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CHARTER S
Displacement and Force in Two Dimensions
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1. A caris dnven 125.0 kny due west then 65.0 km due south. What 1s the magnitude of its displacement? Solve this
problem both graphically and mathematically, and check your answers against each other.

SOLUTION:
R=A"+8

= |/(65.0 km)® + (125.0 km)® 65.0 km
=141 km

[ Bl 2e daaa Suu‘m}

2. Two shoppers walk from the door of the mall to their car. They walk 250.0 m down a lane of cars, and then turn

907 to the nght and walk an additional 60,0 m. How far is the shoppers” car from the mall deor? Solve this problem
both graphically and mathematically, and check your answers against each other,

SOLUTION:

R'=A’+ B Mall 250.0 m

R A+ B oo i N lﬁﬂ.ﬂm
257Tm "~
= |/(250.0 m)* + (60.0 m)*
- 25? m

3. A hiker walks 4.5 km in one direction then makes a 457 tum to the nght and walks another 6,4 km. What is the
magnitude of the hiker's displacement?

SOLUTION:
RR=A'+B'-2ABcos @

R= A +B?-2AB cos 6

[ Al Le daaa - KA }

= /(4.5 km)? + (6.4 km)” ~ 2(4.5 km)(6.4 km){cos 135°)
=1.0x 10" km

[ ) e daaa - suu‘\za}




aditia aulill Ciall 2020-2019 dcsalAl) Bas gl Jgls

Al gl ) ans g g 5.0 €M Blis ¥l Sl s ) e il b goaadl 4
Sl &) jlaae L 4.0 CM L,
4. Challenge An ant crawls on the sidewalk. It first moves south a distance of 5.0 ¢m. It then turns southwest and

crawls 4.0 cm. What is the magnitude of the ant's displacement?

SOLUTION: ‘
R*=A*+B*-2AB cos @ [ghu"‘z‘gw': 411««‘!\}

R= Al + B -2AB cos 6

= (5.0 cm)? + (4.0 em)® - 2(5.0 em)(4.0 cm)(cos 135°)

=8.3cm

| e 'H-.-.d.—.ﬂ-._-.n _Ih._'ll-— IL_-;;.—-l-.l-" --LL.-—.E..-.« i i E_FD _";.ﬂn.-.-..-ql-_n.'-'-"' _5—;— -h_—-l-—;"
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s S G e .00 K amiles plams an o Jlasudh

Tassat 3l

Solve problems 5-10 algebraically. You may also solve some of them graphically to check vour answer
. Sudhir walks 0,40 km in a direction 60.0% west of north then goes 0.50 km due west. What is his displacement

SOLUTION:
Identify north and west as the positive directions.

Xyw =Xy 5in &= (0.40 km)(sin 60.0°) = 0.35 km
Xy =Xq 05 8= (0.40 km)(cos 60.0°) = 0.20 km
Xow=0.50 km X3y =0.00 km

Rw=Xyw+ Xzw=0.35 km + 0.50 km = 0.85 km
Ry =Xy + Xz =0.20 km + 0.00 km = 0.20 km

R= JR,Z+R.

= /(0.85 km)? + (0.20 km)?

[ Bl e daaa -7 ALY ]

= 0.87 km

R
f=tan' [R_]
N

_,[n.as km]
=tan 1 0.20 km

=77
R = 0.87 km at 77° west of north

[ ) e daaa - suu‘\za}
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6. You first walk 8.0 km north from home, then walk east until your displacement from home is 100 km. How far east
did you walk?

SOLUTION:

The resultant is 10.0 km. Using the Pythagorean Theorem, the distance east i
R'= A%+ B, s0

B=JR!- AL [g}aw\mw.; 3&..‘\1\1
= (1.0 km)? - (8.0 km)?
= 6.0 km

7. Ina coordinate system in which the positive x-axis is cast, for what range of angles 1s the x-component positive?
For what range 1s it negative?

SOLUTION:

The x-component is positive for angles less than 90° and for angles greater than 270°, It's negative for
angles greater than 90° but less than 270°

8. Could a vector ever be shorter than one of its components? Could a vector ever be equal in length to one of its
components? Explain,

SOLUTION:
It could never be shorter than one of its components, but if it lies along either the x- or y-axis, then one
of its components equals its length.

[ ) e daaa - suu‘\za}
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9. Two ropes tied to a tree branch hold up a child’s swing as shown in Figure 7. The tension in each rope is 2.28 N,
What is the combined foree (magnitude and direction) of the two ropes on the swing?

[ Bl ae daaa 31:‘“‘1\}

SOLUTION:

The force will be straight up. Because the anglés are equal, the horizontal forces will be equal and
opposite and cancel out,
F F cos [+ Frupez cos i

comhbined i ropel

=2F Icnsﬂ

rope
=(2)(2.28 N)(cos 13.0°)
=d4.4 N upward

, Challenge Afua and Chrissy are going to sleep overnight in their tree house and are using some ropes to pull up a
3.20-kg box containing their pillows and blankets, The girls stand on different branches, as shown in Figure 8, and
pull at the angles with the forces indicated. Find the x- and v -components of the mnitial net force on the box. Hine:
Draw a free-body diagram so yvou do not leave out a force,

ldentify up and right as pos=sitive.

Fp on boxx™ Fa on pox SOS 8, F HF +F +F
- (20.4 N)(cos 120°) neton boxx = ' Ronborx T ' Conbaxx 7 1 gx

EN LT 553 =~{02N+ 102N+ 00N
— (20.4 M){=in 120=)
- 177 N =00N

Fe cnpoxe ™= Fo on box COS S

i Fretotoey = Fratony * Femtony Py
e 7 7 vt 664 1IN+ 1SN - 304N
- n-nv:q'l 4.5 M -u’EH
Faw =— —mg ; . I .
== AT Mt The net force is 0.8 N in the upward direction,

- —31.4 M

[ Bl 2o taaa 3\:\“‘\1\}
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Section 1 Vectors: Review
11. MAIN IDEA Find the components of vector M, shown in Figure 9.

Figure 9
SOLUTION:

x = M cos ]
5.0)(cos 37.0°)
.0 to the richt
= m sin &
5.0)(sin 37.0°)

3.0 upward

. Components of Vectors Find the components of vectors K and L in Figure 9.

[ Bl e daaa -7 ALY ]

Figure 9

SOLUTION:
Both vectors are horizontal, so they do not have any y-component.
K. =-4.0,K =0

L .=6.0,L,=0

[ ) e daaa - st.u‘m]
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13. Vector Sum Find the sum of the three vectors shown in Figure 9.

5.0
—— na =27.0°

[ Bl Lo daaa - IR ]

Figura 9
S0 LUTION:
Ry = K+ L+ A,
—3.0 + 6.0 4+ 5. 0(co=s 377)
—3. 0 + 6.0 +~ 4.0
6.0
R, My + Ly, + M,
0.0 + 0.0 + 5.0(=in 377)
2.0

R— JR.Z+R,?

