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Physics: Principle and Applications, Te (Giancoli) %
Chapter 9 Static Equilibrium; Elasticity and Fracture AL

9.1 Conceptual Questions

1) If the sum of the external forces on an object is zero, then the sum of the external torques on it must also be zero.
A) True (™~ m ;,F (//{:,-r,;—i:y:o

B) False
Answer: B; Var: 1 ]F-‘ @ 417 = () Mﬁ + Flu m\TZ-F(fV\S

3) If the sum of both the external torques and thF external forces on an object is zero, then the object must be at rest.

B) False L O Bu f‘ﬁ’% Tiee TRANSATE (ém Fs o
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4) If an object remains at rest, then the sum of both the external torques and the external forces on the object must be zero.

A) True Lame Féfz_qaa
B) False Sceddgr o
ED »
Answer: A; Var: @QP‘%&ST Fr V=0
e

F

5) When a car is weighed, it is driven slowly on a horizontal floor over a scale that records a reading as the front wheels
go over the scale, and then records a second reading as the rear wheels go (:Er' the scale. The weight of the car is equal to
A) the weight under the front wheels. e ==
“lr_‘CL‘:q,,.,__,w {

: —p — i
B) the weight under the rear Wheels. e e
the average of the two weights. s A
3 \ .
e sum of the two weights. %’ %
“ Méi J‘M%l—- WELGRT ToTA L

the difference of the two weigh
Answer: D; Var: 1 I‘

9.2 Problems
1) A 15-kg child is sitting on a playground teeter-totter 1.5 m from the pivot. What is the magnitude of the minimum
force, applied 0.30 m on the other side of the pivot, that is needed to make the child lift off the ground?

YI5N r . )
40N %?F?f”?‘_j (+ iy/s—/—g@.sﬂ\—k Fl.3n) =0

C)23N -5

D) 44 N F& = C}TK&Y‘[ .%i%) e, _

E) 66 N - 147,15 G F=(14155)(Len) o 92750
Answer: B; Var: 1 He e s s ooy

<3 m

2) A 15-kg child is sitting on a playground tecter-totter, 1.5 m from the pivot. What is the minimum distance, on the other
ﬁ of the pivot, such that a 220-N forcg will make the child lift off the ground?

0 +
B)l.Sz l T 4 (, '\4. (Z?,ord\) >
C)0.10m i
D)9.8m Fo= 1%7,13"‘.3‘:-{ 2200 d 147, iS'_,&-— )(1 s r«\ [ Om.

Answer: A; Var: 1

3) An 82-kg painter stands on a long horizontal board 1.55 m from one end. This 27-kg board is uniform, 5.5 m long, and
[N ﬁ’% 75_1‘«

supported at each end by vertical posts. @

(a) What is the magnitude of the fotal force provided by both posts? 2 ﬂ G

(b) With what force does the post that is closest to th€ painter push upward on the board? @"Y“ 1)

Answer: (a) 1100N  (b) 710 N; Var: 1 - A Fp— B2\ (3.9 - T P T
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4) An 82-kg diver stands at the edge of .O-m diving board, which is supported by two vertical pillars that are 1.6
m apart, as shown in the figure. Find the magnitude and direction of the force exerted by each pillar.

= O K, aE
l 5, e ! Mgosan o i"& = Fﬁ(lilﬂm) “l’(—g,ihn) OOy 4 A =
s gom ¢ Emoq.ssﬂgﬂ
1.6 m —¥ @ F}: ?)ch&)(fi.%l';;; é?:: ’ FB(’I.G;\B‘F({‘OV\)(S(J—L‘}N):Q
A B = BoA .4 A e =esieasu(l) .
Answer: A: 1.7 kN downward, B: 2.5 kN upward; Var: 1 ————

5) An irregularly shaped object that is 10 m long is placed with each end on a scale. If the scale on the right reads 96 N
while the scale on the left reads 71 N, how far from the left end is the center of gravity of this object?

