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7.1 Interacting Objects

7.2 Analyzing Interacting Objects

Exercises 1-7: Follow steps 1-3 of Tactics Box 7.1 to draw interaction diagrams describing the following
situations. Your diagrams should be similar to Figures 7.6 and 7.10.

1. A bat hits a ball.
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2. A massless string pulls a box across the floor. Friction is not negligible.
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Newton’s Third Law

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

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

Friction
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6. A crate in the back of a truck does not slip as the truck accelerates forward.
truck as separate objects.
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7. The bottom block is pulled by a massless string. Friction is not negligible.
Treat the pulley as a separate object.
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7.3 Newton’s Third Law

8. Block A is pushed across a horizontal surface at a constant speed by a
hand that exerts force Fii 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 /orizontal forces, such as was done in Figure 7.14

of the text. -
* Label force vectors, using the form FeonD-
* Connect action/reaction pairs with dotted lines, =
* On the hand diagram show only ﬁA on g DPon’t include Bty anis
* Make sure vector lengths correctly portray the relative magnitudes of the forces.

Block A

Hand
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-

- ~ N
E rd o ¢ — N ﬁ\
a KN ?
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b. Rank in order, from largest to smallest, the magnitudes of a// of the horizontal forces you showed in
part a. For example, if Fr. . is the largest of three forces while £y o0 ¢ and Fy on g are smaller but
equal, you can record this as Foonp > By o c =k

Order: F

Explanation:
-

Hon A : FA on H - fSUW‘Fo«.!. on A

-
S due to Newbons Third Law, These are
" ‘witers= myartn : ; becanse
an O.LHQV\- "M(j’igv\ PQ'\(‘ " F“ —_ - - Surface ove A

Mo block is moving ot constant Spuxl . Buouse these are the
only two Forces om Hhe blode (hovizontally) the must be
&qb\xx\ and OPposH'Q So Haat ?vw.t =0,

¢. Repeat both part a and part b for the case that the block is speeding up.
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9. A second block B is placed in front of Block A of question 8. 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}he hand. Show only the horizontal forces. Label forces in
the form /., - Use dashed lines to connect action/reaction pairs.

Hand

Hand H Rlock A Block B

- - - b = -~
” P \-\ S \\
———— & - B —_—
F 2 2 F
A o H FB.»A Fiiom & A8

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

Order: FA”‘ s FH o A > FBonA = FA o B

Explanation:
The O“\Y hovizontal force on B is l)\’ RBlock A. Twa ovder for
Block A to be olso Spu.alins wp, e ndt force on it must
LL '\'0wqrds R T‘-w-&’ FM W MKS+ bv. %nz,cd'c,r ‘H\-\V\ FB on A

by Newtons Secomd Law,

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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Second Law, Simi\&v’\y for l;)\ogk A to Sp!&d wp
¢ >F NN, '
HonA B onA T 'gs o A A\So,;csmﬁiwﬁ‘ because Block B s
More  massive than block A Jeadi } tey al force
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on B omJ' .HMSI * Sr"“"'vf‘ Fv"(d’iovx«l Force becouse fk: Nkn'
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10. Blocks A and B are held on the palm of your outstretched hand as you lift them
straight up at constant speed. Assume my> m, and that m, = 0.
a. Draw separate free-body diagrams for A, B, and your hand. \/J:T}é;_J
+ Show all vertical forces, including the gravitational forces on the blocks. S e
« Make sure vector lengths indicate the relative sizes of the forces.

« Label forces in the form FC on I
» Connect action/reaction pairs with dashed lines.

Hand H ™A B
N
A n <
HoenA
- n
- P Ao B
7 ,.h 7~ @ N
7 7
FSE“‘AI / F Eon B
a 3
A onll - i“\ "
J BonA E = Ear¢th

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

r\AﬁV\H =nHonA> “BonAT'V\Aw\B: F35°“3>F55“"A

N .
N
Newtens Thind Law Action Readiow Blodk B is wore
Adion Readion Poir Paiv massive
Comstant Spc,d for block A Constonmt S?u,d' Fm:\‘.: 0 on B

11. 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 exerts on the car?

The facce of +he W\OSqui"‘o on the car is Lquwd Yo the Force
of the car on the wosguito, (The mosquito \.mdg,rgoe,s a much

|°w‘5u' &cu.\e_rd"\on " \‘\owe.vur, mexc_ of '\*s m»\d\ vaa"cx

mass a = F"‘“/M )

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 £ . Connect action/reaction pairs with

dotted lines.
Car C Mos:iuﬂ’o m
Z. - - - = S
h S - oo L4
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Exercises 12-16: Write the acceleration constraint in terms of components. For example, write
(@)= (ay),,if that is the appropriate answer, rather than a;= dj.

