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5 Applymg Newton’s
Laws

5.1 Equilibrium

1. If an object is at rest, can you conclude that there are no forces acting on it? Explain.

" No. You con only conclnde. oot dnere. s no net
Force on the ij@,d— b Cernamns ot rest

2. If a force is exerted on an object, is it possible for that object to be moving with constant
Veloc1ty‘7 Explam

L one nonzexo &wv e OCts on N o, udir Hﬂen  musd

: O\Cre,le:\r*(\-H?_ (T4 connot move ot cons {—qv\Jr \[(i‘gr“l-{- ). Tf
YY\U\H'I\D\Q %or(ﬁ‘ C\C'& on Hne O\OB 1Jr COoN frove ot

onstont Veloo nL\/ ¥ Hhose forces :um to Zevo ﬁelr force.

3. A hollow tube forms three-quarters of a circle. It is lying flat on B
a table. A ball is shot through the tube at high speed. As the ball
emerges from the other end, does it follow path A, path B, or
path C? Explain your reasoning.

The ool will Follow path C.
[fter lecxv mg%em\oe t+Hhe
1bC\H [ lon IS C0ﬁ+(XC+ View from above
Wit Hhewall of Hne H loe, ancl,
Wi no net Force il
Cortiniue W o S)rm\%\ﬁj( lne.
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5-2 cuHaPTER 5 - Applying Newton’s Laws

4. The vectors below show five forces that can be applied individually or in combinations to an
object. Which forces or combinations of forces will cause the object to be in equilibrium?
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5. The free-body diagrams show a force or forces acting on an object. Draw and label one more
force (one that is appropriate to the situation) that will cause the object to be in equilibrium.
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6. The free-body diagrams show a force or forces acting on an object. Draw and label one more
force (one that is appropriate to the situation) that will cause the object to be in equilibrium.
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Applying Newton’s Laws - CHAPTER 5 5-3

5.2 Dynamics and Newton’s Second Law

7. a. An elevator travels upward at a constant speed. The elevator hangs by a single cable.
Friction and air resistance are negligible. Is the tension in the cable greater than, less than,

or equal to the weight of the elevator? Explain. Your explanation should include both a free-

body diagram and reference to app’rcn)prirate physical principles.
Because Hheelevador is not accelerating, the net force
on it Must be zexo ThexeSare, Hhe e on and
weiqht must be equad in Magnitude and

oppdsite. n dicection. =
ba

b. The elevator travels downward and is slowing down. Is the tension in the cable greater than,
less than, or equal to the weight of the elevator? Explain.

Becouse the elevador is slowt 0q down, its accelexodion
is nthe opposite ditection frdm its mation.
ThereSore , Hne nek forCe onthe elevator is
wpworrd and Hhe tension 15 %FQ,Q+€W than the

wea 3‘(\*‘\ 1 T

w

Exercises 8-9: The figures show free-body diagrams for an object of mass m. Write the x- and
y-components of Newton’s second law. Write your equations in terms of the magnitudes of the
forces Fy, F», ... and any angles defined in the diagram. One equation is shown to illustrate the

procedure.
8. y 1
I:"]n ﬁl
FJ %
> v X
93
]_:"Zw \ 1?;
ma, = ma,= L Al ‘VN“ k
= F, M= o505 - B cos®,

= F Sin®, + F,§in - F
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A S

’ ma, = I cosfs — Fy d, = FB CQS@ ~ Folﬁ(ng
may= [ - cos o

Exercises 10—12: Two or more forces, shown on a free-body diagram, are exerted on a 2 kg
object. The units of the grid are newtons. For each:

= F, +F33n0 4 F,

« Draw a vector arrow on the grid, starting at the origin, to show the net force ﬁnet.
« In the space to the right, determine the numerical values of the components a, and a

10. F,a)

F,.(N) |
| (anN) = 155
‘ ; \\03
-2 :
1. .
a= 1 _ - m
| émj(’sN IN- IN)—O 5%
T -1 3N-oN)-0.5n
» a.kcj - S
12. E,MN)
i H _ ’ P o M
o (AN-2N-3N) =155,
F N) Ea’: | - m
I — (IN+3N "5N)-O”§}
Sthj
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Exercises 13-15: Three forces F 1> F 5, and ﬁ3 cause a 1 kg object to accelerate with the
acceleration given. Two of the forces are shown on the free-body diagrams below, but the
third is missing. For each, draw and label on the grid the missing third force vector.