@5.7m 10~

B)7.4m @Q F.JD' J&w\ Crom LEFT ScarE
C)43m NN 96N B
D) 14 m kR Ly / v(’zm)x —f—(qu-rd} \71\ =
Answer: A; Var: 50+ @ X = 10-%X Ny = TN X

736“0)4‘1911 = L2238 yw=) X LR =L 2376X K
6) A uniform 1200-N piece of medical apparatus that is 3.5 m long is sus Oriz ntally by two vertical wires at its
ends. A small but dense 550-N weight is placed on the apparatus 2.0 m from one end, as shown in the figure. What are the

tensions, 4 and B, in the two wires? _ _ L
LF = Frnpra = —1200N45300

A 2.0m B @ i =0 .
[ ' 1
jfe—————— 3.5 m —————>i ’_! ){ ) (‘Zu ..3(: '?S_r-:)

A)4=880N, B=880N L7 = r—(won )(+n) —(200

B)A=840N,B=910N _

4=0000N.B=8200N  Fra= (100 Nm &+ 2l00M™ 3200'\,] "
£=9010N, B=840N Fea = 22008 m _ g) 3,\1 on

) 4 =8200 N, B=9000 N A Cf t :? i[m.,_r. —

Answer: D; Var: 1 l Frromme — 914, 3’\1 >F = B35Td D gq,o,\} P,

7) A meter stick balances at the 50.0-cm mark. If a mass of 50.0 g is placed at the 90.0-cm mark, the stlck balances at the
é—zcm mark. What is the mass of the meter stlck‘7o Mm, =, &% S oﬁ‘f . Qo m = .T=6l3=2.9Tm

7 —— —— i -
B) 178§ F.,f.,_, -"(’Bv\.—'—ﬂx & 1 b:_—ﬁj:m =—!g(.u3m\+(257myofr}ﬁ' Let3- s |13 m
C)897¢g T ’
D)3263 Gosm (080 (e osef-mgLI13)

E)73.4¢g

Answer: A; Var: 1 m = 1277 Cg = 1272

8) As shown in the figure, a uniform rectangular crate 0.40 m wide and 1.0 m tall sits on a horizontal surface. The crate
weighs 460 N, and its center of gravity is at its geometric center. A horizontal force of magnitude F'is applied at a
distance # above the floor. Friction at the floor is great enough to prevent the crate from sliding. If i = 0.69 m, what
minimum value of F'is required to make the crate start to tip over?

2
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Answer: 133 N; Var: 50+ v —
fe e

9) As shown in the figure, 2 10.0 m long bar is attached by a frictionless hinge to a wall and held horizontal by pe
that makes an angle 6 = 49° with the bar. The bar is uniform and weighs 66.5 N. What distance x from the hinge should a
10.0 kg mass be suspended for the tension in the rope to be 177 N?

ERTETIN 2 L g5 = %K—{Eﬁ_l}joh.-}-(é,{,,s—/\lysfom:o

= s
bt Fry= Fr im0 44

Fry= (0 75%)
o | = 1509 X = (33L 4'\)»-—:’532 S ¢ I ‘\\

(e oy - | L2220 )

3 10.0m ( N |
Answer: 10 m; Var: 50+

':C' O‘%ij'%fgt)x —‘ JRRG. YN 23325 Nm=0

@’I 0) A uniform ladder 12 meters long rests against a vertical frictionless wall, as shown in the figure. The ladder weighs
400 N and makes an angle 6 = 51° with the floor. A man weighing 874 N climbs slowly up the ladder. When he 1s 78 m

~ from the bottom of the ladder, it just starts to slip. What is the coefficient of static friction between the floor and the
*_ladder? Q=5"
3 "

L7 = *(fm«\(dos f‘rwéiuo*’) ”@-8”«1/6055'}(9’7"“’]4-(* 2n) Fop 20
—I15T10,4 Nea — L4790 2 MNm 4+ [2m Py =9

Fuzi_'_ Afﬁ:ﬁ"}”‘!
Fu;f((’os 3?)%33. yn = 375 .7

ZF: Fdz_'%:a’

e ) ;
Answer: 0.49; Var: 50+ P __)_J_& Fa,= Fre o Fy=2 4L = E’-"l
I€ = Fu, -~ F ~Fn + L, = 0 = Fy =48298 $ 400N =3 1274 N = .zZ295 Fan

11) A child is trying fo stack two uniform bricks, each 24 cm long, so they will protrude'gs\_fhr as possible over the edge of
a table without tipping over, as shown in the figure. What is the maximum possible overhang distance d?

