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Chapter 4 Homework
Due: §:00am on Monday, Cotoher 28, 2013

You will receive no credit for Hems you complete after the assignmentis due. Grading Policy

Conceptual Questions on Newton's 1st and 2nd Laws

Description: Seweral conceptual questions regarding force, acceleration, inertial frames of reference, Newton's 1st and 2nd law. {version for algebra-
hased courses)

Learning Goal:
To understand the meaning and the basic applicaticns of Newton's st and 2nd laws.

in this problem, you are given a diagram representing the motion of an objact: a mation diagram.
The dots represent the object’s position at mements separated by equal intervals of time. The
dots are connected by arrows representing the object's average welocity during the corresponding
time interval. :

Your goal is ta use this motion diagram to determine the direction of the net force acting on the
object. You will then determine which force diagrams and which situations may corespond to
such a motion,

Part A

What is the direction of the net force acting on the object at position A?

Hint 1. Using Newton's 2nd law

According 1o Newton's 2nd law, wectors a and Fes have the same direction. All you need to do then is to determine the direction of
acceleration at position A by analyzing the diagram.

Hint 2. Find the direction of acceleration

Determine the direction of acceleration at position A by analyzing the diagram.

Hint 1. How to analyze the motion diagram

The welocity vectors connecting position A to the adjacent positions appear to have the same magnitude and dirsction. Doas then the
object accelerate as it trawels through position A?

ANSWER:
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"t The acceleration is directed upward.

3 The acceleration is directed downward,
(2! The acceleration is directed to the left.

3 The acceleration Is directad to the right.

@ The acceleration is zero.

Now use Newtan's 2nd [aw to determine the direction of the net force.

ANSWER:

3 upward
73 downward
i to the left

1 to the right

@ The net force Is zero.

The velocity vectors connecting position A to the adjacent positions appear to have the same magnitude and direction. Therefore, the acceleration
is zero—and so is the net force.

Part B

What is the direction of the net force acting on the object 2t position B?

Hint 1. Find the direction of acceleration

Datermine the direction of acceleration at position B by analyzing the diagram.

Hint 1. How to analyze the motion diagram

The welacity vectors connecting position B to the adjacent positions appear to have the same direction but decreasing magnitude. What
is the direction of the acceleration of the object at point B?

ANSWER:

3 The acceleration is diracted upward,
The acceleration is directed downward.
z@ The acceleration is directed to the left.

The acceleration is Zero.

Now use Newton's 2nd law to determine the direction of the net force.

ANSWER:

£} upward

7 downward

@ to the left

73 ta the right

.2 The net force is zero.

The welocity is directed to the right; howeser, it is decreasing. Therefore, the acceleration is directed to the left—and sais the net force.
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Part C

What iz the direction of the net force acting on the object at position C?

Hint 1. Consider the compenents of the velocity

instead of representing the welocity of an object with just one vector, one can break the welocity vector into two components. For example, in the
figure below the average velocity at position C is shown together with its horizontal compenent 1 and its vertical component 4, .

As the object travels through position C, the horizontal component of the wlocity
appears to remain constant. What about the vertical one?

o
C ¥y

o

2 v

ANSWER:

#2 It increases.
€1 I decreases, ;
£ It remains constant. 1

Since the vertical component of the wvelocity increases, does the object accelerate? What Is the direction of the acceleration?

ANSWER:

¥ upward

@ downward

£ to the left

T3 to the right

%7 The nat force Is zero,

The horizontal component of the welocity does not change. The vertical component of the velocity increases. Therefore, the acceleration—and
hence the net force—is directed straight downward.

Part D
Which of these situations describe the matien shown in the motion diagram at point A?

Type the lefters corresponding fo all the right answers. Po not use commas. For instance, if you think that only situations C and D are
correct, type cD.

ANSWER:

Alsc acceptad; DA

Part E
Which of these situations describe the motion shown in the motion diagram at point B7

Type the letters corresponding to all the right answers. Do not use commas. For instance, if you think that only situations € and D are
correct, type CD.
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ANSWER:

Also accepted: EB ‘

Which of these situations describe the motion shown in the matfon diagram at peint C7

Type the letters corresponding to all the right answers. Po not use commas. For instance, if you think that only situations C and D are
correct, type CD.

ANSWER:

{

Understanding Newton's Laws

Description: Conceptual questions on Newton's first and second laws.

Part A

An chject cannot remain at rest unless which of the following holds?

Hint 1. How te approach the problem

This problem describes a situation of static equilibrium (i.e., a body that remains at rest}. Hence, it is appropriate to apply Newton's 1st law,

Hint 2. Newton's 1st law: a body at rest

According to Newton's 1st law, a body at rest remains at rest if the net force acting on it is zero.

ANSWER:

@ The net force acting on it is zero.

t There are no forces at all acting on it.
{7% There is onlly one force acting on it.

If there is a net force acting on a body, regardless of whether it is a constant force, the body accelerates. If the body is at rest and the net force
acting on it is zero, then it will remain at rest. The net force could be zero either because there are no forces acting on the body at all or because

several forces are acting on the body but they all cancel out.

Part B

If a block Is moving to the eft at a constant velocity, what can ene conclude?

Hint 1. How to approach the problem

This problem describes a situation of dynamic equilibfium (..., a body that moves at a constant welogity). Hence, it is appropriate to apply
Nawton's 1st [aw.

Hint Z. Newton's 1st law: a body in motion

According to Newion's 1st law, a body initially in motion continues fo mowe with constant wlocity if the net force acting on it is zero.

ANSWER:
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y
i

{7} Thera is exactly one force applied to the black.

