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(a) 'The pole is in equilibrium, and so the net torque on it must
be zero. From the free-body diagram, calculate the net

torque about the lower end of the pole, with ?
counterclockwise torques as positive. Use that calculation to |
find the tension in the cable. The Iength of the pole is L. {l
> r=Fh-mg(L{2)cos6~MgLcosf =0 E
v
(m/2+M ) gLcos@
E =
h
6.0kg+21.5kg)(9.80m/s” )(7.50 m)cos37° ~
=( ° )( =0 / )( ) =424 8N =|4.25x10°N
3.80m

{b) The net force on the pole is also zero since it is in equilibrium. Write Newton’s 2™ law in both
the x and y directions to solve for the forces at the pivot.

Y F=F,-FE=0 - F, =F =[425:10N]|
2F =R, -mg-Mg=0 > F, =(m+M)g=(335ke)(9.80m/s") = [328.10°N]




Assume that the building has just begun to tip, so that it is j
essentially vertical, but that afl of the force on the building due to
contact with the Earth is at the lower left cormer, as shown in the

figure. Take torques about that corner, with counterclockwise F,
torques as positive, 20.0m p [
Dr=F (100.0 m) ~mg (20.0 m) mg |
1000 |m
=(950N/m*)(200.0 m)(70.0 m)(100.0 m) ' !
F,
—(1.8x10"‘kg)(9.80m/52)(2o.0 m) g 1

9 FE.\:
=—22x10"m«N _
Since this is a negative forque, the building will tend to Totate clockwise, which means it will rotate
back down to the ground. Thus |the building wiil not t0p£’.

Draw a force diagram for the cable that is supporting the right-hand section. The forces will be the
tension at the left end, FT._, , the tension at the right end, F, . and the weight of the section, mg . The

weight acts at the midpoint of the horizontal span of the cable. The system is in equilibrium. Write
Newton’s 2* law in both the x and ¥ directions to find the tensions.

'

J/ \
(5 2 F, =By cos19°~ B sin60° =0
. cos19°

E, =F

M sin60°

ZFv =P, c0s60° - £, sin19° g =0

cos19°

£, cos60° ~mg y sin 60° €08 60" ~mg 1 s 71 T
F v — . = ] p -
5inl19 sinl9
sin 60° T
F, =mg =4.539mg ~|4.5m
m ( c0819° cos 60° —sin 19° sin 60° ) & g

cos19° 19°
T TcLL AN mg ~[5.0mg

Sin60” -« -~ gingQ°

To find the height of the tower, take torques about the point
where the roadway meets the ground, at the right side of the o,

roadway. Note that then E,, will exert no torque. Take
counterclockwise torques as positive. For purposes of
calculating the torque due to Fn » 8plit it into x and y components.

Zr=mg(-2!-d1)+meh-—Fnydz =0 —

. (R, —-;-mg)d _ (7, cos 60° —-zl-mg)d _ (4.956 mg cos 60° ~0.50mg)
E, ‘ F,, sin 60° ‘ 4.956 mg sin 60°

(343 m)




The airplane is in equilibrivm, and so the net force in
each direction and the net torque are all equal to zero.
First write Newton’s 2™ law for both the horizontal and | :
vertical directions, to find the values of the forces. S N S 4: -----

. " i_ -4
, YFE=F,-F=0 - F,=F =[50x10°N By, --- T ----- *T TV,
ZFyzFL—mg=O mgl’ T
F, =mg =(6.7x10%kg)(9.8m/s*) =[6.6x10°N
Calculate the torques about the CM, calling counterclockwise torques positive.
ZT: Fd-Fh—Fh =0
< A= Fh (6:6x10°N)(3.2 m) -(5.0x10°N) (1.6 m) —
= - = =iZ.0m
3
a» 108 ( 5.0x10 N)
./ Draw a free-body diagram for half of the cable. Write Newton’s B,
2" Jaw for both the vertical and horizontal directions, with the net 60°\
force equal to 0 in each direction. -
mg B
2T, =Fysin60°—~tmg=0 — £, =1 =0.58mg —_—

sin 60° +m
2 F. = Fy~Fcos60° =0 — F,=0.58mg(cos 60°) = 0.29mg

So the resnlts are:

@ Fy =[029mg]
©) £y =[0.58mg]

{c) 'The direction of the tension force is tangent to the cable at all points on the cable. Thus the

direction of the tension force is IExorizontal at the lowest point|, and is

60°above the horizontal at the attachment point|.

direction. Use Eq. 2-11c 1o find the ion. Fro , With up as the positive

force of the snow o th eleration, find the averao, F
tissue © Person, and compare the force Per area to the strength of dy ) e
2 5 a N .
v':vn'-—Za(x—-xﬂ) N a.:__v__“_‘i;___o_(ﬁom/s)-
=——_7 ) B
2(“‘“%) 2(-1.0 m) SOOm/s mg
F_ma_(75ke)(1800m/s*)
== s) . |
A A 030m® = 4.5x10 N/m2 < Tissue strength = 5x10° N/m2

ce the | g € on the person is less thy
SE110US injury. Certain barts of the bo

average force, though, and so g

n the strength of bod tissue
! dy, such as the Je £ 4 o
1l sustain injury.

] ‘ Person may escape
g8 if landing feet first, may get more than tI;le




The ladder is in equilibrium, so the net torque and net force must be
zero. By stating that the ladder is on the verge of slipping, the static
frictional force at the ground, F_ is at its maximum value and so

Fp, = F, . Since the person is standing 70% of the way up the
ladder, the height of the ladder is L =d / 07=28 m/ 0.7=40m.

The width of the ladderis L =d,/0.7=2.1mf0.7=3.0 m. Torques

are taken about the point of contact of the ladder with the ground,
and counterclockwise torques are taken as positive. The three

conditions of equilibrium are as follows.
ZF':EFC.\:_FW =0 = F_ =F

ZFv =Fy,~Mg-mg=0 —
F,, =(M+m)g=(67.0kg)(9.80m/s") = 656.6N

ZT = F‘W'L;.- —mg (%L\’) —Mgdx = O
Solving the torque equation gives

N L 40m
The coefficient of friction then is found to be
F,. 327.1N -
=—— = -0.50 )
A T 566N

Gy

If the lamp is just at the point of tipping, then the normal force will be acting_ at the edge of the base,
12 ¢m from the lamp stand pole. We assume the lamp is in equilibrium and just on the verge of
tipping, and is being pushed sideways at a constant speed. Take torques about the center of the base,

_imLMd £(12.0xg)(3.0m) +(55.0kg)(2.1m) (9.80m/s*}=327.1N.

with counterclockwise torques positive. Also write Newton’s 2™ law for both the vertical and

horizontal diractions.

N F =F,-mg=0 > Fy=mg > F=F-F=0 > F=F=uF=unmg

h _me -
> r=F,(012m)-Fx=0 - x= —Ff(o.lz m)= " (0.12 m)

0.12m

—=[060m




