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8.1
Center of mass and center of

gravity

Figure 1: Center of mass for some simple geometric shapes (red dots).



Learning | gy the end of this lesson, you will be able to:
@ Objectives

1) Define the center of mass (Center of gravity).
2) Find the center of mass for two objects.

3) Identify the location of the center of mass for a
system of many masses.




Center of mass.

Center of gravity.




L.O: Define the center of mass (Center of gravity).

What does this phrase mean
“There is a car at a distance of

x=3.2 m from you”

So far, we have represented the location of an object by coordinates of a single point.

However, a statement such as a car located at x=3.2 m surely does not mean that the entire car is located at
that point.

So, what does it mean to give the coordinate of one particular point to represent an extended object?

In almost all situations, there is a natural choice of a point to represent the location of an extended object.
This point is called the center of mass.



L.O: Define the center of mass (Center of gravity).

Write the definition of the center of mass.

Definition
The center of mass is the point at which we can imagine all the mass of an
object to be concentrated.




L.O: Define the center of mass (Center of gravity).

The center of mass is also the point at which we can imagine the force
of gravity acting on the entire object to be concentrated.

If we can imagine all of the mass to be concentrated at this point when

calculating the force due to gravity, we call this point the center of
gravity.

[BBYWUS

To be precise, we should note that these
two terms are only equivalent in situations

where the gravitational force is constant
everywhere throughout the object. |

v v

Centre of Gravity




L.O: Define the center of mass (Center of gravity).

Q.9: Center of Mass and Center of Gravity
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When can we consider that the center of mass is the center of gravity of the body?

When gravitational force is not constant . I BN . . ”
everywhere throughout the object. ) £12) ad A8 ASE B Al 593 LSS Lare
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L.O: Define the center of mass (Center of gravity).

anlh pusd) adzS)) a8lis)
* |If an object mass density is constant (uniform mass density), the center of
mass (center of gravity) is located in the geometrical center of the object.

pesznd) asg)) 551

 Thus, for most objects in everyday experience, It IS a reasonable first quess
that the center of gravity Is In the middle of the object.




L.O: Define the center of mass (Center of gravity). / ¥, )

What is the definition of center of mass?
O A point on the body into which part of the body's mass is embedded.
O A point on the body at which part of the body's mass is dissipated.

- A point on a body where all the body's mass is concentrated.

O A point on the body where part of the body's mass is concentrated.
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L.O: Find the center of mass for two objects.

Combined Center of Mass for Two Objects

We have a general formula for calculating the location of the center of mass R for two
masses m; and m, located at positions ¥; and 7, in a coordinate system:

I_i ?1m1 ~+ ?zmz

mq +m2

» X

Note that we can immediately write vector equation 8.1 in Cartesian coordi-
nates as follows:

Y — X1mq+xamp Y = yimq+y,my 7 — Zymq+zmy
mq+mo mq+my mq+mo




Note:

* The center of mass of this system always lies on the
line connecting the two bodies.




If we have two identical objects of equal mass WS#1 / Q.3
and want to find the center of mass for the
combination of the two, Where do you expect the
center of mass to be located for these two objects?

O O
The center of mass will be exactly midway ©

between the individual centers of mass of the two
objects.

Center of
mass



L.O: Find the center of mass of two objects.

If one of the two objects is more massive, Where do you expect
the center of mass to be located for these two objects?

The center of mass for the combination is closer to the more
massive one.

?1m1 -+ 72m2
mq -+ m,

R =



L.O: Find the center of mass of two objects.

Concept Check 8.1

In the case shown in Figure 8.2, what
are the relative magnitudes of the two
masses m, and m,?

—» X a) m<m,
FIGURE 8.2 Location of the center of b) m, > m,
mass for a system of two masses m, and m,,

where M = m, + m,. ) my=m,

d) Based solely on the information
given in the figure, it is not
possible to decide which of the
two masses is larger.

Center of mass will be closer to the heavier object.



L.O: Find the center of mass of two objects.

The center of mass of the Sun and Jupiter is located

a) exactly at the center of the Sun.

b) near the center of the Sun.
c) exactly at the center of Jupiter.
d) near the center of Jupiter.

e) halfway between the Sun and Jupiter.

Mass of the sun greater than
mass of the Jupiter




How is the body mass density such that the body mass is not located at the geometric center of the
body?

a) Heterogeneous

b) Constant mass density

c) Large mass density
d) Small mass density
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The center of mass of an irregular rigid object is always located

WS#1/Q.8

a) at the geometrical center of the object. ¢) both of the above.

b) somewhere within the object. d) none of the above
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L.O: Find the center of mass of two objects.

WS #2:

Write the formula for calculating the location of the center of mass for
two masses.

[_2) ?1m1 + ?zmz

mq +m2

Y — X1mq+xamy Y = yimq+yamp 7 — Zymq+zmy
mq+mo mq+mo mq+mo




Example page 227:

The Earth has a mass of 5.97 x 10°* kg, and the Moon has a mass of 7.36x 10° kg. The
Moon orbits the Earth at a distance of 384,000 km; that is, the center of the Moon is a
distance of 384,000 km from the center of Earth, as shown in Figure 8.3a.