7% The net force applied o the block is directed to the lefl.
@ The net force applied to the block Is zero.

{7} There must be no forces at all applied to the block.

If there is a net force acting on a body, regardiess of whether the body is already moving, the body accelerates. If a body is moving with constant
wvelocity, then it is not accelerating and the net force acting on it is zera. The net force could ba zero either because there are no forces acting on

the hody at all or because several forces are acting on the body but they all cancel aut.

Part C
A block of mass 2 kg is acted upon by two forces: 3 N (directed 1o the left) and 4 IN (directed to the right). What can you say about the block's

motion?

Hint 1. How to approach the problem

This problem describes a situation of dynamic motion {i.e., a body that is acted on by a net force). Hence, it is appropriate to apply Newton's
2nd taw, which allows you to relate the net force acting on a body to the acceleration of the body.

Hint 2, Newton's 2nd faw

Newtan's 2nd law states that a body accelerates if a net force acts on it. The net force is proportional to the acceleration of the body and the
constant of praportionality Is equal to the mass of the body. In other words,

F=ma,

where F'is the net force acting on the body, and m and & are the mass and the acceleration of the body, respectively.

Hint 3, Relafing acceleration to velocity

Acceleration is defined as the change in valocity per unit time. Keep in mind that both acceleration and velocity are vector quantities.

ANSWER:

€73 1t must be moving to the fefl.

7 1t must be mosng to the right.

% It must be at rest,

@ it could be moving to the left, moving to the right, or be instantaneously at rest.

The acceleration of an abject tefls you nothing about its velocity—the direction and speed at which it is moving. In this case, the net force on {and
therefore the acceleration of) the block is to the right, but the black could be moving [ef, right, or in any other direction,

Part D

Hint 1. How to approach the problem

This problem describes a situation of dynamic motion {i.e., a body that is acted on by a net force). Hence, it is approptiate to apply Newton's
2nd {aw, which aflows you to relate the net force acting on a body to the acceteration of the body.

Hint 2. Newton's 2nd law

Newtan's 2nd law states that a body accelerates if a net force acts on it. The net force is proportional to the acceleration of the body and the
constant of praportionality is equal to the mass of the body. In other words,

F=1ma,

where F' s the net force acting on the body, and 1 and a are the mass and the acceleration of the body, respectively.

ANSWER:
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1 continuously changing direction

*@ moving with a constant nonzero acceleration

b
<t moving at constant wlocity ;
Pt . . < o : M
.4 moMing with continuously increasing acceleration

}

Since there is a net force acting, the body does not move at a constant velosity, but it accelerates instead. However, the force acting on the body
is canstant. Hence, according to Newton's 2nd law of motion, the acceleration of the bady Is also canstant.

Part E

Two forces, of magnitude 4 N and 10 N, are applied to an object. The refative directlon of the forces is unknown. The net force acting on the ohject

Check all that apply. L% ‘ fhen = “w‘; “ T:}u;? ¢ S &J‘it{éhf&
e e st 1 1 s et e e oot s <t e [DH“"""{E Mrm:’[ﬂN V([ e E‘ - [{g{r

Hint 1. How fo approach the problem =

By definition, the net force is the vector sum of all forcas acting on the object. To find the magnituds of the net force you need to add the
components of the two forces acting. Try adding the two forces graphically (by connecting the head of one force to the tail of the other), The
directions of the two forces are arbitrary, but by trying different possibilities you should be able {o determine the maximum and minfmum net
forces that could act on the object.

Hint 2. Find the net force when the two forces act on the object in opposite directions

Find the magnitude of the net force if both the forces acting on the object are hotizontal and the 10-N force is directed to the right, while the 4-N
force is directed to the eft,

Express your answer in newtons.

Hint 1. Vector addition

Tha magnitude of the vector sum of twe parallel forces is the sum of the magnitudes of the forces. The magnitude of the wector sum of
two antiparallel forces is the absolute value of the difference in magnitudes of the forces.

ANSWER:

550h
L _— j

Is there any other orientation of the two forces that would lead to a net force with a smaller magnitude than what you just calculated?

Hint 3. Find the direction of the net force when the two forces act in opposite directions

If both the forces acting on the object are horlzontal and the 10-N force Is directed to the nght whlle the 4«N force is directad fo the left, the net
force is horizontal and directad

ANSWER: —— [D K] &éﬁ»ﬂ"”“’“{—x

;@ inthe same direction as the 10-N force g
% in the opposite direction to the 10-N force i

ANSWER:

} cannot have a magnitude equal to 5 N

cannot have a magnitude equal to 10 N |
[ cannot have the same direction as the force with magritude 10 N f

gy

i} must have a magnitude greater than 10 N

Video Tutor: Suspended Balls: Which String Breaks?
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Description: String hangs from massive ball that is itself suspended by string. Which string breaks when bottom string is pulled quickly? Slowly?

First, launch the video below. You will be asked to use your knowledge of physics to predict the outcome of an experiment. Then, close the video window
and answer the question at right. You can watch the video again at any point.

Part A

A heaw crate is attached to the wall by a light rope, as shown in the figure. Another rope hangs off the opposite adge of the box. If you slowly increass
the force on the free rape by puliing on it In a horizontal direction, which ropa will break? Ignore friction and the mass of the ropes.

Hint 1. How to approach the problem

Because you slowy increase the force you exest on the rope, the block’s inertia does not affect the outcome.

Why is that the case? As you pull hardar, the ropes stretch a bit, so the biock slides slightly toward you. But the changes are so gradual that
the accelerations of the block and ropes are practically zero at any instant.

