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6.6-Center of Mass CT
First

, computing total mass :

L
2 : a thin rod

,

10c long

p
= 9 g/cm (linear mass density)

- mass = p. length
= 9 . 10 = 90g

eX:

density changes : p(x) = 1 +X glam

· 10cm long
tiny
chunk
-

6

mass of chunk
= p(x) · length
= (l+rx)(dx)

10

total mass = S(1+ rx)dx

O



eX: mass of a 2d lamina (plate)
f(x)

· -
is constant5 09/m2

mass = p. area
of region

b

=
S
,

+ (x)dx

start with a simple situation : a seesaw

di dz

m
·

m
, A M2

-

fulcrum

⑭me or M
.
M-



&ever Principle : For the seesaw to be

balanced
,
mid ,

= made.

17(2mz) d .
=made

(2di)= me
. da

origin
↓

My M2 what is p so
H >

that the seesaw
⑧ X , p ? Xz

is balanced ?

Lever Principle : m
. (p-x,
) = mz(x2 - p)

: algubre

m, X,
+ MeX2

P =- 3 &
m .

+mz

sucha
~

#enter of Mass : - =

+mym ,
+M2

total mass

of the

system



m
,
X

,
is the moment of the mass m,

at location X ,
relative to the origin

/(

M
.
X ,
+MeX2"is the combinedmoment

combined moment
--x = total mass

If we have a system ofn point masses

m



Now consider point masses in xy-plane :

M

I-
·

In22!
Two moments to consider : X-moment

and y-moment
12

/15

For the moment ,
use the distance

* be
to the X-axis : can

negative

Mx = m , y ,
+ Meyz + myy3

For the y-moment I use dist , to y-axis :

My = m ,
X

,
+ meXz + MaXz



&·

⑧

&enterof Mass :
(for system of 3 point masses

ba lance relative
in the plane

↳
to y-axis for

MyX = - =-M, x ,
+ my Xz + MyXz

M m
,
+ mz + Ms

↑ total mass

m , y ,
+ M2Yz +MoYs

i =Nm ,
+ m z+ Mz



~M of 2d region/continuum/Lamina
dx f(x)

density >P is#is
Assume uniform

constant

a

~
dist to y-axis = X

y-moment of mass . (distxt)aslice at X

=

p
. (o) . x

=

p
. (f(x) . dx) . x

= px
f(x)dx

b

My = (px + (x)dx

and total mass is
m =

p
. Saf(x)dx



#
-
I+d

where A is the area

under f on [a .b]
~

Now for i ,
consider the X-moment

⑧

dist to x-axis = 0 ? 3# midt +xa
best represent

midpoint of slice : (x
,
Ef(x)



X moment = (masof) . (distis

= p
. (areot) (E]

= p(f(x) .dx)(= f(x))

= [pf(x)2dx

Mx = C p +(x)dx

E
a

=
=+xd
-A is area underf



CoM Formulas

IFtx+x* =

-

=

Y +(xdx- CoM
ou

ex:Findthe
centroidof the regina

-

I

A = & (π(1))

i =

top half
of circle

L Y
=Fx2

F = (2)(x +(x)dx
~ I

u = 1 -x2

=x x du = -2xdX

- Edu = xdx

= ()du
x=

- 1 = u = 0

x= 1 = u = 0

= O



b

i
= St (f(x))2dx

=
(ax

=x) , 1 - xdx

=S - xdx

= (x - (x)) -

= (l) - 5)-- (-1))
= (1 - 5 + 1 - 5)

= (5) = = 0 .
42

CoM is (x ,j) = (0
,

0 .42)



#I Can
lie outa


