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The object does not deform, and the axis stays put.
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Rotational Variables

The kinematic and dynamic variables we have

used so far have their rotational counterparts:

Rotation
axis

How far has the rigid body rotated?

9:; and 0 < x

[note: 1 revolution = 360° = 27 radians]
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Rotational Variables

If 0 is like position, then A0 is like displacement.

y
Reference line

At ty

A9 Aty

9I \62

Rotation axis

This is the reference line of a rigid body.

Al =6, -0,
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Rotational Variables

If 0 is like position, then A0 is like displacement.

y
| Reference line
At ty
A9 Aty
9I \62
X
0 Rotati .
otaton axis

This is the reference line of a rigid body.
Al =6, -0,

[note: counterclockwise is positive]
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Rotational Variables

Angular velocity w is like linear velocity, except

x — 0.
¥
Reference line
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Rotational Variables

Angular velocity w is like linear velocity, except

x — 0.
¥
Reference line
Atty
A S 4
6, \92
X
o Rotation axis

do
Wavg = E and w = E
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Rotational Variables

Angular acceleration « is like linear acceleration,

€XC€pl V= Ww.
Reference line

Aty

M S t

9l \62

Rotation axis
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Rotational Variables

Angular acceleration « is like linear acceleration, Torque
except V= w. Moment of Inertia
Rotational Energy
y
| Reference line
Aty
20 _Fa t
9l \62
X
o Rotation axis

w dw
CYavg = E and o = E
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The linear variables have their rotational

Rotational Variables

counterparts: Torque
Moment of
‘ llnear ‘ angUIar ‘ ‘ unlts ‘ Rotational E
x 0 rad
v w df/dt | radls
a a dw/dt | rad/s?

We use the right-hand rule to assign direction:

Axis Axis Axis

Spindle T

=1




Rotational Variables

On a rigid body,
» all points trace out a circle;
» all points have the same angular displacement
A0 = As/r
» all points have the same angular velocity
_di _d(s/r) _ v

YSa T T a r

Circle
traveled by P

=l

l\chzn ion

(a)
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Taking another derivative,

Rotational Variables

do _dv/r) _a Torque

= E = T r Moment of Inertia

Rotational Energy

f
[ Lo
1\Ro tation /

N




Rotational Variables

Taking another derivative,
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dw d(vl/r) a; Torque
o = E = dt = 7 Moment of Inertia
Rotational Energy
- a
/ i
[ .
1\Rm.ation /
axis /
(&)
s rf
Vi = rw
a; = ro
a = V/r=uwr




Rotational Variables

If the angular acceleration of a rotating object is
constant, we can derive the same constant

acceleration equations as before.
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‘ linear ‘ angular

v(t) =vo +at w(t) = wo + at
x(t) = xo + vot + 0.5ar* | 0(t) = 0 + wot + 0.5ar?
v: =3 + 2a(x — xo) w? = Wl +2a(0 — bp)
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Lecture Question 10.1 L

Moment of Inertia
The Earth, which has an equatorial radius of 6380 km,

Rotational Energy

makes one revolution on its axis every 23.93 hours. What is
the tangential speed of Nairobi, Kenya, a city near the

equator?

(a) 37.0 m/s
(b) 74.0 m/s
(c) 148 m/s
(d) 232 m/s
(e) 465 m/s




Torque

Rotational motion is generated by torque:

T = rF'sin ¢.

!
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Rotational motion is generated by torque:

Torque
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Torque

Rotational motion is generated by torque:

T = rFsin ¢.

@ < | / Rotation [Rowmeon

[ axis r / [ axis / | axis

| | e
[9] \0 Momenvarm—/_— |
. = of F

» 7= (r)(Fsing) = rF;
» 7= (rsin¢g)(F) =r,F

=1
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Torque

Rotational motion is generated by torque:

T = rFsin ¢.

@ A | / Rotation / Rotation

[ axis r / [ axis / | axis

| | e
[9] \0 Momenvarm—/_— |
. = of F

» 7= (r)(Fsing) = rF;
» 7= (rsin¢g)(F) =r,F

=1

» r, = rsin(¢) is the moment arm
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When torque is applied to an object, it resists this Torque

Moment of Inertia

motion. For a point particle, we found

Rotational Energy

7= (mr)a = I

For many point particles in a rigid body, we sum them up:

I= Zmir,-2 — /rzdm.
i




Moment of Inertia

Moment of Inertia for common shapes:

Some Rotational Inertias

=
Hoop about
‘M \ central axis

) e

=
Annular cylinder

(or ring) about
1 axis

1= MR? (a) I=tM(R} + R3) ©®)
Axis Axis
Solid eylinder Thin rod about
(or disk) about axis through center
\ central diameter . perpendicular to
7 length

IR? + 2 ML?

Axis

Hoop about any
diameter

P : \
op  diameter ’

(@) (k)

d cylinder

(or disk) about

central axis

= IMR? ©
Axis
Solid sphere
about any
diameter
2R
1= #MR? n

Axis

Slab about

perpendicular

axis through
center
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Moment of Inertia

If I.om is known for an axis through the center of

mass, then any parallel axis has
I = Ioom + Md*

a distance d away.
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To find the kinetic energy of a rotating object, split Rotational Variables

Torque

it up into small masses:

Moment of Inertia

LI S
K = §m1v1+§m2v2+...

Rotational Energy




Rotational Energy

To find the kinetic energy of a rotating object, split

it up into small masses:

K = —mlv% +
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To find the kinetic energy of a rotating object, split Rotational Variables
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K = —mlv% +




Rotational Energy

We can change the kinetic energy by doing work

(W = AK, right?):

Xf O
W:/ Fdx—)W:/ TdO
Xi 91’
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Rotational Energy

We can change the kinetic energy by doing work
(W = AK, right?):

O
W= / Fdx —-> W= / Tdb

[Constant torque: W = 7(6f — 6;).]
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Rotational Energy

We can change the kinetic energy by doing work
(W = AK, right?):

O
W= / Fdx —-> W= / Tdb

[Constant torque: W = 7(6f — 6;).]

Power is just the derivative of work, so

aw
P:E:TW.
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Rotational Energy

We can change the kinetic energy by doing work
(W = AK, right?):

O
W= / Fdx —-> W= / Tdb

[Constant torque: W = 7(6f — 6;).]

Power is just the derivative of work, so
aw
P=—=1w.
dt

[compare: P = Fv]
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Moment of Inertia

TABLE 10-3 Rotational Energy

Some Corresponding Relations for Translational and Rotational Motion

Pure Translation (Fixed Direction) Pure Rotation (Fixed Axis)
Position X Angular position 0
Velocity v =dx/dt | Angularvelocity w = df/dt
Acceleration a=dvidt Angular acceleration a = dwldt
Mass m Rotational inertia I
Newton's second law Foet = ma | Newton's second law Toet =
Work W = [ Fdx| Work W= [rde
Kinetic energy K =4mv? | Kinetic energy K =3il?
Power (constant force) P=Fv Power (constant torque) P=r710
Work —kinetic energy theorem W = AK Work —kinetic energy theorem W = AK
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Lecture 10.4 Rotational Variables
Torque

Two solid cylinders are rotating about an axis that passes oment of Inertia
through the center of both ends of each cylinder. Cylinder A QTSI
has three times the mass and twice the radius of cylinder B,
but they have the same rotational kinetic energy. What is the
ratio of the angular velocities, wy /wp, for these two
cylinders?

(a) 0.29

(b) 0.50

(c) 1.0

(d) 2.0

(e) 4.0
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