Shown here are free-body diagrams for the ropes and black:

Block

Ropi 1

i

— =¥ =
[ Tlﬂ{nck I}ia_;;_g 1

- —%‘I;i;d-}_iiﬁf ' Thitd-law

Tt — e
P T [

What does Newton's third [aw say aboul the tension forces exered by the block on the two ropes?

ANSWER:

@ Both ropes are equaily Tikely to break,
£ The rope attached to the wall will break.
3 The rope that you are pulling on will break.

|

Since the attached rope doesn't have to suppert any weight (as it did in the vertical case), the tension is the same in both ropes. |

}

Video Tutor: Tension in String between Hanging Weights
Description: Two stationary, equal-mass hanging blocks are connected by a hotizontal string that runs over two pulleys. How does the tension in the
string compare to the weight of an individual bleck?

session.mastering physics.com/myct/assignmentPrintView?assignmentiD=2484645 7/29
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First, launch the video below. You will be asked to use your knowledge of physics to predict the cutcome of an experiment. Then, close the video window
and answer the question at right. You can watch the video again at any point.

Part A

Consider the video tutorial you just watched. Suppose that we duplicate this experimental setup in an elevator. What will the spring scale read if the
elevator is moving upward at constant spead?

Hint 1. How {o approach the problem

What does the phrase "at constant speed" imply about the acceleration of the system?

ANSWER:

r@ 18N

¥ Less than 18 N but greater than a N
ON

7} More than 18 N

Since the elevator is not accelerating, the reading on the scale is the same as in the video.

Enhanced EOQOC: Problem 4.04: Jaw injury.

Description: Due fo a jaw injury, a patient must wear a strap (see the figure) that produces a net upward force of ## N on his chin. The tension is the
same throughout the strap. You may want to review Farces . Far help with math skills, you may want...

Due to a jaw injury, a patient must wear a strap (see the figure) that produces a net upward force of 5.00N on his ohm The tension is the same throughout
the strap.

p— o~ 7"’“““
You may want to review ({13 pages 99 - 102} . ) e / 2- 7
For help with math skills, you may want to review: gw P c/\]\J
? Fy = &

Vector Addition

Ty rly o

SLO 52(( & 5}m52r‘f
3 gg@ E

R A T,

G

oo ST T T T
e

Part A i

To what tension must the strap be adjusted to provide the necessary upward force? "

Hint 1. Howto approach the problem
What can be said about the sum of the forces acting on the jaw?

Start by drawing a sketch of the Jaw and the forces acting on it, Choose an appropriate coordinate system, and rescive the vector components
accordingly.

session.masteringphysics.com/myct/assignmentPrintView?assignmenttD=2484645 8/29
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Use this ta caiculate the force exerted on each side of the jaw by the strap.

ANSWER:

F=315 N

4

Enhanced EOC: Problem 4.10

Description: [[Video Tutor Solution]] A hockey puck with mass ## kg is at rest on the horizontal, frictionless surface of a rink. A player applies a force

of # N to the puck, paraltel to the surface of the ice, and continues to apply this force for ## s, You may... .
\ e‘“;ﬂn}:"?“
A hockey puck with mass’/160kg i) t he horizonptal, fictionless surface of a rink. A player applies a for@e of O 250 Yo the puck, parallel to the
surface of the ice, and contingeEs s app!y s force for ) ) %W.,_,

You may want to review (EX5 pages 104 - 109)

For genaral problem-solving tips and strategies for this topic, you may want to Vew a Video Tutor Solution of A box on ice.

Part A iF = .
What is the position of the puck at the end of that time? A7 < h = 0 . } LJ’ \C‘% a
Hint 1. How to approach the problem : (\ = ) ¢ S’lg hv( ¢

Start by drawing a sketch of the hockey puck on the ice and its motion across the smooth sutface,

Using the Information provided about the puck’s motion, determine which of the key kinematic variables (displacement, initial valocity, final
velocity, acceleration, and time) are known.

; How can you determine the others? >/ W ,L— A &W
L >L¢» l U g’W.w)( ng

EEEAEI

RS T

[Azi= 312 m

Part B

What is the spegd of the puck at the end of that Hime?

Hint 1. How to approach the problem v - //\ ﬂg ot (;2, XZ/\Q)

Think about what equation can be used to caloulate the velocity using the |nformation gtven in the ques‘non

e | [ e (lwg N

v= 312 m/s

Enhanced EOC: Problem 4.23 TR e

Description: [[Video Tutor Solution]] The driver of a ## kg car fraveling on a horizontal road at ## (km)/h suddenly applies the brakes. Due fo a slippery
pavement, the friction of the road on the tires of the car, which is what siows down the car, is ## % of the...

. Y
The driver ofﬁSOOk ar raveling on & horizontal road {21 16km/h iddeniy applies the hrakes. Due to a slippery pavement, the friction of the read on
the tires of th ~Which is what slows down the car, is 22, & efwelght bf the car. = el Cf m/&tq’g @,_f\g&-)

Y ou may want to review ({33 bages 108 - 112} . O—"' "7

FFor general problem-sohving tips and strategies for this topic, you may want to view a Video Tutor Solution of The ketchup slide.

What is the acceleration of the sar?

s

PartA 0 Un b Choe s L .= mmoe O p (1T

- ,"/\0 g [ “;2 o
Give your answer as the’?ﬁagmmd f the acceleration. - 1 Ogu_

imentPrintView?assignmentiD=2484645 o

session.mastering physics.com/myct/as:




10713 Mastering Physics: Print View with Answers

Hint 1. How fo approach the prablem

Start by drawing a sketch with all of the forces acting on the car. Establish & coordinate system. Which direction will indicate positive motion?
In what direction must the net force act to slow the car?

