Problems’

CONCEPT QUESTIONS

11.€Q1 A bus travels the 100 miles between A and B at 50 mi/h and then
another 100 miles between B and C at 70 mi/h. The average speed
of the bus for the entire 200-mile trip is:
a. More than 60 mi/h.
b. Equal to 60 mi/h.
c. Less than 60 mi/h.

Two cars A and B race each other down a straight road. The posi-
Fig. P11.CQ1 tion of each car as a function of time is shown. Which of the fol-

lowing statements are true (more than one answer can be correct)?

a. At time 1, both cars have traveled the same distance.

b. At time #; both cars have the same speed.

c. Both cars have the same speed at some time 7 < ;.

d. Both cars have the same acceleration at some time ¢ < t,.

e

. Both cars have the same acceleration at some time #; < ¢ < f,.
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END-OF-SECTION PROBLEMS

11.1 A snowboarder starts from rest at the top of a double black diamond
hill. As she rides down the slope, GPS coordinates are used to deter-
mine her displacement as a function of time: x = 057 + 7 + 21,
where x and ¢ are expressed in feet and seconds, respectively.
Determine the position, velocity, and acceleration of the boarder
when r = 5 seconds.

The motion of a particle is defined by the relation x = 2 — 97 +
12t + 10, where x and ¢ are expressed in feet and seconds, respec-
tively. Determine the time, the position, and the acceleration of the
particle when v = 0.

The vertical motion of mass A is defined by the relation x =

10 sin 2t + 15 cos 2t + 100, where x and ¢ are expressed in

millimeters and seconds, respectively. Determine (a) the position,

velocity, and acceleration of A when # = 1 s, (b) the maximum
Fig. P11.3 velocity and acceleration of A.

"Answers to all problems set in straight type (such as 11.1) are given at the end of the book.
Answers to problems with a number set in italic type (such as 71.6) are not given.




11.4 A loaded railroad car is rolling at a constant velocity when it couples
with a spring and dashpot bumper system. After the coupling, the
motion of the car is defined by the relation x = 60e™*% sin 16t, where
x and ¢ are expressed in millimeters and seconds, respectively. Deter-
mine the position, the velocity, and the acceleration of the railroad
car when (a) t = 0, (b) t = 0.3 s.
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The motion of a particle is defined by the relation x = 6/* — 27 — 127 +
3t + 3, where x and ¢ are expressed in meters and seconds,

respectively. Determine the time, the position, and the velocity when
a = 0.

The motion of a particle is defined by the relation x = £ — 97 +
24t — 8, where x and ¢ are expressed in inches and seconds, respec-
tively. Determine (a) when the velocity is zero, (b) the position and
the total distance traveled when the acceleration is zero.

A girl operates a radio-controlled model car in a vacant parking lot.
The girl’s position is at the origin of the xy coordinate axes, and the
surface of the parking lot lies in the x-y plane. She drives the car in a
straight line so that the x coordinate is defined by the relation
x(r) = 0.57 — 37 + 3¢ + 2, where x and ¢ are expressed in meters
and seconds, respectively. Determine (a) when the velocity is zero,
(b) the position and total distance travelled when the acceleration is zero.
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711.8 The motion of a particle is defined by the relation x = > — (t — 2)°,
where x and ¢ are expressed in feet and seconds, respectively.
Determine (a) the two positions at which the velocity is zero (b) the
total distance traveled by the particle from = 0 to t = 4 s.
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The brakes of a car are applied, causing it to slow down at a rate of
10 ft/s>. Knowing that the car stops in 300 ft, determine (a) how fast
the car was traveling immediately before the brakes were applied,
(b) the time required for the car to stop.

The acceleration of a particle is defined by the relation a = 3¢ **,
where a and ¢ are expressed in ft/s’ and seconds, respectively.
Knowing that x = 0 and v = 0 at + = 0, determine the velocity and
position of the particle when # = 0.5 s.

