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e3-1. Determine the force in each cord for equilibrium of 2m |
the 200-kg crate. Cord BC remains horizontal due to the o
roller at C, and AB has a length of 1.5 m. Set y = 0.75 m. A ‘
y
=%
C B

Geometry: From the geometry of the figure,

6= sin-l(ﬁ)a 30°

1.5
Equations of Equilibrium: Applying the equations of equilibrium to the free - body diagram in Fig. (a),
+TZ‘.F5, =0 Fgy4 sin30°-200(9.81)=0 Fgsy =3924N =3.92kN Ans
Y IF,.=0; 3924 cos30°— Fgr =0 Fpc =3398.28N = 3.40kN Ans.

121



3 Solutions 44918 1/21/09 4:25 PM Page 122 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

3-2. If the 1.5-m-long cord AB can withstand a maximum 2m
force of 3500 N, determine the force in cord BC and the o
distance y so that the 200-kg crate can be supported. A ‘
y
=

Equations of Equilibrinm: Applying the equations of equilibrium along the x and y axes to the free - body diagram in Fig. (a),

+TZF, =0 3500sin6 — 200(9.81) =0 8 =34.10°
H IR, =0; 3500008 34.10°— Fgr =0 Fpc =289837N = 2.90kN Ans.

y = 155in34.10° = 0.84lm = 84l mm Ans.

y=3500 N

¥

200(981)
@)
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3-3. If the mass of the girder is 3 Mg and its center of mass
is located at point G, determine the tension developed in
cables AB, BC,and BD for equilibrium. A

MO =1 T

Equations of Equilibrium: The girder is suspended from cable AB. In order to meet the conditions of
equilibrium the tensile force developed in cable AB must be equal to the weight of the girder. Thus,
Fpp = 300009.81) = 29 430N = 2943 kN =29.4kN Ans,

Applying the equations of equilibrium along the.x and y axes to the free - body diagram in Fig. (a),
HIF. =0 Fgp sin30° - Fp- sind5° =0 )
+T IF, =G 29.43— Fgp c0s30° — Fpr cos45° =0 2)

Solving Egs. (1) and (2), yields
Fgc = 152kN Fgp = 21.5kN Ans.
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*3—-4. If cables BD and BC can withstand a maximum
tensile force of 20 kN, determine the maximum mass of the
girder that can be suspended from cable AB so that neither A
cable will fail. The center of mass of the girder is located at
point G. B

ML

Equations of Equilibrium: The girder is suspended from cable AB. In order to meet the conditions of
equilibrium the tensile force developed in cable AB must be equal to the weight of the girder. Thus,
Fap =m(9.81)=9.8Im Ans.

D =
|
o [ LTI

Applying the equations of equilibrium along thex and yaxes to the free - body diagram in Fig. (a),

IR =0 Fgp sin30° — Fg~ sin45° =0
Fgp = 1.4142Fgc )
+TZF =0 9.81m — Fpy cos 30° - F g~ 005 45° = 0 )

Since Fgp > Fpr , cable BD will break before cable BC . Substituting Fgp = 20 000 N into Eq. (1).
Fpr =14142.14N

Substituting this result into Eq. (2), yields
9.81m —20 000 cos30° — 14 142.14c0s45° = 0
m=2785kg =278 Mg Ans.

f\ﬁg-—?-&l ”

A5° |30
Fec Fop

(a)
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e3-5. The members of a truss are connected to the gusset
plate. If the forces are concurrent at point O, determine the
magnitudes of F and T for equilibrium. Take 6 = 30°.

\J
SEIR =0 ToosdP+8+Ssinase =0 B '
-
T=1332= 133kN  Ans a5
T Sku
+TIZF =0; F-1332sin30° - Scos45° = 0
- F

F = 102kN Ans

3-6. The gusset plate is subjected to the forces of four
members. Determine the force in member B and its proper
orientation 6 for equilibrium. The forces are concurrent at
point O.Take F = 12 kN.

Y
- grn
—IF =0; 8~-Tcosf + 5sin45° =0 ) *
p dse
+TEF =0; 12~Tsinf-5c0545°=0 T SeN
12
Solving,

T = 143kN Ans

8 = 36.3° Ans
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3-7. The towing pendant AB is subjected to the force of
50 kN exerted by a tugboat. Determine the force in each of
the bridles, BC and BD, if the ship is moving forward with
constant velocity.

HEF =0, Ticsind0® -~ Tapsin20® = 0
+TZF =0 Tac cos 30° + Tpp c0820° = 50 = C

X
Solving,

Tac = 223KN Ans

Tap = 326N Anms 50 ka
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*3-8. Members AC and AB support the 300-Ib crate.
Determine the tensile force developed in each member.

31t 4ft |

|
B/
C

Equations of Equilibrium: Applying the equations of equilibrium along the x and y axes to the free - body diagram in Fig. (a),

. 3
IR, =0 Fug cosd5 —FAC(§]=0 )
+TZF =@ Fup sin45°+FAC[%]—300=0 ()
Solving Egs. (1) and (2), yields
Fye =2141b Fug =1821b Ans.

300 lb
(&)
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¢3-9. If members AC and AB can support a maximum |
tension of 3001b and 250 b, respectively, determine the \
largest weight of the crate that can be safely supported. I

31t 4ft }

Equations of Equilibrium: Applying the equations of equilibrium along the x and y axes to the free - body diagram in Fig. (a),

o 3
HIF, =0; Fap cos45 -F4C[-5-]=0 )
. 1o 4
+TZF =0 Fyp sin45°+ F e s -W=0 2

Assuming that rod AB will break first, F4p = 250 Ib. Substituting this value into Egs. (1) and (2),

Fpr =294.631b
W =4121b Ans.

Since Fg-~ = 294.631b <300 Ib, rod AC will not break as assumed.

128



3 Solutions 44918 1/21/09 4:25 PM Page 129 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

3-10. The members of a truss are connected to the gusset y
plate. If the forces are concurrent at point O, determine the
magnitudes of F and T for equilibrium. Take 6 = 90°.

¢ = 90° - un"G) = $3.1%°

I LF, =0 TocosS313 - "G) -0

3
4TI a0 9-Tans31y - r(s) a0

Solving,

T=720kN Am

F= 540kN Ans

3-11. The gusset plate is subjected to the forces of three
members. Determine the tension force in member C and its
angle 6 for equilibrium. The forces are concurrent at point O.
Take FF = 8kN.

NEIR =0 Tou.-l[;) =0

+1ZE =0 9-3@)-1’:&:4-0 @

Rearrange then divide Eq. (1) inw Eq, (2):
oo ¢ = 0.656, ¢ = 33.27°

T=766kKN Ams

o= '”"-‘G) «70.0° Ame
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*3-12. If block B weighs 200 1b and block C weighs 100 b,
determine the required weight of block D and the angle 6
for equilibrium.

Equations of Equilibrium: Applying the equations of equilibrium along the x and y axes to the
free- body diagram shown in Fig. (a),

IR =0 100c0s30° - 200cos = 0
0 = 64.34°= 64.3° Ans.

Using this result and writing the equation of equilibrium along the yaxis, yields
+TZF, =0 100sin30° +200sin 64.34° - Wp = 0
Wp =2301b Ans,

Wp=2001b W = /00 Ib

2 20__x -

Wp
(&)
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e3-13. If block D weighs 300 Ib and block B weighs 275 Ib,
determine the required weight of block C and the angle 6
for equilibrium.

Equations of Equilibrium: Applying the equations of equilibrium along the x and y axes to the
free- body diagram shown in Fig. (a),

LR =0 W c0s 30°-275c0s 0 = 0 (4}
+T2F, =0 W sin 30°+275sin6 -300= 0 @)

Solving Egs. (1) and (2), yields
6 =40.9° We =240 Ib Ans.

Wh=300/b
(2)
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3-14. Determine the stretch in springs AC and AB for \ 3m
equilibrium of the 2-kg block. The springs are shown in |
the equilibrium position. '

4m i

Ep = 29.81) = x,5(40)

X,p = 0.4905m

. 4
Seg =0 Ea(3)- B

st =0 B

Fe = 1586 N

15.86
Xae = T = 0.793 m Ans

1401 N

2
-]
i

14.01
Xap T = 0467 m Ans

[0}

3-15. The unstretched length of spring AB is 3 m. If the \ 3m 4m |
block is held in the equilibrium position shown, determine |
the mass of the block at D.

F = kx =30(5 -3)= 60N

4
+3F, =0, Toosd5°- 602) =0
T=6788N

+T2R =0 —W+67.8855n45°+60(%)=0
W=84N
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*3-16. Determine the tension developed in wires CA and
CB required for equilibrium of the 10-kg cylinder. Take
0 = 40°.

