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OBJECTIVES

ACADEMY

.1 Define a system of particles.
. 2 Define Center of mass

3 Position vector of center of mass



Introduction

To fully understand mechanics of an object that consists of
many moving parts, you will need to study motion of each part.
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If you wanted to understand motion of a person, you will need to follow
the motion of the arms, legs, head, etc... the center of

mass axis

We can study overall translational motion of the
entire body by replacing it by a single point and
placing the total mass at that point. .

the center of mass

for whole body

This special point is called the center of mass



System of particles

A system of particles Is a group of particles. Its size Is
considerable with respect to the distances it moves.

ACADEMY
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System of particles Y >

Be Smart
ACADEMY




System of particles ® *

What is a rigid system? 'ﬁﬁgﬂ%
A rigid system Is the one In which the relative distance between the
different particles forming the system remains constant during the

motion of the system
In other words, a rigid system does not change its shape or size when

subjected to external forces.

Concrete block Steel bar



System of particles L B

What is deformable system? ' ACADEMY

A deformable system Is the one In which the distance between Iits
particles forming it can be changed during the motion of the system.

In other words, a deformable system change its shape or size when
subjected to external forces.

Water Balloon Rubber Band



Center of mass «CM»
What is the Center of mass (CM)? Be Smart

The center of mass of a system (body) Is the point at which we
can imagine all the mass of a system Is to be concentrated.

The center of mass «CM» of a system Is a point that represents
the average location where the total mass of the system Is
concentrated
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Center of mass




Center of mass «CM»

If an object Is considered deformable (their parts can move
with respect to each other), the location of the center of
mass varies, and depends on the positions of their parts.

For example, when a man lifts his arms, his center of mass moves to
a higher position in his body than when his arms are at his side.

ACADEMY
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V Center of mass

Center of mass




Center of mass «CM» VS Center of gravity «CG» P
B

Center of mass «CM»

Means “the average location
of all the matter In an
object”.

my l My

Center of gravity «CG» e Smast

Means “the average location of the
force of gravity on an object; It Is the
point of application of the force of
gravity (weight) acting on this system.




Center of mass «CM» VS Center of gravity «CG»

In  most practical situations, especially when the
gravitational field i1s uniform, the center of mass and center
of gravity can be considered to be at the same point.

However, they may differ in non-uniform gravitational fields or In
cases of large-scale structures like space stations.

Be Smart

ACADEMY




Position vector of center of mass

A system consists of N particles of masses mq{, m,, ms, ...,
my Whose position vectors are 7y, ¥y, 7'3,..., Fy respectively
then the position vector of the center of mass Is:

ACADEMY

Yy mj

_ m11_‘)1 -+ mz?z + -+ mNT_")N
g =
m1+m2+---+mN




Position vector of center of mass

The coordinates of the center of mass are:
m1x1 + mzxz + o0+ meN

Xy =
G m1+m2+~-+mN

- Mmyy; +myy; + -+ MYy

Y S T Lt my + - + my

The position vector Is given by:

rG=xG.l+y(;.]

ACADEMY




Position vector of center of mass
Application 1: ACADENY

A system consists of three particles of masses my = 1kg, m, =
2kg, and m3 = 3kg respectively.

The distances between the particles are d, d,

d;{ = 50cm and d, = 25cm as shown
In the figure below.

Determine the position of the center of mass of the system.



Position vector of center of mass P
B

Xeom = mqx; + myx, + m3yXx3 | Be Smart
mq +my + my Y
: My m, ms .
B 1(0) +2(0.5) +3(0.75) 5’«'_5;_"*_“5; _____ ®-
*teom = 1+2+3
0+1 +2.25
XcoM = 6 B Xcom = 0.54m



Position vector of center of mass

Application 2:

A system consists of three particles of masses my = m, = m3 =
2kg placed at the vertices of a triangle of side a = 60cm.
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Determine the position of the center of mass of the system



Position vector of center of mass
mqXxXq -+ mzxz -+ msXxsg

XcoM =

XcoM —

2(0)

m1+m2 +m3

2(0.6)

2(0.3)