24 cm ) \
o, (2] @ Z{ 7 = (,Q(omj Wo— (,O@/JA‘:; = O ¥ +y —OE‘/\
' = ) L) f
e Z2ng N Lm#‘i D(J’%N ‘('DGW? o PER o = 12 m
oz .
I:O"_Xi 6N E TP\C Co~  ERTENC? FE\iOMh THE K._OQ
d EntLE TRE Sl —1 {5 So =
b * /D& Ll o 12 r~ 5 { a o
A8~
A) 10 cm
B) 12 cm
C) 14 cm
D) 16 cm
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swer: E; Var: 1

12) A uniform 40-N board supports two children weighing 500 N and 350 N. If the support is at the center of the board
and the 500-N child is 1.5 m from its center, how far isﬁthe 350-N child from the center?

Zdow _ 257>
B iSl 2 ﬁ-ml*ln—'i:gm—:i——ﬂg:i Z ?;:' Q, s.rmﬁ (g0 ..3) - xé £ n:) = ED
5 A )
D)27m o )= (LEeoed_ 5 g,
Answer: C; Var: 1 z50° l

13) To determine the location of the center of mass (or center of gravity) of a car, the car is driven over a scale on a

horizontal floor. When the front wheels are over the scale, the weight recorded by the scale is 5800 N, and when the rear
wheels are over the scale, the scale reads 6500 N. The distance between the front and rear wheels is measured to be 3.20
m. How far behind the front Whegl_s&s the center of mass located?

A)0.845m sl oy ) -
1) 150w L(\*‘T"‘O ©=Z 7:’-‘:\ - )({65@0#\3-— \f[ Em".) RS A~y

159 -—3;\2"‘-‘? ) = 3,2 —X :T‘fo’(;q " k‘i‘
éﬁ i eson SN )(C.,S'bo ©) = (3.2m - X)($00w) i ol
B)

69 m @
= @aé”OON] X~ 1Dl Nm -{{.‘:‘&W)rf =

1.72m
Answer: D; Var: 1

12360 X = [BPSON~= Y= 1,5 M
14) A 120-kg refrigerator that is 2.0 m tall and 85 cm wide has its center of mass at its geometrigglcenter. You are
attempting to slide it along the floor by pushing horizontally on the side of the refrigerator. The coefficient of static
friction between the floor and the refrigerator is 0.30. Depending on where you push, the refrigerator may start to tip over
before it starts to slide along the floor. What is the highest distance above the floor that you can push the refrigerator so

it will not ti fore it begins 1de? = ; e\ = rS

tii)a‘;];lm tlpbeoetb}glmﬁslde 0, = S %~({Z@rf~a.)@r9>l =, I e

)(—(\t:g.Zm

X [Tued DETERmNE HoWlien @ Aﬂg 2F=F-Fe=0O

B)1.0m r o .
Q) 12m Ll - _ _E}.:j *oR. F=Fe =201, 2n)
4 m Fe 27: Tk %'( 2 Pl b = 35‘3,!51\1
E)lém Fg Foey =117, ZN)(. ’-lZS'P’\) "YéoLvE Fow Wi ForcE
@ g T SnE
Answer: D; Var: 1 (3520 % = OO . 3IN~ B
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15) A uniform rod weighs 40 N and is 1.0 m long. It X dto g waltat-the'left end, and held in a horizontal position at
the right end by a vertical string of negligible weight, as shown in the figure. What is the magnitude of the torque due to
the string about a horizontal axis that passes through the hinge and is perpendicular to the rod? The hinge is very small
with negligible friction. P

