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600 N

900 N
45°

PROBLEM 2.1

Two forces are applied as shown to a hook. Determine graphically the
magnitude and direction of their resultant using (a) the parallelogram law,
(b) the triangle rule.

SOLUTION

(a) Parallelogram law:

(b)  Triangle rule:

We measure:

. AR
./ ’/
»J
¢
f » o~ oo N
-2 - vf/ ) -
pal” v
[ P20 \
i ] X
Too N
.»'/.-{
SN
/ Noca
I3
/7 \
& 3 =
R=1391kN, «a=47.8° R=1391N «7 47.8° 4

Copyright © McGraw-Hill Education. This is proprietary material solely for authorized instructor use. Not
authorized for sale or distribution in any manner. This document may not be copied, scanned, duplicated,
forwarded, distributed, or posted on a website, in whole or part.
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800 Ib PROBLEM 2.2

Two forces are applied as shown to a bracket support. Determine
graphically the magnitude and direction of their resultant using (a) the

60° parallelogram law, (b) the triangle rule.

. P

35°

500 Ib

SOLUTION

(a) Parallelogram law:

4\
/
4 N
R
~ = £
V. /
6 Ve
(b)  Triangle rule:
SO0 b
> "\:/ 3s®
/ S geo th
: ? R
.’// o 2 =
> &
=N § e
We measure: R=906 b, «=26.6° R=9061b <~ 26.6° 4

Copyright © McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior written
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PROBLEM 2.3
ﬁ, " A Two structural members B and C are bolted to bracket A. Knowing that
g5e -, f both members are in tension and that P = 10 kN and Q = 15 kN,
j - determine graphically the magnitude and direction of the resultant force
T T . e exerted on the bracket using (a) the parallelogram law, (b) the triangle
\ 5 ¢ rule.
o/
500 ;f;/jq/
bl V// i
\ T

SOLUTION

(a) Parallelogram law:

10 kN

(b)  Triangle rule:

We measure: R=20.1kN, «o=21.2° R=20.1kN > 21.2° 4

Copyright © McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior written
consent of McGraw-Hill Education.
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PROBLEM 2.4

ﬁ, A B Two structural members B and C are bolted to bracket A. Knowing that
25° 7:\\0 f both members are in tension and that P = 6 kips and Q = 4 Kips,
j - determine graphically the magnitude and direction of the resultant force
T T T T 7 exerted on the bracket using (a) the parallelogram law, (b) the triangle
\ A g rule.

50° /;30//

b] Y /

\ //////C e
Q¥ T 4

SOLUTION
(@) Parallelogram law:
G kips
/
/Xy 2s°
>
< Rt
\:'\ .
~ 40
4 Kies
(b)  Triangle rule:
50°
4 kips
R
We measure: R=8.03 kips, «=3.8° R =8.03kips 7> 3.8° 4

Copyright © McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior written
consent of McGraw-Hill Education.
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4251b P PROBLEM 2.5
- 30°b A ﬁa -

A steel tank is to be positioned in an excavation. Knowing
that a = 20°, determine by trigonometry (a) the required
magnitude of the force P if the resultant R of the two
forces applied at A is to be vertical, (b) the corresponding
magnitude of R.

SOLUTION

7

Using the triangle rule and the law of sines:

(@) S +50° +60° =180°
/3 =180°-50° - 60°
=70°
izb __P P=3921b «
sin70°  sin60°
(b) ixb __R R=346 Ib «

sin70°  sin50°

Copyright © McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior
written consent of McGraw-Hill Education.
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4251b P PROBLEM 2.6

A steel tank is to be positioned in an excavation. Knowing
that the magnitude of P is 500 Ib, determine by
trigonometry (a) the required angle « if the resultant R of
the two forces applied at A is to be vertical, (b) the
corresponding magnitude of R.

SOLUTION
R
Using the triangle rule and the law of sines:
(@) (¢ +30°) +60°+ 5 =180°
S =180°— (a +30°) — 60°
f=90°-¢
sin(90°—¢a)  sin60°
425 1b 500 Ib
90° — ¢ =47.402° a=42.6°

R ~ 500 1b
sin (42.598°+30°) sin60°

(b) R=5511b «

Copyright © McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior
written consent of McGraw-Hill Education.
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PROBLEM 2.7

A trolley that moves along a horizontal beam is acted upon by two
forces as shown. (a) Knowing that & = 25°, determine by trigonometry
the magnitude of the force P so that the resultant force exerted on the
trolley is vertical. (b) What is the corresponding magnitude of the
resultant?

SOLUTION

\GOON

|~

r——

o =25°

Using the triangle rule and the law of sines:
1600N P

(@ : =— P=3660 N «
sin25°  sin75°
(b) 25°+ p+75°=180°
P =180°—25°—-75°
=80°
160N __ R R=3730N <«

sin25°  sin80°

Copyright © McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior written
consent of McGraw-Hill Education.


https://testbanks.ac/product/9781260226751-SOLUTIONS-5/

[CLI cK HERE TO ACCESS THE COMPLETE Sol uti ong

120N\ /P PROBLEM 2.8
¥ e A stake is being pulled out of the ground by means of two ropes as shown.

Knowing that o = 30°, determine by trigonometry (a) the magnitude of the
force P so that the resultant force exerted on the stake is vertical, (b) the

corresponding magnitude of the resultant.

SOLUTION
i R
300"\-.
\ZO N
- 25 °
\
Using the triangle rule and the law of sines:
120N P
(@) 05— 5o
sin30°  sin25
(b) 30°+ S+ 25°=180°
f =180°—-25°-30°
=125°
120N R

sin30°  sin125°

P=1014N «

R=196.6 N «

Copyright © McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior

written consent of McGraw-Hill Education.
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PROBLEM 2.9

Two forces are applied as shown to a hook support. Knowing that the
magnitude of P is 35 N, determine by trigonometry (a) the required
angle « if the resultant R of the two forces applied to the support is to
be horizontal, (b) the corresponding magnitude of R.

SOLUTION
. . . SON
Using the triangle rule and law of sines: P= 35;(%\(\
sina  sin 25° = 25°
(@) N
50N 35N R
sin ¢ =0.60374
a=37.138° a=371° 4
(b) o+ B +25°=180°
f =180°—-25°-37.138°
=117.862°
R____3N R=732N <

sin117.862°  sin25°

Copyright © McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior written
consent of McGraw-Hill Education.
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IZON\ /P PROBLEM 2.10
50, @ For the stake of Prob. 2.8, knowing that the tension in one rope is 120 N,

determine by trigonometry the magnitude and direction of the force P so
that the resultant is a vertical force of 160 N.

PROBLEM 2.8 A stake is being pulled out of the ground by means of two
ropes as shown. Knowing that o = 30°, determine by trigonometry (a) the
magnitude of the force P so that the resultant force exerted on the stake is
vertical, (b) the corresponding magnitude of the resultant.

SOLUTION

b R=160 N

Using the laws of cosines and sines:

P? = (120 N)? + (160 N)? — 2(120 N)(160 N)cos 25°
P =72.096 N

And Sina _ sin25
120N 72.096 N
sina =0.70343

o =44.703°

P=721NV 447>

Copyright © McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior
written consent of McGraw-Hill Education.
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PROBLEM 2.11

A trolley that moves along a horizontal beam is acted upon by two forces
as shown. Determine by trigonometry the magnitude and direction of the
force P so that the resultant is a vertical force of 2500 N.

SOLUTION
R=2500N
Using the law of cosines: P? = (1600 N)? + (2500 N)? — 2(1600 N)(2500 N)cos 75°
P=2596 N
Using the law of sines: sina__ sin 75
1600 N 2596 N
a =36.5°
P is directed 90°—36.5° or 53.5° below the horizontal. P =2600 N 53.5° «

Copyright © McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior written
consent of McGraw-Hill Education.
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PROBLEM 2.12

For the hook support shown, determine by trigonometry the magnitude and
direction of the resultant of the two forces applied to the support.

L
300 Ib

200 Ib

SOLUTION
5 ’\ 7
i 8z=90+ 25°— ob
e
1‘}' 1
Fa] A
yoolb /DNE |
o5
0‘/ us \
\\\\ \
N \
200\b

Using the law of cosines:
R? = (200 Ib)? + (300 Ib)?

—2(200 1b)(300 Ib) cos (45° + 65°)
R =413.57 Ib

sina_ sin (45 +65°)
300 Ib 41357 Ib
a=42972°

Using the law of sines:

B =90" +25° — 42.972° R=4141b ~ 72.0° 4

Copyright © McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior written
consent of McGraw-Hill Education.
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10 ft

PROBLEM 2.13

The cable stays AB and AD help support pole AC. Knowing
that the tension is 120 Ib in AB and 40 Ib in AD, determine
graphically the magnitude and direction of the resultant of the
forces exerted by the stays at A using (a) the parallelogram
law, (b) the triangle rule.

¢ = (90° — 38.66°) +15.64°

¢ = 66.98°

! S ft 6 ft |
SOLUTION
AR
%
tana = E
ﬁ - 10
/ Vi % a 177
Bft —— 6Ft —| o =38.66°
6
tan f=—
p 10
S =30.96°
Using the triangle rule: a+ [ +y =180°
38.66° +30.96° +  =180°
w =110.38°
Using the law of cosines: R? = (120 Ib)? + (40 Ib)? — 2(120 Ib)(40 Ib)c0s110.38°
R =139.08 Ib
Using the law of sines: siny _ sin110.38
401b  139.081b
7 =15.64°
$=(90°-a)+y

R =139.11b % 67.0° 4

Copyright © McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior written

consent of McGraw-Hill Education.
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PROBLEM 2.14

\, \k B Solve Problem 2.4 by trigonometry.
25° i g
l \9\9\ 7 PROBLEM 2.4: Two structural members B and C are bolted to bracket
E ———:—7 A. Knowing that both members are in tension and that P = 6 kips and
/B% £ Q = 4 Kips, determine graphically the magnitude and direction of the
y. 09/ resultant force exerted on the bracket using (a) the parallelogram law,
50° 44 (b) the triangle rule.
\ 4
& e
(‘)’ I 4

SOLUTION

Using the force triangle and the laws of cosines and sines:

We have: ¥ =180° — (50° + 25°)
=105°
Then R? = (4 kips)® + (6 kips)? — 2(4 kips)(6 kips) cos105°
= 64.423 kips®
R =8.0264 kips

4kips  8.0264 Kkips
sin(25°+ @) sin105°
sin(25° + ) = 0.48137
25°+ ¢ = 28.775°
a =3.775°

And

R =8.03kips 2~ 3.8° 4

Copyright © McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior written
consent of McGraw-Hill Education.
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250 P PROBLEM 2.15
— 302>A4 Ea —

For the steel tank of Prob. 2.5, determine by
trigonometry (a) the magnitude and direction of
the smallest force P for which the resultant R of
the two forces applied at A is vertical, (b) the
corresponding magnitude of R.

