
Newton's Third Law
7.1 lnteracting Objects

7.2 Analyzing lnteracting Objects

Exercises 1-7: Follow steps l-3 of Tactics Box 7.1 to draw interaction diagrams describingthe following
sitr"rations. Your diagrams should be similar to Figures 7 .6 and 7.10,

1. A bat hits a ball.

A=B"t

B = B.ll
EE = E",tic" F""th

2. A massless string pulls a box across the floor. Friction is not negligible.

B= Bo*
\ s Surfoce
St = Stcin3
EE =f",,tiruE"rt\n

A boy pulls a wagon by a rope attached to the front of the wagon. The rope is not massless, and rolling
friction is not negligible.
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7 -2 cuAPrER 7 . Nervton's Third Law

4. A skateboarder is pushing on the ground to speed up. Treat the person and the skateboard as separate
objects.

4.
- tr4.o.

P : P."sont

Sk = Skot.bo".d
$ e Sr^*fq'

EE = E',|ir. Eo"th

5. The bottom block is pulled by a massless string. Friction is not negligible.
Treat the tr.lo blocks as separate objects. +

ll--

T = top blo.k

$ = lo**o"". bto.k
St: SteinS

s
EE = E",tirc E".'l-l"

6. A crate in the back ofa truck does not slip as the truck accelerates forward. Treat the crate and the
truck as separate objects,
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7. The bottom block is pulled by a massless string. Friction is not negligible.
Treat the pLrlley as a separate object.
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7.3 Newton's Third Law
8' Block A is pushed acro-ss a horizontar surface at a constantspeed by a

hand that exerts force 4 on a, The 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 horizontar forces, such as was done in Figure 7.14
of the text.

. Label force vectors, using the form 4 on o.. Connect action/reaction pairs with doiedjines.. On_the hand diagram show only 4q on H Don,t include i,^r.,^- -.' Make slrre vector Iengths .orr..tty'ioiiray the rerative #;l?"h, of the forces.

Ho*d-f - r ----\---_t:*^

I
FA o- 11 i,.r-.o,4 iqo',n

b' Rank in order' from largest to smallest, the magnitud es of ailof the horizontal forces you showed inpatt a. For example. 
if % 

"" 
o is rhe rargest of three forces wrrire 6 on c and .r,o 

"";;; 
smaler butequal, you can record rllisii"q 

on o , Fb 
on c = 5 on r

order: F* o., A ' Fn or. H = fr.^"Fqct on A
Explanation:

J'
F" 

o,^ A = - Fo o^ * dut to. rtw{on! Thi.J Law. Jhe.s. qre.

qn action - rq,o.clion poir . F, .- 
^ 

= - fs.^rfo.n o^ A t".^*"

Ii,,T:1, i;:"':: *,.'"ff*r,**";-jqrn *T* 1; 
n'

equo,l cnJ oppo:ile. so lL^+'-"".; = ;: 
-'

c' Repeat both parl a and parl b for the case that the b-iock is speeding up.

tr
o

!

N
o

lf"*dH --- 'Fb5---,-t

e/a
-F-ittAor.P itgnA

FH o.^A = F^ .^ * tf s on l\
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F, 
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Thc. {ortr- o$ thc hor-C ov^ blo.l. A is e1.^^l or.J oppsiL lo
*hs fo"* of !lo& A or^ *h. ho.".l 4*" |o Ntwfo*' Thi.J Lqd.
T\"q otr: c\n athoq- fc<rc{io", po.ir. Fu 

",.A is lcrger tl"er. *h.
foecr- of fri"tio", h..*.^s" tt"q lrlo"k ',s spccclinq r^p. It -,^St
k^.rr o nq* foc.e- i,, thq Jinctio". of .,ls 

^..it."o,+iorr.
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9. A second bloch B is placed in front of Block A of question 8. B is more
massive than A: tfiB) mA. The blocks are speeding up.

a. Consider africtionless surface. Draw separare free-body diagrams for
A, B, andlhe hand. Show only the horizontal forces. Label forces in
the form % nn n.Use dashed lines to connect action/reaction pairs.

Ho^J |l
Block A Block B
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rl
FA..B

b. By applying the second larv to each block and the third lar,v to each action/reaction pair, rank in
order all of the horizontal forces, from largest to smallest.

order: F^ o- H = Fn o,. A ' 
F, o-.A F^ .* u

Explanation:

Jhe. only hori2s6fnl for". or^ B is by Bloclc A. Ln orJe.r for
Block A *o b,- o.tso spcrJi.<,, upr tl"c nct forcr. sn i+ nn.^s*

L *or..o..& B. Tt"."s, F*.- 
^- 

m*s| be gnstc. *h"n Fg o,n 
^\ Nc'rlo',t S""oJ Lcw.

