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CH.(9): Center of mass (COM) and Linear Momentum

Single Particle System of Particles
X X _ mqx4q + myXx, + ms3Xxs + ...
Position(1D) com my; +my,+msg+ ...
vy . 2 Position of centre of mass
. g abiil cilfis)
X-axis S R Where M(total mass)=m,; + m, + my + ....
y-axis y Yoo = myy, + myy, + myy; + .....
Yy s 0 il cililas) com my;+m,+mg+ ...
axis Z . _ mqz, + myz, + myz3 + ...
¢ Z s o dbill cilila) com m; +my, + mg + ...
Position . . . .
vector (3D) r=xi+yj+zk Teom = Xcom L+ YeomJ + Zcom K

Position vector of centre of mass
Xcom 1S the x-component of the coordinate of the COM
Ycom IS the y-component of the coordinate of the COM
Z.om 1S the z-component of the coordinate of the COM

The coordinate of the COM: (X com, ¥ coms Zcom)
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Exp. (1): Three particles of masses mi=1 kg, m2=2 kg, and m3=3 kg are located in xy plane as (3,2 ), (-1,1), and

(3,-2), respectively. Find the coordinate of the center of mass.

The components of the coordinate of the center of mass are xcom and ycowm

Particle m X Y
1 1 3 2
2 2 -1 1
3 3 3 -2

mqXxq + myXx, + ms3Xx;

x =
com my + m, + ms

1+x34+2+—1+3%3
1+2+3

=1.67

Xcom=

m.y, + myy; + myy;

Yeom my + m, + my
1%24+2+14+3%x—2
= =-0.33
Yeom 1+2+3

The coordinate of the center of mass is(1.67,-0.33)

Exp.(2): Problem (1): (a) The x coordinates of the system’s center of mass is

> x3=-1.5m

(b) The y coordinates of the system’s center of mass is

> Y3=- 1.43 m

m1x1+ m2x2+m3x3_ 2*(—12)+4‘*6+3*x3_

—0.5

X =
com my + m, + my

myy, + myy, + mgy; 2%5+4x(-0.75)+3*y;

2+4+3

—-0.7

y =
com my + m, + my

2+4+3
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Single Particle System of Particles
Y4 nd = _ — e _ N
Newton’s 2 F,.,=md Free = M Ao
law :
Where a_,,, the acceleration of center of mass
by Lagie (i say dgaie el g jludll g 3580 (isle) o pa | Lagle (i sm 4gaie DlaaS g il 5 3680 ol sle) jo ae
(up) [ (right) oladl 5 laay oladl 5 laay
:F”T t£L¥e  If body is stationary = v=0 If body is stationary = vcom =0
(left) ll(down) = a=0 anet = 9ac0m=0 > Fnet =0
—F, —a —F,—a
|

Exp.(3): In the figure, what is the magnitude of the force F; acting on particle 3 if the center of mass of

system is stationary?

Stationary = vcom =0 = acom =0

XF,=0
le + FZX + F3X =0=> F3 = 'Fl - F2 =-(-5)-(+3)=5-3=2N { F.=3N
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Single Particle

System of Particles

Linear
Momentum

*The unit of P is kg m/s
*Linear momentum
is vector quantity

g —

P=mv

DMy Lgie (s g2y 4gaie 43aS Ao ull Ol 3le) ye as
olail 5
+

+v (up) Y

[ +v[r|ght)
—

B ——

—v (left) |+—v (down)

If body is statlonary

—

P=Mv_,,

sladl g jlaias Lgie (yia ga dgatia daaS de il Qi'&\.c\).qc.q

"'V
tVcom (up
+Vcon (right)
 ———

M —
~Vcon (left) I —Vcom (down)

If body is stationary =» v=0 =»P=0

= v=0 2>P=0
Single Particle System of Particles
Newton’s 2" law Newton’s 2" law
A -~
_A
g ~ dP dP
Fnet=ma Fnet:E Fnet:Macom Fnet:E

The law of conservation of linear momentum: Pi,itiqi = Pfinail
(mqvy + myvy, + myuz + ...);

= (mlvl + m,v, + ms;v; + )f
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Exp.(4): A 0.4 kg ball is dropped from a window and landed on the street with speed 35 m/s, and then rebound with
a speed 25 m/s. What is the magnitude of the change of its momentum?

m=04kg vi=-35m/s, vi=+25 m/s
IAPI= [P; - Pil=m | v - v; I= 0.4 | (+25) — (-35) I= 0.4 125+351=24 kg.m/s

Exp.(5): A ballot box with mass m=6 kg slides with speed across a frictionless floor in positive direction of
an x-axis. The box explodes (=) into two pieces. One piece, with m;= 2kg, moves in the positive direction
of the x-axis at vi=8m/s. The second piece, with my=4kg, rebounds (2i!) with speed v, =2m/s. What is the
velocity of the box?

m=6kg v=??7 ml=2kg vl=+8m/s(positive x-axis (right)) m2=4kg v,=-2m/s (rebounds in negative x-axis-to left)
Pinitial = Pfinal

((mv); = (M, + myvy)y

6 xv=2x8+4x-2=16-8

V=8/6= +1.33 m/s
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Problems:

1-

The x and y coordinates of the center of mass of the three-particle system shown below are:

MO AW

y (m) [ [ [ [
| | | |
dmpF - - m oo
| | | |
6 kg
. [ [ [
3»111——.——|———|———|——
Y
Yy - - ' _ _ ' _ _
<11 [ [ |
| | | |
ImbE——l—— 1 _1__
| | | |
4kg | | | |
| | | |

. Im 2m 3m 4m gz (m)

0,0

1.3m, 1.7Tm
1.4m, 1.9m
1.9m, 2.5m
1.4m, 2.5m

ans: C

The center of mass of a system of particles obeys an equation similar to Newton’s second law
F = macom, where:

MmO AW

F is the net internal force and m is the total mass of the system
F is the net internal force and m is the mass acting on the system
F is the net external force and m is the total mass of the system
F is the force of gravity and m is the mass of Earth

F is the force of gravity and m is the total mass of the system

ans: C

Momentum may be expressed in:

MmO Aw e

kg/m
gram-s
N-s
kg/(m-s)
N/s

ans: C

A 1.0-kg ball moving at 2.0m/s perpendicular to a wall rebounds from the wall at L.5m/s.
'I'he change in the momentum of the ball is:

M IawE

ZEero

0.5N - ¢ away from wall
0.5N - ¢ toward wall
3.5N - ¢ away from wall
3.6N - s toward wall

ans: D



p .
5-  If the total momentum of a system is changing:

particles of the system must be exerting forces on each other
the system must be under the influence of gravity

the center of mass must have constant velocity

a net external force must be acting on the system

none of the above

MO QW

ans: D
6- A 2.5-kg stone is released from rest and falls toward Earth. After 4.0s, the magnitude of its
momentum is:

A. 98kg-m/s
B. T8kg-m/s
C. 39kg-m/s
D. 24kg-m/s
E. zero

ans: A