SOLUTION
r
U2s1p 7 R
The smallest force P will be perpendicular to R.
(@) P =(425 Ib)cos30° P=3681b— «
(b)  R=(425 Ib)sin30° R=2131b «

Copyright © McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior
written consent of McGraw-Hill Education.
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y PROBLEM 2.16
1—8()()——‘ Determine the x and y components of each of the forces shown.
Dimensions —_—
in mm 900 N ,// T
600
o)
T X
124 N 108 N
900
J y \
/ \
/ \
| 560 —t—as0—]

SOLUTION
b4
Compute the following distances: A
OA = /(600)? + (800)° goon,
=1000 mm o

I |
OB = ,/(560)2 +(900)? 424 N 408 N X
=1060 mm . , N \
oC = ,/(480)2 +(900)? >

B C
=1020 mm

. 800

800-N Force: F, =+(800 N)—— F, =+640 N 4
1000

F, =+(800 n)-200 Fy=+480 N <
1000
. 560

424-N Force: F, =—(424 N)—— F,=-224N <«
1060

F, =—(424 N) 2. F,=-360N <
1060
480

408-N Force: F, =+(408 N)—— F,=+192.0 N «
1020

F, =—(408 N)_QOO F,=-360 N «
1020

Copyright © McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior written
consent of McGraw-Hill Education.
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y PROBLEM 2.17
28 in.
oS Determine the x and y components of each of the forces shown.
%6 in- 50 1b ’ 80 in.
\ 29 1b
 ONai '
90 in.
\\
\
Lélr‘i in.+l
SOLUTION g '
A
Compute the following distances: \\ 7
7/
OA=/(84)? + (80)° 20t 7.
=116 in.
0 X
OB = N/(zs)z +(96)? S\t
=100 in. )
oC = «/(48)2 +(90)2 i
=102 in.
, 84
29-1b Force: F,=+(29 Ib)m F,=+21.01b «
80
Fy =+(29 Ib)m Fy =420.01b 4
, 28
50-1b Force: F, =—(50 Ib)ﬁ F,=-14.001b 4
96
F, =+(50 Ib)ﬁ F,=+48.01b <
_ 48
51-1b Force: F, =+(51 Ib)E F,=+24.01b <
F, =—(51 m% F,=-45.01b 4

Copyright © McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior written
consent of McGraw-Hill Education.
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y PROBLEM 2.18

= 60 1b .
e Determine the x and y components of each of the forces shown.

SOLUTION

40-1b Force: F, = +(40 Ib)cos60° F,=20.01b 4
F, =—(40 Ib)sin 60° F,=-3461b «

50-Ib Force: F, =—(50 Ib)sin50° F,=-38.31b 4
F, =—(50 Ib)cos50° F,=-3211b «

60-1b Force: F, = +(60 Ib)cos 25° F, =5441b 4
F, = +(60 Ib)sin 25° F,=2541b <

Copyright © McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior written
consent of McGraw-Hill Education.
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y PROBLEM 2.19
120 N
Determine the x and y components of each of the forces shown.
SO N
150 N
30°
™
350/ P \400
EE ©
\ =
|
SOLUTION
80-N Force: F, =+(80 N)cos40° F,=613N <«
F, =+(80 N)sin 40° F,=514N «
120-N Force: F, =+(120 N)cos70° F,=410N <«
F =+(120 N)sin 70° F, =1128 N |
150-N Force: F, =—(150 N)cos35° F,=-122.9N «
F, =+(150 N)sin35° F,=86.0N «

Copyright © McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior written
consent of McGraw-Hill Education.
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PROBLEM 2.20

¢l JJD
350 Member BD exerts on member ABC a force P directed along line BD.

~// Knowing that P must have a 300-1b horizontal component, determine (a) the
& magnitude of the force P, (b) its vertical component.

Q

SOLUTION

300lb

@ Psin35°=300 Ib

5_3001b

== P=5231b 4
sin35°

(b)  Vertical component P, = Pcos35°

= (523 Ib) cos 35° P, =4281b 4

Copyright © McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior written
consent of McGraw-Hill Education.
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PROBLEM 2.21

‘ Member BC exerts on member AC a force P directed along line BC. Knowing
3 that P must have a 325-N horizontal component, determine (a) the magnitude
4 of the force P, (b) its vertical component.

720 mm

B

~— 650 mm—-

SOLUTION

BC = /(650 mm)? + (720 mm)?
=970 mm

650
(@) P, = P[ﬁ}

or P=P 970
650

325N 20
650

=485N

—ag5N| 12
970
=360 N
P, =970N <«

Copyright © McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior written
consent of McGraw-Hill Education.
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C PROBLEM 2.22

/f Cable AC exerts on beam AB a force P directed along line AC. Knowing
e that P must have a 350-1b vertical component, determine (a) the magnitude
of the force P, (b) its horizontal component.

Q

SOLUTION

(@) p=—2

~ cos 55°

~3501b
cos 55°
=610.211b P=6101b 4

(b) P, = Psin 55°

= (610.21 Ib)sin 55°
=499.85 Ib P, =5001b <

Copyright © McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior written
consent of McGraw-Hill Education.
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mA PROBLEM 2.23
L
s looe The guy wire BD exerts on the telephone pole AC a force P directed along
BD. Knowing that P must have a 720-N component perpendicular to the pole
B AC, determine (a) the magnitude of the force P, (b) its component along line
AC.
7m
C oD
24m
SOLUTION
37 P, =720 N
a P=—P -%
(@) 12
37
=— (720N
12( )
=2220N
P=222kN
35
b P=""P
(b) V=15
35
=—(720N
12( )
=2100 N
P, =2.10 kN «

Copyright © McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior
written consent of McGraw-Hill Education.
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y PROBLEM 2.24
1—8()()——‘ Determine the resultant of the three forces of Problem 2.16.
Dimensions —_
in mm SOON " T PROBLEM 2.16 Determine the x and y components of each of
600 the forces shown.
o o)
1 124 N 108 N '
900
J , \
/7 \
/ \
L—56(3—>|4—48(J—>I
SOLUTION

Components of the forces were determined in Problem 2.16:

Force x Comp. (N) y Comp. (N)
800 Ib +640 +480
424 1b 224 -360
408 Ib +192 -360
R, =+608 R, =-240
R=R,i+Rj
= (608 Ib)i + (—240 Ib)j Ry = 608 (
R ~ L
tana = —- —~ dx >,
Ry ~ |
I A
608 R, = - 240 | R
o =21.541° —
240N
sin(21.541°)
=653.65 N R =654 N "\ 21.5° 4

Copyright © McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior written
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y PROBLEM 2.25
f“ in. 84 in. Determine the resultant of the three forces of Problem 2.17.
] Y p PROBLEM 2.17 Determine the x and y components of each of the
) e forces shown.
96 in. )
50 Ib 80 in.
l 29 1b
— oNsin *
90 in.
\\
\
LAIH in.*l
SOLUTION

Components of the forces were determined in Problem 2.17:

Force x Comp. (Ib) y Comp. (Ib)
29 1b +21.0 +20.0
50 1Ib -14.00 +48.0
511b +24.0 —45.0

R, =+31.0 R, =+23.0

R=R,i+R,j
= (31.0 Ib)i + (23.0 Ib)j R,
Ry
IQX
230
T 310
a =36.573° Ry,=310 ¢
~2301b
~ sin(36.573°)

=38.6011b R=38.61b « 36.6° 4

tana =

Copyright © McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior written
consent of McGraw-Hill Education.
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y PROBLEM 2.26

= 60 1b

Determine the resultant of the three forces of Problem 2.18.

PROBLEM 2.18 Determine the x and y components of each of
the forces shown.

> 50°
. 10 1b
50 Ib
SOLUTION
Force x Comp. (Ib) y Comp. (Ib)
401b +20.00 -34.64
50 1Ib -38.30 -32.14
60 Ib +54.38 +25.36
R, =+36.08 R, =-41.42

R=R,+R,j
= (+36.08 Ib)i + (~41.42 Ib)j

R
tang =—L

X

41.421b
" 36.08 b
tan & =1.14800 Ry=-t1u2)
o = 48.942°
_ 41421b
" sin48.942°

tan

. — —

R =5491b < 48.9° 4

Copyright © McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior written
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y PROBLEM 2.27
120 N
Determine the resultant of the three forces of Problem 2.19.

150 N

\3?° PROBLEM 2.19 Determine the x and y components of each of the
forces shown.
350 Van \4“0
_ 3 @\)
o
|
SOLUTION
Components of the forces were determined in Problem 2.19:
Force x Comp. (N) y Comp. (N)
80N +61.3 +51.4
120N +41.0 +112.8
150 N -122.9 +86.0
R, =-20.6 Ry =+250.2
R=Ri+Rj
=(—20.6 N)i +(250.2 N)j 8 |
R ! K, = z50.2 '
tana =—~ | - 5)"
R, |
250.2 N |
tana =
20.6 N |
tan @ =12.1456 R =-z0.C .
a =85.293° — -
R=_2202N_ R=251N ™ 853° 4
sin85.293°

Copyright © McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior written
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PROBLEM 2.28

A collar that can slide on a vertical rod is subjected to
the three forces shown. Determine (a) the required
value of « if the resultant of the three forces is to be

85N horizontal, (b) the corresponding magnitude of the
resultant.
SOLUTION
R, =ZF,
= (85 N)cosa + (170 N)sin («) Q)
R, =ZF,
=+(110 N) + (85 N)sin (e) — (170 N)cos & 2
(@ For R to be horizontal, we must have R, =0. We make R, =0 in Eg. (2):

(b)

110+ 85sin ¢ —170cosa =0
22 +17sin ¢ —34cos a =0

17sina + 22 = —34\1-sin’ «
289sin? o + 748sin o + 484 :1156(1—sin2 a)
1445sin? o + 748sina — 672 =0

Solving by use of the quadratic formula:
sina =0.47059
a =28.072° a=281°
Since R =R, using Eq. (1):

R =85c0s28.072° +170sin 28.072°
=155.0N

R=1550N <
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PROBLEM 2.29

A hoist trolley is subjected to the three forces shown. Knowing that o = 40°,
determine (a) the required magnitude of the force P if the resultant of
the three forces is to be vertical, (b) the corresponding magnitude of
the resultant.

SOLUTION

= +.3F, = P + (200 Ib)sin 40° — (400 Ib)cos40°

RX
R, =P-177.860 Ib 1)

X
R, = *| £F, = (200 Ib) cos 40° + (400 Ib)sin 40°
R, =410.32 Ib @

(@) For R to be vertical, we must have R, =0.
Set R, =0 in Eq. (1)

0=P-177.8601b
P=177.860 b P=17791b 4

(b)  Since R is to be vertical:
R:Ry:410 Ib R=4101b 4
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PROBLEM 2.30

A hoist trolley is subjected to the three forces shown. Knowing
that P = 250 Ib, determine (a) the required value of « if the
resultant of the three forces is to be vertical, (b) the corresponding

magnitude of the resultant.

/,_I‘;:
400 Ib

SOLUTION

R, = F. 3F, =250 Ib+ (200 Ib)sin ¢ — (400 Ib) cos o
R, =250 Ib + (200 Ib)sin & — (400 Ib) cos

R, = *, ZF, = (200 Ib)cos & + (400 Ib)sin &

(@) For R to be vertical, we must have R, =0.