13.4 = (2m/s?)

F.(N)
14.d@ = (0,—3m/s?)
E®
F,(N)
15. The object moves with
constant velocity.
JAm
e - .,2. - ,;
F 7
- F,®N)
-2 ~A, SR S
Fs
W
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5.3 Mass and Weight

16. Suppose you have a jet-powered flying platform that can move straight up and
down. For each of the following cases, is your apparent weight equal to,
greater than, or less than your true weight? Explain. wc\p;: Appore 4

a. You are ascending and speeding up. We | CS\,\_I_
Wopp > W _ , W= drue wa{%\'ﬁr
The net force must be upwalals. A
- e
Wom N2y >3
b. You are descending and speeding up.

w2 W

-~
W

app
The net foree 1S downworas.

0y <O
¢. You are ascending at a constant speed.

W=Wepp Theve |5 nonet Sorce.

>

2

*=0 1 4
W
d. You are ascending and slowing down.
w > W C\{AP
To Slow dowi, Hne net farce paust
be Opposite +he raokion.
Oy < O
¢. You are descending and slowing down.
Wopp > W
The net Force mMust b aupwc\\rds
Fo Slow down wintle vroving >
dowawavels. Oy >0 2

3k
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17. The terms “vertical” and “horizontal” are frequently used in physics. Give operational
definitions for these two terms. An operational definition defines a term by how it is measured or
determined. Your definition should apply equally well in a laboratory or on a steep mountainside.

Vertical con be defined oy Hhe line &P\umb bolo
Mokes er\c}mi down due +o ci(‘cw hL\/m
Horizontal cartioe defined by the surface o
aliguid Sar Grom Hre edaes of (ks contoaner
orb Usng & bulbble leyel:
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18. An astronaut orbiting the earth is handed two balls that are identical in outward appearance.
However, one is hollow while the other is filled with lead. How might the astronaut determine
which is which? Cutting them open is not allowed.

The Sorce Tequi fed 4o aecelevade, gn0biect is proporhaval
Yo S mess. (F= mA). Thus,y e astronoad condetermine,
WhiaN oal( 15 hollow Qna winicdhn is Fillec Wit lead! o
Shaking eac vy o Cﬂuﬂiﬂgﬁ@a@r\ to accelerode \with &

_ iyex\ & R - The Force Yebuaced to accelerate Hne
Wollow bl s less due +o 1S Jower mass.

5.4 Normal Forces

19. Suppose you stand on a spring scale in six identical elevators. Each elevator moves as shown
below. Let the reading of the scale in elevator # be S,,. Rank in order, from largest to smallest, the
six scale readings S| to Sg. Some may be equal. Give your answer in the form A>B =C >D.

1 | 2| 31
\71 T‘T \71 T[-; 1')’1
Up Speeding up Down Slowing Down Steady
at3m/s at 2 m/s’ at 3 m/s at 2 m/s? at 3 m/s speed
4 1 5 | 6 |

Up Speeding up Down Speeding up Down Falling
at 6 m/s at 2 m/s? at 3 m/s at 2 m/s* at 3 m/s at 9.8 m/s’

Order: 5,:’53:5%>53 >Sf) >S(@

Explanation: Thhe Scple Ceading reods your apparent weight ,which
depenrcls Wpon the magn o cle, S\E\X cli (‘e,gai)g\\r\%‘w} VD\{x,\rSG\\JQrg&\ ecotion
onlyy Not youl SpeedCases i,3.,and 4 all involve. 2gual upward
AcelerndionS. Cose 3 nas 0o dcltelerodion <o the s%ode, reocls
NouC tvue Weisht Cose 5 readds leas Haan youwr Fre.
Weiahd because o occelevodion is dowhward.
Forcose b, the scole reodi 0 3, will be zexo.
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5.5 Friction

20. Suppose you press a book against the wall with your hand. The book is not moving.
a. Identify the forces on the book and draw a free-body diagram.