Equations of Equilibrium: Applying the equations of equilibrium along the x and y axes to the
free- body diagram shown in Fig. (a),

I =0 Fcp c0840° — Fry cos 30°=0 )
+T2F =0 Fcg sind0°+ Fgy sin30°—10(9.8)=0 (2)

Solving Egs. (1) and (2), yields
Fcy =80.0N Fgp =904N Ans.

(0(981) N
(@
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e3-17. If cable CB is subjected to a tension that is twice
that of cable C A, determine the angle 0 for equilibrium of
the 10-kg cylinder. Also, what are the tensions in wires CA
and CB?

Equations of Equilibrium: Applying the equations of equilibrium along the x and y axes,

LaF =0 Feg c0s0 — Fy cos30°=0 1)
+T2F, =0 Fcg sinf +Fgy sin30°-10(9.81) =0 @

However, it is required that
Fep =2y 3

Solving Egs. (1) and (2), yields
8 =64.3° Fg =852N Fey =426N Ans.

¥
10(9-81) N

)
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3-18. Determine the forces in cables AC and AB needed
to hold the 20-kg ball D in equilibrium. Take F = 300 N
and d = 1 m.

Equations of Equilibrium :

e malul3)

Qf247F,5 +0.8944F, = 300 (1 Vs
s
+TIF =0 Fpl o |+Bc| L |-1962=0 &
= ) e B
0.7809F, 5 +0.4472F, . = 196.2 2} ac &
||_-='__ A —y—x
Solving Egs. (1] and [2] yields 2000
Fp=986N FEc=267N Ans |
2¢¢981)=1962 N
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3-19. The ball D has a mass of 20 kg. If a force of F = 100 N
is applied horizontally to the ring at A, determine the
dimension d so that the force in cable AC is zero.

oy
e

Equations of Equilibrium : :
Fs

3IF =0, 100-F,cos8=0 F,cos 8=100 (n
6
+TIE =0; F,sin6-1962=0 F,sin6=1962 (21 fOQrN__x

Solving Eqgs.[1] and (2] yields

6=6299° F,3=2202IN "f)q%-z”
From the gecometry,

d+1.5 = 2tan 62.99°
d=242m Ans
dH.5

626299
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*3-20. Determine the tension developed in each wire
used to support the 50-kg chandelier.

Equations of Equilibriam: First, we will apply the equations of equilibrium along the xand y axes to the
free - body diagram of joint D shown in Fig. (a).

HEF =0, Fep 08 30° — Fgpy cos 45°=0 1))
+TZF, =0 Fcp sin30° + Fgp sin45°— 50(9.81) =0 (2)

Solving Egs. (1) and (2), yields
Fep =359N Fgp =439.TTN = 440N Ans.

Using the result Fgp = 439.77 N and applying the equations of equilibrium along the xand yaxes to the
free - body diagram of joint B shown in Fig. (b),

+TZF, =0 Fpg sin30° -439.775in45°= 0
Fjp =621.93N = 622N Ans.
HEF, =0; Fgo +439.77cos 45° —621.93c0s30° = 0
Fpc = 228N Ans.

<H
-8
S

50(9.8))N lep=429.77 N

() @)
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e3-21. If the tension developed in each of the four wires is
not allowed to exceed 600 N, determine the maximum mass
of the chandelier that can be supported.

Equations of Equilibrinm: First, we will apply the equation of equilibrium along the xand yaxes to the
free - body diagram of joint D shown in Fig. (a).

HEF =0 Fep 05 30° - Fgp cos 45°=0 (1)
+T2F, =0 Fcp sin30°+ Fgp sind5°— m(9.81)=0  (2)

Solving Egs. (1) and (2), yields
Fep =7.1814m Fgp =8.7954m

Using the result Fgpy = 8.7954m and applying the equation of equilibrium along the x and y axes to the
free - body diagram of joint B shown in Fig. (b),

+T IF, =0 Fyp sin30° —8.7954msind5° = 0
Fyp =12.4386m
HEF. =0 Fpr +8.7954mcos 45° - 12.4386m cos 30°=0
Fpr =4.5528m

From this result, notice that cable AB is subjected to the greatest tensile force. Thus, it will achieve the
maximum allowable tensile force first.

Fug =600 =12.4386m

m=482kg Ans,

'FBP | F/;{B
45° 30° 30° Fec

éﬂ

(b)
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®3-22. A vertical force P = 10 Ib is applied to the ends of
the 2-ft cord AB and spring AC. If the spring has an
unstretched length of 2 ft, determine the angle 6 for
equilibrium. Take & = 15 1b/ft.
\
P
SLF =0 F cosp - Tcosf= 0 w L3
)
+T IR =0 Tsin@ + F, sing- 10= 0 @ "\BIA:’
, 1o
s = /@y + 27 -2@)2)cosbk 2/5-4cosf =2 'l'
1 ‘
F, = ks = 2(y5-4cosh -1)
Jtos® - 3(a-(ase)
. - [cos$
ot ;7= 1() L s
) 1%
‘2-cosf 1
T = 2k(y/5-4cosd ~1)| e (-—-)
( )(Js~4coss] cos mo({ 5-dcos® -1) 10
From Eq. (2): _ : ¥5—-4cosd T &
24{{5=4c0s8 - 1)(2-cos8) 24{y3=4c0s6 ~1)2sin 0 Setk'= 15 b/t
tand + = 10
Y5~-4cos@ 2y5-4cos@ Solving for @ by trial and eror,
S—4cos6 -1) . 10 8 = 35.0° Ans
(2tan0 — sin@ + sin@) = —
¥5-4cos6 T
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3-23. Determine the unstretched length of spring AC if a ‘ 2 ft
force P = 801b causes the angle § = 60° for equilibrium.
Cord AB is 2 ft long. Take k = 50 Ib/ft.

SR
\
<

I= /& 422~ 2(2)(4) cos60°

1= /12

¢ = siu"[zmw] = 30°

Jiz

+TEZF, =0; Tsin60° + Esin30° - 80 = 0

’
—=EF, =0; —~Tcosé0® + F,cos30° = 0

Solving for F,, Boie
F =401
F =k
I=Ji?—§=z.6er: Ans.
40 = s50(yi2 - 1)
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*3-24. If the bucket weighs 50 Ib, determine the tension
developed in each of the wires.

Equations of Equilibrinm: First, we will apply the equation of equilibrium along the xand y axes to the
free- body diagram of joint E shown in Fig. (a).

3
tF =0 Fgp oos30°—Fm(g)=0 )
+TZF, =0 Fep sin30"+FE3(-§-)—50=0 )

Solving Eqgs. (1) and (2), yields
Fgp =3021b Frg =43.611b=4361b Ans,

Using the result Fgg = 43.61 1b and applying the equation of equilibrium to the free- body diagram of joint B
shown in Fig. (b),

+TZF =0 Fge sin30°—43.6\(-;l}=0

Fgc =69.781b=69.8 Ib N b Ans.
+3F, =0, 69.78 cos 30°+43.6{%J—Fm =0

Fgsy =86.61b Ans.
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e3-25. Determine the maximum weight of the bucket that
the wire system can support so that no single wire develops
a tension exceeding 100 Ib.

Equations of Equilibriam: First, we will apply the equations of equilibrium along the xand yaxes to the
free - body diagram of joint E shown in Fig. (a).

L =0 Fgp ms&&’—Fm(%)ﬂ 1))
+TzZF =@ ngsin30°+Fm{%)-W=0 (3}

Solving,
Fgg =0.8723W Fgp = 0.6043W

Using the result Fgg = 0.8723W and applying the equations of equilibrium to the free - body diagram of joint B

shown in Fig. (b),
+12F =0 Fac sin30°—0.8723W(-43)=0
Fac = 1395TW
+3F, =0 13957Wms30°+0.8723W(%]— Fagq =0
Fax =1.7320W

From these results, notice that wire BA is subjected to the greatest tensile force. Thus, it will achieve
the maximum allowable tensile force first.
Fgq =100= 1.7320W
W=5771b Ans.
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3-26. Determine the tensions developed in wires CD, CB,
and BA and the angle 6 required for equilibrium of the
30-1b cylinder E and the 60-1b cylinder F.

Equations of Equilibrinm: Applying the equations of equilibrium along the x and y axes to the
free - body diagram of joint C shown in Fig. (a),

IR =0 Fgc cos@ —Fep 00s30°=0 (1)
+T2F =0 ~Fgr sin@ + Fp sin30°-30=0 2

By referring to the free - body diagram of joint Bin Fig. (b),

IR, =0; Fpy 00s45°— Fgr c0s@ =0 (3
+TzF, =0 Fgy sind5°+ Fpo sin@ -60=0 C)]

Solving Egs. (1) through (4), yields

Fgq =80.71b Ans.
Fep =6591b Ans.
Fgc =57.11b Ans.
8 =2.95° Ans.

