
Centeeofmass

The see-saw perfectly balances if the lover is at center

of mass. Balance torque exerted by me and mz to
computed center of mass .

Torque , T = Fxd
,

F is the gravitational force
(rotational force) d is the distance from Ceres .

How do we eatable center of mass ?



Centerfire ID and discrete) . Mt
mz

Assume mass me is at xz . .#
Assume mass Mz is at Xz

. see 5C Xz

If we try to balance at I then
.

The torques are Tz= mzg (5C
-xD

Tz = Mag ( Kz - 5C)
so
, I = Tz ⇒ me ( E-⇒ = Mz @2-I,)

Total moment
⇒ Jc = (midst mzrxz) =
-
- total mass .

My -1mL
Let m be total mass - If there are N masses :

N N

5c=tm¥mixi,m=¥M
Miki is the moment of ith mass .



and discrete) .

÷÷÷7::÷.im point masses oMe ,Ma , . . . . MN centered at

Cat, ya) , Laz, yd , . .
. .
( kN , YN) ,

the center of mass are given by
N

I=tmZmix:,y=tmImiy



1Dcontinuouscase.IT
a body consists of mass distributed along a straight

line with density pcx) ( kglm) with a Ex Eb
,
the

center of mass E is .

⇒ = fabxp DX Moment about origin - ①
-

=

-

fab pcx) dx
Total mass .

Remark : use Riemann seem to show the

center of mass is ① . Go from discrete
to

continuous-



Example .

Fetal rod is so cm long . Its linear density
at point x

from left end is pox> = 1-
( 87cm) - find the

100-se

mass and center of mass of the rod .

SI Total moment = go
" doe = f!%÷?, da tf!:#else

=
- 50 + too ⇐ doc .

Total mass =
cxsdx = fo doe

$00 -x



centroidofalam.ua#
Lamina is a thin

"

plate
" which occupies some area in IR?

We will assume that the density posy ) is constant .

We want to calculate the centroid ( I , 5) , i.e .

the center of mass .

::¥a÷%:÷::÷mt
is the x-axis and the upper boundary
is y = fog . m"+



Case I lower bound is x-axis .

÷:t÷÷÷÷:i :
distance x from y - axis .

a Ix b

0 The area of strip = fox) - Doc .

① Mass of strip z Cfcxs - ax)p .

• Moment of strip about y-axis , labeled Daly :

Amy = x ( fees . Dx)g Cg) .

o Then integrating over all strips :

a- = Mmg = fabxfcx)pdx x )

Sab faded,
=

fabtcx da
-
-

fab fcx) da



Case I lower bound is x-axis (contd. ) .

#iImIWaxis . q¥¥¥⇒The center of mass of the strip of
width Dx is y = fczx) and #
can be thought of as concentrated at La, %)
Again, mass of strip is ffcxs . Bx)P -

so
,
moment about x- axis is :

Ms. = fabt¥ .
fix's doc .

The y
- ordinate of center of mass g- is :

j -- Mme ,
I Sab facie de

=

I Sabfeaidx
-
-

Sab fcxs.edu fab f- Cx) doe



Eixample
Find the center of mass of a parabolic plate y = toe

above y=0 and - 1 Ex El - Assume constant density .

Solh:

#
'

Busy .FI?I7.;j:..hnldhouex---o
.

=p fix ( I- xD doc = 0

So
,
I = My

µ-
= 0 .



Exampkcontd.NO
. Ma -I fcxidx = f 1,1 c, - xzjdx-z.fi

'

- 2x7x4dx

So
, Ma = I [x- 231 + EE]! = E. [ l - 3+1+1 -z + If5 5

5
= 7- 8¥

and it = f.
'

fcxsgdx =pI
,

'

l- of da =p [ x-331,
'

=p[i -I + I -I]
= Is

so
, g- = ÷ . ¥ = I

=



Casezcentzoidofgenerallaonina
Next we develop the centroid of lamina defined by
a Ex Eb , Bex) E y E T Cx) .

"⇒ Agin , assume constanty=

' '⇒ qadmsiiaemassm is
•

'
a µ = [ Tex) - Bbc)] doc

a b

→
Moment about y - axis of slice : DMy = KETCH

- B P Dx

so, total moment about y - axis :

My = Saber[ Too - Beady doc .



Thus
, x

- coordinate of centroid E is :

I = (fab x [ Tex) -Bord da)/§ba[Tcas- BcxDdx)
→
area .

Now, to find moment about x-axis , observe that

the center of mass ofa slice is Tx3-BG and we
2

can put all mass of the slice at this point '

t⇒*
→



So
,
moment about x-axis of a slice is :

DM
,
= (Tcx3zx7) (Tex, - B Cx)) s

DX

Summing over all slices :

*:÷¥e÷÷:::÷:
and renee :i=u£=Saaf÷÷B%}d



Example
Find the centroid of a region consisting of a rectangle

of width 2K and height H which has a semicircle of

radius R on one end . The picture is
ya

-
. ¥y=E→E By symmetry 5=0 .

centroid

. ma::÷:÷::
"

TGC) = TEE .

Box) - - H .

5- - H - and g=za÷ f
,
! ( Tex5- Beat) da



Exempted)
so
, 5=2%2,1%21×2 - te')d×=¥•[Rk

- II - "
"
"To

°

⇒ j=¥a[R'- I
'
-
RH
'] = 3¥-R .

= apiece
21211--1 Lakh 121214+3×122

so
, 5=4122-6172
-

12h + 3xR

observe : if rate , 5=-6%4! - Hz

if R SSH
, g- I 4122
Ip

= 4$
37



Question
-

:

Find the centroid of a semi aisle of radius R as

shown . #=E
F

-R o R