+ = s °
/\(& The Yorces ave”
A Fpusn P& Fpusn-n=0
Ve N . - -
< rd 4 X F\I = .S—So w=0
N

b. Now suppose you decrease your push, but not enough for the book to slip. What happens to
each of the following forces? Do they increase in magnitude, decrease, or not change?

—

F o decrenses
S00MNe
i decrenses
£ Soumne.

fomee GeC OGS

e

3!

21. Consider a box in the back of a pickup truck.

a. If the truck accelerates slowly, the box moves with the truck without slipping. What force or
forces act on the box to accelerate it? In what direction do those forces point?

Thestodie Sochon %@\(‘Cﬁ. accelerodes Hne loox.
The SHodfiC £OehioN Yol e Dovnds indine dame.
aAirechon &g Hae Occelexohion of e +vouck.

b. Draw a free-body diagram of the box.

)i

c. What happens to the box if the truck accelerates too rapidly? Explain why this happens,
basing your explanation on physical models and the principles described in this chapter.
TS e aece) eCobiIn IS Very latge, Hhen iv oy teguare. o force onthe
box 1N Hne Sane, dW‘QQ‘:\'} ony 4&3@ exceeds g\'\e XAV FO e
thod conloe. provided, by stodic Srichion; T = 4. BT Hhis
: e ) AP I Sew M- Ln 15
005¢, He bleck Will fend fo Cernain i (A e e wiule fe
Fruck bed Geceledodes oud From Lind e ‘(\QO&\/\\’ i(lequn
W o OLPQQOJ "o shide \OO\CX’\NC\Fdﬁ)~ ) ‘ ¥3
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5.6 Drag

22. Five balls move through the air as shown. All five have the same size and shape. Rank in
order, from largest to smallest, the size of their accelerations a; to as. Some may be equal.

Give your answer in the form A>B=C>D.

50 g 100 g 100 ¢ l‘ 20 m/s
i y=-=20m/s I v==20m/s 50¢g

Just released Just released

v=_
Order: (k , 500, = C?\(;\>OM{> O g

Explanation: ( £ |'S m—k%{ bQLG\U&Q oot Hhe v O(CQ (M\O\C it

O AW A0 2 G 3 = - becoust Hhe re isno brc,e (¥ \/, :
TX\ o droa Foree IS vt ool fo Hhe YNasSs so \nf’_ acceleration
lbadid !s ( QQ%D( %xoor\ That of- ol 3 becduge. e \n exprepriences

Hresomed A owca O\\r\d el H eApe iences Garende
am\/ odionald forc

23. A"l kg wood ball and a 10 kg lead ball have identical shapes and sizes. They are dropped
simultaneously from a tall tower.
a. To begin, assume that air resistance is negligible. As the balls fall, are the forces on the

equal in magnitude or different? If different, which has the larger force? ‘Q(ld ba (ﬂ
b Are their accelerations equal? If different, WTCh has the larger a?celeratlorﬁ Explain.
gual- Thouoh Hhe forer of atow thy 1S 10 Hnes loame gn

lemd boll, (¥ eSiStance. Yo O&cm[,\ ecod{on ( f\'*\?/"z\“\(k ? S als Of; %M
fres ocenter: (- 0 = o OF A= =9 forbothy
¢. Which ball hits the ground ﬁljst? Or do they hit simultaneously? Explain.

Simodionesusiv- The k balls Gee A eeped ot W\eo&m@r\me@ o
Sorne hela M wvorfn Hhe. anme, Geceler Rt Thexelore ﬁha\/ (og?c\ho%q

-

d. Whensa% res1stance ﬁs’mcluded each ball will experience the same drag force when moving
at the same speed because both have the same shape. Are the accelerations of the balls now
equal or different? If not, which has the larger acceleration? Explain, using your free-body

diagrams and Newton’s laws.
i TV\Q lead oall NS ovar coder O\UJQ\Q‘M&*\'\@(\ /?)(,CG b\%(;l*\f\(ldf QQ(\C/Q
18 wndependonnd Q\C e vanas, Wil hawe 1eSs e §8e et in (e m\c
e O\C,ce\emérmv\ e \'Q GV of He | m(‘*\ Lol Using Newkod
Second, \aw \al = —-— ““‘ = = \)“2’ T‘(mo)pne 3 Qr
GBS O Hhe \eadhlonil \60\0\’ er Gvatnaller cnoanae, tn H”\Q
| mmﬁ“\w{ <ok dhe Accelecation (GloSund G (Cp\%\‘m\ce),

oﬁ/“

e. Which ball now hits the ground first? Or do they hit simultaneously? Explain.