Set R, =0 inEg. (1)

0 =250 Ib+ (200 Ib)sin « — (400 Ib) cos

(400 Ib) cos @ = (200 Ib)sin & + 250 Ib
2cosa =sina +1.25

4cos® a =sin® a + 2.5sina +1.5625
4(1-sin® @) =sin® @ + 2.5sina +1.5625
0=5sin® & +2.5sin o — 2.4375
Using the quadratic formula to solve for the roots gives
sina =0.49162
or a=29.447°
(b)  Since R is to be vertical:
R=R, = (200 Ib)cos29.447° + (400 Ib)sin 29.447°

)

a=29.4° 4

R=3711b «
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N PROBLEM 2.31

o
Ut

( —T7 For the post loaded as shown, determine (a) the required

nN> tension in rope AC if the resultant of the three forces
o 3|: exerted at point C is to be horizontal, (b) the corresponding
L= 1460 mm .
4 N\ magnitude of the resultant.
200 N
1100 mm
\ B
| 960 mm |
SOLUTION
960 24 4
R, =2F, =———T,. +— (500 N) + = (200 N
X X 1460 AC 25( ) 5( )
R, :—‘71'—2 ac +640 N (@)
1100 7 3
R, =2F, =———T,-. +—(500 N) — = (200 N
v =2y =~ 1260 ¢ 35 )5 )
55
Ry =——3Tac +20N )

(@)

(b)

For R to be horizontal, we must have Ry =0.

Set R, =0 in Eq. (2): _%TAC +20N=0

Tpc =26.545 N Tac =265 N <

Substituting for T, into Eq. (1) gives

= —%(26.545 N) +640 N

X

=R, =623 N R=623N <«
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PROBLEM 2.32

< Two cables are tied together at C and are loaded as shown. Knowing that a =
Ay 30°, determine the tension (a) in cable AC, (b) in cable BC.

SOLUTION

Free-Body Diagram Force Triangle

¢ kN
— % B X
9c = (kN _,/\Q \_\\.{\35 4\/
\\\\ :A?//
\\/ 7
s
Law of sines:
Tae  Tee  6kN
sin60° sin35° sin85°
6 kN .
2 Tac = sin 60° T,. =522 kN <
@ AC sin85°( ) AC
6 kN .
b = sin35° Tac =3.45kN <
®) Be sin85°( ) BC
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PROBLEM 2.33

» .
3001\,_ B Two cables are tied together at C and are loaded as shown.
Determine the tension (a) in cable AC, (b) in cable BC.

400 1b

SOLUTION

Free-Body Diagram Force Triangle

Tac
\\ > TQ)Q_
\ AT =
ol o o
l \WOoo \\»
Law of sines:
Tac  Tge  4001b

sin60° sin40° sin80°

4001b , .
a = sin 60° T,. =352 1b <
(@ AC sin80°( ) AC

4001b , .
b Tae = sin 40° T =2611b 4
O o = oo (Sin40) sc
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PROBLEM 2.34

A5 80 Two cables are tied together at C and are loaded as
shown. Determine the tension (a) in cable AC, (b) in
cable BC.

C.
20° <
’/"'7"“\ %&
\
[ \

SOLUTION

Free-Body Diagram Force Triangle

clT— 30

W =mg = (50 kg)(9.81 m/52) =490 N

Law of sines: _TAC = _TBC = Afgo N
sin110° sin30° sin40°
490N .
a = sin110° Tr- =716 N
@) AC " sin40° Ae <
490 N .
b = sin30° Tae =381 N
®) BC 7 sin40° 8¢ <
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B PROBLEM 2.35

v Two cables are tied together at C and loaded as shown. Determine
T Ic 9 ft the tension (a) in cable AC, (b) in cable BC.

5ft |
‘ V396 1b

! 12 ft ! 7.5 ft ——I

SOLUTION
Free Body Diagram at C:
12 ft 7.5 ft _ Y T
SF, =0: — + Toe =0 ] -~
X 125ft *° 85ft °° -Ae
S k=
T =1.08800T,¢ se | 2| 2T
[FX 1St
35ft 4 ft
SF, =0: Tac + Tae =396 1b=0
Y 12ft *° 85ft
35 ft 4ft v > \b
a + 1.08800T,.)—396 Ib =0
@) 257" a5t )
(0.28000 +0.51200)T, =396 Ib
Toc =500.0 Ib Tac =500 Ib <
(b) Tae = (1.08800)(500.0 Ib) Toe =544 1b 4
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PROBLEM 2.36

A B J
\Lgl 25"i - \,’J 4 .
\ ;45“ S Two cables are tied together at C and are loaded as shown.
N\~ Knowing that P = 500 N and « = 60°, determine the tension in
Yo (a) in cable AC, (b) in cable BC.
af\,"
P
SOLUTION
Free-Body Diagram Force Triangle
Law of sines: _TAC = _TBC = 5_00 N
sin35° sin75° sin70°
500N .
a = sin35° T, =305N <«
@) A¢ " sin7oe AC
500N .
b Tac = sin75° Tec =514 N <«
®) B¢ " sin70° Be
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PROBLEM 2.37

Two forces P and Q are applied as shown to a bracket
in a spacecraft frame. Knowing that the connection is
in equilibrium and that the tensions in rods A and B
are Ta = 240 Ib and Ts = 500 Ib, determine the
magnitudes of P and Q.

SOLUTION

Free-Body Diagram

Resolving the forces into x- and y-directions:
R=P+Q+T,+Tgz=0
Substituting components: R =—-Pj—Q cos 30°i + Q sin 30°j
+[(240 Ib) cos 60°]i
+[(240 Ib)sin 60°]j + (500 Ib)i
Summing forces in the x-direction:
—Q cos 30° + (240 Ib) cos 60°+500 Ib =0

Q=715911Ib
Summing forces in the y-direction:
—P +Q sin 30°+ (240 Ib)sin 60°=0

P =Q sin 30°+ (240 Ib)sin 60°
= (715.91 Ib)sin 30° + (240 Ib)sin 60°
=565.80 Ib P=5661b; Q=7161b X
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PROBLEM 2.38

Two forces P and Q are applied as shown to a bracket
in a spacecraft frame. Knowing that the connection is
in equilibrium and that P = 600 Ib and Q = 800 Ib,
determine the tension in rods A and B.

SOLUTION
Free-Body Diagram

Resolving the forces into x- and y-directions:
R=P+Q+T,+T;=0

Substituting components: R =—(600 Ib)j—[(800 Ib) cos30°]i
+[(800 Ib)sin 30°]j
+Tgi+ (T, c0s60°)i + (T,sin60°)j=0

Summing forces in the y-direction:
—600 Ib + (800 Ib)sin30° + T, sin60° =0
T, =230.941b T, =2311b

Summing forces in the x-direction:

—(800 Ib)cos30° +Tg + T, c0s60°=0

Thus, Tg =—(230.94 Ib) cos60° + (800 Ib) cos30°
=577.351b Tz =5771b
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PROBLEM 2.39

A welded connection is in equilibrium under the action of
the four forces shown. Knowing that F, =8 kN and
Fg =16 kN, determine the magnitudes of the other two
forces.

SOLUTION
Free-Body Diagram of Connection
J 2
I
E
[
[
3 3
3F, =0: gFB -k —gFA =0
With Fa=8kN
Fg =16 kN
4 4
Fe =g(16 kN) —5(8 kN) F. =6.40 kN «
3 3
ZFyZO: —FD+EFB—§FA:0
. _ 3 3
With Fa and Fg as above: F = g(16 kN) —5(8 kN) Fo =4.80 kN «
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A PROBLEM 2.40

Two forces P and Q are applied as shown to an aircraft
connection. Knowing that the connection is in equilibrium
“ and that P=500lb and Q=6501lb, determine the
magnitudes of the forces exerted on the rods A and B.

B

SOLUTION
Free-Body Diagram
Resolving the forces into x- and y-directions: y
F
R=P+Q+F,+F; =0 ‘*‘[“""
Substituting components: R =—(500 Ib) j +[(650 Ib) cos50°]i : 500
—[(650 Ib)sin 50°]j ! X x
+Fgi — (F, c0850°)i + (F,sin50°)j=0 F, ) {
qo\ |
In the y-direction (one unknown force): ‘ \ soip
—500 Ib — (650 Ib)sin50° + F, sin50° =0 500 |b
Thus, Fy - 500 Ib + (?50 Ib)sin50
sin50°
=1302.701b F,=13031b «
In the x-direction: (650 Ib) cos50° + Fg — F, c0s50° =0
Thus, Fg = F, c0s50° — (650 Ib) cos50°
=(1302.70 Ib) cos 50° — (650 Ib) cos50°
=419.551b Fs =4201b «
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PROBLEM 2.41

A sailor is being rescued using a boatswain’s chair that is
suspended from a pulley that can roll freely on the support
cable ACB and is pulled at a constant speed by cable CD.
Knowing that « = 30° and = 10° and that the combined
weight of the boatswain’s chair and the sailor is 200 Ib,
determine the tension (a) in the support cable ACB, (b) in
the traction cable CD.

SOLUTION

Free-Body Diagram

Y
= Tep
2ACS 5
—ALS
30°(
3‘00 S
Y 200 Ib

L ¥F, =0: Taeg €OS 10°—T,q cos 30° — T cos 30°=0
Tep = 0.137158T 5 (1)
+] ZF, =0: Tpep 8in 10°+ Tyeg sin 30°+ Tep sin 30°—200=0
0.67365T g +0.5Tp = 200 )
(a) Substitute (1) into (2):  0.67365T g +0.5(0.137158Tc5) = 200
T s = 269.46 Ib Tacs =269 1b <
(b)  From (1): Tep = 0.137158(269.46 Ib) Tep =37.01b <«
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PROBLEM 2.42

A sailor is being rescued using a boatswain’s chair that is
suspended from a pulley that can roll freely on the support
cable ACB and is pulled at a constant speed by cable CD.
Knowing that & = 25° and = 15° and that the tension in
cable CD is 20 Ib, determine (a) the combined weight of
the boatswain’s chair and the sailor, (b) the tension in the
support cable ACB.

SOLUTION
Free-Body Diagram
Y

FLUSF, =0: Taeg €O 15°—T, 5 COs 25° — (20 Ib)cos 25° =0
Tacs =304.04 Ib
+] TF, =0: (304.04 Ib)sin 15° + (304.04 Ib)sin 25°

+(20 Ib)sin 25°—W =0
W =215.64 Ib

@ W=2161b «

(b) Taes =3041b «
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PROBLEM 2.43

@A
/ For the cables of prob. 2.32, find the value of o for which the tension is as small
T N GkN as possible (a) in cable bc, (b) in both cables simultaneously. In each case
/,’c determine the tension in each cable.
./’..
™ »
SOLUTION
Free-Body Diagram Force Triangle
7 \‘\‘. ;‘ 1 /Q}\{ -
2 ;\f‘?\ A kN *’:v’
“\/ Tac '/”f/\f& Jl}t‘»’f\‘}-
/ ¢ kN
o 4

(a) For a minimum tension in cable BC, set angle between cables to 90 degrees.

By inspection, a=350" 4
Tac = (6 kN)cos35° Tac =4.91kN <«
Tge = (6 kN)sin35° Tee =344 kN «
(b) For equal tension in both cables, the force triangle will be an isosceles.
Therefore, by inspection, a=55.0" 4
4 /A; /' N
G kN
Tac =Tac =(1/2) 6 kN Tac =Tgc =3.66 kN <«

c0s35°
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PROBLEM 2.44

For the cables of Problem 2.36, it is known that the maximum

; = allowable tension is 600 N in cable AC and 750 N in cable BC.
\ "E{ Determine (a) the maximum force P that can be applied at C,
“ (b) the corresponding value of «.