Féc 23

301b @0 Ib
() (b)
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3-27. 1If cylinder E weighs 30 Ib and 6 = 15°, determine
the weight of cylinder F.

Equations of Equilibrium: First, we will apply the equation of equilibrium along the xand y axes to the
free- body diagram of joint C shown in Fig. (a).

i)z‘Fx:O; Fgr ©0815° - Frp c0s30° =0 @
+TXF, =¢ Fep sin30° - Fye sin15°=30=0 @

Solving Egs. (1) and (2), yields
Fpe =100.381b Fep =111.961b Ans,

Using the result Fg- =100.38 Ib and applying the equation of equilibrium along the x and y axes to the
free- body diagram of joint B shown in Fig. (5),

I =0; Fpy c0s45°—100.38c0815° = 0
Fgq =137.121b Ans.
+TZF, =0 137.125in45° +100.38sin 15° ~ W = 0
Wr =123 1b Ans.

Fep Fea
Fec=160:381b

30°
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*3-28. 'Two spheres A and B have an equal mass and are
electrostatically charged such that the repulsive force acting .o

between them has a magnitude of 20 mN and is directed :ZC
along line AB. Determine the angle 6, the tension in cords J/
AC and BC, and the mass m of each sphere. / |\
/ \
| L1\
0 < 20)°
For B : r/ 30 \
.r/ ‘\ B
5 EF =0; 002cos ¥0° - Tsin30°= 0 Ty agit /;‘ /

+TZF =0, 002sin30° + Tycos30° - W =0 /

5 20 mN
» '/’ /
Ty = 00346N = 346mN  Ans 30 ' /

W / 20 mN
W = 004N 0.0:N "/ 30°

ForA:
N EF =0, T sin6-002cos30°=0
+TZF =0, T, cos § — 0.02sin30° - 0.04 = 0

7, = 00529N = 529mN  Ans

8 =19.1° Ans

= —— = 408(107)kg = 408g . Ams
T (107") kg g

j: 0.04
g

e3-29. The cords BCA and CD can each support a
maximum load of 100 Ib. Determine the maximum weight
of the crate that can be hoisted at constant velocity and the
angle 6 for equilibrium. Neglect the size of the smooth

pulley at C.
5HEE = 0;
+TXE =0
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3-30. The springs on the rope assembly are originally
unstretched when 6 = 0°. Determine the tension in each
rope when F = 90 Ib. Neglect the size of the pulleys at B

and D.
2
]
rek=kt-b)=3(p-2)=60(z5-1) @
cos@ cos@
+TEF =0; 2T5in0-90=0 @
Substituting Eq.(1) into (2) yields :

120(tan 6 -5in8)-90 = 0
anf-sind =0.75

By trial and error :

9= 57.95T°

From Eq.(1),

1
rIW(m-l]-’llm Ams

g

E

k =30 1b /ft

Y F=90/b
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3-31. The springs on the rope assembly are originally
stretched 1 ft when 6 = 0°. Determine the vertical force F
that must be applied so that 6 = 30°.

= 2.3094 ft

’A-mzlo"
When 6 = 30°, the springs are stretched 1 ft + (2.3094 - 2)ft = 1.3094 1t
F, = kx = 30(1.3094) = 39.28b

+TIF =0, 2(39.28)sinW0°-F=0

F=393Db Ans

k = 30 Ib /ft
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*3-32. Determine the magnitude and direction 6 of the
equilibrium force F,5 exerted along link AB by the tractive
apparatus shown. The suspended mass is 10 kg. Neglect the
size of the pulley at A.

Free Body Diagram : The tension in the cord is the same throughout the
cord, thatis 10(9.81) =9.81 N.

Equations of Equilibrium : ro(q‘mp%.m.
5EF =0;  F,yc086-98.1cos 75° - 98.1cos 45° = 0
F, yc080 = 94,757 (1) .
VE; A
+TZF =0;  98.1sin 75°~98.1sin 45° - F, ,sin 6=0 P G x
F,g8in 8= 25.390 (2 ’ £
A8
Solving Egs.[1] and (2] yields 1009.81) =98 IN

6=150° F,=9.IN Ans
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©3-33. The wire forms a loop and passes over the small
pulleys at A, B, C,and D. If its end is subjected to a force of
P = 50 N, determine the force in the wire and the
magnitude of the resultant force that the wire exerts on
each of the pulleys.

030,
X

+TLZF =0; 2(Tcos30°)-50 =0

T = 28.868 = 289N Ans
FotAand D : P=5O N
Fo. =LF; Fp, = 28.868sin30° = 14.43N y
P, =XF; Fp, = 28.868 - 28.868 cos 30° = 3.868 N

Fp = J/(14.43¢ + (3.868) = 149N (AandD)  Ans ’T\mBéBN
ForBand C:

Fe = JGEIGF + GAIAF = 08N (BauwdC)  Anme A x

1 \28.868 5in30°

|
30\ |

Ch_ 26-86ON
28868 ¢cos30’
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3-34. The wire forms a loop and passes over the small
pulleys at A, B, C,and D. If the maximum resultant force that
the wire can exert on each pulley is 120 N, determine the
greatest force P that can be applied to the wire as shown.

+TZF 20, 2Tcos30°-P =0; T =057T735P

Maximum resultant force is resisted by pulleys B and C.

Fa = Y/ (0.57T735 PY + (0.57735 PP ’#

Fn = 08165P = 120 T T

P = I4TN Ans

30130

i

B T=0-57735P
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3-35. The picture has a weight of 10 1b and is to be hung
over the smooth pin B. If a string is attached to the frame at
points A and C, and the maximum force the string can
support is 15 1b, determine the shortest string that can be
safely used.

9in. 9in.

Free Body Diagram : Since the pin is smooth, the tension force in
the cord is the same throughout the cord.

Equations of Equilibrium :

L IF=0; TcosB-Tcos §=0 (Satisfied!)

5
+TIE =0, 10-2Tsin6=0 T=—:
sin @

If tension in the cord cannot exceed 15 Ib, then

5

—=15
sin 8
8 =19.47°

1 9
From the geometry, E = -:m"ﬁ and 6 = 19.47°. Therefore

18

= —— = 19.1 in. Ans
cos 19.47° 19:1in

!
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*3-36. The 200-1b uniform tank is suspended by means of
a 6-ft-long cable, which is attached to the sides of the tank
and passes over the small pulley located at O. If the cable
can be attached at either points A and B or C and D,
determine which attachment produces the least amount of
tension in the cable. What is this tension?

Free Body Diagram : By observation, the force F has to support the
entire weight of the tank. Thus, F = 200 Ib, The teasion in cable is the same AF=2e0lb
throughout the cable,

Eguations of Equilibrium : z x

DSEF, =0, Towsf-Toos§=0 (Satisfied!)

~
-

+TIF =0; 200-2Tsin =0 T=£ 1
sin @

From the function obtained above, one realizes that in order to produce the
least amount of teasion in the cable, sin 8 hence 8 must be as great as 1
possible. Since the attachment of the table to point C and D produces a n

greaterd (0= cos™ § = 70.53°) as compared to the attachment of the cable
to points A and B( 8 =cos™'} =48.19°)

The attachment of the cable to point C and D will produce

the least amount of tenslon in the cable. Ans
Thus, Ve 4

T 100 106 Ib Ans
sin 70.53° 3t
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e®3_37. The 10-1b weight is supported by the cord AC and
roller and by the spring that has a stiffness of £ = 10 Ib/in.
and an unstretched length of 12 in. Determine the distance
d to where the weight is located when it is in equilibrium.

an

DIF, w0 -Tyc+Fc0s8=0

T, o

+TEIF =0 Fsin8-10=0

Fo= kxi Fom 1o 2e - 12)

= 120 (sec @ - 1)

Thus, ¢fo Ib
120 (sec 8 - 1) sin @ = 10 [12m.
(06 - sin6) = o
an & - sm BE

| 4 A

Solving,

8 = 30.11°

d=12un30.71° = 7.13in. Ans
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3-38. The 10-1b weight is supported by the cord AC and
roller and by a spring. If the spring has an unstretched
length of 8 in. and the weight is in equilibrium when
d = 4in.,determine the stiffness k of the spring.