The lead ol witl Wit Yae qround $ice S becouse, thas o
O\fé&“\'? N\ \(Y\cwgw\\%uda G\CCQQ cadionn.
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5.7 Interacting Objects

24. Block A is pushed across a horizontal surface at a constant speed
by a hand that exerts force ﬁH on A- Lhe surface has friction.

a. Draw two free-body diagrams, one for the hand and the other
for the block. On these diagrams, show only the horizontal
forces with lengths portraying the relative magnitudes of the
forces. Label force vectors, using the form F¢ ., p. Connect
action/reaction pairs with dotted lines. On the hand diagram
show only £y, o. Don’t include Fiogy on -

Hounel H Block A
, N P K ~
€ © < * 7
F Foon § :(rsu,r&;\ce, or A FH onh

b. Rank in order, from largest to smallest, the magnitudes of @/l of the horizontal forces you
showed in part a. For example, if F¢ o, p is the largest of three forces while Fp, o, ¢ and
Fp on  are smaller but equal, you can record this as F onp > FD on ¢ = FD on E-

Order: F y as A E Aot = gﬁu{%@&(&(’a A
N N o
Explanation: {, snh ~ Faonn e ‘h’_’ Newrtons Hhivd e these are

5 g\r(zxf?éj’r :SYZ (5(32(:5( :t\\(\ D(\i‘ﬁ FH ""‘;’:\ = Surface ond Becou f)‘?i, 'W\fé b\C)Q}V\

DTN Q\ﬂc\ Constont speed . Because the Se. are e only e
-COQR»(@?@ ne Llotle Lnoerzoatodly) ey must e equal Gnd
OPPOol So Hnod FW&V 0 -

25. A second block B is placed in front of Block A of question 24. B is more massive than A: mp >
my. The blocks are speeding up.

a. Consider a frictionless surface. Draw separate free-body
diagrams for A, B, and the hand.HShow only the horizontal
forces. Label forces in the form Fi., p. Use dotted lines to
connect action/reaction pairs.

Hownal | Block A Block B
‘ ” . [f ﬂ,_. \! R . \\
FF\OHH ‘;-BQQA FH‘On{\ FAana

b. By applying the second law to each block and the third law to each action/reaction pair,
rank in order a// of the horizontal forces, from largest to smallest.
| Order: FAm;H F HonA > F‘BQ.;A {ZA B

Explanation: The only nocizontal foree on B is by block A.
TLoorder Sorplock AtobeSpeeding ip, e net
forceon i raust be. fowords B, This 3 Fyonh nust

e, Q\mo\’rer Han Fegan ls\/ Newtons Secancl Law.
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26. Blocks A and B are held on the palm of your outstretched hand as you lift

them straight up at constant speed. Assume mp > my and that my,,q = 0.

a. Draw separate free-body diagrams for A, B, and your hand. Show a//
vertical forces, including the blocks’ weights, making sure vector lengths
indicate the relative sizes of the forces. For your hand, show only forces
exerted by the blocks; neglect the weight of your hand or any forces exerted on your hand
by your arm. Label forces in the form F ,, . Connect action/reaction pairs with dotted

lines.
’ S
- N
L nﬂrm/-‘g r"\;
—— e T P Aoe iy
F\:Aa‘aH . 1 Ef‘ E&{““(’h
- -~ 7 —
WEO‘-‘\A A~ WEOHB
' M aend v
v

b. Rank in order, from largest to smallest, all of the vertical forces. Explain your reasoning.

Y\ p\‘:"'\ul nu anf > .n%::r\ﬁ:(\f'\"“%l: \’\(&6.\6 > VJE an A\

&

| ANW*"’”\"’ Flaw  Achivn: ReachonPaic SRR nole Massive
chion-Reackion P Y i
oastond Speed for bletk A notond Sheed £.7 OunB
27. A mosquito collides hezﬁi—on with a car traveling 60 mph. P net Ton
a. How do you think the size of the force that the car exerts on the mosquito compares to the
size of the force that the mosquito exerts on the car?