c. Repeat parts a and b if the surface has friction. Assume that A and B have the same coefficient of
kinetic friction.
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i {r*^ Fro".A
tBo^A \ -

Fo o^ rr = F,{ o,.A ) F^ 
"- g= Fg o^A ) fr.- g 'f, on A

rf Llock B is .sp'l'T *!, il* F^ 
o". B ) f s on B by NtJo",!se.o'^J La.w. si'",ilo,"l-y F* br*k^n-- io ,il *p,

F" o'.n > Fao'.A t f, 
o.^ d Alto, hrn1lu,,* Lccouie. Block B i5

n^oft nrqstivt {L.r- blo.k A, k^Jrw1 }o q Rriatcr r.orv\al for..
ov\ B a".J, fl"w, e Sreclcr' f,,.t,i.^i i:,:;T::;,* 

' 
f* = 4* ^.
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10. Blocks A and B are held on the palm ofyour olrtstretched hand as you lift them
straight up at constqnt speed. Assume ms) ffi A and that ffihund= 0 .

a. Draw separate free-body diagrams for A, B, and your hand.
. Show all verlical forces, including the gravitational forces on the blocks.
. Make sLrre vector lengths.indicate the relative sizes of the forces.
. Label forces in the form % on o.. Connect action/reaction pairs with dashed lines.

l{""d H B

A
hAo",B

.t
Freo,'E

f : Fortl.

Nr^.rtov.i Third Lrw
Acficn &srtic- Poir

Aailon &Jton BlocL B iJ rrro*
rnottlvaPolr

11.
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onA

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

AAo,nl.l'^H onA t ^Bo",A:hAor,B= 
FgEonB) F3e .^A+\-v

#
Co.nsl--t Srq.d fo. UocL A Co*slc'.t spttd, F*t= O on B

I l. A mosquito collides head-on with a car traveling 60 mph.

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 exefis on the car?

Thr fo.r- of +h. wrosqrrilo oh flnc cc"r i5 r4tro.l lo *ht for.r.
of tht eqr 6". tt r rnosqrrito. (Tht rr,tosluito undsr^goeJ q ,r,.^ch

locSrr c.ccJcro.tior.r r howcv"r, berou5r- of il5 *o.h stnno,lter

naqss oi ? F^.t/nn 
. )

b. Draw sepqrate free-body diagrams of the car and the mosquito at the moment of collision, showing
only the horizontal forces. Label forces in the form % on o. Connect action/reaction pairs with
dotted lines.

Cqr C /o'los1*ilo m
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Exercises 12-16: Write the acceleration constraint in terms of componenfs. For example, write
(at)"= (a)r,if that is the appropriate answer, rather thanQ= d2.

12.

14.

constraint: (o, )*= (n 
1) * constraint: h.L :-aln-\-

constraint: 6,)* : -(qa)x

o

o
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constraint: ,o r)v t - (oa)y
constraint: (0,), = - l(o1),



Newton'sThirdLaw . cHAPTER 7 7-7

7.4 Ropes and Pulleys

Exercises 1712: Determine the reading of the spring scale.
. All the masses are at rest.
. The strings and pulleys are massless, and the pulleys are frictionless.
. The spring scale reads in kg.

18.

Scare: 5-,lag

lo kgScale = scale: 5 kg

Scale =

I"., Coct^ c"ags

ayrJ opposilr,
f4^d oppostlc
o r thc li".t

5- kg

^bo..rc.. 
tL,n

fl.."J. T^
{lcc. on *hg
oftacLr.J *u

Scale : k95

spri15 srelr. i5 l".lJ ir. plo,cr by fuo :q.^"1tlt -q"'d B )a. fl...- t.*Ii--i*s' oroviJai
spri:5 sco,lt . 'T"' 

"ll othcr cqsq5 ; {h. 5rall

tL. ;Jl pcovile.s *h. forec.
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7.5 Examples of lnteracting-Objects Problems

23. Blocks A and B, with llrs > mA, are connected by a string. A hand

pushing on tlie back ofA accelerates them along a frictionless surface.

The string (S) is massless.

a. Draw separate free-body diagrams for A, S, and B, showing only
horizontal forces. Be sure vector lengths indicate the relative size of
the force. Connect any action/reaction pairs with dotted lines.

A

' -:-#
Ts o^ B TE o-s TA o^g Ts o". a Fn 

o^ A

b. Rank in order, from largest to smallest, all of the horizontal forces. Explain.

F* o- ^ 
t Ts o*A s T^ o-s :TB o-5 = Tr o.. B

F* o*A "".,rst bc 1rc+{cr th^,. Ts o,.. e }s accclcrata t bt Nr-ur*o.! Sq*^l

d;. h.. s{ri^q i: "'.o.s[c.s 
o,oJ so {l.crc. is rto ^,1 fo.." o^{he s}'i",g (or

alsc its o.cg.!g.*/gtio*td fu r^fi4L). Thc- vavrra,i6irnl 6...s q.nt qclio"'- r.^"Iio^

^P*;; "t ''!ft Fot.s o^ {la s}rd,^1.
c. Repeat pafis a and b if the string has mass.

