
①
* Moments of Inertia

· Recall center of mass

F =My z =Mx
My =GSOCOldie to y-axis
Mx =SSy5(x,y)dA

R & distance to x-axis

·Moments of Inertice Is In
Y

Ix =f(y5(x,y)dA inty

Ig
=

6x8(x.sdAaista



②
* Defn: Moment of Inertia

about an arbitrary axis
I=SSr"0(x,y)dA L
R R

p

Here r =r(x,y) S
is a function of

(x,y) which must be computed
&

to evaluate the integral,

Q:Why are moments of Inertia
↑

impon tant?

Ans:(ForUs) Kinetic Energy of

Rotation

y



③
Ex:Derive a formula for

the kinetic Energy stored in

a metal plate R of density (is)
when it is rotated about axis

Picture: h
->
->

Soln: We
-Ia

with the defa

of Kinetic Energy (KEL
ofa point mass m;

Defu KE = +mv2
2



④
John:Idea:approx the KEof
-

the continuously distributed 5(x,y)

by a Riemann Sum &
take the

limit fo

bet
an integralor.

X

y

· Cover R with a rectangleat
R

· Find KE oforiac-nisee" :
m =ΔMij

a

Xi
j.s

v =(;dt=Vjw



(x,1)5
*KEij =20Mij(njw)r.Vis

moman L
M v2

SMES(Xi,05)ΔX80
mass
-x are a

area ~ΔMij

0KEij =15(xi*sFw
"

ΔX80
~

tant

-on Sinsimnetionrate
KE = lim (WY 0(x,yi) rwxyN ->8 (i,yj) +R

#w29(vS(x,8)dxdy = Ih



⑥
Conclude:the Kinetic Energy
--

ofrotation of a continuously
distributed mass (metal plate)
about axis is:

KE =

zI,w-
1

S 1
angular

moment of rotation
Inertia note
about radious
axis L w = -

se2



⑦

Example:Consider a metal

plateRot density 5(x,y) =1
whose shape is the region between

3

y
=x" and y

=

x y

y
=x

· Find the center I

of mass- +x
I =y,y=Ma

x

m =SS0(x,y)dA=JSI dydx
R 0x3

2

=6'474dx =0x=xx
=

-44]= -

E I



⑧
M=

y

My
=fSXS(x,y)dA

1

y
=
x

=j(xx-dyxigtax0x3

=(x87x
y
=x3

=f.x(x2-x3)dx =(x- -x*dx

=E* -25] =F - E=



M =My =2 ⑨

y L

M =SS85(x,1) di y=
x

x
R ......r y=x

W

X
=Iy ·dA

i
X

Bu 2

=(/ydydx=22]ax
y
=x3

- (x,y40x =1 - 1e
=F - i4 =3 - 5 =50-



Conclude:M = , My
=1 , My=350

this-

I =MA -2 =e

z =

y=3= -
Center of mass (5,5):(505)



E:Same R and 5 = 1
ꋷ

Find the REof rotation of

R about the y-axis, assuming
radians
-

a rotation rate of
w

SeL

2

aSoln
y

y
=x

y
=x

KE =zIyw
=

=jw= I 3

Iy =S(x5(x,y)dA

Ryz
=IS xdydyxsjx
0x3

=jx(xzx)dx =25 - x0y'y=Xis



Ex:Find the radius of gration
of R about the y-axis -

soln:the radius of gyration is
the distance from the axis at

which you getthe same KE

of rotation wall all mass at

that point - RodIoSN
&gyro

Let r =radius of

gration. Then
*m

I M(rw)
=EI,w/ Mme

speed p2=E => r=of M



For US:LEy-axis
ꋹ

Iz =zM
=T2

v = =0=0

Rodius of# Gyration