+TLF, =0, Fsin6-10a0 7;«2

12 < X

F, = kx; F = —--8)
cos 6

4
8=—; 6 .43
unf = = = 18.415° 4

12
k| — - i _435‘ ™
(om 18.435° a) sin 18 10

Thus,

&k = 6.80 b/in. Ans

12in.
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*3-39. A “scale” is constructed with a 4-ft-long cord and

1ft —
the 10-1b block D.The cord is fixed to a pin at A and passes —_—
over two small pulleys at B and C. Determine the weight of ?
the suspended block at B if the system is in equilibrium. A c
1.5 1t
Dy 1+
B
0.5 ft
Free Body Diagram : The tension force in the cord is the same throughout
the cord, thatis 10 Ib. From the geometry,
.05 6/4-15
1
8 = sin (E)B?.&SS'. i‘z——:/,wﬁl
Equations of Equilibrium :
101 L
3 EF =0; 10sin23.58°-10sin23.58° =0  (Satisfied!) 101
+TZE=0;  2(10)cos 23.58°- Wy =0 9=23.68' 9=23.58"

We

*#3-40. The spring has a stiffness of £ = 800 N/m and an
unstretched length of 200 mm. Determine the force in cables
BC and BD when the spring is held in the position shown.

The Force in The Spring : The spring swetches s = I-l, =0.5~0.2
=0.3 m. Applying Eq.3~2, we have

F, =ks=800(0.3) = 240N

Equations of Equilibrium :

. 4 500 mm 400 mm——+
5EF =0; r,cmdsua,,(;)—zwso
0.7071Fc +0.8F;p = 240 (m ¥
) 3
+TIE =0; 5c’mw‘ﬂa(‘)=0
5 fac
Fyc = 0.8485F;p [21
Solving Egs.[1] and [2) yields, - g i x
A=2déoN 5
Fo=17IN B =145N Ans ? g
Fap
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*3-41. A continuous cable of total length 4 m is wrapped
around the small pulleys at A, B, C, and D. If each spring is
stretched 300 mm, determine the mass m of each block.
Neglect the weight of the pulleys and cords. The springs are
unstretched when d = 2 m.

]
S T
E<ke F =500(0.3)=150N i
NP .
At A A _
oo Y ion
+TZE =0, -150+2Tsin8=0
75
T=eso @
Note that when 8 = 90°, the springs are unstretched ' ©y > 3
and the tension in the cord is zero. When the springs are stretched e _{23m
300mm = 0.3m, thend = (2 - 2(0.3)) = L4m | -g?
. s
am
6= sin"(g’T?—) = 44.4° \h\ or
m m
B
FromEq. (1), T = 107.1N l lozm
A

AtD:

LEE =0; =2(107.1)cos 44.4° + m (9.81) = 0

m = 15.6kg Ans

3-42. Determine the mass of each of the two cylinders if i 2m ~—1m— 2m ‘

they cause a sag of s = 0.5 m when suspended from the
rings at A and B. Note that s = 0 when the cylinders are

removed.
Am
v | N [P k =100 N/m
Tic = 100 N/m (2.828-2.5) =32.84 N Snaee B
+TZF =0 32.84 5in 45°~m(9.81) =0 .
m=23Tkg Ans 1
’1‘-;:.94_,\,'
s Tae
- X
lm@.m)
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©3-43. The pail and its contents have a mass of 60 kg. If the
cable BAC is 15 m long, determine the distance y to the
pulley at A for equilibrium. Neglect the size of the pulley.

Dividing both sides of Eq.[3] by v x? +y? yields
Free Body Diagram : Since the pulley is smooth, the tension ing Eq.[3] by »y
in the cable is the same throughout the cable. 10 18
x=4+0.8y 4]

Equations of Equilibrium : x fxiep

*
—-IE=0; Tsind-Tsing=0 6=¢ 10-x y-2 s
: From Eq.[1) X = }’_;— x= > (5]

E ]

Geometry :

L=J(10-x)2+(y=2)® L =/3+y2 Equating Eq. #Hrand [S) yields

Since @ = ¢, two triangles are similar. 5
/ﬁ-_sJ“‘y_l

10-x _y=2 (10-x)2+(y-2) y=659m Ans
x_y=2_y(10-x)?+(y-2) m

x NEre [fo-x | x|
1 j
L+h =15
J(10-x) +(y-2) 2+ /F¥yi=15 - / y

‘/ 2 1 L
L/;’_%] (16-0)"+(y=2*+/xT+yI=15 (2

y(10-x)*+(y=2)* 10-x
H » from Eq.(1 = » Eq.[2] becomes
owever, Eq.(1] Ty — E.[2] T ;

Also,

ST e Ay =13 @) .

x

'

60(981)=586.0 N
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**3-44. A scale is constructed using the 10-kg mass, the | LSm |

2-kg pan P, and the pulley and cord arrangement. Cord
BCA is2mlong. If s = 0.75 m, determine the mass D in the
pan. Neglect the size of the pulley.

I, 3
R
-
SN
_L¥

.5m y 2-076=/-Z5m

HEF =0 98.1cos8-Tipcosp=0 (1) Thus,
+TZIF, =0; Tipsing+98.1sin6-m(9.81)=0 (2) g= ’h_,(%ssﬂ)- 49.25°
(LS =2+ o-.,-..-l(L).ss -
(1.25F = (1.5=-x% + ¥ 1.25 ’
(1258 = (1.5 -2 +(1.5 =2 Solving Eq. (1) and 2).
~3r+2.937520 T =6262N
x=0.9792m m=13.9k
y=11363m Tharettet,

mp=13.9kg-2kg=11.9kg Ans
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©3-45. Determine the tension in the cables in order to
support the 100-kg crate in the equilibrium position shown.

Force Vectors: We can express each of the forces on the free- body diagram shown in Fig. (a) in Cartesian vector form as

Fap = Fipi
Fac =-Fpc
I i e ) Bl el =—%Fmi+%ﬁmj+%;~*mk

¥=2- 0% +(2- 0 +(1-0)2
W =[-100(9.81k]N = [-981Kk]N

Equations of Equilibrium: Equilibrium requires
IF=0; Fup+Fy +Fypp+W=0

3

(FAB—%FAD}H[—FAC +-§FADJj+(—;FAD—98]]k=O

2 2 1
Fap l+(—F£j)+[—'§FADi+ -ij-#zf‘wk)-l-(—%]k): 0

Equating the i, j, and k components yields

Fap —%Fm -0 )
—Fyo +33FAD=0 [03)
< Fap - 981=0 6

Solving Eqs. (1) through (3) yields
Fap =2943N =294 kN
Fpp = Fyc =1962N=19¢KkN

FE

& v ?
W=100(2-81) N
(o)
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3-46. Determine the maximum mass of the crate so that the z
tension developed in any cable does not exceeded 3 kN.

Force Vectors: We can express each of the forces on the free- body diagram shown in Fig. (a) in Cartesian vector form as
Fap = Fypi
Fac =—Fyc)

(2-0)i+(2-0)j+(1- 0k

FAD = FAD
¥=2- 0% +(2- 02 +(1-0)

W =[-m(9.81k]

2 2 1
=—=Fspi+=Fspj+=Fspk
3 AD 3 ADJ 3 AD

Equations of Equilibrium: Equilibrium requires
IF=0; Fup+Fy +Fpp+W=0

Fmi+(~p,,cj)+[~§&_pi+ %th—; ka)+[-m(9-31)k]= 0
g 2 (1
[FAB - EFAD )i+[—F£ + ;FAD ]J"{;FAD - 9.81}?:)[{ =0

Equating the i, j, and k components yields

FAB_%FAD =0 ()]
—Fue +%FA.D=0 (2)
_;Fw—sa.sm:o 3

‘When cable AD is subjected to maximum tension, Fqp = 3000 N. Thus, by substituting this value into Egs. (1) through

(3), we have .
Fag = Fye =2000N
m=102kg Ans.

X 2
w=m(7:81)
@)
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3-47. The shear leg derrick is used to haul the 200-kg net of —

fish onto the dock. Determine the compressive force along 5.6 m—_ ]
each of the legs AB and CB and the tension in the winch
cable DB. Assume the force in each leg acts along its axis.

L, 4, 4
o ra 1o die )
= = 0.3333F,, | + 0.6667 F,5 § + 0.6667 F,y k

Fos = Foa (%n%“%k)

= 03333 Fcp | + 0.6667 Fcp J + 0.6667 Foz k

= =0.9231 Fpp J - 0.3846 Fyp k

W= -1962k

IF, =0; =03333F,; +0.3333Fy = 0

LF, =0; 0.6667 Fyy + 0.6667 Foy — 0.9231 Fyp = 0

IF =0; 0.6667 Fyp + 0.6667 Fcy — 0.3846 Fap — 1962 = 0
Fas = 252kN Ans
Fcp = 252kN Ans

Fip = 3.4 kN Ans
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*3-48. Determine the tension developed in cables AB, AC,
and AD required for equilibrium of the 300-Ib crate.

