Selected Problems
from Chapter 12
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3) A uniform rod AB is 1.5 m long and weighs 20 N. It is
suspended by wires AC and BD as shown in Fig. 1. A block P
welighing 80 N is attached at E, 0.50 m from A. The tension in
the wire BD 1is:
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Take the torque around A:
Tgp X1.5 = 80x0.5+20x0.75
Find Tgp.



4) A horizontal uniform meter stick is supported at the 50-cm mark.
of 0.50 kg is hanging from it at the Z0-cm mark and a
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is hanging from it at the 60-cm mark (see Fig. ).

on the meter stick at which one would
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.60 kg to keep the meter stick balanced.
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Take the torque around the
middle point.

Total positive torque = total negative torque

0.5x9.8x30=0.3x9.8x10+0.6x9.8x(x —50)

Find the value of x



5) A uniform

Al
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its lower end and a cable at its upper
acts

F =75 N
cable?
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50-kg beam is held in a vertical pos
o

as shown in the figure. What
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Take the torque around the pin point

Total positive torque = total negative torque

T x88in(60) =75x%x5
find T



6) A man welighing 720 N stands halfway up a
negligible M?_gﬁt The base of the ladder
wall as shown in Flg 2. Assume that the wall-ladd
is frictionless oes the wall
the ladder?
Al 270 N
AZ 350 N
A3 500 N
Ad 600 N
Ab 720 N
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Take the torques around O 1.5 m

Total positive torque = total negative torque

720x1.5=F,x4
Find F,,




7)
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The system in Fig is in equilibrium. A mass (M) of
hangs from the end of the uniform beam of mass = 10.0
The tension 1n the cable 1s:
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hinge L cos (BD]

Total positive torque = total negative torque

Take the torques around the hinge point

TxLsin(15) =10.0xgx L/2cos (60) +5.0x g x L cos (60)
Find T.




8)A 500 kg mass is hung from the ceiling with a steel wire. The

wire has a length = 45.0 cm, radius = 4.00 mm and has negligible
mass. Calculate the change in the length of the wire.
(Youngs modulus of steel E = 2.00* 10**¥11 N/m**2)

0.22 mm
0.15 mm
0.75 mm
0.50 mm
0.05 mm

c_ F/IA
AL /L
500 x 9.8/ 7(4.00x10°m)?

2.00x10" =
AL /4.5 mm

Find AL In mm.



9) A certain wire stretches 1.0 cm when a force F is applied to it.
The same force is applied to a second wire of the same material
but with twice the diameter and twice the length. The second

wire stretches:

Al 0.50 cm

A2 0.25 cm

A3 1.0 cm

Ad 2.0 cm EE _ Irffil _ f?fgiz
AL 4.0

en AL /L. AL,/L,

2
AL, =| 2| 22 |xar, = 20| <[ £2 ]2 (172) x(2)x1.0= 0.50cm
AE Ll DE L]



o6 A scallold of mass 60 kg and

length 5.0 m s supported in a honzontal
position by & vertical cable at each end.
A window washer of mass 80 kg stands at

a point L5 m from one end, What is the
lension in (a) the nearer cable and

(b} the farther cable?



6. Let /,=15mand#,=(5.0-1.5) m=3.5 m. We denote tension in the cable closer to

the window as F; and that in the other cable as F>. The force of gravity on the scaffold
itself (of magnitude myg) is at its midpoint, #; = 2.5mfrom either end.

(a) Taking torques about the end of the plank farthest from the window washer, we find

my gl +mgly  (80kg)(9.8m/s”)(3.5m)+H60kg)(9.8m/s*)(2.5m)
{ +1, 5.0m
=8.4x10* N.

F

(b) Equilibrium of forces leads to

F+F,=mg+m,g=(60kg+80kg)(9.8m/s")=14x10°N

which (using our result from part (a)) yields F, =5.3x10°N .



