Center of Mass

Physics 1425 Lecture 17



Center of Mass and Center of Gravity

Everyone knows that if one

kid has twice the weight, the

other kid must sit twice as far

from the axle to balance. g CM

Each kid then has the same €= —>¢--~->
about the axle: mg

Torque = force x distance 2mg
from the axle of the force’s
line of action.

The gravitational forces
balance about the axle: it’s at
the center of gravity—aka the
center of mass.



Center of Mass in One Dimension

e Recall the center of mass of two objects is
defined by

(m1 + mz)xCM = MXoy, =M, X, + M X,

* Notice that if we take x, as the origin (the center
of mass frame) then the equation is just

mX, +m,X, =0
precisely the balance equation from before (one of
those x’s is negative, of course).



CM of Several Objects in One Dimension
e The general formula is:
> mx ) mx
XCI\/l — |:1n — |=1|\/I
2.m
I=1
 But before putting in numbers, it's worth

staring at the system to see if it’s symmetric
about any point!




Add Another Kid to the Seesaw...

e Forthe three to be in
balance, the sum of the

torques about the axle

must be zero, so: g CM @ g
mX, + m,X, + m,X, =0 “ 0 % %

e Thatis to say, the x msg
coordinate of the center of
mass must be the same as

the x-coordinate of the
axle.

Ly

 Thisis clearly extendable to
any number of masses ....



Some Gymnastics

* The equation CM somewhere on

m X, + M,X, +M,X, = 0 this line:

|§ St.l|| corrgct even. if one X, g g
kid is hanging by his g 0 X3 X,
hands below the seesaw!

msg m.g
e The center of mass is not

at the balance point (the

axle) but is in the same M9

vertical straight line.



Center of Mass of a Two-Dimensional
Object

e Think of some shape cut out
of cardboard.

e Hang it vertically by pushing a
pin through some point.

e Think of it as made up of
many small masses—when
it’s hanging at rest, the center
of mass will be somewhere
on the vertical line through
the pin. Draw the line.

e Repeat with the pin
somewhere else: the lines
you drew meet at the CM.




Three Equal Masses

If we have three equal masses at
the corners of a triangle, the center
of mass of two of them is the half-
way point on the side joining them.

We can replace them by a mass 2m

at that point, then the CM of all

three masses is on the line from the

other vertex to that point, one-third m
of the way up.

This is the
and is at

of the triangle,
L+ -+
3
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Center of Mass of a Solid Triangle

 We'll take a right-angled triangle.
The x-coordinate of the CM is found
by the integral gen%ralization of the

sum
MXCM = Z m; X;
i=1

e |f the triangle has area mass density

A

p kg/m?, the strip shown has mass !
pyAXx, and M =% pab, so 4 ! ’

|

|

2,oabeM_j,oxydx b/ajpx dx =1 pa’b 1 |

@) X \Lx +AX v

from WhICh the CM is at (2/3)a. €——mmmmmm - >
a

The height y of the strip at x is
given by y/b = x/a, from
similar triangles.
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