SOLUTION
Free-Body Diagram Force Triangle
_7;5 400 N .713.:’ ISON
WNE g7
“pe
(@) Law of cosines P2 = (600)? + (750)? — 2(600)(750) cos (25° + 45°)

P=784.02 N P=784N <
sing sin(25°+45°)
600N  784.02N

B=46.0° . a=46.0°+25° a=71.0° 4

(b) Law of sines
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PROBLEM 2.45

—
50“\ /
.//
4
‘4 //

Two cables tied together at C are loaded as shown. Knowing that
the maximum allowable tension in each cable is 800 N, determine

(@)

(b)

\\
(a) the magnitude of the largest force P that can be applied at C,
N\ (b) the corresponding value of ¢.
c \ /
\ v o
I)
SOLUTION
Free-Body Diagram: C Force Triangle
Tac: B00N
:I;C: BOON
50°
35°

Force triangle is isosceles with

Since P >0, the solution is correct.

23 =180° —85°
p=475°

P = 2(800 N)cos 47.5° =1081 N

P=1081N <«
a =180°-50°—-47.5°=82.5° a =825 4
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PROBLEM 2.46

Two cables tied together at C are loaded as shown. Knowing

500\, /
’ : that the maximum allowable tension is 1200 N in cable AC and
" V4 600 N in cable BC, determine (a) the magnitude of the largest
4 force P that can be applied at C, (b) the corresponding value of
- a.
C \
e
X\
SOLUTION
Free-Body Diagram Force Triangle
T = 1200
AL N Te;c - OON
35 s0°
c ot
[
(@) Law of cosines: P2 = (1200 N)? + (600 N)? — 2(1200 N)(600 N)cos 85°
P=1294 N
Since P. 1200 N, the solution is correct.
P=1294 N <«
(b) Law of sines:
sinf  sin 85°
1200 N 1294 N
B=675°
o =180°-50°-67.5° a=625° 4
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PROBLEM 2.47

A
:OQ Two cables tied together at C are loaded as shown. Determine the
\m\\ range of values of Q for which the tension will not exceed 60 Ib in
30N\ either cable.
\ P="751b
\ =
\\

SOLUTION
Free-Body Diagram ZF, =0: —Tgc —Qcos60°+751b=0
\)
\/ ” Tgc =75 Ib—Q cos60° (1)
—
-re '!_3/:751‘:3 IF, =0: Tpc —Qsin60°=0
30° .
Tyc =Qsin60° 2
Tac o° Requirement: Tac =60 Ib:
a From Eq. (2): Qsin60° =60 Ib
Q=69.31b
Requirement: Tge =60 Ib:

FromEqg. (1):  751b—-Qcos60°=60Ib
Q=30.0lb30.0Ib<Q<69.3Ib «
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D — PROBLEM 2.48

B,] { Collar A is connected as shown to a 50-1b load and can
= slide on a frictionless horizontal rod. Determine the
magnitude of the force P required to maintain the
equilibrium of the collar when (a) x=4.5in,
20 in. (b) x=15in.

50 Ih
M- |
A
SOLUTION
(a) Free Body: Collar A Force Triangle
50 ib
205/} 2, i=&lb P=10.981b <«
P Z 45 205
——
N
Free Body: Collar A Force Triangle

501b 5v/b
P _%00b P=3001Ib «
25 15 25
N
DG
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D — PROBLEM 2.49
Bl L ) Collar A is connected as shown to a 50-Ib load and can
- slide on a frictionless horizontal rod. Determine the
distance x for which the collar is in equilibrium when
P=48Ib.
20 in
50 1b
N |
A
SOLUTION
Free Body: Collar A Force Triangle
50lb
48 Ib 501b N
N 45 b
N? = (50) — (48)* =196
N =14.00 Ib
1 —T )
Similar Triangles 501 E b |‘ 23 in
X 481 O WBlb .
20in. 141b - -
x=68.6 in. 4
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PROBLEM 2.50

EE EE

o 7 A cable loop of length 1.5 m is placed around a crate. Knowing that the
“m mass of the crate is 300 kg, determine the tension in the cable for each of
R J the arrangements shown.
k00— ?
@ ®)
SOLUTION
Free-Body Diagram Isosceles Force Triangle

W = (300 kg)(9.81m/s” ) = 2943.0 N

EB= %(1500 mm — 400 mm — 300 mm — 300 mm)

EB =250 mm

a =cost[ 290MM ) _ 35 g70
250 mm

TAE ZTBE
TaeSina = %(2943.0 N)

ac SiN36.87°= %(2943.0 N)

T,e =2452.5N
@) Tae =2450 N

_|
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Isosceles Force Triangle
Free-Body Diagram

EB = %(1500 mm —300 mm — 400 mm — 400 mm)

EB =250 mm
o = cos L[ 220MM ) _ 49 470
200 mm
TAE :TBE

Tpesina = %(2943.0 N)

Tpgsindl.41°= %(2943.0 N)
Tpe =22247N
(b) Ty =2220N
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PROBLEM 2.51

A 600-Ib crate is supported by several rope-
and-pulley arrangements as shown. Determine
for each arrangement the tension in the rope.
(Hint: The tension in the rope is the same on
each side of a simple pulley. This can be
proved by the methods of Ch. 4.)

(a) (b) (c) (d) (e)

SOLUTION

Free-Body Diagram of Pulley

@ T T +] =F, =0: 2T —(600 I)=0
T = 1600 Ib)
2
600 b T=3001b 4
® T T +] £F, =0: 2T —(600 Ib) =0
7 =1 (600 Ib)
2
o0 \b T=3001b «
c) TTT + =F, =0: 3T - (600 Ib) =0
7 =1(60010)
3
60O \b T=2001b <
(d) TT - +] £F, =0: 3T - (600 1b)=0
1
T ==(600 Ib
3( )
60O b T=2001b «
() T +/ ZF, =0: 4T - (600 Ib)=0
T T 1
T ==(600 Ib
4( )
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PROBLEM 2.52

Solve Parts b and d of Problem 2.51, assuming
that the free end of the rope is attached to the
crate.

PROBLEM 2.51 A 600-Ib crate is supported
by several rope-and-pulley arrangements as
shown. Determine for each arrangement the
tension in the rope. . (Hint: The tension in the

(@) o) © ) ) rope is the same on each side of a simple
pulley. This can be proved by the methods of
Ch.4))
SOLUTION

Free-Body Diagram of Pulley and Crate

® r Tr +/5F, =0: 3T —(600 Ib)=0
1
T ==(600 Ib
3¢ )
T=2001b «
00 b
() J— +/ ZF, =0: 4T —(6001b)=0
1
T ==(600 Ib
2 ¢ )
T=15001b <
LOOIb
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0.75m PROBLEM 2.53
— ;\‘{i{j B A 200-kg crate is to be supported by the rope-and-pulley arrangement shown.

Determine the magnitude and direction of the force P that must be exerted on
the free end of the rope to maintain equilibrium. (See the hint for Prob. 2.51.)

2.4 m
{ P
PN o
SR CQ A
2/
200 kg
SOLUTION

Free-Body Diagram: Pulley A
Y

*ovF =0 —2P[ ]+Pcosa:0

5
\/281
cosa = 0.59655

o =1+53.377°

For o =+53.377°:

W = (200 %g)(2.31 m[s?) e 16 . R a
~ lacs +13F, =0: 2P Toer |+ PoinG3377°-1862 N =0

P=724N < 53.4° <4

For oo =-53.377°:

+5F, =0 ZP( 10

J/281

J+ Psin(~53.377°) ~1962 N =0

P=1773 "\ 53.4° 4
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PROBLEM 2.54

\Q 9B
‘1\ \25 A load Q is applied to the pulley C, which can roll on the
D .55/:\\ I S cable ACB. The pulley is held in the position shown by a
_f\\;) - second cable CAD, which passes over the pulley A and
p supports a load P. Knowing that P =750 N, determine
Q (a) the tension in cable ACB, (b) the magnitude of load Q.
SOLUTION

Free-Body Diagram: Pulley C

(@ F+3F, =0: T,cg(cos25°—c0s55°) — (750 N)cos55° =0

k|
1w : =
Thce Thes Hence: Tacg =1292.88 N
/< ,50 Tacs =1293 N <
55°¢

g x

f (b) +T IF, =01 Tpcp(sin25°+sin55°) + (750 N)sin55°-Q =0
Q (1292.88 N)(sin 25° +sin55°) + (750 N)sin55° - Q =0

or Q=22198N Q=2220N <«
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PROBLEM 2.55

l9JB
- \25 An 1800-N load Q is applied to the pulley C, which can roll
\Ne P on the cable ACB. The pulley is held in the position shown by
f\;) _' a second cable CAD, which passes over the pulley A and
p supports a load P. Determine (a) the tension in cable ACB,
Q (b) the magnitude of load P.
SOLUTION

Free-Body Diagram: Pulley C
+USF, =0: Thep(C0s25°—c0s55°) — Pcos55° =0

P y or P =0.58010T,c; (1)
Tes Toes +T ZF, =0 Tpcp(sin25°+sin55°) + Psin55°—-1800 N =0
) 55° ; i 25¢ or 1.24177T 5 +0.81915P =1800 N (2)
X ()  Substitute Equation (1) into Equation (2):
1800 1y 1.24177T 5 +0.81915(0.58010T 5 ) =1800 N

Hence: Tacg =1048.37 N

(b) Using (1), P =0.58010(1048.37 N)=608.16 N
P=608N «
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PROBLEM 2.56

Determine (a) the x, y, and z components of the 500-N force,
(b) the angles &, &, and & that the force forms with the
coordinate axes.

SOLUTION

(@)

(b)

F, = (500 N)sin 40°cos30°
F,=278.34 N F, =278 N

F, = (500 N)cos40°

F, =383.02N F, =383N «
F, = (500 N)sin 40°sin30°
F, =160.697 N F, =160.7 N <
F. 278.34N
cosf, =—*=——"—"—— 0, =56.2°
“F 500 N X <
F, 383.02N
cos 0, =—L = 6, =40.0°
Y F 500 N y <
F, 160.697 N
cosf, =-—t=—""27""" 0, =71.3°
tF 500 N ‘ <
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PROBLEM 2.57

Determine (a) the x, y, and z components of the 800-N force,
(b) the angles &, &, and & that the force forms with the
coordinate axes.

SOLUTION
(a) F, =—(800 N)cos 70°sin 25°
F, =-115635N F,=-1156 N
F, = (800 N)sin 70°
F, =75L75N F,=752N «
F, = (800 N)cos70°cos 25°
F,=248N
F, =247.98 N
F. -115635N
b cosf, =X=—"TT—"—T"_ 6, =98.3°
(®) *F 800 N X <
F, 751.75N
cosf, =—L=—"—1"""" 6, =20.0°
N = 800 N y <
cos 6, :E:M 0,=719°

F 800 N

Note: From the given data, we could have computed directly 6, = 90° —35° = 55°, which checks with the
answer obtained.

Copyright © McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior
written consent of McGraw-Hill Education.



https://testbanks.ac/product/9781260226751-SOLUTIONS-5/

[CLI cK HERE TO ACCESS THE COMPLETE Sol uti ong

PROBLEM 2.58

The end of the coaxial cable AE is attached to the pole AB, which is
strengthened by the guy wires AC and AD. Knowing that the tension
in wire AC is 120 Ib, determine (a) the components of the force
exerted by this wire on the pole, (b) the angles &, 6, and & that the
force forms with the coordinate axes.