—

Force Vectors: We can express each of the forces on the free- body diagram shown in Fig. (a) in Cartesian vector form as

By i By | 20RO+ Ok =—E3Fmi+%FMj+%FABk
¥-2- 02 +(1- 0 +(2-0)

OO W B )l i) Ll S R O
¥(=2-0)2 +(-2-0)2 +(1-0)> 3 3 3

Fap = Fppi

W =[-300K] Ib

Equations of Equilibrium: Equilibrium requires
IF=0; F up+Fy +Fp+W=0

1 2 2 2 1
(——3F43i+;ij+EFABk)+[—-5F£i—§F£j+-§F£kJ+FADl+(—300k)=0
2 2 1 2 2 1
g w2 Fn 4 Fip W] SFig == Fip 4] 2Fg + ~Fie =500 Jo=9
(3433x_: AD]'(3A.B 3&‘}[3.&3 5Fac 3}

Equating the i, j, and k components yields

_%FAB -%Fm +Fp =0 ¢)]
1 2
~Fap —=Fy =0 2
3 fa —3Fac 2
2 1

Solving Egs. (1) through (3) yields
Fup =3601b Ans.
Fye =1801b Ans,
Fyp =3601b Anms,
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*3-49. Determine the maximum weight of the crate so that
the tension developed in any cable does not exceed 450 Ib.

Force Vectors: We can express each of the forces on the free- body diagram shown in Fig. (a) in Cartesian vector form as

Bop < Big |t (= €O Ok =-%le+%ﬁm1+%1%k
¥-2- 02 +(1- 0% +(2-0)2

Fo = Fpp | 2O C2-OI+ (O | 2, 20 1o
¥=2- 02 +(2-02 +(1-0)2 3 3

Fap = Fapl

W =-Wk

Equations of Equilibrium: Equilibrium requires
IF=0; Fap+Fyc +Fyp+W=0 .

2 1 2 2 2 1
--FABi+_FABj+_FﬂBk + —“‘in——‘ij'l-—'ka +FADi+(—WR)=u
3 3 3 3 3 3
2 2 1 2 2 1
- -=F i+| — -=—F, j+| — o - =
( 3 AB 3£+FAD}+(3FAB 3 ‘{‘J‘+(3FAB+3F£ WJ‘( 0

Equating the i, j, and k components yields

"%FAB '_%FH: +FAD =0 [1)]

AR S w1 7))

3 AR E

2 1

'3'FAB +-3-ng -W=0 3

Let us assume that cable AB achieves maximum tension first. Substituting Fyg = 450 1b into Egs. (1) through (3) and solving,
yields

Fae =2251b Fyp =4501b
W=3751b Axs.

Since Fy- = 2251b < 450 Ib, our assumption is correct.
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3-50. Determine the force in each cable needed to z
support the 3500-1b platform. Set d = 2 ft.

3500 Ib

Cartesian Vector Notation :
4f=3j-10k

F.s =F,
A "[;7414-(-3)%(—10)3

Fc=F, (_2.'..?.3.";'3_] =0.1881F, i +0.2822F, . - 0.9407F, ck

‘\Y2+3+(-107

]-o.ms&,i-o.zma,j-o.ma,u

—4i+1j- 10k

F,p=F, = —0.3698F, pi + 0.09245F, 5 - 0.9245F, pk
AD AD[ (-4)’+13+(-IO)3] AD A AD

F = {3500k} Ib

Equations of Equilibrium :

IF=0; F +Fc+Fp+F=0

(0.3578F, 5 +0.1881F, ¢ = 0.3698F, )i + (—0.2683F, 5 +0.2822F, - +0.09245F,p)
+(—0.8944F, ; - 0.9407F, c ~0.9245F, p +3500) k = 0

Equating i, j and k components, we have

0.3578F, 5 +0.1881F, c —0.3698F,, =0 m
~0.2683F, , +0.2822F, ¢ +0.09245F, 5 = 0 (2
- 0.8944F, , - 0.9407F, c - 0.9245F, p +3500 = 0 (3)

Solving Egs.[1], (2] and [3] yields

Fyy = 1369.59 Ib = 1.37 kip Fic=744111b=0744kip  Ans
Fip = 1703.62 b = 1.70 kip Ans
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3-51. Determine the force in each cable needed to z
support the 3500-1b platform. Set d = 4 ft.

Cartesian Vector Nolation :

4 -3j- 10k

Fip=Fpl—mmo
“ "[J-ﬂﬂ-:)‘ﬂ-m)’

]= 0.3578F, i —0.2683F, , } - 0.8944F, , k

Fio=hic|—=1%_|-028mF J~0.9578F, -k
A AC -
i+ 1j-10k
Fip = Fp| ———=——ee— | = 0.3698F, 5 + 0.0924SF, pj - 0.9245F, ok
'AD m[ (_‘)%1“(_10)3] 77 Aol AD
F = {3500k} Ib g
Equations of Equilibrium : } F=35001b
3
IF=0; Fu+F +F,p,+F=0 _j"ft
!
(0.3578F, 5 ~0.3698F, 5) i +(~0.2683F, ; +0.2873F, ¢ +0.09245F, ) gy
+(—0.8944F, 5 - 0.9578F, c = 0.9245F, 5 + 3500) k = 0 = ™ Y
ra 1
‘ 44 i ;
Equating i, j and k components, we have I;.’..i’ff Fw; 1o+
1 [
0.3578F, , -0.3698F, = 0 m i /r N
~0.2683F, 5 +0.2873F, ¢ +0.09245F, , = 0 (2 ' A N
- 0.8944F,, ~0.9578F, . ~ 0.9245F, , + 3500 = 0 (3 x \ ! \'mjt
1 |"‘
10 ! i
Solving Eqs.[1), [2] and [3] yields Ikl: / Y
!/ it
F,q = 1467.42 Ib = 1.47 kip Fc=913531b=0914kip Ans L
Ep = 1419.69 Ib = 1.42 kip Ans v
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*3-52. Determine the force in each of the three cables
needed to lift the tractor which has a mass of 8 Mg.

Cartesian Vector Notation :

2i-1.25j-3

Fa=Fg|l—m—o—-—o
“ "{J?+(-I.25)‘+(~3)‘

]ao_smg.,i-osz?sr;,J-o.?m&,k

2 +1.25j-3k

ForzFip| —m—m—
ac “‘[m

]-_--o.alm,u,i—oms?ﬁwk

]=o.sm50| +0.3276F, cj - 0.7861F, ok

~li-3k
Eo =EB[W
F = (78.48k} kN
Equations of Equilibrium :
IF=0; F+F+F,+F=0

(0.5241F,, +0.5241F, ¢ - 0.3162F, )i +(~0.3276F, s +0.3276F, )}
+(-0.7861F, 5 ~0.7861F, c ~ 0.9487F, 5 + 78.48)k = 0

Equating i, j and k components, we have

0.5241F, , +0.5241F, ¢ -0.3162F, =0 (m
-03276F,, +0.3276F,c =0 2
~0.7861F,, —0.7861F, o - 0.9487F, , + 78.48 = 0 (31

Solving Egs. [1], [2) and [3] yiclds
Fia =Fc=16.6kN Fip=55.2kN Ans

Fr8ccc78) =5 48 <K

} .
7 /
Zms A zm
FHERLL g\ e
i 1z5m) \3
3l Eb’ 5:'1"/ ap
i/ 3myim
iy
v
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*3-53. Determine the force acting along the axis of each of
the three struts needed to support the 500-kg block.

f .F.(Jj-t-lik]

3.905
= 0.7682 F | + 0.6402 F k

0.751- 5] - 2.5k
"’Fc( ssio )

=0.1330Fc 1 - 0.8865 Fc j - 0.4432 Fc k

-—I.251—3]—2.5h)

Fo = F"( 5.728

= -0.2182Fpi-08729R )~ 0434k

W =-500(9.81) k = 4905 k

IF=0; Fa+Fc+Fp+W=0

LFE =0; 0.1330 F; - 0.2182Fp = 0

IF =0; 0.7682 F - 0.8865 F; - 0.8729 Fp = 0

LE =0; 0.6402 F - 0.4432 F; - 0.4364 Fp~ 4905 = 0
Fg = 19.2kN Ans
Fe = 10.4kN Ans

Fp = 6.32kN Anos
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3-54. If the mass of the flowerpot is 50 kg, determine the
tension developed in each wire for equilibrium. Set

x=15mandz = 2m.