- ~J8.0% + 3.0%
-

R:F
&—tan" | B_

3
- tan“(E

-_— 27"
R=6.7 at 27~

14. Vector Difference Subtract vector K from vector L, shown in Figure 9.

[ Rl 1o dasa - I }

Figure 9

SOLUTION:
6.0 — (—4.0) = 10.0 to the right

[ ) e daaa - st.u‘m}
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5. Commutative Operations Mathematicians say that vector addition is commutative because the order in which
vectors are added does not matter.

[ Al Lo daaa - IR ]

Figure 9

. Use the vectors from Figure 9 to show graphically that M + L=L + M.
b. Which ordinary arithmetic operations (addition, subtraction, multiplication, and division) are commutative? Which
are not? Give an example of each operation to support your conclusion.

SOLUTION:

a. Both ways of adding M and L result in the same vector R.

L

M

L

b. Addition and multiplication are commutative.
Examples: 3+4=4+3
2:5=5+1
Subtraction and division are not commutative.
Examples: 10-3#3-10
8+2#2+8

[ ) e daaa - suu‘\za}
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16, Distance v, Displacement [s the distance you walk equal to the magnitude of your displacement? Give an
example that supports your conclusion.

SOLUTION:

Not necessarily. For example, you could walk around the block (one km per side). Your displacement
would be zero, but the distance that you walk would be 4 kilometers.

7. Critical Thinking You move a box through one displacement and then through a second displacement, The
magnitudes of the two displacements are unequal. Could the displacements have directions such that the resuliant
displacement is zero? Suppose you move the box through three displacements of unequal magnitude. Could the
resultant displacement be zero? Support your conclusion with a diagram.

SOLUTION:
The resultant can't be zero if there
are two displacements. If there
are three displacements,
the sum can be zero if the
three vectors form a
triangle when they are
placed tip-to-tail. Also,
the sum of three D—
displacements can be zero without
forming a triangle if the sum of two
displacements in one direction equals
the third in the opposite direction.

[ Bl e daaa 31:“‘2\}
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18. Gwen exerts a 36-N horizontal force as she pulls a 52-N sled across a cement sidewalk at constant speed. What is
the coefficient of kinetic friction between the sidewalk and the metal sled runners? Ignore air resistance.
SOLUTION:

Fy=mg=52N

Since the speed is constant, the friction force equals the force exerted by Gwen, 36 N.
Fr= pFy

[ Al e daaa o St'usn}

19. Mr. Ames is dragging a box full of books from his office to his car. The box and books together have a combined
weight of 134 N, If the coefficient of static friction between the pavement and the box is 0.55, how hard must Mr.
Ames push horizontally on the box in order to start it moving?

SOLUTION:
Faumes on box = Firiction
= p1sFy
= jsmg
= (0.55)(134 N)
=T4N
20. Thomas sits on a small rug on a polished wooden floor. The coefficient of kinetic friction between the rug and the

slippery wooden floor is only 0.12. If Thomas weighs 650 N, what hortzontal force 18 needed to pull the rug and
Thomas across the floor at a constant speed?

SOLUTION:
At constant speed, applied force equals friction force, so F=p, Fy = (0.12)(650 N) =78 N

[ ) e daaa - suu‘\za}
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21. Challenge You need to move a 105-kg sofa to a different location in the room. It takes a 403-N force to start the
sofa moving. What s the cocfficient of static friction between the sofa and the carpet?

SOLUTION:

[ Bl 1o dasa o Suu‘i\}

= 403 N
{105 kg)(9.8 Nlkg)

= 0.39

Lalss o St pi __,J_..n.‘r,...__.14kg._L._:i_l& Bl L2
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22. A 1.4-kg block slides freely across a rough surface such that the block slows down with an acceleration of —1.23
m's”. What is the coefficient of kinetic friction between the block and the surface?

SOLUTION:
'Fn:l =H II.FN
ma=u  mg

,ua
g

1.25 mis’
9.8 Nikg
=0.13

23. You want to move a 41-kg bookcase to a different place in the living room. If you push with a force of 65 N and

2 a — - - . Wtk
the bookease accelerates at 0.12 m/s”™, what is the coefficient of kinetic friction between the bookcase and the
carpet?

SOLUTION:
Fret=F— pyFy= F = yymg = ma

_F—ma N
by = [ Al e daaa - Al.w‘i\}

_ 65 N-(41kg)(0.12 mis?)
(41kg)(9.8 N/kg)

=0.15

[ ) e daaa - suu‘\za}
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24, Consider the force pushing the box in Example Problem 4. How long would it take for the velocity of the box o
double to 2.0 m/s?

L'
i s —

SOLUTION:

The initial veloeity is 1.0 m/s, the final velocity is 2.0 m/s, and the acceleration is 2.0 m/s’, so
vV, —V
a= - i lett=0and solve for &
.
'l'* _— 'b",
a
2.0ml/s—1.0 m/s
2.0 m/s?

= 0.50 s

ﬁ—

25, Ke Min is driving at 23 m/s. He sees a tree branch lying across the road. He slams on the brakes when the branch
is 60.0 m in front of him. If the coeflicient of kinetie frction between the car's locked tires and the road 15 0,41, will
the car stop before hitting the branch? The car has a mass of 1200 kg,

SOLUTION:

Choose positive direction as direction of car’s movement.
Foo = Fny = —pmg =ma

=ML
Then use the equation ¥y 2 ;-iz + 1.:.1'[.‘.*r - dl} to Mnd the distance.
Let d; = 0 and solve for dg.

vr: —v? [ ‘;hw\ L dada -l Sl:w‘i\ }
~ (2)-ma9)

(0.0 mi=)— (23 m/s)®
= (2)(—0.41)(2.8 Nikg)

= bbb m, 8o he hits the branch before he can stop.

[ ) e daaa - suu‘\za}
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26. Challenge [sabel pushes a shuffleboard disk, accelerating it to a speed of 6.5 m's before releasing it as indicated in
Figure 13. If the coefficient of kinetic friction between the disk and the concrete court 1s (.31, how far does the
disk travel before it comes to a stop? Will [sabel’s shot stop in the 10-point section of the board?

SOLUTION:
Identify the direction of the disk’s motion as positive. Find the acceleration of the disk due to the force
of friction.
FMI = -ka:,{ =g = ma
a=—p. 8
Then use u,"' = viz - Ea{df- n"i] to find the distance.
Let d;, = 0 and solve for d.
i .3
Vi =V,
% 2a
v -v}
(2)(-4,9)

_ (00 mis)® - (6.5 m/s)’
(2)(-0.32)(9.8 N/kg)

=6.7m
The disk will stop in the 10-point section.

=

[ Rl 1o dasa - I }
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27. MAIN IDEA Compare static friction and kinetic friction. How are the frictional forces similar and how do the
forces differ”

SOLUTION:

Both resull from two surfaces rubbing against each other, Both are dependent on the normal force
between these two surfaces, Static friction applies when there is no relative motion between the two
surfaces. Kinetic friction is the type of friction when there is relative motion, The coefficient of static
friction between two surfaces is greater than the coefficient of kinetic friction between those same two
surfaces,

28, Friction At a wedding reception, you notice a boy who looks like his mass is about 25 ke running across the dance
floor then sliding on his knees until he stops. If the kinetic coefficient of friction between the boy's pants and the
floor is 015, what is the friction force acting on him as he slides?

