Physics 1408-002
Principles of Physics

Lecture 18
— Chapter 11 & 12 -
March 24, 2009

Sung-Won Lee
Sungwon.Lee@tiu.edu

Announcement 1

Lecture note is on the web

Handout (6 slides/page)
http:/‘highenergy.phys.ttu.edu/~zlee/1408/

**% (Clazz attendance 1= stronghy encouraged and will be
taken randomby. Alzo it will be uzed for extra credats.

HW Assignment #7 is placed on
MateringPHYSICS | before spring break
and is due by 11:53%9pm on Wendseday,
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Chapter 11

Angular Momentum

General Rotation

* Anpular (s oties
» Anpnlar Momewmmm—Objeots Rocating Abonr 2 Fived Axis

* Vector Creaz Product; Torgue as a Vecter

» Anpular Momesium of 2 Partcle

* Anpnlar Momenmmn and Torqoe

* Commervaoien of Anpular Momewiuma

* The Spinzing Top and Grrescape

* Eointine Frame: of Reference; Inertal Forces; The Coriolis Effect

11-1 Angular Momentum—Objects
Rotating About a Fixed Axis

The rotational analog of linear momentum
ig angular momentum, L: /. sk,

Then the rotational analog of Newton's
gecond law is: - ai.

=1 .'I'

In the absence of an external torque,

angular momentum is conserved:

ﬂ:-ﬂmﬂl:fm:cﬂn;tant.

This means: [fw = [ ey, = conslant,

Therefore, if an cbject’'s moment of inertia

changes, its angular speed changes as well.

11-1 Angular Momentum—Objects
Rotating About a Fixed Axis

fw = fymy = constant.
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z “‘ & akater doing a apin on kce,

lNustrating conssrvation of
angular momentum:

() i Ia large and = ls amall;
() / 12 smalar 80 « ks largar.

y ol Angular momantum s
[} (hy ™ conearved.




11-2 Vector Cross Product; Torgue as a
Vector

Torque can be defined as the vector product
of the force and the vector from the point of
action of the force to the axis of rotation:

= ¥ x K.

={I

Here, r is the position vector
from the particle relative to O.

=1

i ' .
Iy * The torgue vector lies in & directon
- /\?\ pﬂpﬂ%ﬂhr to the plane formed
Z jr by the pozition vector and the force
Vector

The Vector Product & Torque
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Using Determinants

= The cross product can be expressed as
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- Expanding the determinants gives

AsB=(A B —AEVi-{AE -8 )]~ (AL -4 8 |k

Torque Vector Example

+ Given the force F = (2.00§+3.007) N
r=(4.00i+5007)m

T="7 X : ) :

rorox F (00§ 1 S.00JN | [(2.008 1+ 3.005)m]

= |4 00N 2000 = i +{ 40003000 x j

O O0M 2000 = i+ 50003000  j
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11.3 Angular Momentum

* Conzider a particle of mazs m located at the vector
pocition r and moving with linear momentom p

The angular momentum of a p:ﬂru'::le about

a specified axis is given by: L ¥

If we take the derivative of L,

we find: il  dp

\ il ' s
Since §x T = §x 2F _ oL L ixf

ddt dt L\‘ |
I e '
have: =F . .
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Torque and Angular Momentum

The torque is related to the angular momentum
— Similar to the way, force is related to linear momentum

dL
=

This it the rotational analog of Newton's 1 Law
rand I must be measured about the same orizin
The 51 units of anzular momentum: [(kem”)'s]
Both masmitude and direction of L depend on choice of origin
The mapnitade of L = mur ming
- ¢1is the angle between » and r
The direction of L is perpendicular to the plane formed by r & p

L=rxp




Angular Momentum of a Particle

» The vector L =r 3 pis pointed
put of the diagram

* The masmitude i=
L = mer sin 30° = mr
=im 9 i nsed
since v i perpendicalar to r

» A particle im uniform circolar
maotion has & constant angular
maomentum sbout an axis :
throngh the center ofits path o

Angular Momentum of a System of Particles

* Total anzular momentum of & svstem of particles & defined a=
the vector smm of the anzular momenta of indvidual particles

L=L,+L,+ +L,=4,

- Differentisting with respect to time dL, =E%=Z:

Il ,
* Apv torques assodiated with the internal forces achng in & svitem
of particles are zero. A
A r =™
Ly O .'_.Ellz'

11.3 L of a Rotating Rigid Object

|'l|
alh
« To find the sngulsr monemtum of the sutire .
L

object, 2dd the ansolar momenia of
all che indnidnal parocles

I, = l = I”"-".::"” =

* Thit also gives II:Ivz- rotational form

of Newion's Ind-Law
Gl iy
T, =——=I—=1 : -
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Angular Momentum of a Bowling Ball

+ The momentum of inerfia of
the ball: I'=2X»3WR~

* The angular momentum of
theball: L =Jw

cls

* The direction of the anpular
momentum iz in the positive
-direction

11.4 Conservation of
Angular Momentum

* The tofal anzular momentom of a system is constant in both
magnitnde and direction if the resultant extemal torgoe acting on
the systamm is 0.

— DNat tomque = [ =~ moans thet the syviem is isolabed!

* Lg.=constant or L,=L,

» For a systam of particles, L, = EL_ = constant

= Ifths mazs of an isplated system undergoes redistribation,  the
moment of inertia (T) changes,
— The comsaration of angular mosnentom requires 2 compensating chanos in
thao amslow 1alnciry: it g
- L= =La
= This bolds fiw rotation abowt 2 fixed awis 2ed for rotation 2bous an axis
through teg comter of mass of a mcring syvikm
* Thha net fomme mmst ba wen o a0y 66

11-5 Angular Momentum and Torque for
a Rigid Object
An Atwood machine congists of two Y
masses, m, and m,, which are sy
connected by an inelastic cord of TR
negligible mass that paszses over a
pulley. ;

If the pulley has radius R, and moment .
of inertia I about itz axle, determine my |
the acceleration of the masses m, and
mg, and compare to the situation
where the moment of inertia of the il
pulley is ignored.
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