#10 In Fig. 12-26, a man is trying 1o get his car out of mud
on the shoulder of a road. He ties one end of a rope tightly
around the front bumper and the other end tightly around a
utility pole 18 m away. He then pushes sideways on the rope
at its mudpoint with a force of 550 N, displacing the center ol
the rope 0.30 m from its previous position, and the car barely
moves, What is the magnitude of the force on the car from
the rope? (The rope stretches somewhat.)

Fig. 12-26 Problem 10,



10). The angle of each half of the rope, measured from the dashed line, 1s

0 =tan-"| 929 | _ 0o,
0.0m

Analyzing forces at the “kink” (where F is exerted) we find

- F 550N
~ 2sin@® 2sinl.9°

—8.3%10°N.



“d InFig. 12-35, one end of
4 miform beam of weight 222
Nishinged 10 a wall: the other
od s supported by a wire that
mikes angles # = 300" with
boitk wall and beam. Find (a)
e lension in the wire and the
B borzontal and (c) vertical
omponenls of the force of Lhe
linge on the beam.

Fig. 12-35 Problem 21.



21. The beam is in equilibrium: the sum of the forces and the sum of the torques actung
on it each vanish. As we see in the figure, the beam makes an angle of 60% with the
vertical and the wire makes an angle of 302 with the vertical.

(a) We calculate the torques around the hinge. Their sum 15 TL sin 30° — Wi L/2) sin 60° =
0. Here W is the force of gravity acting at the center of the beam, and T 1s the tension
force of the wire. We solve for the tension:

Wsin&0® (222N )sin 60°
-2 | ) — 192N,
2 sin30° 2 s1n 30°

(by Let Fy, be the horizontal component of the force exerted by the hinge and take it to be
positive if the force 1s outward from the wall. Then, the vanishing of the horizontal
component of the net force on the beam vields Fj, — T sin 30% = 0 or

F, =Tsin30° = {1923 N)sin30° = 96.1 N,

(c) Let F, be the vertical component of the force exerted by the hinge and take it to be

positove if it 1s upward. Then, the vamishing of the verocal component of the net force on
the beam yields F, + T cos 30— W=00or

F,=W-Tcos307=222N—- (1923 N)cos 30" = 55.5N.



**27 In Fig. 12-40, suppose
the length L of the uniform bar
5 300 m and s weight 15 200
N. Also, let the block s weight
W = 300 N and the angle # =
MUY, The wire can withstand a
maximum tension of 500 N, (a)
What is the maximum possible
distance x before the wire
breaks? With the block placed
at this maximum x, what are
the (b) horizontal and (¢) ver-
tical components of the force
on the bar from the hinge at A7

Fig. 12-40 Problems 27
and 2K,



27. (a) Computing torques about point A, we find

T. Lsin®=Wx_ +W, [ %1
J

b3

We solve for the maximum distance:

“max

W 500sin 30.0°— | |

. :F':m sin @ Hbe]L:(JD{]SIH 0.0 zmm)[lﬂ{}] C150m
W 300

(b) Equilibrium of horizontal forces gives F, =T cos# =433 N.

(¢) And equilibrium of vertical forces gives F, =W+ W, —T _sin# = 2350 N.

¥



831 In Fig. 12-42, a uniform
plank, with a length L of 6.10
m and a weight of 445 N, resis
on the ground and against a
frictionless roller at the top of
a wall of height h = 3.05 m.
The plank remains in ¢quilib-
rium for any value of # = 7(F
but slips if # < 70° Find the
coeffictent of static [riction

between the plank and the
ground.

Fig. 12-42 Problem 31.



3l. The diagmm below shows the forces acting on the plnk. Simce the roller is
frictionless the force it exeris & normal o the plank and makes the angle @ with the

vertical . Iis magnitude is demgraied F. Wis the force of gravity; this force acs & the
cerier of the plank, a distance ['2 from the point where the plank touches the floor. £ is
the normal force of the Aoor and & the force of frichon. The disance from the foot of
the plank io the wall is depoied by & The quantity is mot gven direcely but it can e
computed usng & = Miand.