SOLUTION
(@)

(b)

. = (120 Ib) cos 60°cos 20°

F, =56.382Ib F, =+56.4 b <

—(120 Ib)sin 60°

F, =-103.923 Ib F,=-10391b «

—(120 Ib) cos 60° sin 20°

F, =—20.5211b F,=—205Ib «
_F,_56.3821b 0. —62.0° 4
F  1201b X '
_EZM 6. =150.0° «
F 120 Ib y
F, _—20521lb 0 —99.8° 4
~F 1201b 2=
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PROBLEM 2.59

The end of the coaxial cable AE is attached to the pole AB, which is
strengthened by the guy wires AC and AD. Knowing that the tension
in wire AD is 85 Ib, determine (a) the components of the force
exerted by this wire on the pole, (b) the angles &, 6, and é that the
force forms with the coordinate axes.

SOLUTION
(@)

(b)

F, = (85 Ib)sin 36°sin 48°
=37.129 Ib F, =371lb 4
F, =—(85 Ib)cos 36°
=—68.766 Ib F,=-6881b «
F, = (85 Ib)sin 36° cos 48°
=33.4311b F,=3341b 4
cos&xzi:w 0, =64.1° <
F 85 Ib
F, -
cos g, =+ = 057001 0, =144.0° 4
F 851b
cos g, =+ - 3343110 6, =66.3° <
F 85 Ib
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PROBLEM 2.60

A gun is aimed at a point A located 35° east of north. Knowing that the barrel of the gun forms an angle
of 40° with the horizontal and that the maximum recoil force is 400 N, determine (a) the X, y, and z
components of that force, (b) the values of the angles 6y, 6y, and 0, defining the direction of the recoil
force. (Assume that the x, y, and z axes are directed, respectively, east, up, and south.)

SOLUTION
Recoil force F =400 N
F, = (400 N)cos40°
=306.42 N
(EAsr\)
2 (SOUTH)
@ F, =—F, sin35°
=—(306.42 N)sin 35°
=-175.755N F,=-1758N <
F,=-F sin40°
=—(400 N)sin 40°
=-257.12N F,=-257N <
F, =+F, cos35°
=+(306.42 N) cos 35°
=+251.00 N F, =+251N <
(b) cos, = B 175N 0, =116.1° <
F 400 N
cos 0, —E—M 0, =130.0° «
Y7 F 400N o
cos 6, _F _2100N 0,=51.1°4
F 400 N
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PROBLEM 2.61

Solve Problem 2.60, assuming that point A is located 15° north of west and that the barrel of the gun
forms an angle of 25° with the horizontal.

PROBLEM 2.60 A gun is aimed at a point A located 35° east of north. Knowing that the barrel of the
gun forms an angle of 40° with the horizontal and that the maximum recoil force is 400 N, determine
(a) the x, y, and z components of that force, (b) the values of the angles 6, 6y, and 8, defining the direction
of the recoil force. (Assume that the x, y, and z axes are directed, respectively, east, up, and south.)

SOLUTION

Recoil force F =400 N ( norw)

F, = (400 N)cos25°
=362.52 N

CEAST)
w
z (Sout¥)
(@) F, =+F, c0s15°
=+(362.52 N)cos15°
=+350.17 N F,=+350 N «
F, =-Fsin25°
=—(400 N)sin 25°
=-169.047 N F,=-169.0N <
F, =+F, sin15°
=+(362.52 N)sin15°
=+93.827 N F, =+93.8N «
F .
(b) cosf, === +350.17N 6, =28.9° <
F 400 N
F, =
COSHy =Y M t9y =115.0° <«
F 400 N
cosd, = F, (+93827N 0,=76.4°4

27 F T 400N
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PROBLEM 2.62

Determine the magnitude and direction of the force F = (690 Ib)i + (300 Ib)j — (580 Ib)k.

SOLUTION

F = (690 Ib)i + (300 Ib)j— (580 Ib)k

F :JFXZ +F2+F}

— /(690 Ib)? + (300 Ib)? + (580 Ib)?

=950 Ib

cos g, P 6901
““F 950 1b

Fy, _3001b
Y F 9501b
F

F, 5801
F 9501b

F=9501b «

6, =43.4° 4
0,=71.6° 4

0,=127.6° 4
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PROBLEM 2.63
Determine the magnitude and direction of the force F = (260 N)i — (320 N)j + (800 N)k.

SOLUTION

F=JFZ+F +F]

F:\f(260 N)? + (320 N)? + (800 N)? F=900N «
F, 260N
cos g, =—*=—— 6, =73.2°
*F 900N " <
cos 6, _5 30N 6, =110.8°
Y7 F 900N y '
F, 800N
cosf, =—~4=—— 0, =27.3°
Y F 900N ’ <
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PROBLEM 2.64

A force acts at the origin of a coordinate system in a direction defined by the angles & = 69.3° and
6, =57.9°. Knowing that the y component of the force is —174.0 Ib, determine (a) the angle &, (b) the
other components and the magnitude of the force.

SOLUTION
cos” 6, +cos’ §, +cos’ 6, =1
cos?(69.3°) + cos’ 6, +cos® (57.9°) =1
cosd, =+0.7699
(@) Since F, <0, we choose cosé, =-0.7699 o 6,=140.3° 4
(b) F, = Fcoso,
~174.0 Ib = F(~0.7699)

F=226.0Ib F=2261b 4

F, = F cosd, =(226.0 Ib) cos69.3° F,=7991b «

F, = Fcosd, =(226.0 Ib)cos57.9° F, =120.11b <4
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PROBLEM 2.65

A force acts at the origin of a coordinate system in a direction defined by the angles & = 70.9° and
6, = 144.9°. Knowing that the z component of the force is —52.0 Ib, determine (a) the angle &, (b) the
other components and the magnitude of the force.

SOLUTION
cos® 6, +cos’ 6§, +cos” 6, =1
cos® 70.9° + cos®144.9° + cos® §,° =1
cosd, =+0.47282
(@) Since F, <0, we choose cosd, =—0.47282 o 6,=118.2° 4
(b) F, =Fcosé,
—52.0Ib = F(-0.47282)
F =110.01b F =110.01b <«
F, = Fcosé, =(110.0 Ib) cos 70.9° F,=36.0lb «
F, = F cosd, = (110.0 Ib)cos144.9° F,=-90.01b 4
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PROBLEM 2.66

A force acts at the origin of a coordinate system in a direction defined by the angles 8, = 55° and & =45°.
Knowing that the x component of the force is — 500 Ib, determine (a) the angle &, (b) the other components
and the magnitude of the force.

SOLUTION

(@)

(b)

We have
(cos6,)? +(cos@,)” +(cosd,)’ =1=>(cosb,)* =1—(cos@),)* —(cos,)
Since F, <0 we must have cosé,, 0

X

Thus, taking the negative square root, from above, we have:

008 6, = —[1— (c0s55)% — (c0s 45)? =0.41353 0, =114.4° 4

Then:
_ COZXHX _ 0%’253':3 ~1209.10 Ib F—1209 b <
and F, = Fcosd, = (1209.10 Ib) cos55° F,=6941b «

F, = Fcosé, =(1209.10 Ib) cos 45° F, =8551b «
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PROBLEM 2.67

A force F of magnitude 1200 N acts at the origin of a coordinate system. Knowing that
6 =65°, 8 =40°, and F, > 0, determine (a) the components of the force, (b) the angle &.

SOLUTION
cos” 6, +cos’ 4, +cos’ 6, =1
cos? 65° +cos? 40° + cos® §,° =1
cosd, =+0.48432
(b)  Since F, >0, we choose cosé, =0.48432, or 6, =61.032° o 6,=61.0° <
(@) F=1200N
F, = Fcosé, = (1200 N) cos65° F, =507 N <
F, = F cos6, = (1200 N)cos 40° F,=919N <«
F, =F cosé, = (1200 N)cos61.032° F,=582N <«
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PROBLEM 2.68

Y Two cables BG and BH are attached to frame ACD
0.56 m as shown. Knowing that the tension in cable BG is
g 540 N, determine the components of the force
| o 1.4m\5| exerted by cable BG on the frame at B.
H/4|
o

SOLUTION

BG =—(0.8 m)i + (1.48 m)j — (0.64 m)k
BG = /(~0.8 m)? + (L.48 m?) + (0.64 m)?
=1.8m
Tas =Tesrec
BG
=Ton —
BG BG
= M[(—O.B m)i + (1.48 m)j + (~0.64 m)k]
1.8m
Tae = (—240 N)i + (444 N)j— (192.0 N)k

F,=-240N, F =+444N, F,=+1920N
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y PROBLEM 2.69
0.56 m
Two cables BG and BH are attached to frame ACD
T 14m as shown. Knowing that the tension in cable BH is
|Blc ™ 750 N, determine the components of the force

exerted by cable BH on the frame at B.

HIA |\[
148 m 0 12m
/ N
ll " / 2 *
z A 08m |B e - 1.2m
0.8m c\/
P
SOLUTION

BH = (0.6 m)i+ (1.2 m)j— (1.2 m)k
BH = (0.6 m)? + (1.2 m)? — (L.2 m)?
=1.8m
Ten =Tan Mgy
BH
BH BH

= 750 N[i+2j—2k] (m)
3m

Tgy = (250 N)i + (500 N)j— (500 N)k

=T

F,=+250N, F,=+500N, F,=-500N «
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PROBLEM 2.70

In order to move a wrecked truck, two cables are attached
at A and pulled by winches B and C as shown. Knowing
that the tension in cable AB is 2 kips, determine the
components of the force exerted at A by the cable.

SOLUTION

! 28.8 ++

= 85,590

_ AB _ (—46.765 ft)i + (45 ft)j + (36 ft)k

Cable AB: Mg
AB 74.216 ft
—46.765i + 45 + 36k
Thg =Thg hag =
AR ABTAB 74.216

(Tas), =—1.260 kips «
(Tag)y =+1.213 kips <

(Tas), =+0.970 kips <
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PROBLEM 2.71

In order to move a wrecked truck, two cables are attached
at A and pulled by winches B and C as shown. Knowing
that the tension in cable AC is 1.5 kips, determine the
components of the force exerted at A by the cable.

SOLUTION

13§t

2TH

Z T4 705 &

AB = 74,216 Ac = 85,590 f¥
Cable AB: Mac :A_C _ (—46.765 ft)i + (55.8 ft)j + (—45 ft)k
AC 85.590 ft
—46.765i + 55.8j — 45k

Tae =Tar M = (1.5Kips
ac = Tac bac = ps) 85.590

(Tac)y =—0.820 kips <«
(Tac), =+0.978 kips «

(Tac), =—0.789 kips 4
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y PROBLEM 2.72

Q Find the magnitude and direction of the resultant of the two forces
shown knowing that P =300 N and Q =400 N.

P / \50°

\200

SOLUTION

P = (300 N)[—c0s30°sin15°i + sin 30°j + cos 30°cos15°K]
=—(67.243 N)i + (150 N)j + (250.95 N)k

Q = (400 N)[cos50°cos 20°i +sin50°j — cos 50°sin 20°K]
= (400 N)[0.60402i + 0.76604 j — 0.21985]
=(241.61 N)i + (306.42 N)j— (87.939 N)k

R=P+Q
=(174.367 N)i + (456.42 N)j+ (163.011 N)k

R= \/(174.367 N)? + (456.42 N)? + (163.011 N)?

