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Part one in this Chapter
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6.1 The Linear Moment
The linear moment (p) of a particle is defined as the mass of the
particle multiplied by its velocity.
p=my (6.1)

The linear moment 1s a vector quantity and has a unit of kg.m/s.
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From Newton’s second law of motion we have

= - dv

F= =m— 6.2)
miad =m i (
. dp
L F=-L 6.3
o (6.3)
or we can write the equation as
dp = Fdt (6.4)
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Ap = p, — b, = | Fdt (6.5)
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Impulse I ) is a vector guantity defined as the force acting in short

time and its egual to the change in momentum of the particle. The
impulse has a unit of N.s.

I =Ap==[Fdt (6.6)

The mmpulse equation 15 equivalent to the Newton’s second law of
motion.
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; Solution

The mpulse of the force exerted on the wall 1s equal to the change in
momentum,

I = Ap=p,—p,
therefore, the mitial momentum p; of the ball
p,=mv=04x(-30)=-12kg.m/s
therefore, the final momentum py of the ball
py=mv=04x(20)=8kg.m/s
the change in momentum 1s
Ap=p,—p, =8-(-12)=20 kg.m/s

Hence, the impulse of the force exerted on the ball 1s 20 N.s. Since the
impulse 15 positive, the force must be toward the night.




6.2 Conservation of linear momentum
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Figure 6.2 . .
- .Conservation of linear momentum

Suppose that at time £ two particles colhde with each other, the
momentum of particle 1 1s p; and the momentum of particle 2 15 p,. In
collision the particle exerts a force on each other as follow,

- dp - dp,
F1=_I & F—, =—=
O dr T dr

where }_';,2 15 the force on particle 1 due to particle 2, and F'El 15 the

force on particle 2 due to particle 1. From Newton’s third law of
motion, then,

F,=-F, (6.7)
hence,
F,+F, =0 (6.8)
therefore,
dp, dp, d _ . _
—+——==—(p,+p,)=0 6.9
T dtip. b,) (6.9)

Since the time derivative of the momentum 1s zero, therefore the total

momentum ( P) remams constant, i.e.

P=p, +p, =const. [Conservation of momentum] (6.10)




If the mitial velocity of the particles 1 and 2 1s v; and v» and the final
velocity of the particles 1 and 2 1s vy and vor we get,

vy, + myVy, = mv, o + iy, (6.11)

or
.E|1'+.Ezf :.:E'I_.f+.:53_.l’ {ﬁ‘-lzl

This equation represents the law of conservation of momentum.
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Figure 6.3

;' " Solution

Using the conservation law of momentum

JEU +151r' = .f:jl_.f + :;jzj
since the total momentum before firmg 1s zero, therefore the total
momentum after firing 1s zero as well

myv, +myv, =0 & my, . +myv,, =0
the velocity of the cannonball just after it leaves the cannon 1s

- m|v])l = 5000
vV, .= = ®

H m, 50
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2=-200m/s
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