18. (IT) At highway speeds. a particular automaobile is capable
of an acceleration of about 1.6 m/s?. At this rate. how long
does it take to accelerate from 80 km/h to 110 km/h?

19. (I1) A sports car moving al constant speed travels 110 m
in 5.0s. If it then brakes and comes to a stop in 4.0 s, what
is its acceleration in m/s*? Express the answer in terms of
“g's” where 1.00 g = 9.80 m/s%,

20. (IIT) The position of a racing car. which starts from rest at
t =0 and moves in a straight line. is given as a function
of time in the following Table. Estimate (a) its velocity
and (b) its acceleration as a function of time. Display each
in a Table and on a graph.

1(s) 0 025 0350 075 1.00 150 200 250

x(m) 0 011 046 106 194 462 855 1379

1(s) 300 350 400 450 500 550 6.00

x(m) 2036 2831 37.65 4837 60.30 73.26 87.16

2-5 and 2-6 Motion at Constant Acceleration
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(1) A car accelerates from 13m/s to 25m/s in 6.0s, What
was its acceleration? How far did it travel in this time?
Assume constant acceleration.

(I} A car slows down from 23 m/s to rest in a distance of
85 m. What was its acceleration. assumed constant?

. (I) A light plane must reach a speed of 33 m/s for takeoff.

How long a runway is needed if the (constant) accelera-
tion is 3.0m/s*?

(IT) A world-class sprinter can burst out of the blocks to
essentially top speed (of about 11.5m/s) in the first 15.0m
of the race. What is the average acceleration of this
sprinter, and how long does it take her to reach that speed?

. (I1) A car slows down uniformly from a speed of 21.0m/s

to rest in 6.00 s, How far did it travel in that time?

(11) In coming to a stop, a car leaves skid marks 92 m long
on the highway. Assuming a deceleration of 7.00 m/s?,
estimate the speed of the car just before braking.

(I1) A car traveling 85 km/h strikes a tree. The front end
of the car compresses and the driver comes to rest after
traveling 0.80 m. What was the average acceleration of the
driver during the collision? Express the answer in terms
of “g’s.” where 1.00 g = 9.80 m/s’.

(IT) Determine the stopping distances for a car with an initial
speed of 95km/h and human reaction time of 1.0s, for an
acceleration (@) @ = —4.0m/s% (b)a = —8.0m/s>.

. (IIT)y Show that the equation for the stopping distance

of a car is dg = vyt — vi/(2a), where n, is the initial
speed of the car, f is the driver’s reaction time, and a is
the constant acceleration (and is negative).

(IITy A car is behind a truck going 25 m/s on the highway.
The car's driver looks for an opportunity to pass, guessing
that his ear can accelerate at 1.0 m/s>. He gauges that he
has to cover the 20-m length of the truck, plus 10m clear
room at the rear of the truck and 10m more at the front of
it. In the oncoming lane, he sees a car approaching, prob-
ably also traveling at 25m/s He estimates that the car is
about 400 m away. Should he attempt the pass? Give details.

. (I11) A runner hopes to complete the 10.000-m run in less

than 30.0 min. After exactly 27.0 min. there are still 1100 m
to go. The runner must then accelerate at 0.20 m/s* for
how many seconds in order to achieve the desired time?

. (I} A person driving her car at 45 km/h approaches an

intersection just as the traffic light turns vellow. She
knows that the vellow light lasts only 2.0s before turning
red, and she is 28 m away from the near side of the inter-
section (Fig. 2-31). Should she try to stop, or should she
speed up Lo cross the intersection before the light wrns
red? The intersection is 15 m wide. Her car’s maximum
deceleration is —5.8 m/s’, whereas it can accelerate from
45km/h to 65 km/h in 6.0s. Ignore the length of her car
and her reaction time.
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FIGURE 2-31

Problem 32.

2-7 Falling Objects [neglect air resistance]

33.
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(I) A stone is dropped from the top of a cliff. It hits the
ground below after 3.25 s, How high is the cliff?

(T) If a car rolls gently {#, = 0) off a vertical cliff. how
long does it take it to reach 85 km/h?

(I} Estimate (a) how long it took King Kong to fall
straight down from the top of the Empire State Building
(380 m high), and (&) his velocity just before “landing™?
(IT) A baseball is hit nearly straight up into the air with a
speed of 22m/s. (a) How high does it go? (b) How long is
it in the air?

(IT) A ballplaver catches a ball 3.0s after throwing it
vertically upward. With what speed did he throw it, and
what height did it reach?

. (IT) An object starts from rest and falls under the influ-

ence of gravity. Draw graphs of (a) its speed and (b) the
distance it has fallen, as a function of time from ¢ =0 to
t = 5.00s. Ignore air resistance.

. (IT) A helicopter is ascending vertically with a speed of

520 m/s. At a height of 125 m above the Earth, a package
is dropped from a window. How much time does it take
for the package to reach the ground? [Hinr: The
package’s initial speed equals the helicopter’s.|

(IT) For an object falling freely from rest, show that the
distance traveled during each successive second increases
in the ratio of successive odd integers (1, 3, 5. etc.). This
was first shown by Galileo. See Figs. 2-18 and 2-21.

(I1) If air resistance is neglected. show (algebraically) that
a ball thrown vertically upward with a speed w, will have
the same speed. w,. when it comes back down to the
starting point.

(ITy A stone is thrown vertically upward with a speed of
18.0m/s. (a) How fast is it moving when it reaches a
height of 11.0m? (b) How long is required to reach this
height? (¢) Why are there two answers to (b)?

. (1) Estimate the time between each photoflash of the

apple in Fig. 2-18 (or number of photoflashes per second).
Assume the apple is about 10cm in diameter. [Hinr: Use
two apple positions, but not the unclear ones at the top.]

CHAPTER 2 Describing Motion: Kinematics in One Dimension