=515.07 N R=515N <
cos, = Ry _174.367N _ 0.33853 0, =70.2° 4
R 51507 N
R
cosd, =L = 2204ZN _ g 66613 6, =27.6°> 4
¥ R 515.07N
cos@, = e JLO30UN _ 31608 0, =715 4
R 515.07 N
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y PROBLEM 2.73

Find the magnitude and direction of the resultant of the two forces
shown knowing that P =400 N and Q = 300 N.

P / \50°

\zm

SOLUTION

P = (400 N)[—cos30°sin15°i +sin 30°j + cos 30°cos15°k]
=—(89.678 N)i+ (200 N)j+ (334.61 N)k

Q = (300 N)[cos50°cos 20°i + sin50°j — cos50°sin 20°K]
=(181.21 N)i + (229.81 N)j — (65.954 N)k

R=P+Q
=(91.532 N)i + (429.81 N)j + (268.66 N)k

R = /(91,532 N)? + (429.81 N)? + (268.66 N)?

=515.07 N R=515N <«
R :

cos, = = 192N _ 4 177708 6, =79.8° 4
R 515.07N
R

cosf, =—-= A298IN _ 0 83447 6, =33.4° <
R 51507N

cosd, = % _ 20866N _ 0.52160 6, =58.6° 4

515.07 N
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PROBLEM 2.74
Knowing that the tension is 425 Ib in cable AB and 510 Ib

in cable AC, determine the magnitude and direction of the

R resultant of the forces exerted at A by the two cables.

D

60 in.

SOLUTION

AB = (40in.)i — (45in.)j + (60 in.)k
AB = \/(40in)? + (45in)? +(60in.)? =85in.
AC = (100in.)i — (45in.)j + (60 in.)k
AC =/(1001in.)? + (45in)? + (60 in.)? =125 in,
AB {(40in.)i —(45in.)j+ (60 in.)k}

Tar =Tandan =Tan — = (425 1b
AB AB “*AB AB AB ( ) 85|n

Tag = (200 Ib)i — (225 Ib)j + (300 Ib)k

AC 100in.)i — (45 in.)j + (60 in.)k
TAC :TAC;“AC :TACE:(Slolb)|:( ) ( )J ( ) }

125in.
Tc = (408 Ib)i — (183.6 Ib)j + (244.8 Ib)k
R =Tyg + Tpc =(608)i —(408.6 Ib)j + (544.8 Ib)k

Then: R=912.921b R=9131b «

and cos@, = 608 Ib

= _0.66599 0, =48.2° 4
X 912.921b X

cos 4086 1b

= 2 _0.44757 6, =116.6° <
Y 912.921b y

cosg, — 54481

=22 _0.59677 0, =53.4° 4
£ 912.921b :
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PROBLEM 2.75
Knowing that the tension is 510 Ib in cable AB and 425 Ib

in cable AC, determine the magnitude and direction of the

ok resultant of the forces exerted at A by the two cables.

D

60 in.

SOLUTION

AB = (40in.)i — (45in.)j + (60 in.)k

AB = \/(401in)? + (45in)? +(60in.)? =85in.
AC = (100in.)i — (45in))j+ (60 in)k

AC =/(100in.)? + (45in.)? + (60in)? =125n.

AB 40in.)i — (45in.)j+ (60 in)k
Tas =Tas as :TABE:(Slolb)|:( N Jhat ) }

85in.
Tag = (240 Ib)i — (270 Ib)j + (360 Ib)k

AC 100in.)i — (45in.)j+ (60 in)k
Tac =Tachac :TACE:(425|b)|:( N JRat ) }

125in.
Tc = (340 1b)i — (153 Ib)j + (204 Ib)k
R =T, + Tpc =(580Ib)i — (4231b)j+ (564 Ib)k

Then: R=912.921b R=9131b <«

and cosé 580 Ib

= ————_ - 0.63532 0, =50.6° <
912.92Ib

oS0 —4231b

- e _0.46335 0, =117.6° <
Y7 912.921b Y

oS0 564 1Ib

= —_ - 0.61780 0, =51.8° <
912.92 Ib
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4 PROBLEM 2.76
2\()}V‘\:L“ IIIIII ) )
X | A frame ABC is supported in part by cable DBE that passes
i A Ef through a frictionless ring at B. Knowing that the tension in
s \ Y the cable is 385 N, determine the components of the force
7 L 1 ™ exerted by the cable on the support at D.
510 mm /\\ /// \ <. 400 mm
&z “t\ NS
180 mm B 600 mm
L~
SOLUTION

BD =—(480 mm)i + (510 mm)j — (320 mm)k
BD = \](480 mm)? + (510 mm)? + (320 mm)? =770 mm

BD
FBD :TBD)"BD :TBD o

BD
(770 mm)[ (480 mm)i + (510 mm)j — (320 mm)k]

= —(240 N)i + (255 N)j — (160 N)k

BE =—(270 mm)i + (400 mm)j — (600 mm)k
BE = \/(270 mm)? + (400 mm)? + (600 mm)? =770 mm

BE
FBE :TBE}“BE :TBE g

BE
_ (88N) . -
= —(770 mm)[ (270 mm)i + (400 mm)j— (600 mm)k]

=—(135 N)i + (200 N)j— (300 N)k
R =Fyp + Fae = —(375 N)i + (455 N)j— (460 N)k

R =\/(375 N)? + (455 N)? + (460 N)? =747.83N R=748N <«

cos 6, _ 3N 6, =120.1° 4
747.83N

050, = 2N 0, =52.5° 4
Y 747.83N

cos 6, _ 460N 0, =128.0° 4
747.83N
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PROBLEM 2.77

For the frame of Prob. 2.68, determine the magnitude and
direction of the resultant of the forces exerted by the cables
at B knowing that the tension is 540 N in cable BG and 750
N in cable BH.

PROBLEM 2.68 Two cables BG and BH are attached to
frame ACD as shown. Knowing that the tension in cable BG
is 540 N, determine the components of the force exerted by
cable BG on the frame at B.

SOLUTION

Then:

and

BG =—(0.8 m)i + (1.48 m)j— (0.64 m)k
BG = /(~0.8 m)? +(1.48 m?) + (~0.64 m)?> =1.8 m
BH = (0.6 m)i+ (1.2 m)j— (1.2 m)k

L0 BH=4(06m)?+(@2m)—(.2m)? =1.8m
TBG :TBG)"BG
BG 540N . .
= —=——[(-0.8 m)i + (1.48 m)j + (—0.64 m)k
86 BG 1_sm[( )i+ ( )i+ ( K]
= (—240 N)i + (444 N)j - (192.0 N)k
Ton =Tan Aan
BH 750N

=Ty —— = i +2j—2k] (m
o gy = i+ 2= 2K (m)
Toy = (250 N)i + (500 N)j— (500 N)k

R =Tye + Tay = (10 N)i + (944 N)j— (692 N)k

R= \/(102 +944% + (—692)2) =1170.51N R=1171N «
10N
cosf, = ——— 0, =89.5°
X 117051 N X <
944 N
cosf, =——— 0, =36.2°
¥ 117051 N y <
-692 N
== " 0, =126.2°
Z 117051 N z <
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PROBLEM 2.78

Yy

36 in.

25, The boom OA carries a load P and is supported by
two cables as shown. Knowing that the tension in
cable AB is 183 Ib and that the resultant of the load P
and of the forces exerted at A by the two cables must
be directed along OA, determine the tension in cable

_ AC.
\ x
b
SOLUTION
14 /,1
. c
2400 20" T
I( \ 25w,
5, \
T~ \
29 1n. O o TAI‘_
\ .
P
Cable AB: Tas =1831b
AB (—48in.)i+(29in.)j+ (24 in.)k
AB AB’* AB AB AB ( ) 61in.
Tag =—(144 Ib)i + (87 Ib)j+ (72 Ib)k
_ AC (—48in.)i + (25in.)j+ (-36 in.)k
Cable AC: Toe =Taehpe =Tpe —=T
AC AC’VAC AC AC AC 65|n
48 . . 25 . 36
Tac :_ETACI +£TACJ _gTAck
Load P: P=Pj
For resultant to be directed along OA, i.e., x-axis
R,=0: ZF,=(72 |b)—¥T,;C =0 Tpc =13001b <«
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PROBLEM 2.79

36 1in.

For the boom and loading of Problem. 2.78, determine
25 in. the magnitude of the load P.

PROBLEM 2.78 The boom OA carries a load P and is
supported by two cables as shown. Knowing that the
tension in cable AB is 183 Ib and that the resultant of
the load P and of the forces exerted at A by the two
cables must be directed along OA, determine the
tension in cable AC.

SOLUTION

See Problem 2.78. Since resultant must be directed along OA, i.e., the x-axis, we write
) 25
R,=0: ZF, =(87 Ib)jL%TAC -P=0
T,c =130.01b from Problem 2.78.

Then (87 1b) + §(130.0 Ib)—P =0 P=137.01b <«
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450 mm _ 500 mm

p A container is supported by three cables that are attached to

/ 360 mm

B 320 mm
|v

‘” PROBLEM 2.80

a ceiling as shown. Determine the weight W of the container,
knowing that the tension in cable AB is 6 kN.

600 mm

SOLUTION
Free-Body Diagram at A:

~AD

The forces applied at A are: Tag: Tac: Tap, and W
where W =Wj]. To express the other forces in terms of the unit vectors i, j, k, we write

AB = — (450 mm)i + (600 mm)j AB =750 mm

AC =+(600 mm)j — (320 mm)k AC =680 mm

AD = + (500 mm)i + (600 mm)j+ (360 mm)k  AD =860 mm
AB (—450 mm)i + (600 mm)j

and Tap =ApnTan =Tpn — =
AB AB " AB AB AB AB 750 mm
45. 60 .
= -——i+—]j T
( 75 75’) he
AC (600 mm)i — (320 mm)j

Tac =hpcTae =Tpe — =
ac = faciac T Tac 5 T TAC 680 mm

60. 32
= = j-ZSk|T
(68J 68 j“c

AD (500 mm)i + (600 mm)j + (360 mm)k
Tap =hapTap =Tap E =Tap 860 mm

50. 60. 36
:(—|+%J+—ijAD

86
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SOLUTION (Continued)

Equilibrium condition: SF=0: . Tag+Tpc+Tpp+W=0
Substituting the expressions obtained for T,g, Tac, and T,p; factoring i, j, and k; and equating each of
the coefficients to zero gives the following equations:

45 50

From i _7_5TAB +%TAD =0 1)
.. 60 60 60
From ) 7_5TAB +§TAC +%TAD -W=0 (2)
i 32 36
From k: _§TAC +%TAD =0 3)

Setting T,z =6 kN in (1) and (2), and solving the resulting set of equations gives

T,c =6.1920 kN
T,c =5.5080 kN W =13.98kN <
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‘U PROBLEM 2.81

450 mm _ 500 mm
! D A container is supported by three cables that are attached to
I 360 mm a ceiling as shown. Determine the weight W of the container,

™\320mm  knowing that the tension in cable AD is 4.3 kN.

mm

A

B

SOLUTION
Free-Body Diagram at A:
- T
- AR
A
w
The forces applied at A are: Tag: Tacs Tap, and W
where W =Wj. To express the other forces in terms of the unit vectors i, j, K, we write
AB = — (450 mm)i + (600 mm)j AB =750 mm
AC = +(600 mm)j — (320 mm)k AC =680 mm

AD = + (500 mm)i + (600 mm)j + (360 mm)k  AD =860 mm
AB (—450 mm)i + (600 mm)j

and Tas = MagTas = Tas 2B Ths 750 mm
= (—3—? + g—gjjTAB
Tac = 2acTac =Tac % =Tac (600 mn(;?sio—n(]?;fO mm)
(25
T = haoTag =Tos % T, (500 mm)i + (egé)onr]nnz j+ (360 mm)k
= [%I +%j + %ijAD
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PROBLEM 2.81 (Continued)

Equilibrium condition: SF=0: o Tpag+Tac+Tpp+W=0
Substituting the expressions obtained for T,g, Toc,and T,p; factoring i, j, and k; and equating each
of the coefficients to zero gives the following equations:

45 50

From i: —7—5TAB +%TAD =0
. 60 60 60
From j: %TAB +§TAC +%TAD -W=0
32 36
From k: —aTAC +%TAD =0

Setting T,p =4.3kN into the above equations gives

Tpg =4.1667 kN
Tac =3.8250 kN W =9.71kN <«
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”‘ PROBLEM 2.82

Three cables are used to tether a balloon as shown. Knowing that the

balloon exerts an 800-N vertical force at A, determine the tension in
each cable.

