energy Fjue to its
cylindrical disk (M= 1.4 kg, r=85cm) rotation about its center of mass

What is more important:
Kinetic Energy Conservation or

Angular Momentum Conservation ?

K = %I,;mnwn L:Iw

Work of external and Only net external
internal forces can change K.
K is a scalar variable,

which has no direction

torque T, can change
the angular momentum.

L is a vector, direction

roll smoothly across a horizontal table and a translational kinetic _ _ ..
: C ! ) To(0;—6,) =K, - K, =Work IS important
‘li‘f'thtf"‘ speed °fK195 cm/s. What is its energy due to translation of its ot ' : .
INCUC energy 1 center of mass. I(L) =T
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Energy of Rolling Forces
N The acceleration tends

2 "R 2
K = % [%w{) Vi
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to make the wheel
slide.

A static frictional force
f, acts on the wheel to
oppose that tendency.
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Torques on a Wheel

The Forces on a wheel

Gravity
Normal Force

Friction (so it won't slide)

Center of Mass View ;
. a,
Z FX _ Mg Sll’l(g) _ FF _ Mac Constraint
Rolling without Slipping
D F, =Mgcos(d)-F, =0 ¢ 5in(6)

© 14+1./MR?
Y 7=F, R=1.« ¢

Another View

The wheel rotates about the
point of contact

]-.'" sin f -

Point of

Normal Force Rotation

No Torque -

Friction

7 = MgRsin(0) = 1, «

. g sin(6)
I,=I. +MR? ¢ 1+I1./MR’
MgRsin(0) = (lc + MRZ) a Same result

Don't need x and y motion
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Rolling down a hill Example 1
Conservation of Energy
1 (1 Kinetic Energy of Rolling .
— (—‘;+Mj vl = Mgh
Ve TRV <—@ h
s
| 2gh 0 .
Ve = —————— + Energy conservation !!!
¢ VI+IJ/MR? For a particle: v.=,/2gh o _
_ Kinetic Energy < - Potential Energy
A Disc A Ring 1 l‘- 2
IC=%MR2 I, = MR’ AU +AK =02 Ui = Kfina > Mgh = 2 {?H\A} Y eom
Disk: Hoop: Sphere:
Ve = ¢=‘/E2gh v —J—zgh —\/lz h p p
l+%MR2/MR3 3 “"YyITMRMR® Y2 ° lcom= Y2 MR? lcom= MR? leom= 2/5 MR?

Free falling / sliding without friction: V. = ,/ 2gh
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Fordisk:  Mgh=%(1/12M + M) V?_,.;  Veom = (4/3 gh) *
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Summary for rotational motion

360 degrees = 2 radians = 1 revolution. =16 v=ro  a=ro a=a = =T au =a’ +a’

for rotation with constant angular acceleration:
o=m+oat  0-0,=at+%at o -0 = 20(6-0,) 0-0,=V(or o)t KEy =12l

1=2M7 ot =MP hhoop = MR? sk = 112 MR®  legnare = 25 MR® et = 23 MR® g (canten) = 1112 ML
hod fongy = 1/3 ML?

*F=ma Y=o t=rxF I, = L + Mh?
T = force;moment arm = Frsin(¢) Tret=21=l0 Fpe=XF=ma 1=rxF I[,=Im+Mh2

Wit = AK =Ki-Ki W=180 K=Ky +Ken Paversge = AW/AL

Pnstantancous = T.00 (T constant) AEmec= 0 (isolated system)  vem = @r (rolling, no slipping)

£=rxp p=mv L=E6 To=dUdt |L=lo €. o =mrvsinG) |
Forisolated systems: Tz =0 Lisconstant AL=0 Lo=Z khey=Li=Z ko

axb=-bxa axa=0 |axb|=absin(0) c¢=axh isperpendicularto plane ofa and b

Cx = ay'bz - az'by Cy = _ax'bz + az'bx

ixi=jxj=kxk=0 ixj=k jxk=i kxi=j etc.
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