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E m.x; 2 nx;

myx; + moxo + mgxg + - + m,x,

XCM =

my + mo + mg + -+ + m, z m, M
]

= xcMm1 T Yyem)




y(m)

3

E'”I,‘.Yi‘

r myxy; + moxo + msxs

M my; + mo + my - \
(1.0kg) (1.0m) + (1.0kg) (2.0 m) + (2.0 kg) (0) A 4
1.0kg + 1.0 kg + 2.0 kg
1
em
I -

0 1 2 3 x(m)

_ my + maye + mays

mp + me + my

(1.0 kg) (0) + (1.0 kg) (0) + (2.0 kg) (2.0 m)
4.0 kg

4.0 kg-m B
4.0 kg

Mgl'g

oM

= xcmil + yomj =  (0.751 + 1.0§) m mry Mo
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Piot = P1 T P2 = constant

P t p2i = Pyt py
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Before collision

V1

Vo, |

After collision
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my(vy;~ — vy7) = mo(ves~ — v9;7)

Ul T U1y = Uof T Uy J"

v — ve; = —(vif— vey)
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mv,; =m, , cost+m,v,  cos¢

mv, . sinf =m,v, S ¢




MUy T MoV y

— mlvlfy + mQ‘Ugf},

myvy cos 0 + mgvf cos ¢

= m vy Sin 0 — moves SN ¢

| 2 1 2 1 20
QMIV1T = gmvi” Tt gmevysT
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IMUT = gmu e+ gmevys”

But m; = mo = m, so that

() = qufz’?f COS(G + 350)
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P =M(v+ Av) + Am(v — v,)




(M +Am)v =M+ Av) + Am(v — v,)
Mv + Amv = Mv + MAv + Amv — Amuv, }’

y & " 4

0 = MAv — Amv, vf Mg a0
Jav=—v] S
MAv = Amuv, | v M;
M
Mdv = v,dm R
e Uf Vi Ve 1IN Ml- \
dm = —dM -
Vp = Vi = Ve In % \
Mdv = —v,dM M;
dM o dv | dM
dU:—UeW ThTU,St—ME_ UBE




Fo—lim, . {(M = AM)(V +AV) + AMU

ext At
MAV +(U —(V +AV))AM

. =lim
At

At—0

—+(U=(V +AV))%

At At

o i,

1imAHOAVAAtM=o FextzM%+Vc;—At4—Uii—t q
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- Example 9.18 The Exploding Rocket

M A rocket is fired vertically upward. At the instant it reaches
an altitude of 1 000 m and a speed of 300 m/s, it explodes
into three fragments having equal mass. One fragment con-
tinues to move upward with a speed of 450 m/s following
the explosion. The second fragment has a speed of 240 m/s
and is moving east right after the explosion. What is the ve-
locity of the third fragment right after the explosion?

Solution Let us call the total mass of the rocket M; hence,
the mass of each fragment is M/3. Because the forces of the
explosion are internal to the system and cannot affect its to-
tal momentum, the total momentum p; of the rocket just be-
fore the explosion must equal the total momentum pyof the
fragments right after the explosion.

Before the explosion,

pi = Mv; = M(300j m/s)

After the explosion,
M 2 M 2 M
Pr=—3 (2401 m/s) + 3 (450§ m/s)+ 3V

where vy is the unknown velocity of the third fragment.
Equating these two expressions (because p; = p,) gives

s YT 1 m/s) g (450) m/a

= M(300j m/s)
Vi= (=240 + 450)) m/s

What does the sum of the momentum vectors for all the
fragments look like?
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N le 9.19 A Rocket in Space
A rocket moving in free space has a speed of 3.0 X 10° m/s

relative to the Earth. Its engines are turned on, and fuel is
ejected in a direction opposite the rocket’s motion at a

M.
= 3.0 x 10° + (5.0 x 10° 1( : )
m/s + ( m/s)ln 05 M,

speed of 5.0 X 10 m/s relative to the rocket. = 65X 10°m/s

(A) What is the speed of the rocket relative to the Earth ) L 0

ofice the Todket's mak & tediced to half i i before (B) What is the thrust on the rocket if it burns fuel at the
rate of 50 kg/s?

ignition?

Solution We can guess that the speed we are looking  SoMution Using Equation 9.42,

for must be greater than the original speed because the rocket

is accelerating. Applying Equation 9.41, we obtain Thrust = | v, _d;d = (5.0 X 10% m/s) (50 kg/s)
=v+v, ln(ﬁ) = 25X 10°N
i
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Eumple 9.20 Fighting a Fire

Two firefighters must apply a total force of 600 N to steady a
hose that is discharging water at the rate of 3 600 L/min.
Estimate the speed of the water as it exits the nozzle.

Solution The water is exiting at 3 600 L/min, which is
60 L/s. Knowing that 1 L of water has a mass of 1 kg, we
estimate that about 60 kg of water leaves the nozzle every
second. As the water leaves the hose, it exerts on the hose
a thrust that must be counteracted by the 600-N force
exerted by the firefighters. So, applying Equation 9.42
gives

dM

dt
600 N = | v,(60 kg/s) |

Thrust =

U,

v,= 10m/s

Firefighting is dangerous work. If the nozzle should slip
from their hands, the movement of the hose due to the
thrust it receives from the rapidly exiting water could injure
the firefighters.