SOLUTION:
Fiiction =M Fy

=kag - - £
l-i-‘ -" Lw.n
(0.15)(25 kg)(9.8 N/kg) [ (hlad) Lo dasa - JEWY) ]
=3TN

. Yelocity Dinah is playing cards with her friends, and it 15 her turn to deal. A card has a mass of 2.3 g, and 1t shides
.35 m along the table before it stops. If the coefficient of kinetic friction between the card and the table 1s (.24,
what was the initial speed of the card as it left Dinah’s hand?

SOLUTION:

Identify the direction of the card’s movement as positive
Foo = Fy =-mmg =ma

a=-ug
vl =vl+2a(d,~d);v=0andd =0

i
So
vi=,/-2ad,
= J-2(-u9)d,
= /-2(—-0.24)(9.8 N'kg)(0.35 m)
=1.3mls

[ ) e daaa - suu‘\za}
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30, Foree The coelficient of static friction between a 40.0-kg picnic table and the ground below that table 15 0.43. How
larpe 15 the preatest horizontal force that could  be exerted on the table withow moving the able?
SOLUTION:
Fp=uFy

=p mg . <
= (0.43){40.0 kg)(9.8 N/kg) [ g‘hw‘ LS deaa -; Y }
= 1.7%10% N

. Acceleration You push a | 3-kg table in the cafeteria with a horizontal force of 20 N, but the table does not move,
You then push the table wath a horizontal foree of 25 N, and 1t accelerates at 0.26 mis”. What, il anything, can you
conclude about the coefficients of static and kinetic fmction?

SOLUTION:

From the sliding portion of your investigation you can determine that the coefficient of Kinetic friction
between the table and the floor is
F.=F - F;

net on table
IFI"'F Fon table Fnr.'t
Hb N = Fop tapie — M
Fon tatse — Ma

mg

25 N—(13 kg)(0.26 m/s)
(13 kg)(9.8 Nikg)

=017
All vou can conclude about the coefficient of static friction is that it is between
Fmtabh

mg

fay =

iy =

u 20 N
(13 kg)(9.8 Nikg)

= 0.16

Funhhh
mg

and u, =

25 N
(13 kg)(9.8 N/kg)

= 0.20

2. Critical Thinking Rachel 15 moving 1o 4 new apartment and puts a dresser in the back of her pickup truck, When
the truck accelerates forward, what force accelerates the dresser’? Under what circumstances could the dresser
shide? In which direction?

SOLUTION:

Friction between the dresser and the truck accelerates the dresser forward. If the foree of the truck on
the dresser exceeds g mg, the dresser will slide backward.

[ ) e daaa - suu‘\za}
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33, An ant climbs at a steady speed up the side of its anthill, which s inclined 30.0° from the vertical. Sketch a free-
body diagram for the ant.

SOLUTION:

[ Bl e daaa - L) ]

34, Ryan and Becca are moving a folding table out of the sunlight. A cup of lemonade, with a mass of 0.44 kg, 1s on the
table. Becea lifts her end of the table before Ryan does, and as a result, the table makes an angle of 15.0° with the
honzontal. Find the components of the cup's weight that are parallel and perpendicular to the plane of the table.

SOLUTION:

g, parallel = 'Fg sin ¢

(0.44 kg)(9.8 N/kg)(sin 15.0°)
I.LIN

g, perpendicnlar = Fg cos J

(0.44 kg)(9.8 N/kg)(cos 15.0°)
42N

5. Fernando, who has a mass of 43.0 kg, slides down the banister at his grandparents® house, If the banister makes an
angle of 35.0° with the horizontal, what 15 the normal force between Fernando and the banister?
SOLUTION:
Fy=mg cos @ [ hlad) 3e daaa -r LY }
= (43.0 kg)(9.8 N/kg)(cos 35.0°)
=35 N

[ ) e daaa - suu‘\za}
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36. Challenge A suitcase is on an inclined plane as shown in Figure 18. At what angle # will the component of the
suitcase’s weight parallel to the plane be equal to half the component of its weight perpendicular to the plane?

[ Bl 1o dasa o Slﬂu‘i\}

\a

Figure 18

SOLUTION:
Fg, paratiet = Fy sin 8 when the angle is
with respect to the horizontal f
Fy. perpendicutar = Fg €05 8 when the 1

angle is with respect to the horizontal
tan @
Fa. perpendicutar = 2Fg, paraer 1
F
p w H- tan ( ]

Qparabie

F. cos@ B i -
Il e = 26.6° relative to the horizontal
F, siné K j

Lo golucll ans cows! 5 dludd) Jlo o bl ol Lo spsall ganall ) ooyl 37
"400 ) 244 A :3,.L.AJ' t;L—u )‘.Liu

37. Consider the crate on the incline in Example Problem 5. Calculate the magnitude of the acceleration. After 4.00 5,
how fast will the crate be moving'?

[ hlad) ae daaa 31:‘“‘1‘}

~

= '.r*—v,: letvimt;=0
h—t
Solve for v
Vi= 3l
= (4.90 m/s?)(4.00 s)
-gsin & =19.6 m/s

= (9.8 Nikg){sin 30.07%)
- 4.90 mis®

[ ) e daaa - suu‘\za}
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38, Jorge decides to try the slide discussed in Example Problem 6. Jorge's trip down the slide is quite different from
[chiko's. After giving himself a push to get started, Jorge slides at a constant speed. What is the coefficient of

kinetic friction between Jorge’s pants and the slide?
SOLUTION:

a=g(sin0-pg cosd)

a=gsinf-gu, cosd

Ifa=0,
0 =g siné-gu, cosd

iy, €os 0=sin 0 [ Bl ae taa -p dULY) ]
#, = sin Dlcos 0

py =sin 37° / cos 37°
=10.75

39. Stacie, who has a mass of 45 kg, starts down a slide that is inclined at an angle of 45° with the horizontal. [f the
coefficient of kinetic friction between Stacie’s shorts and the slide 1s 0.23, what is her acceleration?

SOLUTION:

Fs-tinie‘sﬂtglﬂpﬂhl with siide = F = Ma

Fsmh'swtpnm with slide 'Fr
m

A=

mg sin 8- u, F,
m

mg sin 8-y mg cos 6
m

= g(sin 8- cos 6) [ hlad) 3e daaa -r LY ]
= (9.8 N/kg)[sin 45°- (0.25)(cos 45°))

= 5.2 mls’

[ ) e daaa - suu‘\za}
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4. Challenge You stack two physics books on top of each other as shown in Figure 19, You tilt the bottom book
until the top book just begins to slide. You perform five trials and measure the angles given in Table 3.

a. What is the average ¢ measured during the five tnals?
b. What is coefficient of static friction between the covers of the two books? Use the average ¢
found in part &,

¢, The top book's acceleration down the slope is measured to be 1.3 mls”, What i the cocfFicient of kinetic
friction? (Assume ¢ is the average value found in part &.)