PROBLEM

How far from the center of the Earth is the center of mass of the Earth-Moon system?

THINK The center of mass of the Earth-Moon system can be calculated by taking the
center of the Earth to be located at x = 0 and the center of the Moon to be located
at x = 384,000 km. The center of mass of the Earth-Moon system will lie along a line
connecting the center of the Earth and the center of the Moon (as in Figure 8.3a).

Earth
é mg = 5.97 x10° kg
ls

Earth

384,000 km

Moon

my, = 7.36 x10%% kgl

(a)

Moon

&

|
XE:U

(b)

L x

Xy = 384,000 km

X1m4 + Xom,

m1+m2

. (0 x 5.97 x 10%%) + (384,000 x 7.36 x 10%?)
B 5.97 x 1024 + 7.36 x 1022

Answer:

X=4676.4 Km 4680 Km



L.O: Identify the location of the center of mass for a system of many masses.

Use the following figure to find the center of mass vector.

(m,=2.0 Kg , m,=6.0 Kg , m,=8.0 Kg)

xXim)

(1.25-1.479)m O
(1435 -1.369)ym O

(1.432 +1.57v)m O
(1.25% +1.3759)m (4m

¥ — X1Mq+xpmy+xg3mg _ (0x2)+(2x6)+(1x8) _ 1.25 m

mq+my+ms 2+6+8

= 1.375m

Y — yimq+yamp+yzmg _ (0x2)+(1x6)+(2x8)

mq+my+ms 2+6+8



L.O: Identify the location of the center of mass for a system of many masses.

Physic s Bridge)
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Based on the definition of the center of mass, which point
on the figure is the center of mass of the set of four

homogeneous balls of the same material?




L.O: Identify the location of the center of mass for a system of many masses.

(Q 58 page 252)

Three identical balls of mass m are placed in the configuration
shown in the figure. Find
the location of the center

of mass. (0, a) u mq

X = X1mq+Xomo+X3Mms
mq+mo+ms
m, ms
u u __ (0xm)+(0xm)+(axm)
(0. 0) (a, 0) » m+m+m _
_gom _ a
"~ 3m 3
Y = yimi+tyzmy+y3m3  _ (axm)+(0xm)+(0xm) _ am a
mq+my+mg el 3m 3

R=(XY)=(G 3



L.O: Identify the location of the center of mass for a system of many masses.

<J|
The center of mass vector R = 0.5% + 1.37y ,ifmy = 2kg ,m, = 3kg. Use the
following figure to calculate m;.

X g X1Mq1+X2M2+X3M3
mq+my+mg
lmg 0.5:(1><2)+(2><3)+(0><m3)
2+ 3 +mgy
ool 8
0> = 3+ m,



Based on the adjacent figure, determine the coordinates of the
center of mass for the group of objects in the figure.

__X1mq+X2mp+X3Mm3+XxX4My

X = y(m)
mq+mo+mz+my ms=6kg
X — (0x2)+(2x4)+(0X6)+(2x8) _ 12 m .
2+4+6+8 "
mi=2Kkg
Y = Y1y +y2ma +y3ms +y4M4 503 i
mq+mo+msz+my

2+4+6+8



Question 2:

8.20 Can the center of mass of an object be located at a point out-
side the object, that is, at a point in space where no part of the object
is located? Explain.

@ (b)

Yes, the center of mass can be located outside the object. Take a donut for example. If the donut has a
uniform mass density, then the center of mass is located at its geometric center, which would be the center
of a circle. However, at the donut’s center, there is no mass, there is a hole. This means the center of mass
can lie outside the object.



Important note:

Note that the center of mass of
an object does not always have to be
located inside the object. Two obvious
examples are shown in Figure 8.21. From
symmetry considerations, it follows that
the center of mass of the donut (Figure
8.21a) is exactly in the center of its hole,
at a point outside the donut. The center
of mass of the boomerang (Figure 8.21b)
lies on the dashed symmetry axis but,
again, outside the object.

(@) (b)



Question 3:

The coordinates of the center of mass for the extended object shown X1mq+xomo+x 3M3
in the figure are (I/4, —1./5). What are the coordinates of the 200-kg mass? X —
mq+mo+ms
y
my A Y = yimgt+yzmpz+y3ms
2.00-kg mass m, mq+my+mg

(x.y) Q_ 3.00-kg mass

o )(; Kim, + X a2 + K313
i e W W3

Y = Yy & Jame ¢ Y ma

my +ML+M?

:gl-_ = 0 (L) + 292

q
-aL 2240




Question 4:

8.7 The figures show a high jumper using different techniques to get
over the crossbar. Which technique would allow the jumper to clear
the highest setting of the bar?

- Té sf
.
(b) () i 5|

(d) /

Path of center
of gravity

Search about Fosbury Flop

r

(a)




Q.18 — Textbook:

8.18 Find the cenrter of
mass of the arrangement
of uniform identical cubes
shown in the figure. The
length of the sides of the
each cube is d.

2d 0




8.18 Find the cenrter of
mass of the arrangement
of uniform identical cubes
shown in the figure. The
length of the sides of the
each cube is d.
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