


Bicycles - PRS

¥ If you are on a bicycle standing still, you will fall over very
quickly. If the bike is moving you do not fall over as easily,
because

a. it's easier to turn against the fall when moving.

b. the rotating wheels generate a forque that keeps the bike
from falling.

c. the force of gravity on rotating objects is reduced.

d. it takes more torque to cause the bike to fall over when
the wheels are rotating.

e. the rotating wheels tend to be vertical due to their
angular momentum.




New Terms We® Learn

¥ angular velocity

I how fast something rotates

¥ rotational inertia (a.k.a. moment of inertia)

| “rotational” mass

¥ angular momentum

I quantity of rotational motion

¥ forque |




Unit Circle

¥ It's crucial to memorize this basic trig stuff!

angles measured in radians

90 degrees = /2 rad
180 degrees = 1 rad




Angles and Arc Length

¥ a circle has a circumference of 2nr

¥ an arc subtended by an angle " has a length

This is why radians are the
natural units for angles -

Radians are not units - no
dimensions!

1 radian = 57.29 degrees




Angular Velocity

¥ # is the Greek letter omega (NOT w !}

¥ # is called the angular velocity

¥ units of angular velocity: radians per
second, or simply s (same as frequency!!)

1 revolution = 21 radians

rev/sec = # /2m




RPM- PRSQuestion

¥ Your car has a gauge that reads O2000RPMO
while you are driving. This tells how fast the
engine is rotating. What is the engine®# ?

a. 2000 st
b 333 s
¢ 1209 4ist
d. 636.6 s
e. 12566 st




Circular Motion

¥ Consider a dumbbell with two equal
masses connected by a massless rod:

v/ Each mass moves in a circle.
v No net displacement of the system!




Circular Motion

¥ Let’s describe the motion of the dumbbell
using one parameter only: the angle ”

¥ We describe the motion of the dumbbell
using one parameter only: the angle ”




Circular Motion Vectors

0(t) = wt i N

z(t) = rcosf = rcoswt

Yy(t) = rsinf = rsinwt

-~ -
—————

r(t) = (rcoswt)x + (rsinwt)y




Circular Motion Vectors




Angular Velocity

¥ Angular velocity for constant rotation:

()= #t

- -
- T ™~

T #=d/dt

QOur dumbbell has no
linear momentum, but
it does have

-
______

angular momentum




Rotational | nertia

¥ Rotational inertia (or moment of inertia) is like a
“rotational mass”

¥ Every rigid body has a rotational inertia that
depends on its geometry (and its mass)

¥ We usually call the moment of inertia I and it is
used just like a mass...however

¥ moment of inertia depends on axis of rotation, and

¥ the moment of inertia has units of kg-m2




Rotational | nertia

¥ for our dumbbell what is the rotational inertia?

¥ in general, add up every particle’s mass times
the square of its distance from the axis of
rotation

dumbbell: two bal Is connected
by rigid rod of length 2r

| = 2mr 2




Rotational | nertia

¥ for a wheel what is the rotational inertia?

¥ in general, add up every particles mass times
the square of its distance from the axis of
rotation

wheel: mass m, concentrated at
radius r

I = mr?




Double Dumbbell - PRS

¥ The rotational inertia of this double
dumbbell, rotating around an axis coming out
of the screen, is

a. mré
b. 2mr?
c. 4mr?

d. 8mr?

e. l6emr?




Angular Vectors

¥ angular velocity vector: points along axis of
rotation (using right hand rule)




Angular Momentum

¥ for an object rotating around an axis of

symmetry, we have

L=1I# > angular

angular
momentum

A

rotational
inertia

¥ this is just like p = mv !

¥ L points along #

velocity




Units of Angular Momenum - PRS

¥ The units of angular momentum are
a. kgl/s
b. kg-m/s?

c. kg-m?/s

d. kg*>-m/s

e. kg*-m/s




Angular Momentum

¥ angular momentum changesin responseto an
angular force: torque

¥ in the absence of external torques, angular
momentum is conserved

¥ this is why bikes don®fall over so easily: it
takes a lot of torque (from gravity) to change
the angular momentum