12, 13.
Push 2 ;
—— ]
Pulley [
Constraint: (0‘3,‘: (Q A)X Constraint: (q.)x = = (QJ.)—)‘-
14. Pulley
|
Pull
2 —_—
Constraint: (al))‘ = '(o‘a)x
15. 16.

Pulley

(0\,\ ® '{QQ)\I Constraint: (ﬂ.)x 'l(qa\y

Constraint:
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7.4 Ropes and Pulleys

Exercises 17-22: 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.

17. 18.

Skg

19.

21.

Scale = 5 ‘(S Seale = S l(s

In eads case above the Spring Sealt is held in place by two equal
and opposite forces. Tn #]8 and ¥ 33 the second mass provides
He opposite force on the spring scale, Tn oll other cases | the wall
ov the line ottached to the wall Provickeé the force,
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7.5 Examples of Interacting-Objects Problems

23. Blocks A and B, with mg >m,, are connected by a string. A hand
pushing on the back of A 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. .

v
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B
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Ky = Y
TS OHB l&onS TA QV\S Ts owvy A FH ov\A

2

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

FH e A > TSONA s Tl\onS :Tﬂons :TS on R

F WWG"‘ LL 3\’%“(,( Hf\t\vx Ts on A *’0 a(,(.bl(.ra{'e. A L\‘ NL\J"'OV\‘S SO.(-OV\)

H OV\A .

Law. The shving is wassless and 5o there s no ned force onthe S‘l’rivxg (or
else s occelecedion would be ‘mﬂn'ﬂt}_ The vemaining forces are adhion- veaction
pairs of the Yorces own e Shdw‘)’

c. Repeat parts a and b if the string has mass.

B S - A

- P - -
P - N -~ - L N P >
o - € v 7 N S L4
7 g 3 ¥ Fu
'S on B Tﬁons Aons SonA onf

Because the stying has wass and s qculuaj“"\jl-rA ws > TBonS:

S\vﬂll N/‘\“ })\( NL\J"OV\’S SQ,(,OV\A Law ) FH o A > TS sn A

FHovxf\ > Ts N TA - >TB°V\S 2 TS o B
Ad’io»\- R'-“hc)v\ A(,\'i o';;fmh 3%

air
d. You might expect to find Fg g > Fyj o o because mg >m, . Did you? Explain why
Fg onB > Fiyon A 1S OF is not a correct statement.

Fs o B + FH on A s ot Lorfe,c‘kj FH oA > FS onB? FH - s pd\(‘ht“v

off set \D\l T onn 50 that the nd force on A is legs than the

net force on B Thave is ne other force on B °"“°'P+ Tsong

Tt may be hdpful fo think oF A)S, and B teqether so Hhat Fu on A
3(.«&{"5 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 acdorntes down. B auderates up because

A is vore massive,

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
“as if” pairs with dashed lines.

A 2T 2B
ﬂ Bon iy )AOV\Q

2
S 3Een8B
FﬂEonA

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

Taong > Fagas

Because A is wmore massive Hhon [3' 4 sl ac(.dt\rcd’(, dowwwaré. %{'\Dﬂ,
its wds"\+ must L(_ Sﬁ,pd'?_r fhan TS on At TA . TB on A l’Y
Nc.vl"ov:.s Third Law, ~ Block B awdecates \o\pw«ﬂi, TF\LQ_‘FOQ'

8, \;\, Newfon's Stcond  Law,

‘FsEGV\A > TB oA

-TA *n B # FSEM\

d. Compare the magnitude of the ner force on A with the net force on B. Are they equal, or is one
larger than the other? Explain.

-R\Q_ wd ‘Foru_ own A is c_sﬂ,o&t*‘ Hon ‘H’\L V\C" ‘Foru. A B 80'“\
\)lodl.s \\twe_ 'Hm. Sawme mqa:\Huclt. O.L(_L\u‘ahon, Tl'\t FON_Q. mus-t LL

gre,od-u on A o 'produu. ¢ Same o.u,q,le,rod-iov\ \)uo.u&. i" is wmore

wmagsive,

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

2? Explain.

The Ou.cJe,ra‘l'(oﬂ is Itss tHhan “3“ L'LCOU\SQ Hheve ig the forca
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25. 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.

i 10N

Case b X
tension

Case a

10N

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

Rlock A's audevation is Smhx m cose b, Tn cosea, He havain ION
weiaht must acclevate both the wass of A and its own mass ) leading To
o Sww.\lu' Oxm‘c_m‘\'io“ then @se b’ u\w..m ‘H\L th‘g 10 N ‘Fo et ad—s M\\’

to audevate Blodk A. Cose o (ose b
by e i 16 M= g™
Fq= l\:)':l- (\MA-t ) “\v?uakp) a T Io‘le Ma
= JON = JOF
a= /f""A +'5) . WMa,

Exercises 26-27: Draw separate 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 dashed lines.
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