
of the boat with a speed of 3.0 m/s relative to the boat. What is the velocity of
the boat after Isaac jumps?

A-10: Miguel, the 72.0-kg bullfighter, runs toward an angry bull at a speed of 
4.00 m/s. The 550.-kg bull charges toward Miguel at 12.0 m/s and Miguel
must jump on the bull’s back at the last minute to avoid being run over. What
is the new velocity of Miguel and the bull as they move across the arena?

A-11: A space shuttle astronaut is sent to repair a defective relay in a 600.00-kg
satellite that is traveling in space at 17 000.0 m/s. Suppose the astronaut and
his Manned Maneuvering Unit (MMU) have a mass of 400.00 kg and travel at 
17 010.0 m/s toward the satellite. What is the combined velocity when the
astronaut grabs hold of the satellite?

A-12: The U.S.S. Constitution, the oldest fully commissioned war ship in the world,
is docked in Boston, Massachusetts. Also known as “Old Ironsides” for her
seemingly impenetrable hull, the frigate houses 56 pieces of heavy artillery.
Mounted on bearings that allow them to recoil at a speed of 1.30 m/s are 
20 carronades, each with a mass of 1000. kg. If a carronade fires a 14.5-kg
cannonball straight ahead, with what muzzle velocity does the cannonball
leave the cannon?

Challenge Exercises for Further Study

B-1: On a hot sumer afternoon, Keith and Nate are out fishing in their rowboat
when they decide to jump into the water and go for a swim. Keith, whose mass
is 65.0 kg, jumps straight off the front of the boat with a speed of 2.00 m/s
relative to the boat, while Nate propels his 68.0-kg body simultaneously off the
back of the boat at 4.00 m/s relative to the boat. If the 100.-kg boat is initially
traveling forward at 3.00 m/s, what is its velocity after both boys jump?

B-2: Lilly, whose mass is 45.0 kg, is ice skating with a constant speed of 7.00 m/s
when she hits a rough patch of ice with a coefficient of friction of 0.0800. How
long will it take before Lilly coasts to a stop?

B-3: In a train yard, train cars are rolled down a long hill in order to link them up
with other cars as shown. A car of mass 4000. kg starts to roll from rest at the
top of a hill 5.0 m high, and inclined at an angle of 5.0° to the horizontal. The
coefficient of rolling friction between the train and the track is 0.050. What
velocity would the car have if it linked up with 3 identical cars sitting on flat
ground at the bottom of the track? (Hint: The equation for rolling friction is
just like the one for sliding friction.)
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