5.60 m

420 m

3.30 m
&

4.20 m
2.40 m

SOLUTION

Y.20a,

.50 M
Y.20m X
Tag: Tac, Tap, @nd P
where P =Pj. To express the other forces in terms of the unit vectors i, j, k, we write

The forces applied at A are:

AB = —(4.20 m)i — (5.60 m)j AB=7.00m
AC = (2.40 m)i —(5.60 m)j+(4.20m)k AC =7.40m
AD =—(5.60 m)j — (3.30 m)k AD =6.50m
and AB

Tas = Taghag = Tag — = (—0.61— 0.8))Tg
AB
AC .
Tac =Tachac =Tac 5 = (032432 - 0.75676j + 0.56757K)Tc

AD .
Tao =Taohao =Tao 5 = (~0.86154] - 0.50769K)Tys
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PROBLEM 2.82 (Continued)

Equilibrium condition SF=0: Tpg+Tac+Tpp+Pj=0
Substituting the expressions obtained for T,g, T, , and T,y and factoring i, j, and k:

(=0.6T g +0.32432T .. )i + (—0.8T 5 — 0.75676T . —0.86154T,; + P)j
+(0.56757T ¢ —0.50769T )k =0

Equating to zero the coefficients of i, j, k:

—0.6T,5 +0.32432T,. =0 (1)

—0.8T, —0.75676T,. —0.86154T, + P =0 )

0.56757T . —0.50769T,;, =0 (3)
From Eg. (1) Tag =0.54053T
From Eq. (3) Tap =1.11795T

Substituting for T,g and T, interms of T,. into Eq. (2) gives:
—0.8(0.54053T ) —0.75676T - —0.86154(1.11795T )+ P =0

2.1523T,. =P; P=800N
800 N

AC T 51523
~371.69 N

Substituting into expressions for T,; and T,y gives:

T,g =0.54053(371.69 N)
Tap =1.11795(371.69 N)

T =201N, T, =372N, T,, =416 N «
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Y PROBLEM 2.83
18 im c 28 in.7 A crate is supported by three cables as shown. Determine
z.DN /\ the weight W of the crate, knowing that the tension in cable

- 24in AD is 924 Ib.
26 in. B

/ *

zZ

SOLUTION
The forces applied at A are:
Tag: Tac, Tap and W

where P =Pj. To express the other forces in terms of the unit vectors i, j, k, we write
o

pd

1
/
/

9%
T

; AR

“ AB =(28in.)i + (45in.)j

AB =53in.

AC = (45in)j— (24 in.)k

AC =51in.

AD =—(26in.)i + (45in))j+ 18in)k

AD =55in.

v

AB
and Tan =Tanhpn =Tpn —
AB AB ““AB AB AB

= (0.5283i +0.84906)T g
AC
Tac = Tac hae = Tae —
AC AC “AC AC AC
= (0.88235j — 0.47059K)T
AD
Tap = Tap Ao = Tap ——
AD AD “*AD AD AD
= (~0.47273i +0.81818j + 0.32727K)T o
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PROBLEM 2.83 (Continued)

Equilibrium Condition with W =—-Wj
SF=0: Tag+Tpc+Tpp—Wj=0
Substituting the expressions obtained for T,g, T,c, and T, and factoring i, j, and k:

(0.5283T 5 —0.47273T ., )ii + (0.84906T , +0.88235T . +0.81818T,, —~W)j
+(=0.47059T . +0.32727T,5)k =0

Equating to zero the coefficients of i, j, k:

0.5283T,5 —0.47273T,, =0 (1)
0.84906T 5, +0.88235T . +0.81818T,, ~W =0 (2)
~0.47059T ¢ +0.32727T,, =0 (3)

Substituting T,z =13781b in Equations (1), (2), and (3) above, and solving the resulting set of equations
using conventional algorithms, gives:

T, =1539.99 Ib
The =1070.98 Ib

w =33801b 4
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PROBLEM 2.84

Y,
A A 12-1b circular plate of 7-in. radius is supported as shown by three
wires, each of 25-in. length. Determine the tension in each wire,

knowing that o = 30°.

a’;\,B.C ............
_{.:'{ _____ 0_____~:\ D
a%_%

SOLUTION

Let @ be angle between the vertical and any wire.
OA = (252 - 72) _ 24 in. thus cos@ = 22
25
By symmetry Tyg =Tpc
Xk =0:
—2(Tg sin@)(cosa) +Typ (SiNG) =0

* For a=30° :
Tap =2(c0530°)T g =1.73205T 5

IF, =0: 121b—2T,g(cosd) —Typ(cosd) =0
or 12 1b=(2T g +Typ )COSE

12 Ib = (2T +1.73205T g )@—:j

Tag =Tac =335 b

Tao =5.80 Ib <
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PROBLEM 2.85

YA
Solve Prob. 2.84, knowing that a = 45°.
PROBLEM 2.84 A 12-Ib circular plate of 7-in. radius is supported as
shown by three wires, each of 25-in. length. Determine the tension in
each wire, knowing that o = 30°.
B -------
4"5}0_-_‘_\_‘? D
a)})é?::::%
SOLUTION

Let @ be angle between the vertical and any wire.
OA = (252 - 72) =24 in. thus cos@ = %
By symmetry Tyg =Txc
2F, =0:
—2(Tg sind)(cosa) +Typ(SiNG) =0
For ¢ =45°:
Tap = 2(COS45°)TAB =1.41421T
IF, =0: 121b-2T,g(cosd) —Tpp(cosd) =0
or 12 1b=(2T g +Tpp )COSE

12 Ib = (2T g +1.41421T 4 )(%)

Tag = Tac =366 Ib <

Tao =5.18 Ib
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PROBLEM 2.86

Three wires are connected at point D, which is
located 18 in. below the T-shaped pipe support
ABC. Determine the tension in each wire when
a 180-1b cylinder is suspended from point D as
shown.

180 Ib

SOLUTION

Free-Body Diagram of Point D:
¥

B~

loin. 24,
D
» % 24'm.
22, \
\
Vv : \ - 7
a5 KR! - \ x
> =8\ | -~
/ :1. | Tew
z mad D\ML““.
W=(-i8o ey

The forces applied at D are:
Toar Tog: Tpe and W

where W =-180.0 Ibj. To express the other forces in terms of the unit vectors i, j, k, we write

DA=(18in.)j+ (22in.)k

DA =28.425in.
DB =—(24 in.)i+ (18in.)j— (16 in)k
DB =34.0in.

DC = (24in.)i+ (18in.)j— (16in.)k
DC =34.0in.
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SOLUTION (Continued)

DA
Daﬁ
= (0.63324j + 0.77397K) Ty,

DB

Tog = Tonhog = Tog —

DB DB “*DB DB DB
= (~0.70588i + 0.52941j — 0.47059K) Ty

DC

Toc =Toc *oc = Toc —

DC DC *DC DC DC

= (0.70588i + 0.52941j — 0.47059K) T

and Top =Tpatpa =T,

Equilibrium Condition with W =-Wj

YF=0: Tpa+Tpg +Tpc—Wj=0

Substituting the expressions obtained for Ty,, Tpg, and T and factoring i, j, and k:

(~0.70588Tpg +0.70588T,. )i
(0.63324T,, +0.52941T, +0.52941T —W)j
(0.77397T,, —0.47059T 5 —0.47059T . )k

Equating to zero the coefficients of i, j, k:

~0.70588T,; +0.70588T, =0 1)
0.63324T,,, +0.52941T 5, +0.52941T . ~W =0 @)
0.77397T;, —0.47059T,, —0.47059T,. =0 3)

Substituting W =180 Ib in Equations (1), (2), and (3) above, and solving the resulting set of equations
using conventional algorithms gives,

Toa=119.7 b «
Tos=9841b «
Toc=9841b <
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y PROBLEM 2.87

A 36-Ib triangular plate is supported by three wires as shown. Determine
the tension in each wire, knowing thata = 6 in.

11’/7

a : lfi :
[) “— 16 in.
8in.
SOLUTION
By Symmetry Tpg =Tpe Free-Body Diagram of Point D:
(3¢ 1)}
D
T, "N Tea
2% n. " 1 I”’ N
a
|
x
z
The forces applied at D are: Tos» Toc» Toa, and P

where P =Pj=(36 Ib)j. To express the other forces in terms of the unit vectors i, j, k, we write
DA=(16in.)i— (24 in)j DA =28.844in.
DB =—(8in.)i—(24in)j+(6in)k DB=26.0in.
DC =—(8in.)i—(24in)j—(6in)k DC =26.0in.

and Ton =Toakoa =Ton % = (0.55471i —0.83206) T,

Tos = Toshos = Tos % = (-0.30769i — 0.92308; + 0.23077K)Tpg

Toc = Tochoe =Toc E—E = (-0.30769i —0.92308] — 0.23077k) Ty,
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SOLUTION (Continued)

Equilibrium condition: SF=0: Tppa+Tpg+ Tpc +(3610)j=0

Substituting the expressions obtained for Tp,, Tpg, and T and factoring i, j, and k:

(0.55471Tp,, —0.30769T, — 0.30769Tp )i + (~0.83206T,, —0.92308T g —0.92308T,. + 36 Ib)j
+(0.23077Tpg — 0.23077Tpe )k =0

Equating to zero the coefficients of i, j, k:

0.55471T,,, —0.30769T;, —0.30769T. =0 1)
—0.83206T,, — 0.92308T,; — 0.92308T,. +36 o =0 @)
0.23077Tpg —0.23077Tpe =0 3)

Equation (3) confirms that T,z =T . Solving simultaneously gives,

Ton =14.4210;  Tpg =Tpe =13.001b <
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y PROBLEM 2.88

A rectangular plate is supported by three cables as shown.
Knowing that the tension in cable AC is 60 N, determine the
weight of the plate.

Dimensions in mm

SOLUTION

We note that the weight of the plate is equal in magnitude to the force P exerted by the support on
Point A.