Using the information given in the question, calculate the acceleration, i

I ma !unom . _,i_m,}(r“ , imdh
T T R G b

ANSWER: \

a= 980r=218 m/s

Part B

e e e . ( \/A” Il £ “Lffs‘“

ANSWER: y
— ) VyE
§= FHgy 2 m

. =B )

l@ﬁﬁ@

T f
How many(rhetérs 95 the car travel before stapping under these conditions? ﬁ’ - f &9 fe !ﬁl C “
| Hint 1. How to approach the problem \/.,( D vy = (@ KM f b M)W\ y .ﬁi«f ‘{;
From Part A, you know the acceleration, and from the problem statement, you know the initial welacity. What is the ﬁn;@r ty’? } féé’ﬂ %edip
Calcuiate the displacement using the appropriate equation. Be sure to be consistent with your units. “ L i

Enhanced EOC: Problem 4.45: The space shuttle

Description: {[Video Tutor Solution]] During the first stage of its launch, a space shuttle goes from rest to ## (km)/h while rising a vertical distance of
## km. Assume constant acceleration and no variation in g over this distance.You may want to review Free-b. ..

V=D NE

During the first stage of its launch, a space shuttte goas frcm rest to 497okm/h while rising a vertical distance of 45.0km . Assume constant acceleration

/=
and no variation in g ower this distance. l%éi”)(o _(ﬁ ‘ L)()Qm N lm L= {5 b OO P
You may want to revew ({3 pages 118 - 120). """"'\.f; y RN ’ "nt‘*)r ] EQM 2 mw ve

For general problen-solving tips and strategies for this tapic, you may want o view a Video Tutor Sclutlcn ch Sighing Vourself in an elevator.

What is the acceleration of the shuttle?

Hint 1. How to approach the problem 7 ((7{
ﬂfJD

Start by drawing a skeich of the space shuttle’s metion during the period of acceleration in question. Make sure you choose 4n apfropriate

coordinate system and maintain consistency of units. ey

Using the information in the question and the appropriate equation, calculate the acceleration. OL 2 / 2 \2 b ‘51

ANSWER:
o “/

210 (
a= {2&} =212 1n/s

PartB

Draw the force vectors with their tails at the dot. The orientation of your vectors will be graded. The exact lengths of your vectors will not
be graded, but the relative length of one to the other will be graded.

session.mastering physics.commyct/assig nmentPrintView?assignmentlD=2484645 10/29
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© Hint 1. How to approach the problem j

Are there any other forces 1o consider?

NSWER:

E\f CN) X

N

N
e
How is the acceleration of the shuttle related to the acceleraﬁogdo? the astronaut? What force{s) does the scale/shutlie exert on the astronaut?

Part C

—

CIAR
F=m Q.SE}—&-—%— 1860 N

LQD(Z r %)"‘f‘ [{?D{q'\ :’3/‘

Part D

If this astronaut did not realize that the shuttle had ieft the launch pad, what would she think wers her weight and mass?

How hard will the scale push on the astronaut in Part B? Z s
ovhed il o sealopush on o sstonaun Pt 2= Epoe
Hint 1. How to approach the problem hN - ’{: = D
How can you apply F' = ma to the astronaut to find the force in question? e % e
T"H”W\ﬁ“’f?‘”ﬁ,
ANSWER:

Hint 1. How o approach the problem

How is the scale reading related to weight? Since the astronaut thinks she is on the ground, what would be the acceleration due to granity she
would assume?

i3 She would think the scale reading Is her weight, 588N , and she would therefore think her mass is 60.0kg .

2 She would think the scala reading is her weight, 0 IN, and she would therefore think her mass is 0 kg.

ANSWER:
@
& She would think the scale reading is her weight, 1860N , and she would therefore think her mass is 190kg .

Problem 4.11

session.masteringphysics.com/myct/assignmentPrintView?assignment| D=2484645
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Description: A dock werker applies a constant horizontal force of ## N to a block of ice on a smaoth harizontal floor. The frictional force is negligible.
The block starts from rest and mowes ## m in the first ## s. {a) What7s the i{iass of the block of ice?

A dock worket applies-a.constant horizontal force | ({7’9 01\T )a block of jce ona smooth harizontal ﬂoor 'I?le frlctional force is negllgble The block starts

from rest and moves 8.00m in the first 7.00s .

Part A

What is the mass of the block of ice?

ANSWER:

Pom= F§=242 kg

Problem 4.20 S———— O O-33.(¢™

Description: At the sutface of Jupiter's moon lo, the acceleration due to gravity is ## m/s*2. {a) If a piece of ice weighs ## N at the surface of the
earth, what is its mass on the earth's surface? (b) What is the mass ofthis piece of ice on the surface of lo? ...

At the surface of Jupiter's moon lo, the acceleration due to gravrtyfls 1. 81m/

-
R

Part A . U

If a plece of ice weigh(s'ZB.ON/ét the surface of the earth, what is its mass on the earth's surface? Bﬁa & r‘{\{/‘b

ANSWER: e e — "
S ’ - - N
{ 1:@?2 _ " A Qj'g e Z K«’;’
| m= g T 286 kg [?,g ‘ JCS/

Part B

What is the mass of this piece of ice on the surface 6f lo? I
ANSWER: SW »

wr? g
My, = _ﬁ:éw— 2.88 kg

Part C J— ‘

What is the weight of this piece of ice on the surface of lo? ’-:F: ~ r}"k@
ANSWER; Wi ﬁa O

I B R
Wy, = %:8—1'&":1 517 N Jn”(% ¢ o llo N KA /: @ TNL 2

A Book on a Table

Description: Conceptual guestions around Newtan's third law. (Multipte choice.)

