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انسباير
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Unit 8

8.1 
Center of mass and center of 

gravity



Learning 
Objectives

By the end of this lesson, you will be able to:

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. 

8.1 
Center of mass and 

center of gravity



Center of mass.

Center of gravity.



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.

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

x=3.2 m  from you”

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



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

Write the definition of the center of mass. WS # 1



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.

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

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.



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

WS # 1 / Q.1



• 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.

• Thus, for most objects in everyday experience, it is a reasonable first guess 
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?

❑ A point on the body into which part of the body's mass is embedded.

❑ 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.

❑ A point on the body where part of the body's mass is concentrated.

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

WS # 1 / Q.2



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

We have a general formula for calculating the location of the center of mass 𝑹 for two 
masses m1 and m2 located at positions 𝒓𝟏 and 𝒓𝟐 in a coordinate system:

𝑹 =
𝒓𝟏𝒎𝟏 + 𝒓𝟐𝒎𝟐

𝒎𝟏 + 𝒎𝟐

𝒁 =
𝒛𝟏𝒎𝟏+𝒛𝟐𝒎𝟐

𝒎𝟏+𝒎𝟐
   𝒀 =

𝒚𝟏𝒎𝟏+𝒚𝟐𝒎𝟐

𝒎𝟏+𝒎𝟐
  X =

𝒙𝟏𝒎𝟏+𝒙𝟐𝒎𝟐

𝒎𝟏+𝒎𝟐



Note:

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



The center of mass will be exactly midway 
between the individual centers of mass of the two 
objects.

If we have two identical objects of equal mass 

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?

WS # 1 / Q.3



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.

𝑹 =
𝒓𝟏𝒎𝟏 + 𝒓𝟐𝒎𝟐

𝒎𝟏 + 𝒎𝟐

WS # 1 / Q.4



Center of mass will be closer to the heavier object. 

WS # 1 / Q.5

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



Mass of the sun greater than 

mass of the Jupiter 

WS # 1 / Q.6

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



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

WS # 1 / Q.7



:يقع مركز كتلة الجسم الصلب غير المنتظم دائما

.عند المركز الهندسي للجسم1)

.مكان ما داخل الجسم2)

.كلاهما3)
لا شيء مما سبق4)

WS # 1 / Q.8



WS # 2 :

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

𝑹 =
𝒓𝟏𝒎𝟏 + 𝒓𝟐𝒎𝟐

𝒎𝟏 + 𝒎𝟐

𝒁 =
𝒛𝟏𝒎𝟏+𝒛𝟐𝒎𝟐

𝒎𝟏+𝒎𝟐
   𝒀 =

𝒚𝟏𝒎𝟏+𝒚𝟐𝒎𝟐

𝒎𝟏+𝒎𝟐
  X =

𝒙𝟏𝒎𝟏+𝒙𝟐𝒎𝟐

𝒎𝟏+𝒎𝟐

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



Example page 227:

Answer:
4680 Km

X =
𝒙𝟏𝒎𝟏 + 𝒙𝟐𝒎𝟐

𝒎𝟏 + 𝒎𝟐

X =
(𝟎 × 𝟓. 𝟗𝟕 × 𝟏𝟎𝟐𝟒) + (𝟑𝟖𝟒, 𝟎𝟎𝟎 × 𝟕. 𝟑𝟔 × 𝟏𝟎𝟐𝟐)

𝟓. 𝟗𝟕 × 𝟏𝟎𝟐𝟒 + 𝟕. 𝟑𝟔 × 𝟏𝟎𝟐𝟐

X = 𝟒𝟔𝟕𝟔. 𝟒 𝑲𝒎



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

( m1=2.0 Kg , m2=6.0 Kg , m3=8.0 Kg) 

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

𝑿 =
𝒙𝟏𝒎𝟏+𝒙𝟐𝒎𝟐+𝒙𝟑𝒎𝟑

𝒎𝟏+𝒎𝟐+𝒎𝟑

WS # 2 / Q.1

𝒀 =
𝒚𝟏𝒎𝟏+𝒚𝟐𝒎𝟐+𝒚𝟑𝒎𝟑

𝒎𝟏+𝒎𝟐+𝒎𝟑

=
𝟎×𝟐 +(𝟐×𝟔)+(𝟏×𝟖)