2+2+2

XcoM —

0+1.2 +0.6

6

XcoM — 0.3m

=

' Be Smart
ACADEMY




Position vector of center of mass P
A

y _ My, +myy, + m3ys AT
e m4 + m, + ms +Yy nzg
!/ \
/
2(0) +2(0) + 2(0.5) RN
Ycom = e W
2+2+2 /I cm N
ml‘/ ® \\‘7_1';2
0+0 +1 0
Yeom =~ ) ycom =0.16m ‘ g

¥¢ = 0.30+0.16]




Position vector of center of mass
Application 3: AAnRats

The aim of this application Is to determine the center of mass of a
Chupa Chups lollipop! //@(
A lollipop is made of a stick and a solid chunk of candy:
* The stick is considered to be a uniform thin rod

OA of length L = 8 cm and mass m; = 5g.

« The candy 1Is considered to be a uniform
sphere of center B with a radius R =1 cm and
mass m, = 25g. o

Determine relative to point O the location of the cen“ter of mass of the
lollipop.




Position vector of center of mass " f

Be Smart
ACADEMY

First, write the coordinates of the center of mass of each
object in the system:

: L ‘
stick{ x; == =4cm

m2=259
Candy<x, = 0B =L+ R =9cm
y2 =0



e Smart

Position vector of center of mass " *
'A%ADEMY

The coordinates of the center of mass of the system are:

mixq1 T MyXy

XCoM = m, +m, / '
5(4) + 25(9) / '

tcom = g s 0

XcoM — 8.2cm Ycom — Om
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OBJECTIVES

1 II\/Iotion of the center of mass of system of particles



Motion of the center of mass of system of particles

Consider a system with N parts of constant masses m, m,,

ms...my and of position vectors ¢, 7y, T'3... y.

ACADEMY

" A e
The position vector (¥¢y) of the center of mass | "5t "1
of a system Is:
L MyTrq + myr; ...+ myTy T, M2
Y- =
¢ mq+my + -+ Mmy -

WhereM =m{ + my + .- + my

M.T_")G — m171 -+ mz?z + -+ mN?N



Motion of the center of mass of system of particles

M'?G = m171 —+ mz'l_‘)z + -+ mN?N

Be Smart

ACADEMY
Derive both sides with respect to time t:

M.T_jG =m11_7>1+m21_7>2+"'+mN7_7>N o— 17

m11_7>1 -+ mz'l_;z + -+ mNT_?)N
M

TJ)G:




Theorem of the center of mass of system of particles

M.V = MV + MUy + M3Vs3 + - + MyVy ACADEMY

Derive both sides with respect to time t:

M.TiG = mlfil + mzaz + m3a>3 + -+ mN?iN

According to newton’s second law ¥ F,, = md then:

EFex/CM — zFex/ml T zFex/mz + zFex/mg Tt zFex/mN



Motion of the center of mass of system of particles

Application 4:

The position vectors of two particles A and B of masses m; = 50g &

m, = 100g are respectively OA = #; = —5ti + 6t%] and OB = £, =

(2.5 + 3)t1 + 1.5t%j in Sl units .

1.Show that the position vector of the center of mass G of the system
[m,, m,], at any instant t, is given by 0G = ¥, = 21 + 3t%].

ACADEMY

2. Determine the resultant external forces acting on the system. Is the

system isolated? Why?



Motion of the center of mass of system of particles L §

m,; = 50g & m, = 1008, ¥; = —5t1 + 6t*] & r, = (2.5t ﬁﬁ,ﬁﬁ%

+ 3)1 + 1.5t%

1.Show that the position vector of the center of mass G of the system
[m,, m,], at any instant t, is given by 0G = ¢, = 21 + 3t%].

o _ m 71 + mpr;  50(=5t1 + 6t%)) + 100|(2.5t + 3)1 + 1. 5t%]]
T T v m, 50 + 100

oF 7 —250t7 + 300t%] + 250t + 3007 + 150t%y
— 6T 50 + 100

—> L 4' 2y P — - -

0OG = ’)_">G — il ] » 0G = g = 21 3t2]

150



Motion of the center of mass of system of particles P
A

2.Determine the resultant external forces acting on the Vicgeiy
system. Is the system isolated? Why?

ZFex=M.aG = zﬁex=(o.05+o.1)x67

21_53,5 =090 m) The system is not isolated