The force of e rnasauito on fne cox 16 ect\‘,ul\ o e Focce, of
Hhe COC 00 FAE (etaciFo: The Masquito underaoes o mudh
e (?\c;cgeéefwno NOWENR, e counse. of s mian spnellex

i <. . g )

MASS. = ne&/ﬁq
b. Draw separate free-body diagrams of the car and the mosquito at the moment of collision,

showing only the horizontal forces. Label forces in the form /¢, p. Connect action/reaction
pairs with dotted lines.

(o C Mosqucte ™M
7 .- A }
. =
FMm“. . F ContM

c. Does your answer to part b confirm your answer to part a? Explain why or why not.

Yes e Socces ace, equal and opposite.
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5.8 Ropes and Pulleys

28. Blocks A and B are connected by a massless string over a massless,
frictionless pulley. The blocks have just this instant been released
from rest.

a. Will the blocks accelerate? If so, in which directions?
A occel exotes dow o, B occelexates
Lp becouse Ars rnote MOSSIVE.

b. Draw a separate free-body diagram for each block. Be sure vector
lengths indicate the relative size of the force. Connect any action/reaction pairs or “forces
that act as if they are action/reaction” pairs with dotted lines.

A . B
f N
Ronf __F
‘...,.._ - - Ao.-‘)B
o W NPT
WE&‘(\A [:‘Q 4&
AN 4

¢. Rank in order, from largest to smallest, all of the vertical forces. Explain.
\‘\(E\”” A} > l Bu A ;TAuﬂg .> NL“"‘B
Recouse A 15 more MaSsive Moo B hwill 6ccelernde down.
Thecefol(e, s wWeant pust be greade - Hhon Taes
pr\ovxE, ;TB onfy b\‘[ NevAdns “\‘h.\“fd LCK\N\) BlQC‘_‘k B occel ecoteS
NENTR, A Thee5ole TTasng > EonB by NewrtonS eeonal 1aw.
d. Compare the magnitude of the nef force on A with the nef force on B. Are they equal, or is
one larger than the other? Explain.
’W\e,in?)r X:OV'CQNQY% A isa geockey Hhan e ned farce an B
Bobh docks have fneSome. voanirade. accelerotion.
The Foe raust be qreote on A pf oduce e S(i(“"\Q
accelefodnon ecatise th s Mol MMossIve.

e. Consider the block that falls. Is the magnitude of its acceleration less than, greater than, or
equal to g? Explain.
The accelerodian 1s less han'a” because freve is
e force of Hae tension Tgap “thad 15w Hoe
OPPeS e dvechon foom +he \r~\!€i<\‘§\f\‘,\'~

) - - . — - .Téot\A
TB:m,C\ (\ﬂl\a -~ ﬂ"\\r\ 0. S O\A’ 34-",\,‘:;
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29. In case a, block A is accelerated across a frictionless table by a hanging 10 N weight (1.02 kg).
In case b, the same block is accelerated by a steady 10 N tension in the string.

10N
tension

Is block A’s acceleration in case b greater than, less than, or equal to its acceleration in case a?
Explain.

Block A's accelexadion isaeodeincoge b. Tacase (A 4 fhe
Y\m\%) ION weaay At WuSt accele(afe oot Yhe vooss of

A S OWin W\(ng leading to asmalley acceleration
~H\C&n cose b \N\(\e(‘e *%C QM\j

e IOM Sacce geds anly to
occeletate Block A
~ 00Se o C,G\o(’ b

naNN(MA**“"&‘z,“?‘ “‘"\0\ T= ION= MF\O\
OJ‘ o

Gz ON /ot
Exercises 30-31: Draw separaé free-body diagrams for blocks A and B. Connect any action/
reaction pairs (or forces that act as if they are action/reaction pairs) together with dotted lines.
N
30. N =
. Son A T SOT\B
~ \

T RonA N

\

P
€

= [

TFriction

FS ot B

31.

Friction

Y
Faet
>