Force Vectors: We can express each of the forces on the free - body diagram shown in Fig. (a) in Cartesian vector form as

Fap = Fapj

(2-0)i+(-6-0)j+(3-0k =éF£l—gFACj+?3FACk

Fpo =Fyc
¥2-0)2 +(=6- 0)2 +(3- 0)
Fin=Fap (-1.5-0)i+(—-6-0)j+(2-0)k ='-3—FADi_"1—2‘FA.Dj+iFADk
13- 02 +(6-02 +2-0) 13 13 13
W =[-50(9.81)k]N =[-490.5k]N
Equations of Equilibrium: Equilibrium requires
IF=0; FAB +F‘€ +FAD +W=0
2 . 6 3 3 . 12 . 4 =
Fagj+(?F£I—7Fx-j+ 7F£kJ+[— 13FAD]" 13FA.DJ+ ISFADIIJ+(—490.5|£)—0
2 3 6 12 3 4
(7&5 - 13Fw)i+(&3 ol ISFADJj+(7FAC + 13,'-',,,1,—490.5);(_0
Equating the i, j, and k components yields
2 3
oy ... s
7hac ~13fap =0 @
6 12
Fig —=Fy —=Fyp =
4B~ Fac ~ 37D =0 @
3 4
SExc +Fap ~490.5=0 €]
Solving Egs. (1) through (3) yields
Fqp =1211.82N =1.21 kN Ans.
Far = 606N Ans.
Fap =750N Ans. .
€
X W=50(481)N
@)
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and z = 1.5 m.

Fap = Fupl
(2-0)i+(-6-0)j+(3-0k
¥2-0)? +(=6- 0)2 + (3- 0)2

Fuc =Fuc

(-2 ~0)i+ (~6- 0)j+(1.5— Ok

Fap=Fup

¥(-2- 0)2 +(~6-0)2 +(1.5- 0)?
W = [-50(9.81)k]N =[490.5k]N

Equations of Equilibrium: Equilibrium requires

IF=0; Fup+Fy +Fp+W=0

2 4 6 12
ZFy ~=Fup 1+| Fig - 2Fc —=F,
(7 15 ‘“’J [*“" L T

Equating the i, j, and k components yields

2 4

EFy —==Fan =0 1

> Fac —T3Fap @®
6 12

Fap —=Fpn —=—=Fun, =0

a8 ~ S Fac — 3 Fap

3 +sFyp —4905=0 3

7 13 -

Solving Egs. (1) through (3) yields
Fu =1308N =1.31kN
Fye =763N
Fyp =7085N

3-55. If the mass of the flowerpot is 50 kg, determine the
tension developed in each wire for equilibrium. Set x = 2 m

4
13

2 6 3 4 12 3
Fapit| =Fayri—=F i+ = Faurk | +]| === Fupi— =—=Fan i+ — Fink
ABJ (7 Acl 7 AC) 7 AC J ( 13 AD! 13 ADJ 13 AD

]j-l-(%ﬂr +

(2

=
P

[ g

Force Vectors: We can express each of the forces on the free- body diagram shown in Fig. (a) in Cartesian vector form as

= "—FADE*‘EFADj+iFADk

13 13

J+ (—490.5k) = 0

3
13Fw—490.5)k_0

W=50(80n
)
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*3-56. The ends of the three cables are attached to a ring z
at A and to the edge of a uniform 150-kg plate. Determine
the tension in each of the cables for equilibrium. W
P = 150(981)k = 14715k
\
4 6 12
= —Bl-—=RBj-—FKk
B 14" lll»':i"l 145 1so(@.a1) = 1750 2m
< < 10m
6 4 12 N % 12m
Fo=-2Fel-—Fej-=Fk _ y 9%+
14 14 14 e 5 m
‘9"/‘;’;4 m
4 6 12 — y
m e it —=FR)-—FRk
Be-thitSh]-26 ko B A
R R 2m S
4 6 4 S RB AR AXRBANRBIN
IR =0; —_— - == =0
TR TR Th ~om 6m—"
X
p 6 4 6
LF, =0; -y —=Fc+ = =0
B w Tt a®
12 12 12
5K =0; -—B-—=F-—F+415 =
F= u - pfe-ghr1ns =0
Fy = 858N Ans
Fe=0 Ans
Fp = 858N Ans
*3-57. The ends of the three cables are attached to a ring z
at A and to the edge of the uniform plate. Determine the
largest mass the plate can have if each cable can support a e 3
maximum tension of 15 kN.
W=Wk
_ 4. 6 _ 12 W
B= (im0 7% 2N 1om
g 12m
. =r(—-‘-|—ij-131:) e P
c=el e T e : )/vy D m
- Fp e y
1r,=5(_i|+-‘-j--'%a B Fe B y A4
ot 2m SR
co; Ap-Sp_tg. 6m—’6m—
IE=0; qoh-qgf-gh=0 i
6 4 6
IF =0; "I'ZFI 'i-zc'l--l—ifpwo
. _12 . 12, 12 = Thus,
IF =0; -ﬁ& 'l':Fc I4Fni‘+w 0
12 12 _
Assume Fy = 1SN, Solving, “1N-0-Z N+ W=0
Fc=0<15kN  (OK) W=25.T14kN
F=15kN (OK) W _ 25714
m:l? __9.31 SZ&M’ Ans
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N

3-58. Determine the tension developed in cables AB, AC,
and AD required for equilibrium of the 75-kg cylinder. B

Force Vectors: We can express each of the forces on the free- body diagram shown in Fig. (a) in Cartesian vector form as

Fop = Fyp |-+ 050§+ G- 0k =-'.2;F451+;3Fm1+%f"43k
| (-1-02 +(1.5- 02 + (3- 0)?

Y whipleia=Olte2 -0+~ 0k =—-1F£i—-;-Fch+-§—F,|ck
_J(—I -0 +(-2- 0% +(2-0)?

Fap = Fap| 22 0)2+(4~0)1+(0~ 0k =§Fmi_istj
|G- 02 +(4-0)2 +(0-0)

W =[-75(9.81k]N =[-735.75k]N

Equations of Equilibriom: Equilibrium requires
IF=0;, Fup+Fy +Fyp+W=0

2 3 6 1 2 2 3 4
——Fagi+ =Fapj+ =Figk |+| —=Fyri—=Fy j+=Far k |+| = Fypi—-=F +(=735.75k)=0
[7487481745)(3ac 3ac.i3ac](5.w sao.i}( )

2 1 3 3 2 4 6 2
—— —— +— — —— —— + — +_ B -
( ~Fas 3FAC SFAD}H'[?FAB 3FAC SFAOJJ (.?FAB 3FAC F73575}‘—“

Equating the i, j, and k components yields

2 1 3
"7FA8_3F;{,‘ +5Fm—u (1)

3 2 4
F= e ——=Fin =0 (2
748 SFMJ 5 Fap (2)

%FM + -;—F,f -B575=0 (3

Solving Egs. (1) through (3) yields
Fug =83IN
Fye =356N
Fyp =415N Ans.

FE
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N

3-59. If each cable can withstand a maximum tension of
1000 N, determine the largest mass of the cylinder for
equilibrium.

Bg
|
Zan

y

Force Vectors: We can express each of the forces on the free- body diagram shown in Fig. (a) in Cartesian vector form as

Fag =Fap

:
(~1- 0)i+(1.5-0)j+(3-0)k =—%F”i+?3fmj+gﬁ'uk
| ¥(=1-0)% +(1.5- 0)% + 3- 0)? 7

(~1- )i +(-2-0)j+(2- Ok
—

1 2 2
Fo =Fyr s—=Fyi-=Fy j+=Fy k
| J-1-02 + (-2 0)% +(2- 0)2} 3 3 3
Fap = Fap| -CoDitCA-03+O-0k | 3, . 4,
| 4G~ 02 +(4-02+©0-0? | 5 s
W = -m(9.81k

Equations of Equilibriom: Equilibrium requires
IZF=0; Fup+Fyc +F4p+W=0
P oo 6 1 P oD 3 4
{-TFA,;|+ > Fai+ Tpuk}f(—arxi—;ﬁr i+TEc t]+[sle— SFADj}I-[—m(Q,SI)kl—O

2 1 3 3 2 4 6 2
(—TFH— SF‘: +SFAD]|+[7FAB —3F’€ - 5Fw]j+(;f’“ +;F£ —m(9,31)}(=0

Equating the i, j and k components yields

2 1 3
— - = =

TFM 3F£ SFm 0 ()
3 2 4
=Fyp == Fyr —=Fyp =0

=Fas -3 Fac —zFap 2)
6 2
?Fﬂ +§F‘[‘ - m(9.81)=0 (3

Let us assume that cable AB achieves maximum tension first. Substituting Fyg = 1000 N into Eqgs. (1) through (3) and solving,
yields

Fyp = 500N Fy =4286N

m=903kg Ans.
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*3-60. The 50-kg pot is supported from A by the three z
cables. Determine the force acting in each cable for
equilibrium. Take d = 2.5 m.