A book welighing § N rests on top of a table.

session.masteringphysics.commyct/assignmentPrintView?assig nmentlD=2484645 12/29
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Part A
A downward force of magnitude 5 N is exerted on the hook by the force of
ANSWER:

i

% the table

byl o bok T

7% & N / book

Part C

Do the downward force in Part A and the upward force in Part B constitute a 3rd iaw pair?

77 inertia
Part B
An upward force of magnitude is exerted on the by the table. ; ,
ANSWER: %l\f avi "‘!""h O T
t
Lo 2 L-!ww-f f
| L BN/ table Voe
| ) 5N/ table | nob G Qv
- 5N/ book = =

Hint 1. The force of gravity

The force of gravity is ancther name for the force exerted by the earth {or any astronomical object) on objects near its surface.

Hint 2. Explering Newton's 3rd law
Indicate whether the foilowing statements about Newton's 3rd law are true, flse, or indeterminate.

% 1. Aceording to Newton's 3rd law, every real force has a unigue pair force.
-ﬁ 2. The pair force is called a "fictitious force."
-, 3, The force and pair force must act on different point masses.
4 4. The force and the pair force must always hawe the same magnitude and must also act in exactly opposite directions.

Enter t for true, f for false, or i for indeterminate for each statement, separating the answers with-commas {e.g., if all but the first
statement were true, you would enter f,£4,1),

ANSWER:—

—_—T,

SR

ANSWER: “

session.masteringphysics.comimyct/assignmentPrintView?assignmentlD=2484645
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Part D

The reaction to the force in Part A is a force of magnituda , exerted on the by the . Its direction is

Hint 1. The force of gravity

The force of gravity is anather name for the force exertad by the earth {or any astronomical obiect) on objects naar its surface.

{i@ 5N/ earth / book [/ upward i
T} BN/ book / table / upward
% 5 N / book / earth / upward ;
4 5N/ earth / book / downward

Part £
The reaction to the force in Parf B is a force of magnitude

ANSWER:

() 5 N/ table / book / upward
{7t 5N/ table / earth / upward
{3 BN/ book { fable / upward
? 5 N/ table / book / downward
238 BN/ earth / book f downward

, exetted on the by the - lis direction is

Part F

Which of Newtor's laws dictates that the forces in Parts A and B are equal and opposita?

ANSWER:

S@Newton‘s 1st or 2nd law ;
£ Newton's 3rd law

Since the book is at rest, the net force on it must be zero {1st or 2nd {aw). This means that the force exerted on it by the earth must be equal and
opposite to the force exerted on it by the table,

Part G
Which of Newton's laws dictates that the forces in Parts B and E are equal and opposite?

ANSWER:

! {73 Newtan's 1st or 2nd Jaw
: @ Newton's 3rd law

A Space Walk

Description: Use Newton's 3rd Jaw to determine the best way to mowe toward the space shuttle while space walking. Also, use Newton's 2nd law to '
find the acceleration of an astronaut given her mass and the force acting on her. i
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Part A

An astronaut is taking a space walk near the shuttle when her safety tether breaks. What should the astronaut do to get back to the shuttle?

Hint 1. How to approach the problem

Newion's 3rd law tells us that forces occur in pairs, Within each pair, the forces, often called action and reastion, have equal magnitude and
opposite direction.

Which of the actions suggested In the problem will result in the force pushing the astronaut back to the shuttle?

ANSWER:

i
SR

) Attempt o "swim® toward the shuttle,

31 Take slow steps toward the shuttle,

'@ Take a teol from her tool helt and throw it away from the shuttle,

% Take the portion of the safety tether still attached to her belt and throw i foward the shuttle.

As the astronaut throws the tool away from the shuttie, she exerts a force In the direction away from the shuttle. Then, by Newton's 3rd law, the
tool will exert an opposite force on her. Thus, as she throws the tool, a force directed toward the shuttle will act on the astronaut. Newton's 2nd
law stipulates that the astronaut would acquire an acceleration toward the shuttle,

Part B

Assuming that the astronaut can throw any tool with the same force, what tool should be thrown to get back to the shuttle as quickly as possible?
You should consider how much mass is left behind as the object is thrown as well as the mass of the object itself.

Hint 1. How to approach the problem

Recali that the force acting on the astronaut is equal in magnitude and opposite in direction to the force that she exerts on the tool.

Hint 2. Newton's 2nd law

Newton's 2nd law states that F = ma. I force is held constant, then acceleration is inversely proportional fo mass. For example, when the
same force is applied to objects of difierent mass, the object with the largest mass will experience the smallest acoeleration.

ANSWER:

773 The tool with the smallast mass,
@' The tool with the largest mass.
i Any tool, since the mass of the tool would make no difference.

The force that acts on the astronaut must equal in magnitude the force that she exerts on the tool. Therefore, if she exerts the same force on any
tool, the force acting on her will be independent of the mass of the tool. However, the acceleration that the astronaut would acquire is inversely
propartional to her mass since she is acted upon by a constant force. If she throws the tool with the largest mass, the remaining mass (the
astronaut plus her remaining tools) would be smallest—and the acceleration the greatest!

Part C
.

i the astronaut thraws the toc! with a force of 16.0N_Jwhat is the magnitude of the acceleration @ of the astronaut during 1he throw? Assume that the
total mass of the astronaut after she throws the toal is %o.ckg )

£F o

Express your answer in meters per second squared.

gers ot . | & o
oo= 2k 1y =
Hint 1. Find the force acting on the astronaut S "@”‘DL_S"' 6 e h"[j 2
What is the magnitude of the force F' acting on the astronaut as she throws the tool? —
Express your answer in newtons, f (g ;U — > J [Ip ;ﬁ)
‘ ) gyl A A ey (g b
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ANSWER:

L oppC

E F= F=160 N U{)/ﬁi/{_ﬂg
' Y

{ Now use Newton's 2nd law to find the acceleration of the astronaut.

