Welcome back to Physics 215

Today’s agenda:

» Torque

» Rotational Dynamics

» Moment of Inertia
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Recall: Restoring torque

e.g., wire walker
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Consider displacing
anticlockwise

* Tz iNCreases
« 7, decreases

net torque causes
clockwise rotation!

Lecture 11-1 2




Recall:Rotations about fixed axis

* Linear speed: v = (2ar)/T=or.
Quantity o is called angular velocity

e o is a vector! Use right hand rule to
find direction of w.

* Angular acceleration a =Adw/At is
also a vector!

- ® and a parallel — angular speed
increasing

- ® and a antiparallel — angular
speed decreasing

Physics 215 — Fall 2019 Lecture 11-1 3

Relating linear and angular kinematics

* Linearspeed:v=(2ar)/T=wor

« Tangential acceleration: a,,, = ra.

» Radial acceleration: a,,q = v2/r = or
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Rotational Motion

V\m
* Particle i:

lvl=r,wat90°tor, pivot F,

* Newton’s 214 law:

mAv,/At=FT € component at 90° to r;

* Substitute for v, and multiply by r, :
mr?’Ao/At=FTr, =1,

* Finally, sum over all masses:

(Aw/At) )y mr? = ZTi =T
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Discussion

(A(D/ At) 2 myr 12 = Thet

o — angular \ ) .
9 . Moment of inertia, I
acceleration
IOL = Tnet

compare this with Newton’s 2" [aw

Ma=F
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Moment of Inertia

* | must be defined with

2 2 2 - 2
I=mpr +m,r, +...+myr = ) mr, . .
< respect to a particular axis

m,
1 o 2
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Moment of Inertia of
Continuous Body

Am 0 :
|

E = f \Ir Am
X ds
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Tabulated Results for Moments of Inertia of
some rigid, uniform objects

Table 9.2 Moments of Inertia of Various Bodies

1 ” 2 ) 2
1= 5ML I= ;.\II: i= IIZ M@ + b?)

(a) Slender rod, (b) Slender rod, (c) Rectangular plate, (d) Thin recta

axis through center axis through one end axis through center axis alo
1 dis =0 .
I= 5.\!(/\’,' + Ry) 1= i,\IR 1= MR*

RI
(e) Hollow cylinder (f) Solid cylinder (g) Thin-walled hollow (h) Solid sphere (i) Thin-walled hollow
cylinder sphere
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(from p.299 of University Physics, Young & Freedman)

Demo - wheels
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SG Two identical masses are equally spaced
from the center of a rod. For rod A, the masses
are 15 cm apart. For rod B, the masses are 75
cm apart. A hand applies the same torque to
the rods about their center of mass. Which rod
has the larger angular acceleration?

A. Rod A

B. Rod B

C. They are the same

D. Can't tell from the information given.
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Parallel-Axis Theorem

[=1. +MD?

CM

*Smallest  will always be along axis passing through CM
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Practical Comments on Calculation of
Moment of Inertia for Complex Object

1. Tofind 7 for a complex object, split it into simple
geometrical shapes that can be found in Table 9.2

2. Use Table 9.2 to get Iy for each part about the axis
parallel to the axis of rotation and going through the
center-of-mass

3. If needed use parallel-axis theorem to get 7/ for each
part about the axis of rotation

4. Add up moments of inertia of all parts
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recall: extended free body diagram
CM of beam
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Vertical equilibrium?  $'F =

Rotational equilibrium? » - =
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Suppose M replaced by M/2 ?
e vertical equilibrium? M F =
* rotational dynamics?
2t =
* net torque?
* which way rotates?

* initial angular acceleration?
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Rotational Kinetic Energy

K =2.(1/2)my2=
* Hence

K =

* This is the energy that a rigid body
possesses by virtue of rotation
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Angular Momentum

« can define rotational analog of linear
momentum called angular momentum

* in absence of external torque it will be
conserved in time

» True even in situations where Newton’s
laws fail ....
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Definition of Angular Momentum

* Back to slide on rotational dynamics:

V\co

mr?Aw/At =T,

* Rewrite, using I, = m;r;?o : pivot F;
AlllAt =T

* Summing over all particles in body:

AL/At - Text
L = angular momentum = o
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SG: An ice skater spins about a vertical exis through
her body with her arms held out. As she draws her arms
in, her angular velocity

increases

decreases

remains the same
need more information

oo w>

Physics 215 — Fall 2019 Lecture 11-1 22

Angular Momentum 1.

Point particle:
ILI = Irllplsin(©) = m|r||v| sin(O)

vectorform > L=rxp
— direction of L given by right hand rule
(into paper here)

L = mvrif vis at 90° to r for single particle
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Angular Momentum 2.

'\co

rigid body:
*|L| = lo (fixed axis of rotation/fixed axle)
* direction — along axis — into paper here
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Rotational Dynamics
1=1a

AL/IAt =1
» These are equivalent statements

= |f no net external torque: t=0 2>
* L is constant in time
* Conservation of Angular Momentum

* Internal forces/torques do not contribute
to external torque.
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Demo - wheels
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Linear and rotational motion

Force * Torque
Fnet=2f7=m(§ fnet=2%=l&

Momentum * Angular momentum**
p=mv L=1&

Kinetic energy * Kinetic energy
K=1my’ K = 3w’

** about a fixed axle or axis
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SG A hammer is held horizontally and
then released. Which way will it fall?

1
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