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Explain the motion of horizontally launched projectiles, and show schematically the components of velocity and
acceleration throughout the motion.

& Check Your Progress

7. Initigl Velocity Two baseballs are pitched
horlzontally from the same helght but at
different speeds. The faster ball crosses home
plate within the stnks 2ane, but tha slower ball

s below the batters Knees. Why oo the balls
pass the batter at different heighis?

Free-Body Diagram An ice cube slides
without Irictlonacross a takile at a constant

velocity. It slides off the table and lands on the
flaar Draw free-bady and mation diagrams of

the ice cube al two points on the table and at

two points in the air

Sy
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Define the friction force as a type of force between two touching surfaces, and determine
its direction.
Kinetic ana Static Friction

You push a book across vour desk. When you stop pushing, the book stops due to friction.

Types of friction When you pushed your book across the desk, the book experienced a type
of friction that acts on moving objects—kinetic friction is exerted on one surface by another
when the two surfaces rub against each other because one or both surfaces are moving.

Now imagine trying to push a couch across the floor, as shown on the left in Figure 10. You push
on it with a small force, but it does not move. Newton’s laws tell you that the net force on the
couch must be zero, There must be a second horizontal force acting on the couch that opposes
vour force and is equal in size. This force is static friction, which is the force exerted on one
surface by another when there is no motion between the bwo surfaces.

You push harder, and the couch still does not move. The static friction force is increasing in
response to your applied force. When you push hard enough, the couch begins to move as in the
right side of Figure 10. There is a limit to how large the static friction force can be. Once your

force is greater than this maximum static friction, the couch moves and kinetic friction acts on it.

oL

- - -
F‘l]:l:lh: fricton Fl.rnu ot oouch 'Flur-er.l: fricton -F'l.rl:-u-:-n cauch

Figure 10 An applied force is balanced by static friction up 1o a maximum [imit. When this limit s exceeded,
the objact begins to move

Identify the type of Iriction farce acting on the couch wien it Degins o move.



1.Recall that for an object to be in equilibrium, the net force acting on it should be zero.

Equilibrium Revisited

5o far, you have considered motion along a horizontal surface, Now yvou will analyze situations in
which the forces acling on an object are at angles other than 901,

When the net force on an object is zero, the object is in equilibrium. According to Newton's laws,
the object will not accelerate because there is no net force acting on it; an object in equilibrium
moves with constant velocity. (Remember that stayving at rest is a state of constant velocity.)
Equilibrium can also occur if more than two forces act on-an object. As long as the net force on
the object is zero, the object is in equilibrium.

What is the net force acting on the ring in Figure 147 The free-body diagram in the figure shows
the three forces acting on the ring. The ring is not accelerating, so the net force is zero. The free-
body diagram, however, does not immediately indicate that the net force is zero. To find the net
force, you must add all the vectors together. Figure 15 on the next page shows the process of
adding the force vectors to discover the net force.

Figure 14 The ring does not accelerate, so the net force acting on it must be zero.

Compare the vertical component of the force pulling up and to the right to the weight of the mass hanging fram the ang.



Solve problems related to friction

19. You want to move a 41-kg bookcase to a different place in the Iving room. If you push with a force of 65 N
and the bookcase accelerates at 012 m/s®, what is the coefficient of kinetic friction between the bookcase

and the carpet?

20. Consider the force pushing the box in Exampie Problem 4. How long would it take for the velocity of the
box to double to 2.0 m/s?



**"Determine the components of a vector in cartesian coordinate system using trigonometry

EXAMPLE Problem 2

FINDING YOUR WAY HOME You ate an a hike. Your camp is 15.0 km away, in the direction 40.07
Aarth of wist THe anly path through the woods lesds dinsctly narh. 1 you Tollow the path S0 km
bedare i =k ] rI"II.I:I ] ﬂ-EI-d,l'ih'r:I'ar, and Inﬁhﬂﬁﬂhn. weould Vo Fave tﬂ'll'lllh: LG P'Eﬂﬂl'ﬂ'ﬂll.l l'.'ﬂl'l'lp?
1 AMALYZE AND SKETCH THE PROBLEM +i
+ Dwraw the redultant vecion, B, from your original location to your camg.

v Diiesd A, thve fondwm vecion s draw B, Ihe ankinown veschar.