String (+
A A :o-:(,sm}(%m)qﬁ,(.m],
(;.) ﬁréﬁ'm)(qou)fzﬂf\"i’\
AY40N-m '
B) 10N -m i e
C)50N-m i‘ Ff_q EXS |0~ Fen F-r'ro'm
o I e E\ M 8 1F=0 =(fra +Fp ) — 4000 —100m
E)30N-m ’ - ©
Answer: D; Var: 1 ] (-’l\;) L I s o Frrerar = 4 500N

16) A 10-m uniforrh beam weighing 100 N is supported by two vertical ropes at its ends. If a 400-N person sits at a point
2.0 m from the left end of the beam, what is the tension in each rope?

e [ b —
Answer: 370 N (left rope), 130 N (right rope); Var: 1 2 Vo == Nieon) —(BrYuoon) + s (o) =0
Er - TOON B2eopr~ _. 270N
4 ' 1O~ e i
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17) A a,rd that is 10 m long is supported by two sawhorses, one at one end of the board and a second at the
midpoint. A 40-N weight is placed between the two sawhorses, 3.0 m from the end and 2.0 m from the center. What
magnitude forces do the sawhorses exert on the board? 4 F = © =, o&ﬂ o ~fa ot Brrome = &
Answer: 16 N at the end, 24 N at the midpoint; Var: 1_____ I F‘Q{Q = i oAl H £7, =3 m]qord-(e'”

D r—ﬁﬂﬂ-— ﬁ;“—u-n.\c.. %HS YN Zqi\}:liﬂ-.l\] Z_L{—A_l

=0

B
18) A light board that is 10 m long 1s supported by twd sawhorses, one at one end of the board a.nd a second Gt ?\he
midpoint. A 40-N object is placed between the two sawhorses, 3.0 m from the end and 2.0 m from the center. A second
object, with a weight of 15 N, is placed on the supported end. What magnitude forces do the sawhorses exert on the
board? SEC PeEceemidh PAgR-
Answer: 1.0 N at the end, 54 N at the midpoint; Var: 1

19) The mobile shown in the figure is perfectly balanced, and the horizontal supports have insignificant masses. What
must be the masses of the suspended objects m], m2, and m3 to maintain balance?

(+) _AELA O 47=0 -(33)(4M\.. m5<3 c,:)_

Mo = fz_ o
8 cm 6 cm 3 Ec"\ ‘
(t) M, 4+m_ =3 o s s "
Scm 5cm 4em | 3em = ¥ ZT=o= (Zcm)m\=(fc BAL

3 2cm |l cm é > é M, = Bg'm z —% 3y sTmvTE
3g & iy M = 3?3_:- 2_3[ (L M\\ Csé.-m‘_\ = lem v

| -E . o “"‘} '(Z,cm')mb-_—: | Cm Mo

20) A mobile is shown in the figure. The horizontal supports have negligible mass. Assume that all the nm-%bers given in
the ﬁgure are accurate to two significant figures. What mass M 1s required to balance the mobile?

B 1o 8 Q 2 7=0 '?(LIC,P\.)(?)‘-B 2em ™,
@\ Sem 1em {,‘(-D & /0%'
M
éjmg @ i?‘:o = (_SC‘.M]M-,_ = !C‘.m(\&"

Mo = 3%
A)lSg

30g L — J ---------
6 S M= g
@oi By / T !

E)90 ¢
Answer: C Var: 1

g

Answer: mp=1g, m»=2g,and m3=4g; Var: 1

21) An athlete holds a 7.5-kg shot put in his hand with his lower arm horizontal, as shown in the figure. His lower arm has
a mass of 2.8 kg and its center of gravity (or center of mass) is 12 cm from the elbow-joint pivot. How much force must

= ’
the extensor muscle (which is F)\ in the figure) in the upper arm exert on the lower arm?
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B) 500N i Sia Euiy % /OOC)/\J
000N e
) 1500 N

Answer: C; Var: 1

22) A store's sign has a mass of 20 kg and is 3.0 m long. It is uniform, so its center of gravity is at the center of the sign. It
is supported horizontally by a small loose bolt attached to the wall at one end and by a wire at the other end, as shown in
the figure. What is the tension in the wire?