The acceleration of a particle is directly proportional to the square of
the time #. When ¢ = 0, the particle is at x = 24 m. Knowing that at
t=6s,x=96mand v = 18 m/s, express x and v in terms of .

The acceleration of a particle is defined by the relation a = k.
(a) Knowing that v = —8 m/s when ¢ = 0 and that v = +8 m/s when
t = 2 s, determine the constant k. (b) Write the equations of motion,
knowing also that x = 0 when ¢ = 2 s.

A Scotch yoke is a mechanism that transforms the circular motion
of a crank into the reciprocating motion of a shaft (or vice versa).
It has been used in a number of different internal combustion engines
and in control valves. In the Scotch yoke shown, the acceleration of
point A is defined by the relation @ = —1.8 sin k#, where a and ¢
are expressed in m/s* and seconds, respectively, and k = 3 rad/s.
Knowing that x = 0 and v = 0.6 m/s when ¢t = 0, determine the
velocity and position of point A when t = 0.5 s.

For the Scotch yoke mechanism shown, the acceleration of point A
is defined by the relation a =—1.08 sin kt — 1.44 cos kt, where a
and t are expressed in m/s®> and seconds, respectively, and
k = 3 rad/s. Knowing that x = 0.16 m and v = 0.36 m/s when
t = 0, determine the velocity and position of point A when ¢ = 0.5 s.

A piece of electronic equipment that is surrounded by packing material
is dropped so that it hits the ground with a speed of 4 m/s. After
contact the equipment experiences an acceleration of @ = —kx, where
k is a constant and x is the compression of the packing material. If the
packing material experiences a maximum compression of 20 mm,
determine the maximum acceleration of the equipment.
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A projectile enters a resisting medium at x = 0 with an initial velocity
vo = 900 ft/s and travels 4 in. before coming to rest. Assuming that
the velocity of the projectile is defined by the relation v = v, — kx,
where v is expressed in ft/s and x is in feet, determine (@) the initial
acceleration of the projectile, (b) the time required for the projectile
to penetrate 3.9 in. into the resisting medium.




The acceleration of a particle is defined by the relation a = —k/x.
It has been experimentally determined that v = 15 ft/s when
x = 0.6 ft and that v = 9 ft/s when x = 1.2 ft. Determine
(a) the velocity of the particle when x = 1.5 ft, (b) the position of
the particle at which its velocity is zero.

A brass (nonmagnetic) block A and a steel magnet B are in equilib-
rium in a brass tube under the magnetic repelling force of another
steel magnet C located at a distance x = 0.004 m from B. The force
is inversely proportional to the square of the distance between B and
C. If block A is suddenly removed, the acceleration of block B is
a = —9.81 + k/x*, where a and x are expressed in m/s* and meters,
respectively, and k = 4 X 10~* m%s*. Determine the maximum
velocity and acceleration of B.

Based on experimental observations, the acceleration of a particle is
defined by the relation a = —(0.1 + sin x/b), where a and x are
expressed in m/s® and meters, respectively. Knowing that b = 0.8 m
and that v = 1 m/s when x = 0, determine (a) the velocity of the
particle when x = —1 m, (b) the position where the velocity is
maximum, (¢) the maximum velocity.

A spring AB is attached to a support at A and to a collar. The
unstretched length of the spring is /. Knowing that the collar is
released from rest at x = x; and has an acceleration defined by the
relation a = —100(x — Ix/V P+ xz), determine the velocity of the
collar as it passes through point C.

The acceleration of a particle is defined by the relationa = k(1 — ¢ %),
where k is a constant. Knowing that the velocity of the particle is
v = +9 m/s when x = —3 m and that the particle comes to rest at
the origin, determine (@) the value of k, (b) the velocity of the
particle when x = —2 m.