--a-\\

Ts o*B Tgo-s TA.,.t

8....,^s. tht s|"i,^1 h"s lcsJ o".l is o,a.l*^ftnJ,JA .,^s 
>Tg 

o,,. !'
Si*"il^rl\, \ Ncto^i Sc.,,o*d Lo*, F* .,, q > Ts.^ o ,

F" o.^^ t f, o^n= TA o,'n5 
) Jg.r,s -- Tr o^ B

-^-/ 
*'-1-

A*iop- Rt .tio", Acki on-&-ocfi or"

d. You might expect to find 4 on e t FH on o because mB > mA. Did you? Explain why

4 on e > Fu on o is or is not a correct statement.

Fs o*g > Fx o'^A is ^ot 3*:&, Fto^A ) Fsor.B, Frt o,^A 
'rl perti*lly

off su-t by Tso..A so tk.,t th. ^ct fo.c.- on A rr-'l+s lho.n l'l,e.

ncl Fo"cs'"^ B Tho*- is ^o oths fr".e o^ B cxcp* T.s o. g '
It.r"if bt- h:Jpf)t +:. {!.;^L o1A,S, ".",J B toqe*\or So '*1""t Fro,.o
qcis ts ctccJgra*e, cll fhre-e.. Tr.^ u only occJsvotes B.
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24. 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 a..cleya+eJ lo,^"'. I ottdtttto5 uP beco"sc

A ir y{ofr yv\qssivg.

b. Draw a separate free-body diagram for each block. Be sure vector lengths

indicate the relative size ofthe force. Connect any action/reaction pairs or

"as if'pairs with dashed lines.

A 
|is:^s- J *^1^ ut+
lrrI . {' Fsg.^B

I Fls..e
+

c. Rank in order, from largest to smallest, all of the vertical forces. Explain.

t1 Gonn t Tg .". A = T^ or. B t FS g n'.8

T^ .,^ g > Fs 
E o,. B , by Nc..rtonl S"**d Low.

d. Corrpare the magnitude of the net force on A with the net force on B. Are they equal, or is one

larger than the other? ExPlain.

Tt^o ,"ut Grc. o\.1 A is g.J". *l.o,r. *h.- nd fo,^.,- or^ B. 8"1t'

blo,I.s h^vo ll"o sqr,vrr ,-i^q",i{, d. ,,.<..lerno,liq6. Tht forc. ."^.4si h
$rater o* A +o p.oi* +L. scv"rs a<relerc.+ion b,..cr*s. il is r^orc

w\ossiva.

e. Consider the block that falls. Is the magnitude of its acceleration less than, greater than, or equal to

g? Explain.

8..o.r.sc A il w\ors r^tassivr. tloo.^ B, i+ wilt occqlcr^tc dow'utpatd' 1ltt"S*
i*s wciqh* **i 

-L. 
-Jt. +l*.^'i, o^ o. To o,. B 

-- T8 on A LY

N".,rtoril 'lt"rrJ Lr*l. - Blo"k B occde,ratcs ugu*.{. Thcofocc,

a

a
FI

o

!i

O
N
o

Th& q..Jo"Jron is l.ss l-t^^t
oF +h( fqsion TB 

o',. A +hit

+h" \"ra-i 3h+.

TB 
o,nA - mA 3 = *RQ so

"d' Lrrr,rss {lrc,rc. is {1".. f"t:.
is- i^ {ht oplosi}e dirtc{;o", S"nn

.r
OA = -9 + rBrnA

rv\ A
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25. lncase a, block A is accelerated across a frictionless table by a hanging l0 N weight (1.02 kg). In case

b, the same block is accelerated by a steady l0 N tension in the string.

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

8lo"lt A's acrlcratio. is .rnate,r in cqsr- b. Ir. S*.e, *l'tn' h^5i5 loN

wr,ioht m.st q.ql,.vo.l. b"+ti +tc tro.sl of A .J its o.^r". mcs's, l{tt ?o

u-i?.*fU q1.*ta-rqlio6 {hon crsrbr rhetc }h" rt}i". lON 9or.. ".ts -tf{o ac,rlsv**r, Block A. Coe a
F1=-tor.l= (6nr. plS,,p) a
q=ronf{nnn.tt!)

C.sr b

a--lg-1-'ntao
O = ,lot{

fv\j;
Exercises 26-27: Draw separate free-body diagrams for blocks A and B. Connect any actior/reaction pairs

(or forces that act as ifthey are actior/reaction pairs) together with dashed lines.
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ilc..A

nso-g

27.
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