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°3 =% On August 10,1972, a large meteorite skipped across the
atmosphere above the western United States and western Canada,
much like a stone skipped across water. The accompanying fireball
was so bright that it could be seen in the daytime sky and was
brighter than the usual meteorite trail. The meteorite’s mass was
about 4 X 10° kg; its speed was about 15 km/s. Had it entered the
atmosphere vertically, it would have hit Earth’s surface with about
the same speed. (a) Calculate the meteorite’s loss of kinetic energy
(in joules) that would have been associated with the vertical impact.
(b) Express the energy as a multiple of the explosive energy of
1 megaton of TNT, which is 4.2 X 10 J.

*37 Figure 7-39 gives the acceleration of a 2.00 kg particle as an
applied force 1?[, moves it from rest along an x axis from x = 0 to
x = 9.0 m. The scale of the figure’s vertical axis is set by a; = 6.0
m/s?. How much work has the force done on the particle when the
particle reaches (a) x = 4.0m, (b) x = 7.0 m, and (c) x = 9.0 m?
What is the particle’s speed and direction of travel when it reaches
(d)x =4.0m,(e) x = 7.0 m,and (f) x = 9.0 m?
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Fig. 7-39 Problem 37.



*13 A luge and its rider, with a total mass of 85 kg, emerge from
a downhill track onto a horizontal straight track with an initial
speed of 37 m/s. If a force slows them to a stop at a constant rate of
2.0 m/s?, (a) what magnitude F is required for the force, (b) what
distance d do they travel while slowing, and (c¢) what work W is
done on them by the force? What are (d) F, (e) d, and (f) W if they,
instead, slow at 4.0 m/s2?

*20 A block is sent up a frictionless ramp along which an x axis
extends upward. Figure 7-30 gives the kinetic energy of the block
as a function of position x; the scale of the figure’s vertical axis is
set by K, = 40.0 J. If the block’s initial speed is 4.00 m/s, what is the
normal force on the block?
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Fig. 7-30 Problem 20.

Figure 6-18 Problem 8. What moved the stone?



*8 =& The mysterious sliding stones. Along the remote
Racetrack Playa in Death Valley, California, stones sometimes
gouge out prominent trails in the desert floor, as if the stones
had been migrating (Fig. 6-18). For years curiosity mounted
about why the stones moved. One explanation was that strong
winds during occasional rainstorms would drag the rough stones

over ground softened by rain. When the desert dried out, the
trails behind the stones were hard-baked in place. According to
measurements, the coefficient of kinetic friction between the
stones and the wet playa ground is about 0.80. What horizontal
force must act on a 20 kg stone (a typical mass) to maintain the
stone’s motion once a gust has started it moving? (Story contin-
ues with Problem 37.)

*37 —¥& Continuation of Problem 8. Now assume that
Eq. 6-14 gives the magnitude of the air drag force on the typical
20 kg stone, which presents to the wind a vertical cross-sectional
area of 0.040 m? and has a drag coefficient C of 0.80. Take the air
density to be 1.21 kg/m?, and the coefficient of kinetic friction to
be 0.80. (a) In kilometers per hour, what wind speed V along the
ground is needed to maintain the stone’s motion once it has
started moving? Because winds along the ground are retarded by
the ground, the wind speeds reported for storms are often meas-
ured at a height of 10 m. Assume wind speeds are 2.00 times
those along the ground. (b) For your answer to (a), what wind
speed would be reported for the storm? (c) Is that value reason-
able for a high-speed wind in a storm? (Story continues with
Problem 65.)



65 T¥& Continuation of Problems 8 and 37. Another explana-
tion is that the stones move only when the water dumped on the
playa during a storm freezes into a large, thin sheet of ice. The
stones are trapped in place in the ice. Then, as air flows across
the ice during a wind, the air-drag forces on the ice and stones
move them both, with the stones gouging out the trails. The magni-
tude of the air-drag force on this horizontal “ice sail” is given by
D, = 4C,..pA;..v?,where C, is the drag coefficient (2.0 X 1073),p
is the air density (1.21 kg/m?), Ay, is the horizontal area of the ice,
and v is the wind speed along the ice.

Assume the following: The ice sheet measures 400 m by 500 m
by 4.0 mm and has a coefficient of kinetic friction of 0.10 with the
ground and a density of 917 kg/m?. Also assume that 100 stones
identical to the one in Problem 8 are trapped in the ice. To main-
tain the motion of the sheet, what are the required wind speeds (a)
near the sheet and (b) at a height of 10 m? (c) Are these reason-
able values for high-speed winds in a storm?
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Additional Problems

57 A 230kg crate hangs from the end of a rope of length LL = 12.0 m.

You push horizontally on the crate with a
varying force F to move it distance d =
4.00 m to the side (Fig. 7-43). (a) What is
the magnitude of F when the crate is
in this final position? During the crate’s
displacement, what are (b) the total
work done on it, (c¢) the work done
by the gravitational force on the crate,
and (d) the work done by the pull on
the crate from the rope? (e) Knowing
that the crate is motionless before and
after its displacement, use the answers to
(b), (CL and (d) to find the work your

swer to (a)?

Fig. 7-43 Problem 57.
force F does on the crate. (f) Why is the work of your force not
equal to the product of the horizontal displacement and the an-

eee42 Figure 7-40 shows a cord attached to a cart that can slide
along a frictionless horizontal rail aligned along an x axis. The left
end of the cord is pulled over a pulley, of negligible mass and fric-
tion and at cord height 4 = 1.20 m, so the cart slides from x; = 3.00
m to x, = 1.00 m. During the move, the tension in the cord is a con-
stant 25.0 N. What is the change in the kinetic energy of the cart

during the move?

Fig. 7-40 Problem 42.
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59 <%= An explosion at ground level leaves a crater with a di-
ameter that is proportional to the energy of the explosion raised
to the % power; an explosion of 1 megaton of TNT leaves a crater
with a 1 km diameter. Below Lake Huron in Michigan there ap-
pears to be an ancient impact crater with a 50 km diameter. What
was the kinetic energy associated with that impact, in terms of (a)
megatons of TNT (1 megaton yields 4.2 X 10°J) and (b)
Hiroshima bomb equivalents (13 kilotons of TNT each)?
(Ancient meteorite or comet impacts may have significantly al-
tered Earth’s climate and contributed to the extinction of the di-
nosaurs and other life-forms.)

53 Figure 7-41 shows a cold package of hot dogs sliding right-
ward across a frictionless floor through a distance d = 20.0 cm
while three forces act on the package. Two of them are horizontal
and have the magnitudes F; = 5.00 N and F, = 1.00 N; the third is
angled down by 6 = 60.0° and has the magnitude F; = 4.00 N. (a)
For the 20.0 cm displacement, what is the ner work done on the
package by the three applied forces, the gravitational force on the
package, and the normal force on the package? (b) If the package
has a mass of 2.0 kg and an initial kinetic energy of 0, what is its
speed at the end of the displacement?
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Fig. 7-41 Problem 53.



65 In Fig.7-45, a cord runs around two massless, frictionless pul-
leys. A canister with mass m = 20 kg hangs from one pulley, and
you exert a force F on the free end of the cord. (a) What must be
the magnitude of F if you are to lift the canister at a constant
speed? (b) To lift the canister by 2.0 cm, how far must you pull the
free end of the cord? During that lift, what is the work done on the
canister by (c) your force (via the cord) and (d) the gravitational
force? (Hint: When a cord loops around a pulley as shown, it pulls
on the pulley with a net force that is twice the tension in the cord.)

Fig. 7-45 Problem 65.