[ Bl e daaa - ALY ]

21T +17° + 21° +18° +15°
"p'.tﬂrapt - 5

Fut - Fg paralied to surtace _Fflim:n

Fn, parallel = Ftﬂcum :
Fo sin @ = 1. Fu ma=mgsin g- g mgcos ¢
mg sin ¢ =, mg cos @ a=gsing-xgcosp
sin ¢=p. cos @ geosg=gsing-a
_sing gsinp-a
cOosS @ =—msp
sin 19° g

~ cos 19° (9.8 Nikg)(sin 19°)-1.3 mis’®
~ 0.34 (9.8 Nikg)(cos 19°)

=0.20
[gbu\qsw-; Sl.u‘\ﬂ} \ /
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41, MAIN IDEA A rope pulls a 63-kg water skier up a 14.0° incline with a tension of 512 N. The coefficient of
kinetic friction 1s 0.27. What are the magnitude and direction of the skier’s acceleration?

SOLUTION:
Fu=mgcos 8
Frqplnnill.hr'Fg'F[=m3
Frope an sxier — M@ SiN 8- l,mg cos #=ma
Fruptonﬂm -img sin 8-y mg cos 6
m

512N-(63 kg)(©.8 N!kﬂ)(sin 14.n°] -(0.27)(63 kg)(9.8 Hikﬁ)(cos 14.0“]

B 63 kg

[ Al e daaa o :\':HAS”J

=3.2mls’, up the incline

. Forees One way to get a car unstuck is to tie one end of a strong rope to the car and the other end to a tree, the
pull the rope at its midpoint at right angles to the rope. Draw a free-body diagram and explain how even a small
force on the rope can exert a large force on the car,

SOLUTION:

Ffri":'.'h:ln

The vectors shown in the free body diagram indicate that even a small force perpendicular to the rop:

can increase the tension in the rope enough to overcome the friction force. Since Fy o0 oy rone = 2F1

sin @ (where # is the angle between the rope’s original position and its displaced position),

PErsan on rape

Fy=F [ (2sin #) [ hlall Lo daas -r ALY ]

For smaller values of ¢, the tension (Fy) will increase greatly.

[g;mu\qc.uaa-;m;uﬁa}
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43, Mass A large scoreboard is suspended from the ceiling of a sports arena by ten strong cables. Six of the cables
make an angle of 8.0° with the verticals while the other four make an angle of 10.0°. If the tension in each cable is
1300 N, what 1s the scoreboard's mass

SOLUTION:
Foewy=ma, =0

[ Bl ae taaa st.u‘z\]

Frei,y=FcabIeiuuboaﬂ' Fg
= 6F 311 €08 6 + 4F caie €08 8- Mg =0
- 6F . cos8, +4F, cosé,
g

_ 6(1300.0 N)(cos 8.0°) + 4{1300.0 N)(cos 10.0°)
i 9.8 Nlkg

=1.31x10° kg

44, Vector Addition What s the sum of three vectors that, when placed tip to tai, form a triangle? If these vectors
represent forces on an object, what does this imply about the object? Describe the motion resulting from these three
forces acting on the object.

SOLUTION:

The sum of the vectors is zero, If the vectors represent forces, the object is in equilibrium. This means
the object is not accelerating,

[ Rl 1o dasa - I }
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45. Equilibrium You are hanging a painting using two lengths of wire. The wires will break if the force is too great.
Should you hang the painting as shown in the top or the bottom image of Figure 20? Explain,

Figure 20
SOLUTION:
The picture should hang as shown in the bottom image. If # is measured from the horizontal to the wire,

el
" 2sing
F gets smaller as 0 gets larger, and # is larger in the bottom image. [ hlal) Lo dana -r MY }

46. Critical Thinking Can the coefficient of friction ever have a value such that a child would be able to slide up a
slide at a constant velocity? Explain why or why not. Assume that no one pushes or pulls on the child.
SOLUTION:

No, because if the child moves up the slide, both the frictional force opposing the motion of the child
and the component of Earth’s gravity parallel to the slope point down the slide, not up.

[ ) e daaa - st.u‘m}
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47, BIG IDEA How would you add two vectors graphically?
SOLUTION:

Muke scale drawings of arrows representing the vector quantities, Place the arrows for the quanfifies to
be added tip-to-tail. Draw an arrow from the tail of the first to the tip of the last. Measure the length of

that arrow and find its direction,

Cagiedl Jodo eeis ol aszddl Laga3 &l asadd! Jan sl s

8. Which of the following actions is permissible when you graphically add one vector to another: moving the vector,
rotating the vector, or changing the vector's length?

SOLUTION:
allowed: moving the vector without changing length or direction

3! et el I nly s as = =] gl L. =% 89

49. In your own words, wrte a clear definition of the resultant of two or more vectors. Do not explan how to find it;
expluin what it represents.

SOLUTION.
The resultant is the vector sum of two or more vectors. It represents the quantity that resulfs from
adding the vectors,

e mls s o a5 s

50. How 1s the resultant displacement affected when two displacement vectors are added in a different order?

SOLUTION: [ bl 48 tana ;) }

It is not affected,

Lils sgnia zAa) Lpsasacw ) el 2020 O

51. Explain the method wvou would use to subtract two vectors graphically.

SOLUTION:
Reverse the direction of the second vector and then add them.

[ ) e daaa - suu‘\za}
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52. Explain the difference betweend and 4. [ hladl L dana -7 MY }

SOLUTION:
A is the symbol for the vector quantity. 4 is the signed magnitude (length) of the vector,

53. The Pythagorean theorem usually is written ¢=a + b Ifis relationship s used in vector addition, what do a, b,
and ¢ represent?

SOLUTION:

a and b represent the lengths of two vectors that are perpendicular to one another, ¢ represents the
length of the sum of the two vectors.

54, When using a coordinate system, how is the angle or direction of a vector determined with respect to the axes of
the coordinate system?

SOLUTION:
The angle is measured counterclockwise from the x-axis

3,4 slosls 65 KM il 35kl & oz @l ylel) .55
Tadlx ¥ Lgaslj) jlae 5 .ol alosl 45 km ddlus) 68

55. Cars A car moves 65 km due east then 45 km due west. What 1s its total displacement? (Level 1)
SOLUTION:

65 km + (~45 km) = 2.0x10" km
Ad = 2.0x10" km, east [ bl Lo aaa o JELY) ]
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56. Find the honizontal and vertical components of the following vectors shown in Figure 21. In all cases assume that
up and right are positive directions. (Level 1)

aFE
b. F
e

SOLUTION:

al
E.,=Ecos 8

= (5.0)(cos 457)
=35
E,=Esing
=(5.0)(sin 45%)
=3.5
b.
F.=Fcos @
= (5.0)(cos 225°)
=-3.5
F,=Fsin @
= (5.0)(sin 225°)
=-3.5

[ Al e daaa o SL'.'M‘Y\}

. A =Acos#@
= (3.0)(cos 180°)
=-3.0
A,=Asin g
= (3.0)(sin 180°)
=0.0

[ ) e daaa - st.u‘m]
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57. Graphically find the sum of the following pairs of vectors, shown in Figure 21. (Level 1)

a. [ and A
b. C and I»
c. Cand.A
d. F and F

SOLUTION:

[ Bl e dasa - Sllu‘\l\}

R(10.0)

58. Graphically add the following sets of vectors shown in Figure 21. (Level 2)

a. 4, C and D
b.d, B and E
c. B D and F

SOLUTION:
e A [ Al Lo daaa o Ay 1

C D

R(7.0)

[ ) e daaa - st.u‘m]
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59. Ranking Task Rank the following according to the magnitude of the net force, from least to greatest. Specifically
indicate any ties, (Level 2)

A.20 N up+ 10N down

B.20Nup+ 10N left
C.20Nup+10N up

D. 20N up + 10 N 20° below the horizontal
E. 20 Nup

SOLUTION:
Add the vectors. A<D<E<B<C
celpmn e ple Les Lol Lealasly sl 21590 ez

60. You walk 30 m south and 30 m east. Find the magnitude and direction of the resultant displacement both graphically
and algebraically. (Level 2)

SOLUTION:

30mE
R=A+B
R= /(30 m)’ +(30 m)?