The equatiors of squilibrium are:

boriz onial force componenis Fand — f =il
verical force components Foosd—H+ F; =i

torques  Fod— H-W(d-Scosd)jmil

The peoini of contact bepw m2n the plank and the roller was wsed & the ongin for aTiting
the porque equation.



When # = T0F the plank jum begins w dip and = psfy, where p, is the cosfhicient of
satic miction. We want to wse the equations of equilibrivm o compute Fye and §for @ =
TP then use piy = £5y to compuie the coefhoient of fmcton.

The sscond equation gives F = W Fyicos @ and this & subsitoied inio the fimst o
obtain

Fu (W Fyisin #oos #m (W - Fyltan &
This is substiiuted inio the third equation and the result is sobeed for Fye

d—(U2joosd +htme b+ tan” #)—(L{ 2jsin g
o + I tan# Bl + tan® &)

where we have use d = Bian® and mukiplied both numerator and denominaior by an &,
We uee the trigonometric identity 1+ tan’@ = 1/cos"@ and multipls both numeraior and
denominator by cos@ to obiain

W,

F, =

F =w| J—%c-:-r‘!i' sind

"

Now we use this ex pression for Fy in f= (% - £y tan #io find the ficbon:
‘F-%sin’ﬂmﬂ.

We substinge the s o pressions for fand Fy inio g, = Fy and obiain

Lein®dcomd
Ih— Lsind cos'd

""!|' -
Evaluating this ex pression for @ = TP, we abiain

i &.1m ) sin TP cos TP

: — =134,
20306 m -1 6.1 m) sn TPeos™T (P




**39 In Fig. 1248, a 103 kg
uniform log hangs by two steel
wires, A and A, both of radius
1.2 mm. Initially, wire A was
150 m Jong and Z.00 mm
shorter than wire 8. The log is
now horizontal. Whai are the
magnitudes of the forces on 1l
from (a) wire A and (b) wire
B? (c) What is the ratio d ,/d4?

Wire 1

Hyi IE-#E Ffﬂ“ﬂm 39,



¥3.1a) Let F4 and Fp b= the forces exened by the wores on the log and let o b= the mass
of the log. Since the log & inequilibrium Fy + Fa - mp = 0. Information green about the
greiching of the wires allowrs us o find a relaomehip betveen Fy and Ep 1 wire A
orignally had a lergih Ly and dreiches by AL, | then AL, = F L,/ AE  wheoe 4 is the

croes—sational aea of the wire and £ 15 Young's modules for sesl (2000« ITia I"-I.'|:|:|=:|.
Similaly, A, = Folo FAE IF ¢ isthe amount by which Fw as onginally longer than A

then, smce thew have the same lengih afier the log B amached | Al = Al + ¢ . Ths means
AL, Fl;
—rl v
AE  AE
We zohve for £

F.i, AE!
L L

F;

We substings inbo £4 + Fa — mg =0 and chiain

mgl- + ALY
Fym ;
Lo+L;




The aces—sectional aea of awire is A= oar® = g 120 JI:I':'|:|:||:I = 452 % 10" m* . Both L,
and L5 mav be taken vo ke 250 m without loss of agnihcance. The

(105 k{28 ms (250 miHd 52 10" o' 3 2000 10" W' 3 2.0 10 m)

r
& 250 m 2. 50m

m G N,
(b From the condition Fy + &5 — mp = 0, we cbiain
Fommpg—F, = (105kg)(9.8 m = 1 — B Pl 43

(o) The met worque must also vanish. We place the orign on the surface of the log at a
poini direcily above the center of mass. The force of gravity doe s not sxert a orque about
this point. Then, the tongque equation becomes Fidly — Fpap = O which leads o

d, F 143N

- 01165,
d. F, BGoM
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