Hint 2. Newton's 2nd law

An object of mass m acted upon by a net force &' has an acceleration a given by F = ma.

ANSWER:

E,
a= ;‘,ﬁ =0.200 /s

9

The Normal Force

Description: Short conceptual problem requiring students to identify the normal force acting on an object in situations where it does not equal the
weight of the object. This problem is based on Young/Geller Conceptual Analysis 4.5.

When an object rests on a surface, there is always a force perpendicular to the surface; we call this the normat force, denoted by 7. The two questions 1o
the right wiil explore the nommat force.

‘F'art A

A man attempts to pick up his suitcase of weight w, by pulling straight up on the handle.

Howewer, he is unable to lift the suifcase from the floor, Which statement about the
maghitude of the nomat force n acting on the suitcase is true during the fime that the man

pulls upward on the suftcase?

Hint 1. How o approach this problem

First, identify the forces that act on the suitcase and draw a free-body diagram. Then use the fact that the suitcase is in egquilibdum, Zﬁ =1,

to examine how the forces acting on the suiicase relate to each other,

Hint 2. identify the correct free-body diagram

Which of the figures represenis the free-body diagram of the suifcase while the man is pulling on the handie with a farce of magnitude fpuﬂ ?
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B i P f pid]

ANSWER:

.
Now use this diagram to help you identify the true statement. ] ‘,T\I - t«— - &EF e

ANSWER:

{2} The magnitude of the normal forcs is equal to the magnitude of the weight of the suitcase.

@ The magnitude of the normal force is equal to the magnitude of the welght of the suitcase minus the magnitude of the force of the pull.

o

7 The magnitude of the normat force is equal to the sum of the magnitude of the force of the pull and the magnitude of the suitcase's weight.
.2 The magnitude of the normal force Is greater than the magnitude of the weight of the suitcase.

Part B

Now assume that the man of welght w,; is tired and decides to sit on his suiicase. Which statement about the magnitude of the normal force n acting
on the suifcase is true during the time that the man is sitting on the suitcase?

Hint 1. ldentify the correct free-body diagram.

Which of the figures represents the free-body diagram while the man is sitting atop the suitcasa? Here the vector labeled wy, is a force that has
the same magnitude as the man's weight.
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B Vg

Wy Wi

ANSWER:

& s

‘B

.

5p

Now use this diagram to help you ldentify the true statement. I

ANSWER:

Z} The magnitude of the normal forcs is equal to the magnitude of the suitcase's weight.

" The magnitude of the normat force is equal to the magnitude of the suitcase's weight minus the magnitude of the man's weight.

ﬁ'ﬁve magnitude of the normal force is equal to the sum of the magnitude of the man's weight and the magnituda of the suitcase's weight.
1 The magnitude of the normal force s less than the magnitude of the suitcase’s weight.

Recognize that the normal force acting on an object is not always equal to the weight of that object. This is an important point to understand.

Free-Body Diagrams

Description: Instructions for creating free-body diagrams are provided. Students practice creating diagrams for two different physical situations.

| earning Goal:
To gain practice drawing free-body diagrams

Whenever you face a problem inwolMng forces, always start with a free-body diagram.
To draw a free-body diagram use the foliowing steps:

1, Isclate the object of interest. I is customary to represent the abject of interest as a point in your diagram.

2. Identify alf the forces acting on the object and their directions. Do not inciude forces acting on other objects in the problem. Also, do not
include quantities, such as velocities and accelerations, that are not forces.

3. Draw the wectors for each force acting on your object of interast. When possible, the length of the force vectors you draw should represent the
refative magnitudes of the forces acting on the object. ‘

sn maost problems, after you have drawn the free-body diagrams, you will explicitly label your coordinate axes and directions. Always make the object of
interest the origin of your coordinate system. Then you will need to divide the forcas inte x and y companants, sum the x and y forces, and apply Newton's
first or second law,

#n this problem you will only draw the free-body diagram.

Suppose that you are asked ta solve the following problem:

Chadwick is pushing a piano across a lewst floor (see the figure). The piano can slide across the
fMloar without friction, if Chadwick applies a horizontal force to the piane, what Is the piano's
acceleration?

To sobve this problem you should start by drawing a fres-body diagram.
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Determine the object of interest for the situation described In the prablem introduction,

Hint 1. Howto approach the problem

You should first think about the guestion you are {tying to answar: What is the accsleration of the piana? The cbject of interest in this situation
will be the object whose acceleration you are asked to find.

£ the floor.
£} Chadwick.
@Pthe plano,

Part B

ldentify the forces acting on the object of interest. From the list below, select the forces that act on the piano.
Check all that apply.

ANSWER:

{71 acceleration of the piana

’@ gravitational force acting on the pianc {(pianc's weight)

o | speed of the piano

i} gradtational faree acting on Chadwick (Chadwick’s welght)
@ force of the flcor on the piano (normal force)

i1 force of the piano on the floor

@ force of Chadwick on the piano

{1 foree of the piano pushing on Chadwick

Part C

Select the choice that best matches the fres-body diagram you have drawn for the piano.

Hint 1. Determine the directions and relative magnitudes of the forces

Which of the following statements best describes the comect directions and relative magnitudes of the farces involved?