=40 m

Sﬂm*
0m

R =40 m, 45° east of south

tan @ = 1

[ ) e daaa - suu‘\za}
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61. Hiking A hiker's trip consists of three segments. Path A is 8.0 km long heading 60.0° north of east. Path B is 7.
km long in a direction due east. Path C is 4.0 km long heading 315° counterclockwise from east. (Level 2)

a. Graphically add the hiker’s displacements in the order A, B, C.
b. Graphically add the hiker's displacements i the order C, B, A, [ ‘_,.H.d\ e T J

€. What can you conclude about the resulting displacements?

SOLUTION:

C
8

¢. The resulting displacements are the same. Adding vectors is commutative.

Saall Zloo e le .22 (1S 50 5 snl) b Llsbd 33 62
TazilaJl 8 B _S3oJ!

62. Two forces are acting on the ring in Figure 22. What is the net force acting on the ring? (Level 2

/ R=\F+F! \

= J(-125.91N)* + (627.81N)’
=640 N

; F
Figure 22 0= tan“(#—]
SOLUTION: x
F, = (400 N)(cos 50°) + _ tan-'[ 52781N
-125.91N
(500 N)(cos 140°) B
=-12591N ol ¥

The net force is 640 N at 101°.
F = (400 N}[sin En") -

(500 N)(sin 140°) o
[ Al L daaa - AELY) }

T4y

=627.81N

[ ) e daaa - suu‘\za}
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3. Space Exploration A descent vehicle landing on Mars has a vertical velocity toward the surface of Mars of 5.
m/s. At the same time, it has a horizontal velocity of 3.5 m/s. (Level 3)

. ) lad) e daaa - Mo
a. At what speed does the vehicle move along its descent path? [ o }

b. At what angle with the vertical is this path?
¢. If the vehicle is 230 m above the surface, how long until it reaches the surface?

SOLUTION:
a.

R = A 4 B

R= /(5.5 misf +(3.5 m/sf

v=R=6.5mls

b.
3

| R

=tan\ 35

= 58° from horizontal, which is 32°
from vertical

=425

[ ) e daaa - suu‘\za}
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64. Three forces are acting on the ring in Figure 23. What is the net force acting on the ring? (Level 3)

128N

[ Bl Le daaa - IR }

Figure 23
SOLUTION:

A=-128N+64 N
=-64 N

A, =Acos G
= (-64 N){cos 180°)
=-64 N

A,=Asin g,
= (~64 N)(sin 180°)
=0N

B.,=Bcos 6
= (128 N)(cos 30.0°)
=111 N

B,= B sin 8
= (128 N)(sin 30.0°)

[gzuu,cm..-; suu‘m} O

[ ) e daaa - st.u‘m}

R,=A,+B,
=-64N+111N
=47 N

R,=A,+B,
=0N+64N
=64 N

R=JR?+R,

= /(47 N)? + (64 N)*
=79 N

R
=1 ¥
g =tan (_R J

(%)

=54°

The net foree is T9 N at 54°
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65. A Ship at Sea A ship at sea 15 due into a port 500.0 km due south in two days. However, a severe storm comes in
and blows it 100.0 km due cast from its original position. How far is the ship from its destination? In what direction
must it travel 1o reach is destination? (Level 3)

SOLUTION: [ Bl Le daaa -p ALY ]
R = /(100.0 km)* +(500.0 km)*
= 509.9 km

R =509.9 km, 78.69° south of west
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66. Navigation Alfredo leaves camp and, using a compass, walks 4 kmE, then 6 km 8. 3km E, 5 km N, 10 km W, 8
km N, and. finally. 3 km 5. At the end of two days, he 15 planning his trip back. By drawing a diagram. compute
how far Alfredo is from camp and which direction he should take to get back to camp. (Level 3)

SOLUTION:

Take north and ¢ast to be positive directions, North: =6 km + 5 km + 8 km — 3 km = 4 km. East: 4 km
+3 km— 10 km = -3 km. The hiker is 4 km north and 3 km west of camp. To return to camp, the hiker
must go 3 km east and 4 km south.

R'= A’ +B*
R= (3 km)® + (4 km)*
=5 km

R [ghl.d\.\gcw-: S&A‘Y‘}
8 =tan“[ﬁf‘]

4 km
=tan™'| 3km
=53°
R =5 km, 53° south of east

[ ) e daaa - suu‘\za}




aditia aulill Ciall 2020-2019 dcsalAl) Bas gl Jgls

Cnis 2. S 1.0 o o SY) ISz W)  Lalaa oap 13le .67
(7. What 1s (he meanmg of a voefficient of friction that 1s greater than 1,07 How would you measure 1f?

SOLUTION:

The frictional farce is greater than the normal force. You can pull the object along the surface,
measuring the foree neerded to move it at constant speed. Also measure the weight of the object,

L ':"‘J E....:n._;_._” etlBs WY Ehe.a l;"' e I TS ) S | .68
[ E_,..—L—h-.l'"y Jk—h?" o '\-.-:.!Lfl—:-—:—‘-l" el it L__L-#- .,‘:,.-H-J-I-AJ' -—_-4'-.-'-5—«."'
S Lt U O aoz8) o dd SaeaW Al o oW Ly
| ST

8. Cars Using the model of friction deseribed in this textbook, would the friction between a tire and the road be

increased by a wide rather than a narrow tire? Explain,

SOLUTION:
It would make no difference, Friction does not depend upon surface area,

[ Al e daaa o :\':HAS”J

B9 B3 BOO N ls aadl 353 aasz 5 =S 13) .69
o a5 al Eewn 2o e 12.0 kg azi=S s

oo,V asanall oo (S SISV Jolas
9. If you use a horizontal force of 30.0 N to slide a 12.0-kg wooden crate across a floor at a constant velocity, what is
the coetficient of kinetic friction between the erate and the floor? {Level 1)
SOLUTION:
Fi= UFy = 1umg = Fiorizontal
I'li = Fh-nn.!mm
mg
- 30.0N
(12.0 kg)(9.8 N'kg)
=0.255

als Sgms a.mal anl . 225 Kg «3:l=:9S Ggacm aSad .00
Folas slams eaais O 20 (oIlSzo W1  Jlalaes SIS 5) FTO NN
—._3-!_'!-_?-_-.‘:Jl

T0. A 225-kg crate is pushed horzontally with a force of 710 N, If the coefficient of friction is 0.20, calculate the
acceleration of the crate. (Level 1)

SOLUTION:
mﬂ=F.-,..,|= anﬁl_Fl

where Fy= . Fy = thimg

Therefore .

o Fan— Mg [@w\mw-;amm}
m

_ T10 N—(0.20)(225 kg)(9.8 N/kg)

225 kg

= 1.2 mis?
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Ti. A force of 4000 N accelerates a 5.0-kg block at 6.0 s along a horzontal surface. (Level |
a. What would the block's accelerabion be 1f the surface was fnctionless?
b, Hosw Iurgt: is the kinetic fnction force?
€. What is the coefficient of kinetic friction?
SOLUTION:
a.
ma = Frnu= Fapa
s0o Foppu= ma

E
a2 = .
m
400N
~ 5.0 kg

= 8.0 m/s?