_ FE = Bt <~ 4F., =0 Tras Woesg o T HEl
FT“\ =6 2 i a S ] Mmycm BuT Sececr
TAE HINGE AS pw'O‘r‘
AN Sver 77

: %
R F—-73_1111;%T_4 Z,’?'é_ :{’\.}_FéY’.gm) ’CSMBF; = ’
[ f T =
A) 460 N (“’”5@3‘?&) (19 2015 Fra
30N & f Flne-n i
omy @) o 5
Aer. F of Ay zs)(ﬁ-«) - BN

Answer: B; Var: 1 ~

r‘ﬁ: 222 12 N /2s6Rqs = 230N
23) A store's sign has a mass of 20 kg and is 3.0 m long. It is uniforni; S0 1fs center of gravrcy is at the center of the sign. It

is supported horizontally by a small loose bolt attached to the wall at one end and by a wire at the other end as shown in

the figure. What is the magnitude of the net force that the bolt exerts on the sign?

7 <
] Fra={coses)ir 7.6 = Fu\ - Fg, ~+ ™ = -z 0AZ. 12 ‘“;i;?;"‘-
7 e 257 faw -0
(..];l / 25° £ | ‘\ é 74 _h—(“ S MYZD z}’)(‘f e, T -(-‘(3 M\ f—MY 1 %LD
' A (1) {5 ———— = 98,(N

460 N 2 -

30N : '
%2001\1 -(doszs}fz“’l lZ.rfj ZIO ‘f'J = Fux
Dy120N !
E) 300 N
Answer; B E\h\‘g,{ (CE‘B | '\‘D + (?:If_zfﬁ> L2, L A QU2 8\
vart /T’(UM@J = 232’|[‘§-/\j Zle\F]C1$: 230/\1
24) A 40-kg uniform ladder that is 5.0 m long is(placed against a smooth wall at & height of # = 4.0 m, as shown in the

6
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figure. The base of the ladder rests on a rough horizontal surface whose coefficient of static friction with the ladder is
0.40. An 80-kg bucket is suspended from the top rung of the ladder just at the wall What is the magnitude of the force

that the Iadder exerts on the wall? M =Rk =42 x% = x=3
4 H0k A
; S, u&ff— SF, = Fyy —Go)a.5) -Go)c,2) =0
<, 0m 5,; 3@ 4 \
¢" - 76.= Ry —Fax= ©
F e wa

: ( ,,\;37) 40@(? 2E )(2 s’m)«h‘é 37 (&w ,{"8 8L, \‘(6 M)
"‘(F::u_ (5—”\\ =0

S04 ¥ +236(,5 nm — Fyem =0

B) 1300N

C) 980N .. _  295), 9N~ j
D) 900 N e — =590 386N
E) 1100N

Cos37 = PREL o= L
25) A 100-kg nonuniform boom that is 6.0 m long is loosely pinned at the pivot at P. A 600-kg concrete block is

suspended from the end of the boom at A, as shown in the figure. The boom forms a 30° angle above the horizontal, and is
supported by a 4.0-m cable between points D and B. Point B is 4.0 m from P, and point D is 4.0 m above P. The center of

mass of the boom is at point C, which is 2.0 m from P. Assume that all the quantities shown in the figure are accurate to

two mgmﬁc,aﬁt ﬁgures What is the tension in the cable connected between points B and D?

Z"" sl e (Qos SO)CQB!MY“‘—""‘ ““[‘}W\)\/COSSOB
+(¢o~5_30)(3 %%(QUXLM -
= 1LFA e — B, 46 m o4 3058, N

Answer: A; Var: 50+ FL«)_L,:CCOS 37}?1.3;4 ____,7 ‘CL\);( =

U r gV - WEZ N;
(g,ﬁootg)(ﬁ ‘5'5»/ Frm 222RR 7{% (?3305’\3/
300N ol g 3.4 SR |
B) 8400 N B 2 56 Ags Q300N
C) 8100 N G) P et
D) 7500 N
E) 6900 N