[
e am /1
P
! s =
AC P ;’;2” 4
vy
L,/
"
o

Y. 509614905 N

Cartesian Vector Notation :

6i+2.5k 12 5
Fis =ﬂ'[——}= ﬁa.id-—ﬂ,i

Je+25 13

—6i-2j+3k

6 2 3
_— - =F, -k
F4c=ﬂc[( TToTe ]= Tﬂc' -,ﬂcl*.’ﬂc

Solving Egs. (1, (2] and [3] yields

-6i+2)+ 3k 6 2 3
==Fpi+=Fpl+=Fpk FE.=F,
Fms%[ (-6)’+23-+.3‘J= 3ol + 3fa0l+ 3R Ac=lap=312N
F = {—490.5k} N
Equations of Equilibrium : F,p = 580N Ans

IF=0; F+Fc+Fp+F=0

12 6 6 2 2
(‘ﬁﬁu ‘gﬁc'r’ﬂn)“(‘; het .-,Ffm).l

s 3 .3
+(ﬁ i+ 3hic+ ‘,-ms)kuo

Equating i, j and k components, we have

12 6 6
Ths “iﬁc =3fp= 0 m
2 2
'.‘,ﬁc + iﬁm =0 2
5 3 3
s +5fic+3hp-4905=0 13)
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¢3-61. Determine the height d of cable AB so that the force
in cables AD and AC is one-half as great as the force in
cable AB. What is the force in each cable for this case? The

flower pot has a mass of 50 kg.

Cartesian Vector Notation :

Fup =(Fp), i +(F,),k

s -6i-2J+ 3K 3 1 3
F,.=2L o = —
ac= = [J_—I=(_ﬁ)z+{_nz+3=]’ .,ﬁu‘ 1&!]"‘ ME.-"

F, ~6i +2j+ 3k 3 1 3
Fip= "1'!'["—""'2]—]=“ﬂn""‘ i+ —Fk

Joremem) TAtalty
F = (—490.5k} N
Equations of Equilibrium :

IF=0; F+Fc+Fp+F=0

3 3 1 1
((‘F:u Y “.‘;Eu “.;En]' +(".-’.Eu *;ﬂl)l

3 3
+({F:‘.}= +—1-4-F‘. + ﬁﬂ. -490.5)k =0
Equating i, j and k components, we have

3 3 6
(Ea), ‘gfu 2z iﬂl =0 (Ra), = -".Eu

(1

y
A A
:l}ung,m >4 }g,m
F lfll [ i
/} /)-’r /,-J
6 beY ] Er}l?/ém
A 5 /
// 1':_ / 1}
fd
|
|

Y
F=50(981)=490-5N

1 1
=3fas+38a =0 (Satisfied!)
3 3 3
(ﬂﬂ,+ﬁ&a+l—-ﬂ.-490.s=o (ﬂ.h:‘m_?;" 2
However, Ff. = (a‘:'..): +(5,):, then substitute Eqs. (1] and (2] into this
expression yields
6y 3 3
Fs =(§5,] +[490.5_?5.)
Solving for positive root, we have
Fip =51979N=520N Ang
T &ﬂ&nﬂ%(swﬂs)szﬁou And
Also, P
(Fig), =5(51979) =445.53N
3
(Fip), =490.5-5(519.79) = 261.13N
(B ] ot (167.73) o~
then, f=ntan ‘[E:)-t] @n —-—“5.53 =
d = 6@n 6= 6an 31.00°=3.61m Ans
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3-62. A force of I = 100 Ib holds the 400-lb crate in z
equilibrium. Determine the coordinates (0, y, z) of point A
if the tension in cords AC and AB is 700 1b each.

'm_m{ Si-yj+@-2k ] F=/:90 /L

Rae(=yR+(d=zp

R ETIEN x W=400l, 1

~SPH-yR+(4-2p

F={100j}b W={—400k} Ib
3500 ~3300
LR =0; —_— . 3 =0
VBS+@+@-2F (Bey+@-20 =3 dymd=z
-
£F, = 0; e T L1000 (1) Thus,
VP +@-F (Brpe-op
- _ 1400y = 10025+ 3 + 16
£F =0; 700@-2) . 7004-2) o0 o @ y
V35+R+(@=z8 J25+p+(4-2P 196y} =254 17 y?
1400 y = 100425+ 3 + (4-2)° y=0.3737=0.374Rk Ans
1400(4~2) = 400/ 254y + (4—2)F 403713 =4-5; z=251R Ane
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3-63. If the maximum allowable tension in cables AB and
AC is 500 Ib, determine the maximum height z to which the
200-Ib crate can be lifted. What horizontal force F must be
applied? Take y = 8§ ft.

IF =0; -2 soo[ $ ]+r=o M
Jsusu«-zy’ '

LF, =0: 1[500[ o ]-wo:o @
JFefeta-

Dividing Eq. (2) by Eq. (1),

From Eq.(1):
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*3-64. The thin ring can be adjusted vertically between z
three equally long cables from which the 100-kg chandelier
is suspended. If the ring remains in the horizontal plane and
z = 600 mm, determine the tension in each cable.

Geometry: Referring to the geometry of the free - body diagram shown in Fig. (a), the lengths of cables AB,AC, and AD are

alll = 'JO.SZ +062 =J061 m

Equations of Equilibrinm: Equilibrium requires

SF. -0 Fw(()SmsBO‘“] [0.5«530°J=0FAD=F£:F

Jo61

0.5sin 30°

e

Thus, cables AB,AC, and AD all develop the same tension.

IF,=0; 3 J-mmgsn 0

J“_

Fap =Fyr =Fyp =426N Ans.

100(9-81)A t

(&)
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©3-65. The thin ring can be adjusted vertically between z
three equally long cables from which the 100-kg chandelier
is suspended. If the ring remains in the horizontal plane and
the tension in each cable is not allowed to exceed 1 kN,
determine the smallest allowable distance z required for
equilibrium.

Geometry: Referring to the geometry of the free - body diagram shown in Fig. (a), the lengths of cables AB,AC, and ADare

am=Jo.52+:2.

Equations of Equilibriam: Equilibrium requires

XF, =0 FAD[ 0.5¢c0s 30° ]—F [ 0.5c0830°

:0 F, =F =F
40524 22 ¥0.52 422 ] e

0.5 0.5sin30°
IF, =0 Fpp| —=——=— |- 2 | —=—==|=0 Fug =F
y
[Jo.s2 +32 ] { J0.32 + 22 ]]
Thus, cables AB,AC, and AD all develop the same tension.

IF.=0; 3 3 ~100(98) =0
-|‘t-).52 +22

Cables AB,AC, and AD will also achieve maximum tension simultaneously. Substituting F = 1000 N, we obtain

3(1000) ——=—— |- 100(9.81) = 0
{Jc-).sz +22 ]

z=0.1730m =173 mm Ans.

C
;/0'5”’
z

e
W
3

J

055N~

100(9-81)N 7

)
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3-66. The bucket has a weight of 80 1b and is being hoisted
using three springs, each having an unstretched length of
Iy = 1.5 ft and stiffness of k = 50 1b/ft. Determine the
vertical distance d from the rim to point A for equilibrium.

LR =0; so—[ 3d ]Fao

JJ‘ + (.58
3d
80 - m[m (/#+ 1357 -15)] =0

d
W ({d’ + (1.5): - 1.5) = 0.5333

dyd + (L.5P - 1.5d = 0.5333 /& + (1.5

vd + (L.5@ (d - 0.5333) = 1.54

[d* + (1L.5P] [ - 24 0.5333) + 053337 ] = (1.9} &

d* - 1.067d° + 0.2844* - 2.4d + 0.64 = 0

d= 1641 Ans
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3-67. Three cables are used to support a 900-lb ring. z
Determine the tension in each cable for equilibrium.

Cartesian Vector Notation :

Fip = a.[ﬁi]w-san-asa.k

YR+ (=)?

3cos 30° - 3sin 30°) - 4k ]

Fir=Fq] —m—m—m m m e —  ——
“e “(J(:um 30°)% + (=3sin 30°)7 + (~4)?

= 0.5196F, i - 0.3F, - 0.8F, .k

~3cos 30°i - 3sin 30°j -4k
Fip=Fp - 3 3
y (=3cos 30°)% + (=3sin 30°)* +(~4)
= ~0.5196F, pi = 0.3F,5,j - 0.8F ok

F = {900k} Ib
Equations of Equilibrium :
IF=0; F +Fc+F,p+F=0

(0.5196F, ¢ —0.5196F, p)i +(0.6F, 5 =0.3Fc = 03F, )}
+(~0.8F, 5 —0.8F,c ~0.8F,p +900)k = 0

Equating i, j and k components, we have

—_—

0.5196F, c —0.5196F, 5 = 0 n q00 b
0.6F,5 ~03F,c ~0.3F,5 =0 (2
-0.8F,5 ~0.8F,c ~0.8F,, +900=0 3

Solving Egs.[1], [2] and [3] yields
Fg=Fc=Fp=3751b Ans
This problem also can be easily solved if onc realizes that due to symmetry all cables are

subjected to a same tensile force, thatis F,; = Fy¢ = Fyp = F. Summing forces along z
axis yields

IE =0; 900-3FG]=0 F=3751b
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*3-68. The three outer blocks each have a mass of 2 kg,
and the central block E has a mass of 3 kg. Determine the
sag s for equilibrium of the system.

h=hh =T =20981)
LF, =0: 3(2(981)cosy=-3(981) = 0
cosy=05; 7y =600

0.5
‘-W =05TTm

0.577
B e— = 333 Ans
1 po 0333 m mm
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¢3-69. Determine the angle 6 such that an equal force is z
developed in legs OB and OC. What is the force in each leg
if the force is directed along the axis of each leg? The force
F lies in the x—y plane. The supports at A, B, C can exert
forces in either direction along the attached legs.