.Er\--\'l.
e Unknown b S Y
A = 6.0 &m, due hotth B="7 E'H_____
R’ =15.0 km, 40.0° north of west e
# =400 o
2 SOLVE FOR THE UNKHOWN o
Find the componens of & 400° =
R =Roos # /
= {150 km ) cos 15000" Sobstttote B = 150 em, d = 140.0° 00 = Al 00 = i pe
= fL.Bkm
R =Rs=ng#
= {15.0 km} sin 007 Submiitute B = 15,0 &m # = 14007
= D54 km
Because A s due north. 4 = D0 km and 4 = 5.0 km
U2 the components of B and A to find e components of B
B=R-A
= =15 km — Dud kim Substtute B = -MN%wm, 4 =0.0km
= —11.5 km The negstee sign moens thal iz component poinés west
E" = E."l - .ﬂ._
= 364 km — 5.0 km Subsihee B = H64 km, 4 = 520 km
= i} & km This companent pornts ok

Lise fhe domponsnts of wecior B 1o Find ihe magniiude of vector B,

] =-||"E_ -8
=4/—T5 kmf + {6 kM Sobsittiae 8 = —1 % km, 8 =48 km
= 12.4 km

Locate the Lol of vecior B ol the onigin of & coprdinate system, and draw the camponents & and Er-
The vector B is in the second quadrant. Use the fangent o Bnd the direclion of vector 8.

()

o=

Submitttiie B = 4.6 o, B, = -5 km

The tangent of on angle & negotve in quadeanis || ang
= — 22" o 158" IV, 50 two arswers arn possibo.

Since B s in the second geadeant, O, megsuned fooem [he posilied e-asi misl be 1587, This direction
can alao be gven as 227 nofh of wesl This, & = 12.4 km &l 22" nonh of west



Use free body diagrams to compare the direction of an object’s acceleration with the
direction of the unbalanced force exerted on the object

1. A shkydiver lalls dowsnward through the air at 3. Afles the saftball keaves your hand, 1 rees,
TOMNMSEaE '|.l'|!|l!||'_i'l:||'. I:T|'I|! aif exerls ar iq'.:'l'l'.!ll'l'.'l Force '.’I-l-l'.'l'.l'.l'il'lg' chorimary,
ol e pirsorn ] A Aftet the sofiball reaches its maximum height. 1
2. You hold & sofiizall in the palm of your hand and tads down, speeding up
S gk LW P G EE Wise 1N DNl e el CHALLENGE You catch the ball in your hand and

touching your fand WA el



Combine forces to find the net force acting on an object
Relate the direction of the acceleration to the direction of the net force

34. Interaction Pair ldentify each force acting on 36 Tension A block hangs from the celling by &
the ball and Its imeraction pair in Figure 20. massless rope A& second block |s attached 1o the
first block and hangs below it on another piece
F of massiess rope. feach of the two blocks has a
maass of 500 kg, what s the iension in the rope?

J7. Tension A block hangs from the celiing by a
massiess rope. A 3.0-kg block is-atfached 1o
the first block and hangs below it on another

ptece of massiess rope. The tension in the top
rope is 63.0 M, Find the tension in the boftom

rope and the mass of the top block.

vl Fyla dam



Relate the direction of the acceleration to the direction of the net force

FOTLPLIER™ THET WH OpAES VLA LAINCAETE TUTL B

Arceleralion v. Farce

0204060815 1214 16
Foree (M)

Yamaus Focces an the Same Mass

Fjung b & Spaflid] Seale Sxert & foilas
bl pnced 1orce on MEe A Repesling the
ifpeglagalica walh dillerend infces produces
vii eyt graples el dilfecen] e



Resolve a vector into two orthogonal vectors in cartesian coordinate system.

|& Check Your Progress
11. Vectars Lise Figure 9 for these questions. 13. Commutative Operations Vector addition is
2. Find the components of vectors K, L, and M. commutstive because the order in which

wectors are added does mot matter,

3. Use the vectors from Fgure 8 1o show
graphically that M + L = L + M.

b dre additon, subtraction, multiplbcation, and
division commutstive? Giee an example of
each operabon o support wour concluson

b. Find the sum of The three vectors.
. Suibtract vector K from wector L.

% K f——————— : 14. Critical Thinking You mowve a box theough two

i unecual displacements. Could the displace-

E ments have directions such that the resultant

3 P9 | displacement is zero? Suppose you now move

E 12: Distance v. Displacement Are distance and the box through three displacements of

E displacement always the same? Give an uneiual magnituds. Could the resuftant dis-
example that supports your conclusion. piacement be zem? Support your conclusion

with a diagram.



