Physics I

Homework IX                                                                                                                 CJ

Chapter 9: 10, 22, 28, 40, 47, 56

9.10. Model: Model the tennis ball as a particle, and its interaction with the wall as a collision.

	Visualize: 
	[image: image1.png]Pictorial representation
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The force increases to Fmax during the first two ms, stays at Fmax for two ms, and then decreases to zero during the last two ms. The graph shows that Fx is positive, so the force acts to the right.

Solve: Using the impulse-momentum theorem
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The impulse is


[image: image4.wmf](

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

6 ms

maxmaxmaxmax

0

max

11

area under force curve0.002 s0.002 s0.00

2 s0.004 s

22

0.06 kg32 m/s0.06 kg32 m/s

960 N

0.004 s

x

FtdxFFFF

F

==++=

+

Þ==

ò


9.22. Model: We assume that the momentum is conserved in the collision.

Visualize: Please refer to Figure Ex9.22.

Solve: The conservation of momentum equation yields
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Thus, the final momentum of particle 1 is 
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9.28. Model: Model the ball as a particle that is subjected to an impulse when it is in contact with the floor. We will also use constant-acceleration kinematic equations.
	Visualize: 
	[image: image12.png]Pictorial representation
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Solve: To find the ball’s velocity just before and after it hits the floor:


[image: image13.wmf](

)

(

)

(

)

(

)

(

)

(

)

22222

10101

222222

323222

20 m/s29.8 m/s02.0 m6.261 m/s

20 m/s29.8 m/s1.5 m0 m5.422 m/s

yyyy

yyyyy

vvayyv

vvayyvv

=+-=+--Þ=-

=+-Þ=+--Þ=


The force exerted by the floor on the ball can be found from the impulse-momentum theorem:
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Assess: A force of 935 N exerted by the floor is reasonable.

9.40. Model: Model the package and the rocket as particles. This is a two-part problem. First we have an inelastic collision between the rocket (R) and the package (P). During the collision, momentum is conserved since no significant external force acts on the rocket and the package. However, as soon as the packagerocket system leaves the cliff they become a projectile motion problem.
	Visualize: 
	[image: image17.png]Pictorial representation
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Solve: The minimum velocity after collision that the packagerocket must have to reach the explorer is v0x, which can be found as follows:
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With this time, we can now find v0x using 
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We now use the momentum conservation equation pfx  pix which can be written
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9.47. Model: Model the bullet and the vehicle as particles, and use the impulse-momentum theorem to find the impulse provided to the vehicle by bullet(s). Because the final speed of the vehicle is small compared to the bullet speed, and the mass of the bullet is so much smaller than the mass of the vehicle, we will assume that each bullet exerts the same impulse on the vehicle.
	Visualize: 
	[image: image27.png]Pictorial representation
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Solve: For one bullet, the impulse-momentum theorem (px  Jx allows us to find that the impulse exerted on the bullet by the vehicle’s sail is
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From Newton’s third law, the impulse that the bullet exerts on the vehicle is (Jx)V  –(Jx)B  12.0 kg m/s. A second use of the impulse momentum theorem allows us to find the vehicle’s increase in velocity due to one bullet:
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This increase in velocity is independent of the vehicle’s speed, so as long as the impulse per bullet stays essentially constant (which it does because the bullet speeds are so much larger than the vehicle speed), the number of impacts needed to increase the vehicle speed to 12 m/s is
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To reach this speed in 20 s requires the bullets to be fired at a rate of 5 bullets per second.

9.56. Model: Model the truck (T) and the two cars (C and C() as particles. The three forming our system stick together during their collision, which is perfectly inelastic. Since no significant external forces act on the system during the brief collision time, the momentum of the system is conserved.
	Visualize: 
	[image: image31.png]Pictorial representation
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Solve: The three momenta are
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Assess: A speed of 4.19 m/s for the entangled three vehicles is reasonable since the individual speeds of the cars and the truck before entanglement were of the same order of magnitude.
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