Rotation of a Rigid Body

Readings: Chapter 13



Parabolic trajectory
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Translational motion: Rotational motion: Combination motion:
The object as a whole The object rotates about a An object rotates as it
moves along a trajectory fixed point. Every point on moves along a trajectory.
but does not rotate. the object moves in a circle.

Newton’s second How can we characterize the acceleration

law: during rotation?

F =ma - translational acceleration and

- angular acceleration



Angular acceleration

Center of rotation
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Both points have the same angular acceleration « = At



Rotation of Rigid Body:

Every point undergoes circular motion
with the same angular velocity and the
same angular acceleration
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The relation between angular velocity and

angular acceleration is the same as the
w . . . .
relation between linear velocity and linear
r acceleration
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The Center of Mass

For Rigid Body sometimes it is convenient to describe the rotation about
the special point—the center of mass of the body.

Definition: The coordinate of the center of mass:

. . . m, X, + M, X,
Rigid body consisting of two particles: X =
cm
m, +m,
m, = 2.0 kg m, =300 g
N O |f ml — 2 then
reo ¥y ¥ = X, + X,
| | | X cm 2
% =10 X x, = 0.50m
2-0+0.5-0.5
Xy = =0.1m
2.0+0.5



The Center of Mass

Definition: The coordinate of the center of mass:

Divide the extended object
Into many small cells of

Y mass Am. o z XiAmi I xdm
X = =
cm M M
Z y;Am, I ydm
ycm _ M = M




The Center of Mass: Example

Yy
Small cell of width dx at position x
has mass dm = (M/L)dx.
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0 —| l—dx / L
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The center of mass of a disk is the center O of the disk



Torque: Rotational Equivalent of Force



Torque
Top view of door

s ]

Hinge g r —
F ’ F 3 F |

The rotation of the body is determined by the torque

e T = Frsing
force is

applied

Pivot Rigid body
point



Torque

m T =Frsing
force is
applied

il x
Vi

. . . 0
Torgque is maximum if ¢ =90
Pivot Rigid body

point Torque is O if ¢ =0° or ¢ =180°
Top view of door F,
7=0
Hinge =
— F —
4 % FI
7, > 7,
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Torque T=Frsing

Torque is positive if the force is trying to rotate the body counterclockwise

Torque is negative if the force is trying to rotate the body clockwise

Ifg 2-3 < O Fl Tl > O
o
IE4 Ta> 0 aJis IEZ 7; < 0

The net torque is the sum of the torques due to all applied forces:
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Torque: Example 7 = Frsin ¢

Find the net torque

1
45° 2m ){600
4 ) F2
axis

F,=F,=F,=F,=F, =5N

r, =5-3sin(30)=7.5N -m 7, =—5-1sIn(45)=-3.5N - m
7, =—5-4sIn(60) =-17.3N -m r,=5-2sin(45)=7.1N -m
7. =9-0=0N-m

T =T, +0,+7,+7,+7,=75-17.3-35+7.1=-6.2N-m
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Torque: Relation between the torque and angular acceleration:

\(P

Divide the extended object
into many small cells of
Y mass Am.
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Moment of Inertia
Z
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Thin rod, about center | = i ML?
12
| Lo
Thin rod, about end | =— ML
3
| | 1l o2
Cylinder (or disk), about center | = > MR
Cylindrical loop, about center | = MR’
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Moment of Inertia: Parallel-axis Theorem

If you know the moment of Inertia about the center of mass (point O)

then the Moment of Inertia about point (axis) P will be

I, =1,+Md*

- =Z(Xi _Xp)zAmi =Z(Xi — Xg + X5 —XP)ZAmi =
= (6 =X +d)?Am, =3[ (1= 1,)* +2d (1, — 1)+ d | Am,

+)(h=1)2Am; +2d )" (r, =1, )Am, + Md? = I, + Md?
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Parallel-axis Theorem: Example | =1+ Md?
P~ o

7z
Thin rod, about center of mass
// 1
7 > | =— ML’

L 12

/ )
/ IziI\/IL2+M L =iML2+1ML2=EI\/IL2
< > 12 2 ) 12 4 3
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net
Equilibrium: g =0

Jml = 2Kkg . m, =10kg
' e

Massless rod

Y A
N
d=2m X="7?

2
v

Two forces (which can results in rotation) acting on the rod
n,=w,=m.g 7, =nd =m,gd
n,=w,=m,g T, =~ X=-M,gx
Equilibrium: ¢ =7, +7, = 0

x=d % = 0.4m
m,gd —m,gx=0 m, 18



Rotational

K

Energy:

1

rot
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= Emla)zrf +§m2a)2r22 +§m3a)2r32 +..=

1
(M2 +mrf +myrl +..) = > |

Conservation of energy (no friction):

1
ng+§ Mv? +% | w° = const
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Kinetic energy of rolling motion

Instantaneous rotation
about point P

)
N v =2wR
-
v = wR
K —
rot
PN Instantaneously
at rest
. 1. .52
Cylinder: ., ==MR
2

Cylindrical loop: I = MR?

C

Solid sphere: | —EMRZ

cm