𝟐+𝟔+𝟖
= 1.25 m

=
𝟎 × 𝟐 + (𝟏 × 𝟔) + (𝟐 × 𝟖)

𝟐 + 𝟔 + 𝟖
= 1.375 m



❑A

❑B

❑C

❑D

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

WS # 2 / Q.2



(Q 58 page 252)

WS # 2 / Q.3

𝑿 =
𝒙𝟏𝒎𝟏+𝒙𝟐𝒎𝟐+𝒙𝟑𝒎𝟑

𝒎𝟏+𝒎𝟐+𝒎𝟑

𝒀 =
𝒚𝟏𝒎𝟏+𝒚𝟐𝒎𝟐+𝒚𝟑𝒎𝟑

𝒎𝟏+𝒎𝟐+𝒎𝟑

=
𝟎×𝒎 +(𝟎×𝒎)+(𝒂×𝒎)

𝒎+𝒎+𝒎
=

𝒎𝟏

𝒎𝟐 𝒎𝟑

=
𝒂𝒎

𝟑𝒎
=

𝒂

𝟑

=
𝒂×𝒎 +(𝟎×𝒎)+(𝟎×𝒎)

𝒎+𝒎+𝒎
= 𝒂𝒎

𝟑𝒎
=

𝒂

𝟑

𝑅 = 𝑋, 𝑌 = (
𝒂

𝟑
,

𝒂

𝟑
)

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



The center of mass vector 𝑅 = 0.5 ො𝑥 + 1.37 ො𝑦 , if 𝑚1 = 2𝑘𝑔 , 𝑚2 = 3𝑘𝑔. Use the 

following figure to calculate 𝒎𝟑.

𝒎𝟏 𝒎𝟐

𝒎𝟑

WS # 2 / Q.4

𝑿 =
𝒙𝟏𝒎𝟏+𝒙𝟐𝒎𝟐+𝒙𝟑𝒎𝟑

𝒎𝟏+𝒎𝟐+𝒎𝟑

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

0.5 =
(𝟏 × 𝟐) + (𝟐 × 𝟑) + (𝟎 × 𝒎𝟑)

𝟐 + 𝟑 + 𝒎𝟑

0.5 =
𝟖

𝟐 + 𝟑 + 𝒎𝟑

𝒎𝟑 = 11 Kg



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

WS # 3 / Q.1

𝑿 =
𝒙𝟏𝒎𝟏+𝒙𝟐𝒎𝟐+𝒙𝟑𝒎𝟑+𝒙𝟒𝒎𝟒

𝒎𝟏+𝒎𝟐+𝒎𝟑+𝒎𝟒

𝒀 =
𝒚𝟏𝒎𝟏+𝒚𝟐𝒎𝟐+𝒚𝟑𝒎𝟑+𝒚𝟒𝒎𝟒

𝒎𝟏+𝒎𝟐+𝒎𝟑+𝒎𝟒

𝑿 =
𝟎×𝟐 + 𝟐×𝟒 + 𝟎×𝟔 +(𝟐×𝟖)

𝟐+𝟒+𝟔+𝟖
= 1.2 m

𝒀 =
𝟎×𝟐 + 𝟎×𝟒 + 𝟏×𝟔 +(𝟏×𝟖)

𝟐+𝟒+𝟔+𝟖
= 0.7 m 𝑅 = 𝑋, 𝑌 = (𝟏. 𝟐, 𝟎. 𝟕) m



Question 2: WS # 3 / Q.2



Important note:



Question 3:

𝑿 =
𝒙𝟏𝒎𝟏+𝒙𝟐𝒎𝟐+𝒙𝟑𝒎𝟑

𝒎𝟏+𝒎𝟐+𝒎𝟑

𝒀 =
𝒚𝟏𝒎𝟏+𝒚𝟐𝒎𝟐+𝒚𝟑𝒎𝟑

𝒎𝟏+𝒎𝟐+𝒎𝟑

WS # 3 / Q.3

𝒎𝟏

𝒎𝟐

𝒎𝟑



Question 4:

Search about Fosbury Flop 

WS # 3 / Q.4



Q.18 – Textbook:




