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chapter /| FORCES AND

T NEWTONSLAWS OF MOTION

Section 4.1 The Concepts of Force and Mass
Section 4.2 Newton’s First Law of Motion
Section 4.3 Newton’s Second Law of Motion

1.  With one exception, each of the following units can be used to express mass. What is the exception?

(8 newton () gram (e) kilogram
(b) slug (d) N-s/m

2. Complete the following statement: The term net force most accurately describes

() the mass of an object (d) the quantity that keeps an object

(b) theinertia of an object. moving.

(c) the quantity that causes displacement. (e) the quantity that changes the velocity of
an object.

3. Which one of the following terms is used to indicate the natural tendency of an object to remain at
rest or in motion at a constant speed along a straight line?
(a) velocity (c) acceleration (e) inertia
(b) force (d) equilibrium

4. Complete the following statement: Aninertial reference frameisonein which
(@ Newton'sfirst law of motionisvalid.
(b) theinertias of objectswithin the frame are zero.
(c) theframeisaccelerating.
(d) the acceleration due to gravity is greater than zero m/s’.
(e) Newton'sthird law of motion is not valid.

5. A net force F isrequired to give an object with mass man acceleration a. If anet force6 F is
applied to an object with mass 2m, what is the acceleration on this object?
@ a (© 3a (e) 6a
(b) 2a (d) 4a

6. When the net force that acts on a hockey puck is 10 N, the puck accelerates at a rate of 50 m/s?.
Determine the mass of the puck.

(@ 0.2kg (c) 5kg (e) 50kg
(b) 1.0kg (d) 10kg
A
7. The figure shows the velocity versus time curve Tg
for a car traveling along a straight line. Which of = B
the following statements is false? 2 A / \C
(& No net force acts on the car during interval 3
B. J /
(b) Net forcesact on the car during intervals A >
and C. Time

() Opposing forces may be acting on the car
during interval B.
(d) Opposing forces may be acting on the car during interval C.
(e) The magnitude of the net force acting during interval A islessthan that during C.
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The graph shows the velocities of 4
two objects of equal massasa
function of time. Net forcesFa,
Fg, and F¢ acted on the objects
during intervals A, B, and C,
respectively. Which one of the
following choicesis the correct :
relationship between the magnitudes Time

of the net forces?

(@ FB=Fc>Fa () FA>Fg=Fc () FA>Fg>Fc
(b) Fc>Fg>Fa (d FA=FB=Fc

Object 1

Object 2

Velocity (m/s)
\)>

v

A 15-N net forceis applied for 6.0 sto a 12-kg box initidly at rest. What is the speed of the box
at the end of the 6.0-s interval?

(@ 1.8mis (c) 3.0m/s (e) 30m/s

(b) 15m/s (d) 7.5m/s

. A 810-kg car accelerates from rest to 27 m/s in adistance of 120 m. What is the magnitude of the

average net force acting on the car?
(& 740N () 91N () 7900N
(b) 2500 N (d) 1300N

. A 2150-kg truck istraveling along a straight, level road at a constant speed of 55.0 km/h when the

driver removes his foot from the accelerator. After 21.0 s, the truck’s speed is 33.0 km/h. What is
the magnitude of the average net force acting on the truck during the 21.0 sinterval?

(8 2250N (c) 1890N (e) 229N

(b) 626 N (d) 972N

Questions 12 through 15 pertain to the situation described below:

A 2.0-kg object movesin a straight lineon a
horizontal frictionless surface.

The graph shows the velocity of the object
as a function of time. The various equal
time intervals are labeled using Roman
numeras: I, I1, 11, 1V, and V. | |

[ [
The net force on the object aways acts ! ! Ti:TI]Ie(S)
along the line of motion of the object.

Velocity (m/s)

|
|
|
|
|
|
|
:
[

. Which section(s) of the graph correspond to a condition of zero net force?

(@& V only (© lland IV (e I,1l,andV
(b) 11 only (d) I, I, and IV

. Which section of the graph corresponds to the application of the largest constant net force?

@ | (o I (e V
(b) 1 (d) v

. In which section of the graph is the magnitude of the net force decreasing?

@ | (©) Il (e V
(b) 1 (d) 1v
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15. Inwhich section(s) of the graph is the net force changing?
(@ landlll (© (e landV
(b) 1land 1V (d) 1v

Section 4.4 The Vector Nature of Newton’s Second Law of Motion
Section 4.5 Newton’s Third Law of Motion

16. An object moves due east at constant speed. A net force directed due north then acts on the object
for 5.0 s. At theend of the 5.0-second period, the net force drops to zero newtons. Which one of
the following statements is necessarily true?

(@) The object will be moving eastward when the force drops to zero newtons.

(b) The changein the velocity of the object will be directed north of west.

(c) Thedirection of the object's accel eration depends on how fast the object was initially moving.
(d) Thefinal velocity of the abject will be directed north of east.

(e) The magnitude of the object's accel eration depends on how fast the object was initially moving.

17. Two forces act on a 16-kg object. The first force has a magnitude of 68 N and is directed 24°
north of east. The second forceis 32 N, 48° north of west. What is the acceleration of the object
resulting from the action of these two forces?

(@) 1.6 m/s%, 5.5° north of east (d) 3.6 m/s%, 5.5° north of west
(b) 1.9 m/s?, 18° north of west (e) 4.1 m/s% 52° north of east
(c) 2.4 m/s, 34° north of east

18. An apple crate with aweight of 225 N accelerates : ) 145N
aong africtionless surface as the crate is pulled with a NEWTONS el 19°
force of 14.5 N as shown in the drawing. What is the APPLED
horizontal acceleration of the crate?
(@ 1.40m/s® (© 1.29m/s (€) 0.644 m/s®
(b) 0.427 m/s® (d) 0.597 m/s®

19. Two forces act on a4.5-kg block resting on africtionless surface as
shown. What is the magnitude of the horizontal acceleration of the S9N
block? 3.7N 43°
(@ 1.8m/s (d 32ms  —efE
(b) 1.2m/s () 8.9m/s
(c) 0.82m/s’

20. Two forces act on ahockey puck. For which orientation of the forces will the puck acquire an
acceleration with the largest magnitude?

@ - b © (d)

(e) The magnitude of the acceleration will be the samein al four cases shown above.
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Questions 21 and 22 pertain to the situation described below:

A horse pulls acart along aflat road. Consider the following four forces that arise in this situation.

(1) theforce of the horse pulling on the cart (3) theforce of the horse pushing on the road
(2) theforce of the cart pulling on the horse (4) theforce of the road pushing on the horse
Which two forces form an "action-reaction" pair that obeys Newton's third law?

(@ land4 (c) 2and4 (e) 2and 3

(b) 1and3 (d 3and4

Suppose that the horse and cart have started from rest; and as time goes on, their speed increasesin
the same direction. Which one of the following conclusionsis correct concerning the magnitudes of
the forces mentioned above?

(a) Force 1 exceedsforce 2. (d) Force 3 exceedsforce 4.
(b) Force 2 islessthan force 3. (e) Forces1 and 2 cannot have equal
(c) Force 2 exceedsforce 4. magnitudes.

Questions 23 and 24 pertain to the situation described below:

A physics student in a hot air balloon ascends vertically at constant speed. Consider the following
four forcesthat arise in this situation:
F1 = the weight of the hot air balloon F3 = the force of the student pulling on the earth

F2 = the weight of the student F4 = the force of the hot air balloon pulling on the student
Which two forces form an "action-reaction” pair that obeys Newton's third law?

(8 Frand Fo (c) Frand F3 (e) FzandF4

(b) FpandF3 (d) FoandFg4

Which one of the following relationships concerning the forces or their magnitudes is true?

(@ Fa>F2 (€) F4>F1 (6) F3a=—F4

Questions 25 and 26 pertain to the situation described below:

A book isresting on the surface of atable. Consider the following four forces that arise in this
situation:

(1) theforce of the earth pulling on the book (3) theforce of the book pushing on the table
(2) theforce of the table pushing on the book (4) theforce of the book pulling on the earth
Which two forces form an "action-reaction" pair that obeys Newton's third law?

(@ land2 (c) 1and4 (e) 3and4

(b) 1and3 (d 2and4

The book has an acceleration of 0 m/s”. Which pair of forces, excluding "action-reaction" pairs, must
be equal in magnitude and opposite in direction?

(@ land2 (c) 1Land4 (e) 2and 4

(b) 1and3 (d) 2and3
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Questions 27 and 28 pertain to the statement and figure shown:

A 70.0-kg astronaut pushes to the left on a spacecraft with a force F
in “gravity-free” space. The spacecraft has a total mass of 1.0 x 10*
kg. During the push, the astronaut accelerates to the right with an
acceleration of 0.36 m/s2.

27. Which one of the following statements concerning this situation
istrue?
(8 The spacecraft does not move, but the astronaut moves to the right with a constant speed.
(b) The astronaut stops moving after he stops pushing on the spacecraft.
() Theforce exerted on the astronaut is larger than the force exerted on the spacecraft.
(d) Theforce exerted on the spacecraft islarger than the force exerted on the astronaut.
(e) Thevelocity of the astronaut increases while he is pushing on the spacecraft.

28. Determine the magnitude of the acceleration of the spacecraft.
(@) 51.4m/s? (c) 2.5x 103 m/s? (6) 3.97 x 104 m/s?
(b) 0.36 m/s? (d) 7.0 x 103 m/s?

Section 4.6 Types of Forces: An Overview
Section 4.7 The Gravitational Force

29. Consider the following forces.

(1) frictional (3) tension (5) normal

(2) gravitational (4) strong nuclear (6) electroweak
Which of the forces listed are considered fundamental forces?
@ 1,2,and4 (c) 1,3,and5 (e) 2,3,4,and 6
(b) 1,2,3,and5 (d 2,4,and 6

30. A rock isthrown straight up from the earth's surface. Which one of the following statements
concerning the net force acting on the rock at the top of its path is true?
(@) Thenet forceisequal to the weight of the rock.
(b) The net forceisinstantaneously equal to zero newtons.
(c) Thenet force' s direction changes from up to down.
(d) Thenet forceis greater than the weight of the rock.
(e) Thenet forceislessthan the weight of the rock, but greater than zero newtons.

31. Two point masses mand M are separated by a distance d. If the distance between the massesis
increased to 3d, how does the gravitational force between them change?
(@ Theforcewill be one-third as great.
(b) Theforcewill be one-ninth as great.
(c) Theforcewill be three times as great.
(d) Theforcewill be nine times as great.
(e) Itisimpossibleto determine without knowing the numerical values of m, M, and d.

32. Two point masses mand M are separated by adistance d. If the separation d remains fixed and the
masses are increased to the values 3m and 3M respectively, how does the gravitational force between
them change?

(8 Theforcewill be one-third as great. (d) Theforcewill be nine times as great.
(b) Theforce will be one-ninth as great. (e) Itisimpossibleto determine without knowing
() Theforcewill be three times as great. the numerical values of m, M, and d.
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O 33. Which one of the following statements concerning the two "gravitational constants' G, the
universal gravitational constant, and g the magnitude of the acceleration due to gravity istrue?
(@ Thevauesof g and G depend on location.
(b) Thevalues of g and G do not depend on location.
(c) Thevaueof G isthe same everywherein the universe, but the value of g is not.
(d) Thevalueof gisthe same everywhere in the universe, but the value of G is not.
(e) Thevauesof gand G are equal on the surface of any planet, but in general, vary with location in
the universe.

O 34. Two satellites of different masses are in the same circular orbit about the earth. Which one of the
following statements is true concerning the magnitude of the gravitational force that acts on each
of them?

(8 The magnitude of the gravitational forceis zero newtons for both satellites.

(b) The magnitude of the gravitational force is the same for both satellites, but not zero newtons.
(c) The magnitude of the gravitational forceis zero newtons for one, but not for the other.

(d) The magnitude of the gravitational force depends on their masses.

(e) The magnitude of the gravitational force varies from point to point in their orbits.

O 35. Anastronaut orbits the earth in a space capsule whose height above the earth is equal to the earth's
radius. How does the weight of the astronaut in the capsule compare to her weight on the earth?
(8 Her weight is equal to her weight on earth.
(b) Her weight is equal to one-fourth her weight on earth.
() Her weight is equal to one-half of her weight on earth.
(d) Her weight is equal to one-third of her weight on earth.
(e) Her weight is equal to one-sixteenth her weight on earth.

O 36. Anastronaut orbits the earth in a space capsule whose height above the earth is equal to the earth's
radius. How does the mass of the astronaut in the capsule compare to her mass on the earth?
(8 Her massisequal to her mass on earth.
(b) Her massis equal to one-fourth her mass on earth.
(¢) Her massis equal to one-half of her mass on earth.
(d) Her massisequal to one-third of her mass on earth.
(e) Her massisequa to one-sixteenth her mass on earth.

0 37. Which statement best explains why the weight of an object of mass mis different on Marsthan it
ison the Earth?
(@ The massof Marsisdifferent from that of Earth.
(b) The masses and radii of Mars and Earth are not the same.
(¢) The mass misfurther from the Earth's center when it ison Mars.
(d) The constant G is different on Mars.
(e) The mass mwill be different on Mars.

1 38. What istheweight of a 2.50-kg bag of sand on the surface of the earth?
(& 250N (c) 245N () 980N
(b) 9.80N (d) 490N

B 39. A 2.00-kg projectileisfired at an angle of 20.0°. What is the magnitude of the force exerted on the
projectile when it is at the highest position in its trajectory? Neglect any effects of air resistance.
(@ 196N (c) 9.80N (¢ ON
(b) 14.7N (d) 490N
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40. A marbleis dropped straight down from a distance h above the floor.
Let Fp, = the magnitude of the gravitational force on the marble due to the earth,

Fe = the magnitude of the gravitational force on the earth due to the marble;
ay, = the magnitude of the acceleration of the marble toward the earth;
ag = the magnitude of the acceleration of the earth toward the marble.
Which set of conditionsis true as the marble falls toward the earth? Neglect any effects of air

resistance.
(@ Fp@=Fe and apy<ag (d) Fj>Fe and apy=ag
(b) Fp<Fe and ap,>ag () Fm=Fe and ay>ag

() Fm<Fe and apy=ag

41. What isthe magnitude of the gravitational force acting on a 79.5-kg student due to a 60.0-kg
student sitting 2.25 m away in the lecture hall?

(@ 314x10°N (€ 7.91x 10 °N (@ 629x 108N
_38 —7
(b) 2.82x 108N (d) 141x 10N

Section 4.8 The Normal Force
Section 4.9 Static and Kinetic Frictional Forces

42. A 44-kg child steps onto a scale and the scale reads 430 N. What is the magnitude of the normal
force acting on the child?
(@ 44N (c) 430N (e) 860N
(b) 215N (d) 645N

Questions 43 and 44 pertain to the situation described below:

A force P pulls on a crate of mass mthat isin P = 160N
contact with a rough surface. The figure
shows the magnitudes and directions of the
forces that act on the crate in this situation. W
represents the weight of the crate. Fy

represents the normal force on the crate, and f
represents the frictional force.

43. Which statement best describes the motion of the crate?
(@ The crate must be at rest.
(b) The crate must be moving with constant velocity.
(c) The crate must be moving with constant acceleration.
(d) The crate may be either at rest or moving with constant velocity.
(e) The crate may be either at rest or moving with constant acceleration.

44. What is the magnitude of Fyj, the normal force on the crate?
(& 57N (c) 160N (e) 230N
(b) 80N (d) 196 N

45. A 10-kg block is set moving with an initial speed of 6 m/s on arough horizontal surface. If the
force of frictionis 20 N, approximately how far does the block travel before it stops?
(@ 15m (c) 6m (e 18 m
(b) 3m (d) 9m
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Chase Excellence

B 46. Thewheelsof an automobile are locked asit didesto astop from aninitial speed of 30.0 m/s. If

47.

the coefficient of kinetic friction is 0.600 and the road is horizontal, approximately how long does
it take the car to stop?

(@ 4.22s (c) 875s (e) 153s
(b) 5.10s (d) 104s
A 250-N force is directed horizontally as shown to push a

29-kg box up an inclined plane at a constant speed.
Determine the magnitude of the norma force, Fy, and the
coefficient of kinetic friction, .

Fn Mk
(& 330N 0.31
(b) 310N 0.33
(c) 250N 0.27
(d 290N 0.30
(e 370N 0.26

Questions 48 through 50 pertain to the situation described below:

48.

49,

50.

51.

Two blocks rest on a horizontal frictionless
surface as shown. The surface between the top
and bottom blocks is roughened so that there is
no slipping between the two blocks. A 30-N
force is applied to the bottom block as
suggested in the figure.

What is the magnitude of the acceleration of the "two block™ system?

(@ 1m/s? (c) 3m/s? (e 15m/s?
(b) 2m/s? (d) 6m/s?

What is the magnitude of the force of static friction between the top and bottom blocks?
(a) zero newtons (c0 20N (e) 30N

(b) 10N (d 25N

What is the minimum coefficient of static friction necessary to keep the top block from slipping
on the bottom block?

(& 0.05 (c) 0.20 (e) 0.40

(b) 0.10 (d) 0.30

Note the following situations:

F
0
---d-MN ™ M

Casel Case?2

In which case will the magnitude of the normal force on the block be equal to (Mg + F sin 6)?
(@) caselonly (c) bothcases1and 2 (e) casesl, 2,and3
(b) case?2only (d) bothcases2and 3
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Questions 52 and 53 pertain to the situation described below:

0o 57.

R
A block is pulled along a rough level surface N
at constant speed by the force P. The figure

shows the free-body diagram for the block. P

Fn represents the normal force on the block;
and f represents the force of kinetic friction.

Yy

. What is the magnitude of FN?

(@ 2mg (c f (e) Thiscannot be determined
(b) P (d) mg from the information given.

. If the coefficient of kinetic friction, py, between the block and the surface is 0.30 and the magnitude of

the frictional forceis 80.0 N, what is the weight of the block?
(& 16N (c) 160N (e) 410N
(b) 40N (d) 270N

Two identical blocks are pulled aong arough surface

as suggested in the figure. Which one of the following

statements is false? —>

(@) The coefficient of kinetic friction isthe samein L »
each case.

(b) A force of the same magnitude isneeded to keep ™
each block moving.

(c) A force of the same magnitude was required to start each block moving.

(d) The normal force exerted on the blocks by the surface is the same for both blocks.

(e) The magnitude of the force of kinetic friction is greater for the block on the right.

. A craterests on the flatbed of atruck that isinitialy traveling at 15 m/son alevel road. The

driver applies the brakes and the truck is brought to a halt in a distance of 38 m. If the

deceleration of the truck is constant, what is the minimum coefficient of friction between the crate
and the truck that is required to keep the crate from diding?

(@ 0.20 (c) 0.39 (e) Thiscannot be determined without
(b) 0.30 (d)y 0.59 knowing the mass of the crate.

Questions 56 and 57 pertain to the statement below:

A 2.0-N force acts horizontally on a 10-N block that isinitially at rest on a horizontal surface.
The coefficient of static friction between the block and the surface is 0.50.

. What is the magnitude of the frictional force that acts on the block?

& 2n @ an @ on

Suppose that the block now moves across the surface with constant speed under the action of
ahorizontal 3.0-N force. Which statement concerning this situation is not true?

(@ Theblock isnot accelerated.

(b) The net force on the block is zero newtons.

(c) Thefrictiona force on the block has magnitude 3.0 N.

(d) The coefficient of kinetic friction between the block and the surfaceis 0.30.

(e) Thedirection of the total force that the surface exerts on the block is vertically upward.



N

46 Forces and Newton‘s | aws of Motion

O 58. A 2.0-N rock slides on africtionless inclined plane.
Which one of the following statementsistrue
concerning the normal force that the plane exerts on the
rock?

(8 Thenormal forceis zero newtons.

(b) Thenormal forceis 2.0 N.

(¢) Thenormal forceislessthan 2.0 N, but greater than zero newtons.

(d) Thenormal forceis greater than 2.0 N.

(e) The normal force increases as the angle of inclination, 6, isincreased.

O 59. A boy pullsasled of mass 5.0 kg with arope that makes a 60.0° angle with respect to the
horizontal surface of afrozen pond. The boy pulls on the rope with aforce of 10.0 N; and the sled
moves with constant velocity. What is the coefficient of friction between the sled and the ice?

(@ 0.09 (c) 0.18 (e) 0.24
(b) 0.12 (d) 0.06

O 60. Inan experiment with ablock of wood on an inclined plane, with dimensions shown in the figure,
the following observations are made:

(1) If the block is placed on the inclined plane, ——

it remains there at rest. 1 O;nF =
(2) If the block is given a small push, it will '

accelerate toward the bottom of the incline 40m

without any further pushing.

Which isthe best conclusion that can be drawn from these observations?

(8 The coefficient of kinetic friction must be negative.

(b) Both coefficients of friction must be less than 0.25.

(c) Both coefficients of friction must be greater than 0.25.

(d) The coefficient of static friction must be less than the coefficient of kinetic friction.

(e) The coefficient of static friction is greater than 0.25 while the coefficient of kinetic frictionis
less than 0.25.

Section 4.10 The Tension Force
Section 4.11 Equilibrium Applications of Newton’s Laws of Motion

0 61. A rock issuspended from astring and moves downward at constant speed. Which statement is true
concerning the tension in the string if air resistance isignored?
(@) Thetensioniszero newtons.
(b) The tension points downward.
(c) Thetensionisegual to the weight of the rock.
(d) Thetensionislessthan the weight of the rock.
(e) Thetensionisgreater than the weight of the rock.

O 62. A rock issuspended from a string; and it moves downward at constant speed. Which one of the
following statements is true concerning the tension in the string if air resistance is not ignored?
(@ Thetensioniszero newtons.
(b) The tension points downward.
(c) Thetensionisegual to the weight of the rock.
(d) Thetensionislessthan the weight of the rock.
(e) Thetensionisgreater than the weight of the rock.
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. A rock is suspended from a string; and it accel erates downward. Which one of the following

statements concerning the tension in the string is true?

(@) The tension points downward.

(b) Thetensionislessthan the weight of the rock.

(c) Thetensionisequal to the weight of the rock.

(d) Thetensionis greater than the weight of the rock.

(e) Thetension isindependent of the magnitude of the rock's acceleration.

. A rock is suspended from a string; and it accelerates upward. Which statement is true concerning

the tension in the string?

(8 The tension points downward.

(b) Thetension islessthan the weight of the rock.

(c) Thetensionisegual to the weight of the rock.

(d) Thetensionis greater than the weight of the rock.

(e) Thetension isindependent of the magnitude of the rock's acceleration.

. Inatug-of-war, each man on a5-man team pulls with an average force of 500 N. What isthe

tension in the center of the rope?
(a) zero newtons (c) 500N (e) 5000N
(b) 100 N (d) 2500N

. Under what condition(s) will an object be in equilibrium?

(a) If the object iseither at rest or moving with constant velocity, it isin equilibrium.

(b) If the object is either moving with constant velocity or with constant acceleration, it isin
equilibrium.

(c) Only if the object isat rest can it be in equilibrium.

(d) Only if the abject is moving with constant velocity can it bein equilibrium.

(e) Only if the object is moving with constant acceleration can it be in equilibrium.

,,,,,,,
4

i

block as shown in the figure. Complete the following statement: If
the 4-kg block is to begin sliding, the coefficient of static friction
between the 4-kg block and the surface must be

(8) lessthan zero. ..'_::. Gl ———
(b) greater than 2. —-—-n-'——_—h—-—-— -
(c) greater than 1, but less than 2. ———————

(d) greater than 0.5, but less than 1.
(e) lessthan 0.5, but greater than zero.

. A small plane climbs with a constant velocity of 250 m/s at an angle of 28° with respect to the

horizontal. Which statement is true concerning the magnitude of the net force on the plane?
(a) Itisequal to zero newtons.

(b) Itisequa tothe weight of the plane.

(c) Itisequa to the magnitude of the force of air resistance.

(d) Itislessthan the weight of the plane but greater than zero newtons.

(e) Itisequal to the component of the weight of the planein the direction of motion.

rope. At the center of the rope, a 15-kg ball is
hung as shown. What is the tension in the
rope if the angle 0 in the drawing is 4.5°?

(8 1900 N (c) 470N (e) 150N
(b) 940N (d) 230N
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O 70. A block of mass M is hung by ropes as shown. The systemis
in equilibrium. The point O represents the knot, the junction
of the three ropes. Which of the following statements is true
concerning the magnitudes of the three forcesin equilibrium?

(a) F]_ = F2= F3

(b) F2 = 2F3
(C) F2 < F3
I
(d Fi=Fp= >
(e) Fl > F3 | |

O 71. A 20-kg crateis suspended from a fixed beam by two vertical ropes. What is the approximate
tension in each rope?
(a 10N (c) 100N () 390N
(b) 40N (d) 200N

Questions 72 through 74 pertain to the situation described below:

i
T i
A block of mass M is held motionless on africtionless - 7' : =
inclined plane by means of a string attached to a vertical /? ‘ s &
wall as shown in the drawing. i it e e
O 72. What isthe magnitude of thetension T in the string? sk T -
() zero newtons (c) Mgcos @ (e) Mgtan 6
(b) Mg (d) Mgsinég

O 73. If the string breaks, what is the magnitude of the acceleration of the block asit slides down the
inclined plane?
(@ zerom/s’ (c) gcosd (e) gtan 8
(b) g (d) gsind

O 74. Assumethe planeis not frictionless and the string breaks, what minimum value of the coefficient of
static friction, pg, would prevent the block from sliding down the inclined plane?

(@ zero (c) cosé@ (e) tan @
(b) 1 (d) sne@

O 75. Two deds are hooked together in tandem as shown in the figure. The front sled istwice as
massive as the rear dled.
m 2m

_md amd

The deds are pulled along a frictionless surface by an applied force F. Thetension in the rope
between the sledsis T. Determine the ratio of the magnitudes of the two forces, * .

F
(8 0.25 (©) 050 (e 2.0
(b) 0.33 (d) 0.67



s

O 76.

a 77.

a 78

TEST BANK 49

A block of weight Wis suspended by a string of fixed length. The ends of the string are held at
various positions as shown in the figures below. In which case, if any, is the magnitude of the
tension along the string the largest?

%
7

i

Questions 77 and 78 pertain to the system described below:

A system of two cables supports a 150-N ball as shown.

What is the tension in the right-hand cable?

(8 87N (d) 260N
Eb)) ﬁgm (6) 300N
C

What is the tension in the horizontal cable?
(@ 87N (c) 170N (e) 300N
(b) 150N (d) 260N

Section 4.12 Nonequilibrium Applications of Newton’s Laws of Motion

o 7.

H 8l

A woman stands on a bathroom scale in an elevator that is not moving. The scale reads 500 N.
The elevator then moves downward at a constant velocity of 5 m/s. What does the scale read
while the elevator descends with constant velocity?

(& 100N (c) 500N (e) 750N

(b) 250 N (d) 600N

. A rope connects boat A to boat B. Boat A starts from rest and accelerates to a speed of 9.5 m/sin

atimet=47s. Themassof boat B is 540 kg. Assuming a constant frictional force of 230 N acts
on boat B, what is the magnitude of the tension in the rope that connects the boats during the time
that boat A is accelerating?

(8 340N (c) 230N (e) 160N

(b) 1270N (d) 860N

A certain crane can provide a maximum lifting force of 25 000 N. It hoists a 2000-kg load starting at
ground level by applying the maximum force for a 2-second interval; then, it applies just sufficient
force to keep the load moving upward at constant speed. Approximately how long does it taketo raise
the load from ground level to a height of 30 m?

@ 2s (© 7s (e) 10s

(b) 5s (d 9s
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B 82. A 10-kgblock is pushed against a vertical wall by a horizontal
force of 100 N as shown in the figure. The coefficient of static |

friction, ps, between the block and the wall is 0.60; and the

coefficient of kinetic friction, p, is 0.40. Which one of the

following statementsistrue if the block isinitially at rest?

(8 Thetotal force exerted on the block by the wall is directed horizontally.

(b) Theblock slides down the wall with an acceleration of magnitude 3.8 m/s?.

(c) Theblock will slide down the wall because the force of static friction can be no larger than 60 N.

(d) Theblock will remain at rest because the coefficient of static friction is greater than the coefficient
of kinetic friction.

(e) Theblock will slide down the wall because the coefficient of kinetic friction isless than the
coefficient of static friction.

L?
R

B 83. A 20.0-kg package is dropped from a high tower in still air and is "tracked" by aradar system. When
the package is 25 m above the ground, the radar tracking indicates that its acceleration is 7.0 m/s’.
Determine the force of air resistance on the package.

(@ 56N (c) 340N (e) 140N
(b) 28N (d) 196 N

Questions 84 and 85 pertain to the situation described below:

A 10-kg block is connected to a 40-kg block as shown in the figure. The surface on that the
blocks dlideisfrictionless. A force of 50 N pulls the blocks to the right.

T ' 50 N
10kg |5==== 40 kg

LS AR R A e ST S AT I O S AL T L e TRV S T A S S AR LT TR L "/

1 84. What isthe magnitude of the acceleration of the 40-kg block?
(@ 0.5m/s () 2m/s () 5m/s
(b) 1m/s (d) 4ms

O 85. What isthe magnitude of the tension T in the rope that connects the two blocks?
(@ ON (c) 20N () 50N
(b) 10N (d) 40N

O 86. A 71-kg man stands on a bathroom scale in an elevator. What does the scale read if the elevator is
ascending with an acceleration of 3.0 m/s*?

(@ 140N (c) 690N (e) 910N
(b) 480N (d) 830N
O 87. A 4-kg block and a 2-kg block can move on the +12 N
horizontal frictionless surface. The blocks are — 4kg
accelerated by a +12-N force that pushes the larger 2kg |

block against the smaller one. Determine the force that

the 2-kg block exerts on the 4-kg block.

(a -4N (c) ON (e +8N
(b) -12N (d) +4N



N

TEST BANK

51

] 88. A man standson aspring scale in amoving elevator and notices that the scale reading is 20% larger

than when he weighs himself in his bathroom. Which statement can not be true?

(@) Thetension in the supporting cable must exceed the weight of the elevator and its contents.
(b) The speed of the elevator changes by equal amountsin equal times.

(c) Theelevator could be moving upward with increasing speed.

(d) The elevator could be moving downward with decreasing speed.

(e) The elevator could be moving upward at constant speed.

Additional Problems

Questions 89 through 91 pertain to the situation described below:

A block is pulled at constant speed along arough level surface by arope that makes an angle of
30° with respect to the horizontal. The applied force along the ropeis P. The force of kinetic
friction between the block and the surfaceis 10 N.

—

R e i aJ:{,a,L-.‘- A R B S A

. Which one of the following expressions gives the magnitude of the force P in Sl units?

(a8 10/(cos 30°) (c) 10(cos 30°) (e) tan30°
(b) 10/(sin 30°) (d) 10(sin 30°)

. Complete the following statement: The magnitude of the normal force could be reduced by

(a) increasing the speed of the block. (d) decreasing the angle made by the rope.
(b) decreasing the coefficient of kinetic friction. (e) increasing the angle made by the rope.
(c) decreasing the velocity of the block.

. Which one of the following actions will increase the frictional force on the block?
(a) increasing the contact surface area (d) decreasing the speed of the block
(b) decreasing the contact surface area (e) increasing the angle made by the rope

(c) increasing the weight of the block

Questions 92through 94 pertain to the situation described below: e ~
h‘:':—f-
Tt bl
A rope holds a 10-kg rock at rest on a e
frictionless inclined plane as shown. 30°

. Determine the tension in the rope.

& 20N @ s o

. Which one of the following statements concerning the force exerted on the plane by the rock is

true?
(@ ItisON. (d) Itislessthan 98 N, but greater than zero newtons.
(b) 1tis98 N. (e) Itincreasesasthe angle of inclination isincreased.

(c) Itisgreater than 98 N.
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Determine the magnitude of the acceleration of the rock down the inclined plane if the rope
breaks?

(@ zerom/s’ (c) 5.7m/s () 9.8m/s

(b) 4.9 m/s (d) 85m/s

. Three spring scales are attached along a straight line as shown. The scale on the left is attached to

awall. A forceof 15N is applied to the scale at the right.

lllllll'll'azzh'|'|'|I||'QZZI|IIIIIIII|—{)—>15N

What is the reading on the middle scale?

(& ON (c) 10N (e) 15N
(b) 45N (d 5N
. A masdess horizontal strut is attached to the wall at the {
hinge O. Which one of the following phrases best
describes the force that the hinge pin appliesto the 10 feet
strut if the weight of the cablesis also neglected?
(@ 501b, to theright
(b) 100 Ib, straight up 0
(c) 200 b, totheright ([

(d) 244 1b, 27° above the strut - -
(e) 56 Ib, to the left
100 Ib

. At aplayground, a child slides down a slide that makes a 42° angle with the horizontal direction.

The coefficient of kinetic friction for the child sliding on the slideis 0.20. What is the magnitude
of her acceleration during her sliding?

(@) 4.6m/s (c) 54m/s () 9.8m/s

(b) 5.1m/s (d) 6.3m/s

Questions 98 and 99 pertain to the situation described below:

Two 5-N boxes are attached to opposite ends of a spring scale and suspended from pulleys as

shown. 0 ] ! 0

5N 5N

. What is the reading on the scale?

(@ ON (c) 5N (e 25N
(b) 25N (d) 10N
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Suppose that the system were placed in an elevator that accelerated downward at 2 m/s?.
What would the scale read?
(& 6N (c) ON (e 2N
(b) 8N (d) 4N
A spring scale is fastened to the ceiling of

arailway car. When a1.0-kg block is
hung from the scale, it reads 12 N and is
oriented as shown in the figure.

What is the approximate accel eration of
the car as measured by an observer at rest
on the ground outside of the car?

(@ 7 m/s’to theright

(b) 7 m/s’ to the left

(c) 12 m/s to theright

(d) 12 m/s? to the left

(e) Itisimpossibleto calculate since the angle @ has not been given.

Questions 101 through 103 pertain to the following situation:

A block is at rest on a rough inclined plane and is
connected to an object with the same mass as shown.
The rope may be considered massless; and the pulley
may be considered frictionless. The coefficient of m
static friction between the block and the plane is pg;

and the coefficient of kinetic friction is p. \ 0

What is the magnitude of the static frictional force acting on the block?
(8 mgsin® (c) mg(1-sino) (€ mg
(b) mg cos©O (d) mg (1-cos0)

If the rope were cut between the block and the pulley, what would be the magnitude of the
acceleration of the block down the plane?

@ g (c) g—pkcoso (6) 9(sn® — pk cos6)
(b) g—pksin® (d) g(tan® — pk sin6)

If the mass of the suspended object is doubled, what will be the acceleration of the block up the
plane?

(@ 9(2 —pksin6) (©) 9(2tan® -k sin6) (6) 9(2c0s6 — ik sin6)
(b) 29(uk Sin 6 —cos 6) (d) g(2-sin6 — pk cosH)