ANSWER:
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i} 'The normal force and weight are both upward and the pushing force is horizontal.
7 The normal force and weight are both downward and the pushing force is horizontal,

&~ The nonmal force is upward, the weight is downward, and the pushing force is horizontal. The normal force has a greater magnitude
= than the weight.

@ The narmal fores is upward, the weight is downward, and the pushing force is horizontal. The normal force and weight have the same
¥ magnifude.

« The nomal force is upward, the weight is downward, and the pushing force is horizontal. The normal forge has a smaller magnitude
7 than the weight.

ANSWER:

: horinal foree

¥ weight

normal foree

pushing force

welght

normal fores

pushing force

weight

normal force
_pushing force

weight.

If you were actually going to solve this problem rather than just draw the free-body diagram, you would need to define the coordinate system.
Choose the position of the piano as the origin. In this case it is simplest to let the y axis point vertically upward and the x axis point harizontally to
the right, in the direction of the acceleration.

Part D

Determine the object of interest for this situation.

ANSWER:
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; % the ramp.
: For this situation, you should draw a free-body diagram for ¢ Chadwick. ;

* @ the plano. l

Part E
Which diagram accurately represents the free-body diagram for the piano?

ANSWER:

normat force

pushing force

weight
tormial force

pushing force

weight

normal force

" pushing force
weight

normal foroe
pushing force

weight

In working problems like this one that involve an incline, it is most often easiest to select a coordinate system that is not vertical and horizontal.
Instead, choose the x axis so that it is parallel to the incline and choose the y axis so that it is perpendicular to the inclina,

Forces on Blocks in an Elevator Conceptual Question

Description: Short conceptual questions about the forces on two stacked blocks in a moving elevator.

Two blocks are stacked on top of each other on the floor of an elevator. For each of the following situations, salect the carrect relationship between the
magnitudes of the two forces ghen,

You will he asked two guestions about each of three situations. Each situation is described above the first in the pair of questions. Do not assume anything
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fahout a given situatfon excent for what is glven in the description for that particular situation.

Sk

First situation

— e
The elevator is moving downward at a constant speed, 2‘5"" — /D

Part A

Hint 1. Comparing forces that act on the same object

When comparing forces that act on the same object, draw a free-body diagram of the object being acted on. Then, determine the acceleration of
the object. By Newton's 2nd law, the net force must be proportional to the object's acceleration.

Hint 2. Draw a free-hody diagram for the top block

Cemplete the free-body diagram for the top block by drawing ths force on the top block due to the earth. This force should act at the center of
the block.

ANSWER:

ANSWER:
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..t greater than
@ equal to
The magnitude of the force of the bottom black on the top block is - 7, less than the magnitude of the force of the earth on the top
24 unknown compared to
block.
Part B
Hint 1. Comparing forces that do not act on the same object
If two forces do not act on the same abject, they wiil not appear on the same free-body diagram. Therefore, Newton's 2nd faw cannot be used to
determine the relative sizes of these forces. Certain forcas can, howsver, be comparad using Newton's 3rd law.
Hint 2. Newfon's 3rd law
Newfon's 3rd law states that when two objects exert forces on each ather, these forces ars afways equal in magnitude and opposite in direction.
Thus, if you are sitting in a chair, the force the chair exerts upward on you is exactly the same as the force you exert downward on the chair,
regardiess of whether you are at rest in the chair, ar have you feet up on your desk, or are in the process of getting up out of the chair, or in the
process of [anding in the chalr after jumping from a great height, ... it does not matier
ANSWER:

£73 greater than

AB aqual to

The magnitude of the force of the bottom block on top block is =

% iess than the magnitude of the force of the top block on battom

2 unknown compared to

block.

Second situation

The elevator is moving downward at an increasing speed.

Part C

Hint 1. Determining acceleration

if the elevator is moving downward at an increasing s_peed, what is the direction of the elevator's acceleration?

ANSWER:

3 unknown

@ downward i B T; %

ANSWER:

.} greater than

i equal to

The magnitude of the force of the botiom block on the top block is ‘@Iess than the magnitude of the force of the earth on the top

{3 unknown compared to

block.
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Hint 1. Newton's 3rd law in accelerating elevator
should not affect the relative magnitude of two forces that form a 3rd law pair.

ANSWER:
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Newton's 3rd law holds that forces come in pafrs of equal magnitude and opposite direction in all cases. Thus, the acceleration of the elevator

73 greater than
@ equal to

The magnitude of the force of the botiom block on the top block is ¢ oo than

bottom hlock.

% unknown compared to

the magnitude of the force of the top black on the

Third situaticn

‘The elevator is moving upward.

Part E

Hint 1. Determining acceleration

If the elevator is moving upward, whal is the direction of the elevator's acceleration?
ANSWER:

| {7 upward l
Py

11 downward !
B unknown i

ANSWER;

3 equal to
The magnitude of the force of the bottom block on the top block is "} less than

block.

the magnitude of the force of the earth on the top

@ unknown compared to

T e

Even though the elevator is moving upwards, you do not know in which direction it is accelerating, or indeed whether the elevator is accelerating at
ail! TP

ANSWER:

£ greater than

@ aqual to

The magnitude of the force of the bottom block on the tap block is =, lass than

{} unknown compared to

bottom block.

the magnitude of the force of the top block on the
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Problem 4.56: Jumping to the ground.

