CHAPTER 7|IMPULSE AND MOMENTUM

9. REASONING The impulse applied to the golf ball by the floor can be found from
Equation 7.4, the impulse-momentum theorem: F At= mvy —mvg. Only the vertical
component of the ball's momentum changes during impact with the floor. In order to use
Equation 7.4 directly, we must first find the vertical components of the initial and final
velocities. We begin, then, by finding these velocity components.

SOLUTION Thefigures below show theinitial and final velocities of the golf ball.
Before impact After impact
V¢ sin 30.0°
Vg €0s 30.0° Vo
30.0 v; cos 30.0° [30.0°
Vvt
Vo sin 30.0°
If we take up as the positive direction, then the vertical components of the initial and final
velocities are, respectively, vgy =-Vg €0s30.0° and vy, =V c0s30.0°. Then, from
Equation 7.4 the magnitude of theimpulseis
FAt=m(vy, ~Vo, ) =M (v; cos 30.0°)—(-v, cos 30.0°)]
Since vp =v§ =45m/s,
FAt= 2mv, cos 30.0° = 2(0.047 kg) (45 m/s)(cos 30.0°) =| 3.7 N [$
17. REASONING The system consists of the lumberjack and thelog. For this system, the sum

of the external forcesis zero. Thisis because the weight of the system is balanced by the
corresponding normal force (provided by the buoyant force of the water) and the water is
assumed to be frictionless. The lumberjack and the log, then, constitute an isolated system,
and the principle of conservation of linear momentum holds.

SOLUTION

a. Thetotal linear momentum of the system before the lumberjack beginsto moveis zero,
since all parts of the system are at rest. Momentum conservation requires that the total
momentum remains zero during the motion of the lumberjack.

MVi1 + MV = 0

just before the jump

Here the subscripts "1" and "2" refer to the first log and lumberjack, respectively. Let the
direction of motion of the lumberjack be the positive direction. Then, solving for v gives
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m,V¢, (98 kg)(+3.6 m/s)
= =- = | -1.5m/s
™Y 230 kg (L5 mis ]

The minus sign indicates that the first 1og recoils as the lumberjack jumps off.

b. Now the system is composed of the lumberjack, just before he lands on the second log,
and the second log. Gravity acts on the system, but for the short time under consideration
while the lumberjack lands, the effects of gravity in changing the linear momentum of the
system are negligible. Therefore, to avery good approximation, we can say that the linear
momentum of the system is very nearly conserved. In this case, the initial momentum is
not zero as it was in part (a); rather the initial momentum of the system is the momentum of
the lumberjack just before he lands on the second log. Therefore,

MyVy +MyVey = MV + MV,

Total momentum Initial momentum
just after lumberjack lands

In this expression, the subscripts "1" and "2" now represent the second log and lumberjack,
respectively. Since the second log isinitially at rest, vig =0. Furthermore, since the

lumberjack and the second log move with acommon velocity, V¢, = p = k. The statement
of momentum conservation then becomes

MV + M Vp = MV
Solving for v¢, we have

M,Ve, (98 kg)(+3.6 m/s)
= = =[+11m/
Y T +m,  230kg+ 98 kg [+ 22 ms]

The positive sign indicates that the system moves in the same direction as the original
direction of the lumberjack's motion.

33.

REASONING The system consists of the two balls. The total linear momentum of the
two-ball system is conserved because the net external force acting on it is zero. The
principle of conservation of linear momentum applies whether or not the collision is elastic.

MVy +MyVe, = Mg +0

—_— —
Total momentum Total momentum

after collision before collision

When the collision is elastic, the kinetic energy is aso conserved during the collision

1 2 .1 2 - 1 2
3MVi +5mMVve = 5myg +0
Total kinetic energy Total kinetic energy
after collision before collision

SOLUTION
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a. Thefina velocities for an elastic collision are determined by simultaneously solving the
above equations for the final velocities. The procedure is discussed in Example 8 in the text,
and leads to Equations 7.8a and 7.8b. According to Equation 7.8:

E"l—‘”ba/ and _H_ZVQ a/

Vi1 = Vioy =
f1 Dn1+m2D01 2 Dm_|_+m2D01

Let the initial direction of motion of the 5.00-kg ball define the positive direction.
Substituting the values given in the text, these equations give

_ B5.00kg—7.50 k

[5.00- kg bal] Y17 C5.00kg +7.50 k

ggz.oo m/s) =[ -0.400 s |

B 2(5.00kg)
[5.00 kg +7.50 k

[7.50-kg ball] Vio g%z.oo m/s) =[ +1.60 ms|

The signsindicate that, after the collision, the 5.00-kg ball reversesits direction of motion,
while the 7.50-kg ball movesin the direction in which the 5.00-kg ball was initially moving.

b. When the collision is completely inelastic, the balls stick together, giving a composite
body of mass my; + m, which moves with avelocity v¢. The statement of conservation of

linear momentum then becomes

(mp+mp)vy = Mg +0

%/—/ %/_/
Total momentum  Total momentum

after collision before collision

Thefinal velocity of the two balls after the collision is, therefore,

MVo1 — (5.00 kg)(2.00 m/s) — m
m+m, 500kg+7.50kg t————

Vi =

61.

REASONING The cannon and the shell constitute the system. Since no external force
hinders the motion of the system after the cannon is unbolted, conservation of linear
momentum appliesin that case. If we assume that the burning gun powder imparts the same
kinetic energy to the system in each case, we have sufficient information to develop a
mathematical description of this situation, and solve it for the velocity of the shell fired by
the loose cannon.

SOLUTION For the case where the cannon is unbolted, momentum conservation gives

MV +Myvpp = 0 1)
m Initial momentum
after shell is fired of system

where the subscripts "1" and "2" refer to the cannon and shell, respectively. In both cases,
the burning gun power imparts the same kinetic energy to the system. When the cannon is
bolted to the ground, only the shell moves and the kinetic energy imparted to the system is
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KE = 5 Myl Vel = 5(85.0 kg)(551 m/s)® =1.29 x 10 J

The kinetic energy imparted to the system when the cannon is unbolted has the same value
and can be written using the same notation as Equation (1):

12 .1 2
KE=smvg +5m,vi, (2)

Solving Equation (1) for v¢;, the velocity of the cannon after the shell is fired, and
substituting the resulting expression into Equation (2) gives

2,2
_MoVi2 1.2
E=om, T2meViz 3
Solving Equation (3) for v¢, gives
2KE 2(1.29%x107 J)
Ve, = = :| +547 m/s|
f2 Om, O 0 g5kg o —

2 410 [ (85 ko) —2d 41
T2m, g (8 k) g010% kg