[ Bl e daaa -7 ALY ]

ma = F.,... = F-\Pr-l — F
so Fi=F,ppn— ma
= 40.0 N — (5.0 kg)(6.0 m/s?)
=1.0x10"N

Fe= puFy = pumg
F

__ 1.0x10'N
~ (5.0 kg)(9.8 Nikg)

=020

sabid .a=bf & an w- S WIL I LY = 1— % -i_Ha_l—-ai. - e
i Wa Uy Eal sV L) e ) e w5 i S Eanadl
CEREF KO el G- MEY AdeS oSS 15 ) e S Ll | cgas
AT G Ty S BiI) gl Sy S ] il S— W falaas S,
b e—anints o b eV gl s L_.._'l_-’-:l_—..h_l' et LS e W Ll sy
wrmaWl aloawt s S M L asan il spail e Lo D27
Tl Ty o=l

72. Moving Appliances Your family just had a new refrigerator delivered. The delivery man has left and you realize
that the refrngerator 1s not quite in the nght position, so you plan to move it several centimeters. 1f the refnigerator
has a mass of 88 kg, the coefficient of kinetic friction between the bottom of the refrigerator and the floor 15 0.13,
and the static coefficient of friction between these same surfaces is 0.21, how hard do you have to push horizontally
to get the refrigerator to start moving? (Level 2)

SOLUTION:

Ffrirlinn

'Flm [ridze =
ZFSFH

=y mg [ hlad) ae daa or JELY) }
= (0L21)(88 kg)(9.8 N/kg)

=180 N
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73. Stopping at a Red Light You are driving a 1200.0-kg car at a constant speed of 14.0 m/s along a straight, level
road. As you approach an intersection, the traffic light turns red. You slam on the brakes. The car's wheels lock,
the tires begn skidding, and the car shdes to a halt in a distance of 25.0 m. What is the coefficient of kinetic fractior
between your tires and the road? (Level 3)

SOLUTION:
Fi=pFy=ma

[ Bl 1o dasa o Slﬂu;i\}

_vﬂ
) where v;=0

(The minus sign indicates the force is acting opposite to the direction of motion.)
2

i

= (14.0 m/s)*
2(25.0 m)(9.8 N/kg)
= 0.400

o Il aa Belazll o sl  Slas W) i) can T4
' elgadl 8 de¥ 5.5 alad)  Jalzzs
Chapter Assessment

Section 3 Forces in Two Dimensions: Mastering Concepts

74. Describe a coordinate system that would be suitable for dealing with a problem in which a ball is thrown up into the
air.

SOLUTION:

One axis is vertical, with the positive direction either up or down.

[ Al Lo dasa o 3&49\1

e, o el Azl I ,___.i_'-‘;- S S .T.,:hl'-.Jn_'-l-_l 1,;[_].,:.,;. -'l|-.L.-t=-_‘ = 1_:._I '75
M _:,,_-._'r'n': snm—aedt Gl IO LlaSl (LB XN saeall
olomg! L ‘-‘y _|'_=I--n-1".. o _._l-i—'-l----.l'a--"i e -ﬂ-.l-‘-'i'-’-” -;—.ll’r‘,-" _ln'l—l-'! .__g--‘
Fsomgalt ¥ gl
75, 11 coondinate system is et wpy such (hat the positive x-axis points i a direction 30° above the horzontal, what

should be the angle between the xsaxis and the y-axis? What should be the direction of the positive j -axis?
SOLUTION:

The (wo axes must be at right angles. The positive y-axis points 30° away from the verfical so that it is
af right angles fo the x-axis.
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76, Explain how vou would set up a coordinate system for motion on a hill,

SOLUTION:

For motion on a hill, the vertical () axis is usually set up perpendicular, or nortal, to the surface of the

hill.

[ Al Le daaa - KL ]

Jsio o) oS 13Led .55lss Al B wjaed) LS oIS 15} 77
Tau® 3550 gaml oliy
7, 1fyour textbook 1s 1n equilibrium, what can you say about the forces acting on 1t?
SOLUTION!

The net force acting on the book is zero,

T S0l Al 8 gay Wil Lo pssd 050 Ja /8

78. Can an obyect that is m equilibrium be moving? Explain.

SOLUTION:
Yes, Newton's first law permits motion as long as the object’s velocity is constant. It cannot accelerate.

[ Al Lo daaa - IR ]
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79. You are asked to analyze the motion of a book placed on a sloping table.

& Describe the best coordinate system for analyzing the motion.
b. How are the components of the weight of the book related to the angle of the table?

SOLUTION:

a. Set up the y-axis perpendicular to the surface of the table and the x-axis pointing uphill and parallel to
the surface.
b. One component is parallel to the inclined surface and the other is perpendicular to it.
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80. For a book on a sloping table, describe what happens to the component of the weight force parallel to the table and
the foree ol friction on the book as vou ingrease the angle the table makes with the honzontal,

2. Which components of force(s) increase when the angle increases? .
b. Which components of force(s) decrease? ghw‘ LS dada - Y

SOLUTION:
#. As you increase the angle the table makes with the horizontal, the component of the book’s weight
along the table increases,

b. When the angle increases, the component of the weight normal fo the table decreases and the friction
force decreases.

30 MN alos.sd 555 .05 5 A S 00 uays B
H’b_.‘_— 4‘1 G H ___"l_.]‘_.. -1-3.:: ..P"';-"l . ‘I;!-.b-\-_._JI = QD Dg -I-I-_J'l"-ﬂ
.__:,-.n.j_l: .I:IL_'—-:-J_. _r__d-_-:l.jld_...-l o = _I..::.- _..—.'..,:‘i x’ _;3,.5-.—;' o e ﬁD.ﬂg
Tlesmlaslg asitaih Sgall! JTam e Lo M gl e =oload) s lEes

K1, An object in equlibrium has three forces exerted on it A 33.0-N Tovee acks ai 90,07 [rom the c-axis, and o 44 0-N
foree acts at GO0 from the v-axas, Bolh angles are measured counterclockwise from (he positive x-axis. What are
the magmitide and the dircetion of the third force? (Level 1)

SOLUTION:

First, find the magnitnde of the sum of these two forces, The equilibrant will have the same magnitude
hut npposite direction,

33.0 N, 90.0°
:4.::- N, B0.0° Fo=Fux+ Fax
F, cos &, =0.0ON+220N

(33.0 N)}{cos 90.07) =220N

0.0 N :

F, sin &, Fy=Fy+ Fy
(33.0 N)(sin 90.07) —=33.0N+381N

33.0MN
F cos & =71.1N

= :242.400 Mi{co=s 60.07) F‘_] =t “:3;2 +F3r2
= oM

w Zf;nmﬁsln 60.07) = J(22.0 NP +(71.1N)?