00 lb‘

120°
Sft \L
<
C A

s 10
Fou = F (—-—_ — )
N ST T AT

= Foa (~0.4472 § +0.89443 k)

Fa]:Fa.(—‘s,m_wﬂ.i-smwo 10 )

1118 TR RRRTAT]

= Fos (- 038731 - 0.2236 j - 0.8944 k)

Foc =roc(”‘“ﬁ°°a-’“”°°'j .ﬁ'—k)

1118 1118 ° 1118

= Fpc (0.38731i ~ 0.2236 ] - 0.8944 k)

F = 100(sin @i+ cos 8 )
IR =0; = 0.3873 Fop + 0.3873 Fpc +100sin 8 = 0
If Foe = Fpy , then 1003in@ = 0; 8=0 Q_m
LF, =0; =~ 0.4472 Fg, - 0.2236 Fyy = 0.2236 F5c + 100= 0
LF =0; 0.8944 Fp, — 0.8944 Fpp — 0.8944 Fpe = 0

Foa = 1491b Ans

Fos = Fpe = 74510 Ans
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3-70. The 500-Ib crate is hoisted using the ropes AB and

AC. Each rope can withstand a maximum tension of 2500 1b o
before it breaks. If AB always remains horizontal, C \'\70
. . N
determine the smallest angle 6 to which the crate can be N\
hoisted. \
A F
Case1: Assume 7;, = 2500 Ib
SzE =0 2500 - Tyo cos6 = O 3 ,
Tew |a 3s00m /N
+T25 =0 Zic sin6 - 500= 0 x s <
So0u4 N

8= 11.31°
Tic = 2549.51b > 250016 (N.GI)
Case2: Assume T, = 25001b

+TIE =@ 2500 sin@ - 500= 0

6 = 11.54° 2,5008b . T
—_—
SEF = o; Ty — 2500 cos11.54° = 0 L A

Tis = 2449.491 < 2500 b

Thus, the smallest angle is @ = 11.5° Ags

3-71. The members of a truss are pin connected at joint O. y
Determine the magnitude of F; and its angle 6 for
equilibrium. Set F, = 6 kN. 5 KN

LEF =0 sainou-r,ma—seuao'-;m-o
Ficosf =4.2920
+T2F, =0; 6m70'+5:in!0"-53in8-%m-0
F,sin6 =0.3521
Solving:
0=4.6° Ans F =431kN Ams
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*3-72. The members of a truss are pin connected at joint O. y
Determine the magnitudes of F; and F, for equilibrium.
Set 6 = 60°. 3KN

IR, =0; F;sin?ﬂ'+ﬂm60‘—5m30‘—§(?)-0

|
0.9397F; +0.5F =9.930 skd
Fa
1o0°
. . 3 2
+TEF =0; FRcos70°+5sin30° - Fy sin60° - =(7) = 0 _ y
5 <fs 20*
q
0.3420F, ~0.8660F, = 1.7 =,
7k
Solving:
K =960kN Ans F = 183kN Ans
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¢3-73. Two electrically charged pith balls, each having a
mass of 0.15 g, are suspended from light threads of equal
length. Determine the magnitude of the horizontal
repulsive force, F, acting on each ball if the measured
distance between them is r = 200 mm.

«TIF, =0; Tsin 60°~0.15(10)(9.81) = 0

T=1.699(10)* N

DIF =0;  1.699(10)cos 60°~F =0 :
F=0.850(10) N ' 015¢107°)( ?’8/)/"

=0.850mN Ans
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3-74. The lamp has a mass of 15 kg and is supported by a
pole AO and cables AB and AC. If the force in the pole acts
along its axis, determine the forces in AO, AB, and AC for

equilibrium.

Cartesian Vector Notation :

-6k
Fip =Fap _&+3j -3 u“‘" Al "';lk
(-6)3-1-31-1-(-6)’
- - 6
Fic =Fic A6k .- l“.—.,"fmch
(=2)%+ 31 + (=6)?
- 12
2i-1.5j+6k iﬂol-iﬂoj*"'ﬂok

13

=F, =
Fao ‘°[J21+(—1.5)’+s=]

F={-147.15k} N

Equations of Equilibrium :
Fug+Fc+Fo+F=0

IF =0,
2 2 4 1 3 3

6 12
(.sp;, Shic+ J3Fio= 147 15)k=0

4m

»

/“)/C

1.5m

1.5m

Equating i, j and k components, we have

(1]

(2]
31

Solving Eqgs.[1], [2] and [3] yields

Fp=110N F =858N F,=319N Ans

Fz15¢9.81)=14715 N
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3-75. Determine the magnitude of P and the coordinate
direction angles of F; required for equilibrium of the
particle. Note that F; acts in the octant shown.

1 7 4
r.-m[-ﬁl-mhﬁt] -
=-44.3131-310.191  +177.252k
K= -12]
Fos -300k .
R=FRi+Fj+Rk (1)
P= Pcos20°) + Psin20°k
IF,=0; -44313+F =0
F, =44.3131b
LF, =0; -310191 ~120+F, +09397P = 0
IF, =0; 177.252 - 300 + F, +0.3420P = 0
From Eq. (1), require
W=VFF+FF+ B
(2001 = (44.313)% +(430.191 - 0.9397P)* + (122.748 - 0.3420P)
P?-892.459P +162095 = 0
Solving,

P = 638.65D and P=2538lD

Fy=2001b

(—1ft, =7 ft, 4 ft)

F,=1201b

Thus, with P = 638.65 Ib, F,

F, =300 1b

-169.95 b.
With P =253.81b, F, =191.69 .

In order for Fy to be within the octant shown, choose

P=63%91b Ans
so that
F, =-95.6712

Thus, the direction of F; is :
o v (432

~169.95

b ()

—

Ans
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*3-76. The ring of negligible size is subjected to a vertical
force of 200 1b. Determine the longest length / of cord AC
such that the tension acting in AC is 160 1b. Also, what is the
force acting in cord AB? Hint: Use the equilibrium
condition to determine the required angle 0 for attachment,
then determine / using trigonometry applied to AABC.

Equations of Equilibrium : *
" =lb0 Ib Fag
5ZE =0, Fycos 40°~ 160cos 6=0 (m
. [} 40°
+TIE =0;  F,sin40°+160sin §-200=0 [2] Y x
Solving Eqs. (1) and [2] yields
9=33.25° Yzooib
Fp =175 Ans

Geometry : Applying law of sines, we have

1 2
Sind0®  3in33.25°

1=23411 Ans

e3-77. Determine the magnitudes of F;, F,, and F; for
equilibrium of the particle.

800 Ib
IF = 0: &+ﬂmw-m(§]-o

£F, = 0; M(§)+ﬁmlir-ﬁ =0

IF =0; Fi cos 60°- 200 = 0

R = 4000 Ans
F =280 Ans
R =35Th Ans
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3-78. Determine the force in each cable needed to
support the 500-1b load.

Eguation of Equilibrium :

z
4
IF =0 f:;,.(—s-)—smw Fep=6251b Ans )
et
Using the results Fzp, = 625 Ib and then summing forces along x and y axes. ,/’:.
we have i !
) ’ Feo 184
2 2 Es 1
IF =0; &4[—]"53[—]=° Fea=Fp=F oft 1
Y40 V40 24t T y I:
6 3 . _ s,
=0; — |~625(=)=0 ¢
=0 Jro] G)-
Fen =Fep =F=1981b Ans
"Boo Ib

3-79. The joint of a space frame is subjected to four
member forces. Member OA lies in the x—y plane and
member OB lies in the y—z plane. Determine the forces
acting in each of the members required for equilibrium of

the joint.
Egquation of Equilibrium : z
IF,=0; Fsind5®=0 F =0 Ans

TE=0; FRsin40°—200=0 K =311.14b=3111b Ans

Using the results f;, =0 and R, = 311.14 [b and then summing forces along
the y axis, we have

IF=0; F-31ll4c0sd0°=0 F=2381b Ans
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