Answer: A; Var: 7

26) In the figure, a uniform ladder of weight 200 N and length 10 m leans against a perfectly smooth wall. A firefighter of
weight 600 N climbs a distance x up the ladder. The coefficient of static friction between the ladder and the floor is 0.50.
What is the maximum value of x for which the ladder will not slip?
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- P 2N .
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N

W Etan v = Proe

E)$4m 2% /\l
Answer: D; Var: 1
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27) A 3.00-m- long%dder Pwelg ing 200 N, leans against a smooth vertical wall with its base on a horizontal rough floor,
a distance of 1.00 m away from the wall. The ladder is not completely uniform, so its center of gravity is 1.20 m from its
base. What force of frigtion must the floor exert on the base of the ladder to prevent the ladder from shdmg down?

A)933N L Fox ,, / R e P g Fa=Ff,= 266K
ON_a~ gRee T3/ P8 2 F:, r"s =
@2.3N‘“‘“\ ([ T 5 g=0.5° nkd
) 102N P 'ZUQ\J d?: & 5° 1 = Fu.)%. =22 g = utn, OGN
E) 150 N QC FoLr—= ¢o s@ Fax
Answer: C; Q//a,r 5 ~Frenon oS “?o{d’{zoo,ﬂ(i 2m m} 80. \NM_Cws t‘i,‘:)(‘f-'\.\)x In=0

.,o l@a—“‘ﬂj‘m = | 28 /o withi .
;{ﬁ 5.00-m-long uniform Iadder weighing 200 rsegsg,ggmst _a,sn:;eenal=w3 N 11 with its base on a horizontal

/rough floor, a distance of 1.20 m away from the wall. The coefficient of static friction between the ladder and the floor is
©0.200. How far up the ladder, measured along the ladder, can a 600-N person climb before the ladder begins to slip?

A)1.50m & "
C)1.05m |
D)3.95m ) |
E)4.56 m

Answer: E; Var: 5

29) A stepladder consists of two halves that are hinged at the top and connected by a tie rod which keeps the two halves
from spreadmg apart. In this particular instance, the two halves are 2.5 m long, the tie rod is connected to the center of
each half and is 70 cm long. An 800-N person stands 3/5 of the way up the stepladder, as shown in the figure. The ladder
is light enough that we can neglect its weight, and it rests on an extremely smooth floor. What is the tension in the tie rod?
(Note: To solve this problem, it is helpful to imagine cutting the ladder in half vertically and consider the forces and
torques acting on cach half of the ladder.)
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Answer: A:Var: 1

30) A 320-g ball and a 400-g ball are attached to the two ends of a string that goes over a pulley with a radius of 8.7 cm.
Because of friction in its axle, the pulley does not begin to rotate. What is the magnitude of the frictional torque at the axle
f the pulley if the system remams at rest when the balls are released?

068N -m = 0T m 7 =(5.9240 ), 051 —(z.13w ) 0B1m) - F7 =O
Q !

B) 061 N-m
= — 273N m = T2
D)0.063N - m Y = 23N = T2

C)0.079N-m
E) 0.00070N - m (3208 “fuoor Y4 51) «rff’i/_m
Answer: A; Var: 1= 3, 1392N =%,924nW le = ,DL—:S?!J —_Jj

e

e e

jpment is hung from a steel wire of diameter 6.00 mm, it stretches the-wire by 4.00 mm. If
‘had a dlamet of 3.00 mm, buf all else were he samg, by what dlstance wopld thie sarzfc:.‘eq'uipmeﬁt

{ . r
Dy 2.00 mm /'
=E) 1.00 mm
Answer; A/ Var: 1

36) When a 125-kg piece of equip ent is hung from. a steel wirg of length 75 cm, it stretches the wire by 4. 00 mm If
mstdad the wire’ had a length of 0 cm, but all else were the sazt}e, by what distanee would thé samic equipment stretch
the wire? /
) 16.0 mnt ﬁg
/B) .00 mim
- 7/ Q)4 OO’mm '
/' D)200mm
E) /.00 mm
Asswer: B; Var: 1
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