—38.1N =T44 N

For cguilibriom, the third vector's direction miust be opposite the resoliasot of the Arst two vectors.
Adding 180,07 to the resultant s angle finds the equilibrant®s dircetion.

& = tun“[ 25

E.. ] + 1B0.D

- tﬂn“[é?%:;":':li] + 180.0° [ Rl 1o dasa - Ay ]

= 253"
F,=74.4 N, 253°
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82, Five forces act on the object m Figure 243 (1) 60.0 N at 90,0°, (2) 40.0 N at 0.0° (3) 80.0 N at 270.0°, (4) 40.0 N
al 180,07, andl (5) 30,0 N at 60.0°, What are the magnitude and the direction of a sixth force that would produce

eeuilibrium? (Level 2)

Ficguar o Z= <4
A fF ¥ FTF F OG-

Soluaticonm = by CcomipaonmeEerts

F L
—
—

SO O M, 20 0
B O 1. O _O™
B0 0 M. 270 0
~a <3 O SN, T=20O O
e 0.0 N, SO O
o -

Fi. = Fy cos 6,
=(60.0 N)(cos 90.0°)=0.0N

Fy, = Fy sin 8 = (60.0 N)(sin 90.0°)
=60.0N

Fa, = F: cos 6 = (40.0 N)(cos 0.0°)
=400N

F., = F: sin &= (40.0 N)(sin 0.0°)
=00N

F., = F: cos & = (80.0 N){cos 270.0°)
=0.0N

Fs, = F;sin 8 = (80.0 N)(sin 270.0°)
=-80.0N

F.. = F, cos 8, = (40.0 N){cos 180.0°)
=-40.0 N

F., = F.sin 8, = (40.0 N)(sin 180.0°)
=00N

Fs, = Fscos 8 =(50.0 N){cos 60.0°)
=250N

Fs, = Fssin 85=(50.0 N)(sin 60.0")
=43.3N

[ ) e daaa - suu‘\za}

[ Bl e daaa -7 ALY ]

Fee=Fix+ Fax + Fax 4 Faz + Fse
=00N+400N+0.0N+(-40.0N)+ 250N
=250N

Fey=Fiy+ Foy+ Fyy 4+ Fyy + s,
=60ON+00N+(-80.0N)+0.0N+433N
=233 N

F; = 1||FE.2 + F;rz

= J(25.0 N +(23.3N} =342N

For

ﬂ-,:tan“[F—] +180.0°
Gx

(233N
=tan"| 50 | +180.0°=223°

Fy=34.2 N, 223°
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83, Advurtising Joe wishes o I‘IL'I.I'IE il :\.iE‘n \'.-e'i':-_|!i|15 T E I{'I': M so that cable A, attached 1o the store, makes a 30,07
angle, 02 shown in Figure 25, Cable B i3 horizontal and attached 1o an adjoinmg bunlding, What s the tension i
cable B? (Level 2)

Figure 25

SOLUTION;
Solution by components. The sum of the componcnts must equal zero, so
Fay—Fg=0
80 Fa,= Fy
=7.50x10° N
Fay = Fa sin 60.0°
F

Ay

S0 .F‘ B se——
sin 60.0"

_ 7.50 x 10° N
~ sin 60.0°
=866 N
Also, Fy = F,. =1, 50
Fg=Fa,
= F, cos 60.07
= (866 N)(cos 60.0%)

=433 N, right

Lae . gplheSi. .‘__,l_.‘;...l.__ [N ] 1S E_.,L..;._" rL___a-._.a o _i._l....- -8
gl el 0w = N2 L poa S Rag
L | ] 1= M o Sl GMuSss Le B
N B g e BN vp ] B nes Haghzl¥ o= el 1%] B
Sosll o (IS A b e s Lo SOV L d) g st

24 A street lamp weighs 150 M. It s supported by two wires that form an angle of 120007 swath cach other. The
tensions in the wires are equal, (Level 23

a. Whan is the tension in each wire?
b. If the angle between the wires supporting ithe street lamp is reduced to 90.0°, what is the tension in cach wire'?
SQLUTION:

H

F,II =2T sin &

[ Rl 1o dasa - I }

=1.6x10" N

F, 150N
2sing (2)sin 45%)

T =

=1.1=x10° N
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85, A 215-N box is placed on an incline that makes a 35.0° angle with the horizontal. Find the component of the weight
parallel to the mchine. (Level 2)

SOLUTION:
Foacanes = Fy8in 8
= (215 N)(sin 35.0°) [ Bl ae daaa -r ALY }
=123N
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§6. Emergency Room You are job-shadowing a nurse in the emergency room of a local hospital. An orderly wheels
in a patient who has been in a very serious accident and has had severe bleeding. The nurse quickly explains to you
that in a case like this, the patient’s bed will be tlted with the head downward 1o make sure the brain gets enough
blood. She tells you that, for most patients, the largest angle that the bed can be tilted without the patient beginning
to slide oft is 45.0° from the horizontal. (Level 3)

a, On what factor or factors does this angle of tlting depend?
b. Find the coefficient of static friction between a typical patient and the bed’s sheets.

SOLUTION:
a. The coeflicient of static friction between the patient and the bed’s sheets.

b.
Fﬂ parallel to bed = mg Sil'l E
o
i bui-FH
= U,mg cos @

=tan 45.0°
=1.00
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47. Two blocks are connected by a string over a frictionless, massless pulley such that one is resting on an inclined
plane and the other is hanging over the top edge of the plane, as shown in Figure 26, The hanging block has a
mass of 16.0 kg, and the one on the planc has a mass of 8.0 kg. The coefficient of kinetic friction between the
block and the inclined plane is 0.23. The blocks are released from rest. (Level 3)

a. What 15 the acceleration of the blocks?
b. What is the tension in the string connecting the blocks?

Figure 26
SOLUTION:

.
F = Myomn@ = Fy nanging = FJ ptane — Fr plane
Myangngd = Fy piane SIN 8= 4 F, ..., COS 6
My

Mygngingd — Myisee g SIN 8- M, gcos 8

S0a3=

Myen
_ glmyng — My, SIN 8- g m,,,,, cos 8)
mhmninu + mpi:n-

~ (9.8 N/kg)(16.0 kg— (8.0 kg)(sin 37.0°)—(0.23)(8.0 kg)(cos 37.0°))
a (16.0 kg + 8.0 kg)

=4.0 m/s®

b.
Fr=F,-F,

=mg-ma
=(16.0 kg)(9.8 N/kg) — (16.0 kg)(4.0 m/s?)
=03 N
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88, In Figure 27, a block of mass M is pushed with a force () such that the smaller block of mass m does not slide

down the front of it. There is no friction between the larger block and the surface below it, but the coeflicient of
static friction between the two blocks is 1. Find an expression for F in terms of M, m, u . and g. (Level 3)

Figure 27

SOLUTION:
Smaller block:

F'I.Hmm=;"|ﬁl_uunm=mg

F"a\l‘..l.h:u"'lu:ﬂ = ma
A

Larger block:

ot e g iw o FCIT algla azae Leloes o=l c=al iz agl. < |

N g .-_.-,_I'l

K9 A vector that is 1 em long represents a displacement of 3 ki How many kilometers are represcmted by a 3-cm
vector drawn o the samme seale?