Relate graphically the frictional force to the normal force and find the coefficient of
kinetic Friction.

Kinetic Friction Farce v. Normal Force
-l

& 10

Figure 17 i plal of Wisstic Ficlesd v normal fedcs for 3 Bock
pulled aaai diftensnt Lurlaees shinas & linsd EalorEhif
Bt il e Dt fahced Ban eslh sirface The Sape i e ines 1L g

Compars e comifioedi] of kioshc fictlan fod the e Surfoees
ifdvian Git fhe Orapah
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Apply the relationships that relate the normal force to maximum static friction and to kinetic friction to calculate unknown
parameters like friction force, coefficient of friction or the normal force (Ff,static=

U
sN and Ff,kinetic=

u
kKN).

EXAMPLE Problem 3

BALAMNCED FRICTION FORCES You push 8 25.0Heg woonden box B0ross 4 woodsn floor al & constant

Lpead of L0 mis The cosfficient of kinethe ThRctan = 0.200 How lapge- i the tarce that you esxem on
he box?

1 AMALYZTE AND SKETCH THE PROBLEM
« ldentily the forces, and establish & coordinate system.
» Direw & mation diagearn indicating constant v and o = 0
» Direw (e lree-body diagrant

15, Gwen exerts 8 36-N hoilzomal force &5 she

“’j;i‘”: “':“1;"5 F e v = ¥ |!|IJ||!.£|. 52-M 5|-|!'_ﬂ AerGss H CEreEn sadewalk al
sk RS constant spead. What is the coeffcient of kinetic
The nomma e s the -irection, nd the box doss o I o Irictaon behween e sidesalk and the metal shed
F,=—F, o FUMTEerss w A rEarsiArnce.
i-z Eub'-ﬂmF._—‘;mn - . Mr. Ames s draggesg & box Tull of boaks
P i S fresms his office to his ca. The box and books
The pushing foree i in the a-dinection; v i constant this the bex does nat acesierate. b cpetives Mawe i Cormbined weight af 134 M. I
A e coelficient of siatic friction Betwesn the
S it g pavernernt and the box k& 056, how hard must
o= 48Nt the right Mr Ames push horizontaily on the o in odder
3 EVALUATE THE ANSWER 16 SE ﬂmm?

- Are the units correct? Foroe is messured in newtons
= Do the signs make sense? The positve sion agrees with the sketeh,

- I.tml-mlgi'lluu reafistie? The pushing force Is.% thi weight of the box. This carrespands with
jt, =020= E



Describe the apparent weight for an object accelerating vertically upward or downward
(o (starts from rest, reaches a constant speed, then comes to a stop)

EXAMPLE Problem 3

REAL AND AFFARENT WEIGHT Your méass is 750 kg, and yoo ane standing on a baihroom sesls
In-an elevator. Slarting rom resl, the sleyvistor sccalsrples upwand st 2.00 mis? for 2200 5 and then
contifiues af & consiant speaed. | e scalé reading dishing sccelsration greaier than, egus o, or less
than the acale neading when (he slievalor & st resiy

1 AMALYZE AND SKETCH THE PROBLEM
. Skatch the sAuation, T[’
- Chosse & conrdinate System with the positive direction 85 upward ! | FETgRES
+ Dwaw the molion diagram, Lebe| v and o, {

v Dhrniy [he frée-body diagrém. The net fonce s In e same direction
as the dccalsmilon, 8o the ypwan forte B greatss than ihe
dhowimivesnd Namse:

o lll—'lr
B

KNOWMN UNENOWN
m =750 kg FE_=?

a =2.00m/s

=2005%

g =98HN%g

2 SOLVE FOR THE UNKNOWM
F = md

s —
;

o [—FJ F_nnegaiive because @ 12 e negative drection dofined by the coorgnote sysiem.

Solve for F____

Fi:-_FlH+Fg
Eleysinr af ragi

I L iy o\ F Thie alevain: i not acceferating, Thos, P = .08 N

=F Subsine F_ = 300 M

= g 551I:r:|1r|u'|.r.=1'-'.=mg

:f:;:mﬂml S e Figufe 11 H you are acésl=ralng upuiard, e
EieuBtor BecElgrating upuard: il foee St D) o6 ywou sTuSE B faiand T
i e srfe Al axerl i agrward fince greatas than

= (75.0 kiR 00 mis®) + (750 kDB Wkgl  Subistitute o = 750 kg, 0 = 200 mis’, o = 38Ny e donstiwidsd loics af v weighl
=BES N

| The scalie seading when the elevator is scoeterating (BBS N)is larger than when it is a1 rest (T35 N)

E



Apply Newton's Laws along x and y axes for an object that moves on an inclined plane
with and without friction.