Description: A ## kg man steps off a platform ## m abowe the ground. He keeps his legs straight as he falls, but at the moment his feet touch the
ground his knees begin to bend, and, treated as a paricle, he mowes an additional ## m before coming to rest, (a)...

j‘\,
A 3 8k mign steps off a platfo above the grourxd. He keeps-his legs straight as he falls, but at the moment hIS feet touch the ground his knees
{ o bend, and, treated as a pa#iCiE, he moves an additional 0.630ny before coming fo rest. \/ 2 — J(—f 2 P

Part A \ \ \
/ i3
What is his speed at the instant his feet touch the ground? \( - m& )a{ - 3’ {)E /}

ANSWER:

gf{?gh =7.68 m/s

\__MM

.v""ﬂ"y"f

A

Part B
Treating him as a particle, what is the magnitude of his acceleration as he slows down if the acceleration is constapt?

i S Q{/}? ’ Vo 2

gk .
a= };i‘ = 46.8 m/Sz R - e |

Treating him as & particle, what is the direction of his acceleration as he stows down if the acceleration is constanﬁ"; - C}[éd (&J/gz ‘)
( i

ANSWER:

I3

@ upward |

£

-+ downward

Part D
Draw a free-body diagram of this man as he is slowing down.

Draw the force vectors with their tails at the dot. The orientation of your vectors will ba graded. The exact length of your vectors will not
be graded but the relative length of one to the other will be graded,

ANSWER:
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Part E

Use Newton's laws and the results of part B to calculate the force the grolnd exerts an him while he is slowing down. Express this force in newtons.

ANSWER:
. ZF = mno-

i h+i = 4180
F= e N

i

PartF w ma + =

Use Newion's laws and tha results of part to calculate the forcs the ground exerts on him while he Is slowing domg Express this force as a multiple of

o Fur PR 73456

[ IR AN 2T T

Part G
What is the magnitude of the reaction force to the farce you found in part E? (. L
ANSWER;

¢

k
F‘maction = Thg "—+ l) 4180 N

Part H

What is the direction of the reaction force to the force you found in part E?

Grund = L P

% upward . e
@downward N\ Ah = C"/{ A g’)/ur’ CAe

Problem 4.18: Interpreting a medical chart,

woman's welght as a ﬂumber wuthout umts Another nurse has oﬂ‘e{qgi_ a suggestlon for ‘what the units’ mlght ba.’In...

— —

You, a resident physician, are reading the medical chart of a normal adult female patient. Carelessly, one of the nurses has entered this woman's welght as
a number without units, Another nurse has offered a suggestion for what the units might be. In each of the following cases, decide whether this nurse's

sugaesiion is physically reasonable.

HQB S

The nimber E\s"l'IISO ,/ahd the nurse suggests that the units are kilograms.

ANSWER: Vior e
= eI
i (7% The suggestion is physically reasonable. vt o ng (L

& e suggestion is not physically reasonable. ‘

Part B - SL L/Lg ?2{ pm,u\flﬁ of f/f;r oy

The number Es@}nd the nurse suggests that the units are slugs.

ANSWER f” IAE e Hs (5 rﬁ‘—“w(

session. mastering physics.com/myet/assig nmentPrintView?assignmentiD= 2484645

26/29



10/7M3 Mastering Physics: Print View with Answers

H
i

2 The suggestion is not physically reasonable,”
& The suggestion is physicaily reasonable.

The number is 20000, and the nurse suggests that the units are grams, Z {_() ; O 0 ? - 2/@{“ = Lllt‘/{ L,S
ANSWER: ) (

i

¥ The suggestion is physicaily reasonable.
@ The suggestion is not physically reasonable. (Q;W! I (3* M

Problem 4.28

Description; A person throws a ## b stone into the air with an initial upward speed of ## {ft)/s. (a) Make a free-body diagram of the forces for this
stone after it is free of the person's hand and is traveling upward. (b) Make a free-body diagram of the forces ..,
A person %hrow?*a é.501§tona inte the air with an inltial upward speed of 1‘5.{)&/5 )

- pap=

Part A
Make a free-body diagram of the forces for this stone after it is free of the person's hand and js traveling upward.

Draw the force vectors with their tails at the dot. The orientation of your vectors will be graded. The exact length of your vectors will not
be graded but the relative length of one to the other will be graded.

ANSWER:

Part B
Make a free-body diagram of the forces for this stone at its highest point.

Draw the force veciors with their tails at the origin of the coordinate system. The orientation of your vectors will be graded. The exact
length of your vectors will not be graded but the relative length of one to the other will be graded.

ANSWER:

session.masteringphysics.comymyct/assig nmentPrintView?assignmentiD=2484645 27129



10/713 Mastering Physics: Print View with Answers

Part C

Make a free-body diagram of the forces for this stone when it is traveling downward.

Draw the force vectors with their tails at the dot. The orientation of your vectors will be graded. The exact length of your vectors will not
be graded but the relative length of one to the other will be graded.

ANSWER:

Problem 4.37 /

Description: A uniform ## kg chain ## m long supports a ## kg chandelier in a large pd)hc building. {a) Find the tension in the bottom link of the
chain. (b) Find the tension in the top link of the chain, (c) Find the tension in the middle link of the chain. g
—"/’

A unlfonm(@ chazn 2. OOI% fong supports a 46 Okgj:handeller in a large public building.

= e e

Part A s —
i[ ZD if’s n«mf’wfff,gfm

Find the tension in the bottom link of the chain. \( . a
— %w{, P

ANSWER: | | d T The pm - \f(gﬂ(?&) L‘“gz) &\Q“) \ 28/29
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;

T = m2g=451 N

Find the tension in the tap link of the chain,
ANSWER:

; y= (ml+m2)g=691 N
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Part C

Find the tension in the middie link of the chain.
ANSWER:

ni'
[Ty = (mﬂ+1-2—)g=5ﬁ N

. G

macelly

L n{(;,

T { ‘—;o + Z’fyj{f}" ¢

‘& Chain +¢ bhard th o
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