SOLUTION:

(3 cm][ S km

*_] 16 km
1em

Layu® de oo Jotod) aew s il wsadl sl L .30 m/s
« 20 m./s

90. A vector drawn 15 mm long represents a velocity of 30 m/s. How long should vou draw a vector lo represent a
velocity of 20 m/s?

SOLUTION: [ il 4 tana o ) }
(20 mm{ﬁﬂ] 10 mm

30 mis
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91. What 1s the largest possible net displacement resulting from two displacements with magrutudes 3 m and 4 m? What
15 the smallest possible resultant? Draw sketches to demonstrate your answers.

SOLUTION:
The largest is 7 m; the smallest is 1 m.
im4m

7m [ghw\dpuu-;ﬁmiz’\]

4m
| i—
im

-

m

Sres AaBlg M Faghsl as:s lasce Goslall S0 e o = .S 92
"'13{}“ __,.l_' Da i e SR N

. How does the resultant displacement change as the angle between two vectors increases from (0° to 180°7

SOLUTION:
The resultant increases.
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Q3. A and & arce two sides of a right triangle. where tan & — _4/732.

a#. Which side of the triangle is longer if tan # is greater than 1,02
b. Which side i1s longer if tan ¢ is less than 1.07
€. What does 1t mean it tan # is equal to 1.07?

SOLUTIOMNMN:
a.A4 is longer. \ T
b. £ is longer. [ gkl.ﬂ\ e -1 L) 1
c.A and 2 are equal in length.
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94, Traveling by Car A car has a veloeity of 50 km'h in a direction 60° north of east. A coordinate system with (he
positivee v=axis potnting east and a postive y-axis pomnting north 1s chosen. Which component of the velocity vector
is larger, ¥ ory?

SOLUTION:
The northward component (y) is longer.
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95, Under what conditions can the Pythagorean theorem, rather than the law of cosines, be used to find the magnitude
of a vesultant vector?

SOLUTION:

The Pythagorean theorem can be used only il the two vectors to be added are at right angles to one
another,
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96. A problem involves a car moving up a hill, so a coordinate system is chosen with the positive x-axis parallel to the
surface of the hill. The problem also involves a stone that 15 dropped onto the car, Sketch the problem and show the
components of the velocity vector of the stone.

SOLUTION:

One component is in the negative x-direction, the other in the negative y-direction, assuming that the
positive direction points upward, perpendicular to the hill.
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7. Pulling a Cart According to legend, a horse leamed Newton’s laws. When the horse was told to pull a cart, it
refused, saying that if it pulled the cant forward, according to Newton's third law, there would be an equal force
hackwards. Thus, there would be balanced forces, and, according to Newton's second law, the cart would not
pecelerate. How would you reason with this horse?

SOLUTION:

The equal and opposite forces referred to in Newton's third law are acting on different objects, The
horse would pull on the cart, and the cart would pull on the horse. The cart would have an unbalanced
net force on it (neglecting friction) and would thus accelerate.
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18. Tennis When stretching a tennis net between two posts, it s relatively casy to pull one end of the net hard enough
to remove most of the slack, but you need a wineh to take the last bit of slack out of'the net to make the top almost
completely honzontal, Why 1s this true?

SOLUTION:
When stretching the net between the two posts, there is no perpendicular component upward fo balance
the weight of the net. All the force exerted on the net is horizontal. Stretching the net to remove the
last bit of slack requires greaf force in order fo reduce the flexibility of the net and to increase the
internal forces that hold it together,
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99, The weight of a book on an inclined plane can be resolved into two vector components, one along the plane and the

other perpendicular to it.

a. At what angle are the components equal?
b. At what angle is the parallel component equal to zero?
SOLUTION:

a. 45°
b. 0°
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100, TV Towers The transmutting tower of a TV station is held upright by guy wires that extend from the ground to the
top of the tower at an angle of 67° above the horizontal. The force along the guy wires can be resolved into
perpendicular and parallel components with respect to the ground. Which one is larger?

SOLUTION:

The component perpendicular to the ground is larger because the angle between the guy wire and
horizontal is greater than 45°
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Chapter Assessment: Mixed Review
101, The scale in Figure 28 js being pulled on by three ropes. What net torce does the scale read? (Level 1)

Figure 28

SOLUTION:
Find the y-component of the two side ropes and then add them to the middle rope.
F,=Fcos &
= (75.0 N}{cos 27.0°)
=668 N
Fy worm ™ Fy pon + Fyp muams + Fin ogm
=66.8 N+ 1500 N+ 66.8 N
=284 M
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182 AMythology Srsvphus was n character in Oreck mivitholopy who wns doomed in Flades to posh o bhoulder to the oy
of a stecp mountain. When he reached the top. the boulder would slide back down the mwuntain and e would have
to start all over agmin, Assume that Sisyvphus slides the boulder up the mountain withouot being able o roll 1 even
thowgh in most versions of the myth, he rolled it (Level 2

. 117 the coclficient of kinete frctiion berwesn the boulder and the mountoaomsicde 15 0040, the mass of the boulder s
20000 kg, and the slope of the mounimin is o constont 30007, what is the force thas Sisvphos most exern on the boulder
to move il upr the mountaim ol o constant velooity'?

b, Sizyphus pushes the boulder at a velocity of 0L25 my's and it takes ham 8.0 h o reach the top of the mountznm,
wihat i the rmyvthical mountain™s vertical hoight?

SOLUTION:
.
Fa e Feek T Ful:r.-ﬂ-upr = Fl
= Py an reon — Mg sin &—
Mg cos 8=ma =10
Fa an soex = Mg sin &+ pumpg cos &
= mgl{ein &+ u, cos &)
= {20.0 k9.8 N/kg)
{sin 30.0° + (0.40){cos 30.07))
= T66 N
b

h=dsin &
- visin &
= {0.25 m/s){8.0 h){3600 s/h)
(sin 30.0°)
=3.6=10"m=3.6 km
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103. Landscaping A tree is being transported on a flatbed trailer by a landscaper. IF the base of the ree slides on the
trailer. the tree will fall over and be damaged. The coefficient of static friction between the tree and the trailer is
(.50, The truck's initial speed is 53 km/'h. (Level 3)

a. The truck must come to a stop at a traffic light without the tree sliding forward and falling on the trailer. What i
the maximum possible acceleration the truck can experience?
b. What 15 the truck’s minimum stopping distance il the truck aceclerates uniformly at the maximum aceeleration
caleulated in part a?
SOLUTION:
H

Firuern = =F ==H,Fy = —p,mg = ma

— LT
a= 48
m

== (0.560){9.8 N/kg)
=-4.9 m/s’

=~1.0

Vi = V,° 4+ 2aAd with v, =0,
..‘.J‘
s0 Ad= ———
A 2a

1000m)( 1h Y
(s 1550 s )

(2){-4.9 mis?)

=24m