EXAMPLE Problem 5

COMPONENTS OF WEIGHT FOR AN OBJIECT ON AN INCLINE & S62-M crate is resting on a plane
inclined 30.0° ahove the orzomal, Find the components of the crate’s weight thet are paralel and
perpendicular o the plans.

1 ANALYZIE AND SKETCH THE PROBLEM
« Include & coordinate system with the positive x-axs pointing uphil

« Draw the free-body disgram showing F, the componems F_ and £_, and

the sngies & and g

Krnown Unknown
F_ = 562N down Fo="1 & o
§ = 300° F.o=7

=7

-
2 SOLVE FOR THE UNENOWN
i+ =21 The angle trom the positve 5.0 by e mogathee yans e 200
= 270" — 30° Resrmange, substtuta g = 30, and soxe for #

= 240°*
F =F [cos i)
- [
= {562 NNoos 240.0°} Sutsthue F = 582 N, f = 240.0°
= —2B N
F, =F [sin#]
= (562 Njain 240.07) Substitute F =542 N, #= 240.0°
= —4BTN
3 EVALUATE THE ANSWER
« Are fhe units corfedT Farce i3 meessured in ewions.
] ﬂﬂ-ﬂ'&m make senme? ThHE cormponents Fll!l'l'll in dipections l:l'.'ll'.'n:l!.i'lE 1o ihe FI:IHE'I.IEEEEE..
o B H'l!-l'l!lﬂg-l'.lll.l-ﬂ'.l fealiatie? The walues are legs han F"__,..E!- et e



Determine the magnitude and direction of the resultant of two vectors in two dimensions using trigonometry, the
Pythagorean theorem (case of perpendicular vectors), and the laws of sines and cosines.

29, An ant cBmbs at @ steady speed up the side of it
arftiae, wistF = incined 30000 Trom e verihcal.
Sketch 4 free-body diagram Tar 1he anl

1. Fernando, wing has a8 mass of 4320 hg. Slides
dowrl the banister at his gransdparena” house.
Il the banisder makes an angle of 35.0° with the
has zontal, what is the nonmal lerce Betwesr
Fernanda and e Bt ber?



Explain the motion of horizontally launched projectiles, and show schematically the
components of velocity and acceleration

FINDING THE MAGNITUDE OF THE SUM OF TWO VECTORS Find the magnitude of the sum of &
15-km displacement snd a 25-km displacement when the angle d bebaeen them is 907 and when e
angle i betwesn them [ 1357

1 ANALYZTE AND SKETCH THE PROBLEM

- Sketch the two displacement vectars, 4 and B, and the anghe between them. 1. Vo0 & :lﬂ:l.' r.H1'rIH_.| e Ot 1or l.ﬂ'i'nl!-_l'!:ﬂll..l e
e e Unkomn . 1250 kim due west, then turm due south and
8 =15 km / 2 -H_""'- driee Tod Eroteesr 6500 ki Whal s e ﬂ'lﬂ-gmtl.ljﬂ
g e ;/ T of youd displacement? Sohee this problam balh
ey Lo i graphically and mathematically, and check your
S BREweErs against each olher
=25 ke + (15 kP Suboie A = 4Kt =18 2. On a fine, sunny day, you and your siblings decide
mm;:,g:mw_&ummm lo go Tor B nesrby ke, You wal 4.5 km i one
tefind the magnitude of the resultant vector. difectith, e mMake 4 45" e 16 the right and
AT e walk anather Bod lom. What 18 Ehe agnetide of

R=4/4° + B — 2AB|cas )
=4/ 125 kmP + (15 kmf - 225 kn){1S kmjjéns 1357 Sdbstsute 4 = 26 b 8 = 15 ke, 1, = 138
= 3T km

yisur displacement?

3 EVALLATE THE ANSWER
« Are the units comecl? Each anaweris & length meEasured in kilomatars.

= Do the Signs make sense? The sums are posaive:

- Are the magnitudes realkstic? From the sketch, you can e that the
resyant shauld be longer than elther vecios
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