Starting from x = 0 with no initial velocity, a particle is given an
acceleration a = 0.1 \V/v* + 16, where a and v are expressed in ft/s®
and ft/s, respectively. Determine (a) the position of the particle when
v = 3 ft/s, (b) the speed and acceleration of the particle when
x = 4 ft.

A ball is dropped from a boat so that it strikes the surface of a lake
with a speed of 16.5 ft/s. While in the water the ball experiences an
acceleration of a = 10 — 0.8v, where a and v are expressed in ft/s?
and ft/s, respectively. Knowing the ball takes 3 s to reach the bottom
of the lake, determine (a) the depth of the lake, (b) the speed of the
ball when it hits the bottom of the lake.

The acceleration of a particle is defined by the relation a = —k\V/v,
where k is a constant. Knowing that x = 0 and v = 81 m/s at
t = 0 and that v = 36 m/s when x = 18 m, determine (a) the velocity
of the particle when x = 20 m, (b) the time required for the particle
to come to rest.

The acceleration of a particle is defined by the relation a = —kv*>,

where k is a constant. The particle starts at x = 0 with a velocity of
16 mm/s, and when x = 6 mm, the velocity is observed to be 4 mm/s.
Determine (a) the velocity of the particle when x = 5 mm, (b) the
time at which the velocity of the particle is 9 mm/s.
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A human-powered vehicle (HPV) team wants to model the accelera-
tion during the 260-m sprint race (the first 60 m is called a flying
start) using a = A — Cv?, where a is acceleration in m/s*> and v is
the velocity in m/s. From wind tunnel testing, they found that
C = 0.0012 m~'. Knowing that the cyclist is going 100 km/h at the
260-meter mark, what is the value of A?

Experimental data indicate that in a region downstream of a given
louvered supply vent the velocity of the emitted air is defined by
v = 0.18vy/x, where v and x are expressed in m/s and meters,
respectively, and v, is the initial discharge velocity of the air. For
vo = 3.6 m/s, determine (a) the acceleration of the air at x = 2 m,
(b) the time required for the air to flow from x = 1 to x = 3 m.

Based on observations, the speed of a jogger can be approximated by
the relation v = 7.5(1 — 0.04x)"3, where v and x are expressed in mi/h
and miles, respectively. Knowing that x = 0 at r = 0, determine (a) the
distance the jogger has run when ¢ = 1 h, (b) the jogger’s acceleration
in ft/s>at t = 0, (c) the time required for the jogger to run 6 mi.

The acceleration due to gravity at an altitude y above the surface of
the earth can be expressed as

-32.2
a =
[1+ (y/20.9 X 10%]?

where a and y are expressed in ft/s* and feet, respectively. Using
this expression, compute the height reached by a projectile fired
vertically upward from the surface of the earth if its initial velocity
is (a) 1800 ft/s, (b) 3000 ft/s, (c) 36,700 ft/s.
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The acceleration due to gravity of a particle falling toward the earth
is a = —gR*r*, where r is the distance from the center of the earth
to the particle, R is the radius of the earth, and g is the acceleration
due to gravity at the surface of the earth. If R = 3960 mi, calculate
the escape velocity, that is, the minimum velocity with which a
particle must be projected vertically upward from the surface of the
earth if it is not to return to the earth. (Hint: v = 0 for r = ®.)

The velocity of a particle is v = [l — sin(7i#/T)]. Knowing that
the particle starts from the origin with an initial velocity v, deter-
mine (a) its position and its acceleration at ¢+ = 37, (b) its average
velocity during the interval t = O to t = T.

An eccentric circular cam, which serves a similar function as the
Scotch yoke mechanism in Problem 11.13, is used in conjunction
with a flat face follower to control motion in pumps and in steam
engine valves. Knowing that the eccentricity is denoted by e, the
maximum range of the displacement of the follower is d,,,, and the
maximum velocity of the follower is v, determine the displace-
ment, velocity, and acceleration of the follower.

Fig. P11.29

Fig. P11.32