Free Body A:

SF=0: Tpg+Tac+Tap+Pj=0

We have:
AB =—(320 mm)i — (480 mm)j + (360 mm)k  AB =680 mm
AC = (450 mm)i — (480 mm)j+ (360 mm)k  AC =750 mm
AD = (250 mm)i — (480 mm)j— (360 mm)k  AD =650 mm
Thus:

AB 8. 12, 9 : Lo
Tio =Taodrn =Ton —=| ——i—"Si+—k [T Dimensions in mm
a8 = lastag = 1AB 1o ( 17 17] 17 j AB

Tac =Tac bac =Tac //;\_(C; =(0.6i —0.64j+0.48Kk )T

AD 5 96, 7.2
Tan =Taphan =Tpp—=| —i—j——Kk|T
AD AD MaD AD AD (131 13J 13 ) AD

Substituting into the Eq. F =0 and factoring i, j, k:
8 5 .
(_ETAB +0.6T ¢ +ETAD]|
12 9.6 .
+(_ETAB —0.64T ¢ ~ 13 ' + P]j

9 7.2
+ (ETAB + 048TAC — ETAD)k =0
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SOLUTION (Continued)

Setting the coefficient of i, j, k equal to zero:

i —%TAB 06T, +%TAD —0 )
j: —%TAB —0.64T —%TAD +P=0 )
k: %TAB +0.48T, —%TAD ~0 ®)
Making T, =60 N in (1) and (3):
—%TAB +36N +%TAD =0 1"
%TAB +288N —71—'5TAD =0 3)

Multiply (1) by 9, (3') by 8, and add:

554.4 N —%TAD =0 T,,=572.0N

Substitute into (1) and solve for T,g:

17
8

The = (36 + % x 572] Tpe=544.0 N

Substitute for the tensions in Eq. (2) and solve for P:

p =12 (544N) +0.64(60 N) + 22 (572 N)
17 13
=844.8 N Weight of plate =P=845N <«
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y PROBLEM 2.89

A rectangular plate is supported by three cables as shown.
Knowing that the tension in cable AD is 520 N, determine the
weight of the plate.

Dimensions in mm

SOLUTION

See Problem 2.88 for the figure and the analysis leading to the linear algebraic Equations (1), (2), and
(3) below:

8 5
_ETAB +0.6T,c + ETAD =0 Q)
12 9.6
—ETAB +0'64TAC —E AD + P = 0 (2)
9 7.2
ETAB + 0'48TAC _ETAD = O (3)

Making T,p =520 N in Egs. (1) and (3):
8

=7 The +0.6Tpc +200 N =0 1)
%TAB +0.48T,. —288 N =0 3)

Multiply (1) by 9, (3') by 8, and add:
9.24T,. —504 N=0 T,. =54.5455 N

Substitute into (1') and solve for T,g:
The = % (0.6x54.5455+200) T,z =494.545N
Substitute for the tensions in Eq. (2) and solve for P:
P= %(494.545 N) + 0.64(54.5455 N) + %(520 N)
=768.00 N Weight of plate =P =768 N «
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PROBLEM 2.90

In trying to move across a slippery icy surface, a 175-Ib man uses
two ropes AB and AC. Knowing that the force exerted on the man
by the icy surface is perpendicular to that surface, determine the
tension in each rope.

SOLUTION

Free-Body Diagram at/g
r

16
A

' 30"
Y w /—4/ N:N(En@jj
34 34
and W =W j =—(175 Ib)j

AC (=30 ft)i + (20 ft) j— (12 f)k
38 ft

15. 10. 6
=T | i+ —j-—k
AC( 19 197 19 j

AB —30 ft)i + (24 ft)j + (32 ft)k
TAB :TAB;"AB :TAB E_TAB ( ) (50 ﬂ)J ( )

15. 12. 16
=Tpe| ——i+—j+—k
AB( 25 257 5 j

Equilibrium condition: F=0
Tag + Tac +N+W=0
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SOLUTION (Continued)

Substituting the expressions obtained for T,g, Tac, N, and W; factoring i, j, and k; and equating each of
the coefficients to zero gives the following equations:

. 15 15 16
From i: — = Tpg——Tpc +—N=0 1
25 "8 19 A¢ 34 @
. 12 10 30
From j: —Tpg +—Tpr +—N—-(1751b)=0 2
J o5 A8 T g iac T3y ( ) 2
16 6
From k: ETAB —ETAC = O (3)

Solving the resulting set of equations gives:
Tas =30.810; T,. =62.51b 4
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PROBLEM 2.91

Solve Problem 2.90, assuming that a friend is helping the man
at A by pulling on him with a force P = —(45 Ib)k.

PROBLEM 2.90 In trying to move across a slippery icy surface,
a 175-1b man uses two ropes AB and AC. Knowing that the force
exerted on the man by the icy surface is perpendicular to that
~ surface, determine the tension in each rope.

SOLUTION

Refer to Problem 2.90 for the figure and analysis leading to the following set of equations, Equation (3)
being modified to include the additional force P =(—45 Ib)k.

15 15 16
Bt Sl
25 A8 19 AC T3y

12 10 30

N=0 )

T+ —Tae +—N-(1751b)=0 2
o5 a8 T g Tac T3, ( ) )
16 6
gTAB —ETAC - (45 Ib) = O (3)
Solving the resulting set of equations simultaneously gives:
T,s =81.31b <«
Tae =2221b 4
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4 PROBLEM 2.92

220 mm

Three cables are connected at A, where the forces P and Q are
applied as shown. Knowing that Q =0, find the value of P for
- which the tension in cable AD is 305 N.

p l\ (o) \\\

320 mm

\
380 nnl>/ AL \
s IR Q

g — ‘\‘l’-,_ 240 mm

960 mm

SOLUTION
SF,=0: Tpg+Tac+Tap+P=0 where P=Pi
AB =—(960 mm)i — (240 mm)j + (380 mm)k  AB =1060 mm
AC =—(960 mm)i — (240 mm)j— (320 mm)k  AC =1040 mm
AD = —(960 mm)i + (720 mm)j— (220 mm)k  AD =1220 mm

AB 48, 12, 19
Tas =Tas Mg = Tas 7 = Tas (__1__J+ kj

AB 53 53" 53
AC 12 3 4
Tae =Tachne =Tpr — =T | ——i—-—j——Kk
AC ac Aac ACAC AC ( 13 1 13J 13 ]
Tap =Taphpp = M[(—960 mm)i + (720 mm)j— (220 mm)k]
AD = TADTAD T 1990 mm !

=—(240 N)i + (180 N)j— (55 N)k

Substituting into £F, =0, factoring i, j, K, and setting each coefficient equal to ¢ gives:

i: P =3—2TAB +%TAC +240 N (@)

. 12 3

J: %TAB +ETAC :180 N (2)
19 4

k: %TAB _ETAC :55 N (3)

Solving the system of linear equations using conventional algorithms gives:

Tas =446.71N

Ty =341.71N

P=960N <«
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y PROBLEM 2.93
220 mm
Three cables are connected at A, where the forces P and Q
AD are applied as shown. Knowing that P =1200 N, determine
4 the values of Q for which cable AD is taut.

960 mm

320 mm

380 ”]V L ‘ ) .\\‘
N\ Q

240 mm

960 mm

SOLUTION
We assume that T, =0 and write EF,=0: Tag+Tac +Qj+ (1200 N)i=0

AB =—(960 mm)i — (240 mm)j + (380 mm)k  AB =1060 mm
AC =—(960 mm)i — (240 mm)j— (320 mm)k AC =1040 mm

48, 12. 19

AB
Tan =Tpgdpg =Tpg —=| ——i——j+—k |T
AB ABMaB A8 AR ( 53 53J 53 jAB

13 137713

Substituting into XF, =0, factoring i, j, k, and setting each coefficient equal to ¢ gives:
48 12
—ﬁTAB _ETAC +1200N =0 (@))
. 12 3
J: _ﬁTAB_ETAC +Q=0 (2)
19 4
ki =Tpg—-——
53 *° 13
Solving the resulting system of linear equations using conventional algorithms gives:
Tpg =605.71N
Tpe =705.71N
Q=300.00 N 0<Q<300N <

Note: This solution assumes that Q is directed upward as shown (Q > 0), if negative values of Q
are considered, cable AD remains taut, but AC becomes slack for Q =—460 N.

AC (12, 3. 4
Tac =Tacbac =Tac E:(—_ __.]__k]TAC

Ty =0 (3)

Copyright © McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior written
consent of McGraw-Hill Education.


https://testbanks.ac/product/9781260226751-SOLUTIONS-5/

[CLI cK HERE TO ACCESS THE COMPLETE Sol uti ong

160 mm

=X

130 mm

PROBLEM 2.94

A container of weight W is suspended from ring A.
Cable BAC passes through the ring and is attached to
fixed supports at B and C. Two forces P=Pi and Q
=Qk are applied to the ring to maintain the container
in the position shown. Knowing that W =376 N,
determine P and Q. (Hint: The tension is the same in
both portions of cable BAC.)

SOLUTION

TAB = T)“AB

T (=130 mm)i + (400 mm)j+ (160 mm)k

:T(—Ei+—j+—k
45

TAC = T)"AC

A
AC

T (=150 mm)i + (400 mm);j + (—240 mm)k

490 mm

ZF=0: Tpg+Tpc +Q+P+W=0

Setting coefficients of i, j, k equal to zero:

13

2T _2T4P=0
49

45
40

o +—=T+—=T-W=0
49

45
16

k: +—T—4—T +Q=0

45

0.59501T =P

1.70521T =W

0.134240T =Q

Free-Body A:
Tae =T Tae=T
& P=P¢
Q=R K
w = =(376N)

@)
)

@)
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PROBLEM 2.94 (Continued)

Data: W =376 N 1.7052IT =376 N T =220.50 N
0.59501(220.50 N) =P P=131.2N <«
0.134240(220.50 N) =Q Q=296N <«
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PROBLEM 2.95

For the system of Problem 2.94, determine W and Q
knowing that P =164 N.

160 mm

PROBLEM 2.94 A container of weight W is suspended
from ring A. Cable BAC passes through the ring and is
attached to fixed supports at B and C. Two forces P =Pi
and Q =Qk are applied to the ring to maintain the container
in the position shown. Knowing that W =376 N, determine
P and Q. (Hint: The tension is the same in both portions of
cable BAC.)

SOLUTION

Refer to Problem 2.94 for the figure and analysis resulting in Equations (1), (2), and (3) for P, W, and Q in
terms of T below. Setting P =164 N we have:

Eq. (1): 0.59501T =164 N T =275.63N
Eq. (2): 1.70521(275.63 N) =W W =470 N <
Eq. (3): 0.134240(275.63 N) = Q Q=370N <«
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AY

PROBLEM 2.96

Cable BAC passes through a frictionless ring A and is
attached to fixed supports at B and C, while cables AD and
AE are both tied to the ring and are attached, respectively, to
supports at D and E. Knowing that a 200-Ib vertical load P is
applied to ring A, determine the tension in each of the three
cables.

60 in.

80 in.
P \‘
SOLUTION
Free Body Diagram at A:
A T
Since Tgac = tension in cable BAC, it follows that -
—AC
Tag =Tac = Teac T
—~AO

(-17.5in.)i +(601in.)j _

TAE = TAE )"AE = TAE 75in

=175, 60 .
Teac ( + J

Tar =Tancdag =T, — it —

A8 = leac s = Tac 62.5in, 625 625°
(60in.)i +(25in.)k 60, 25

Tae =Tanchae =T, =T —Jj+—=k

AC BAC Mac BAC 65in. BAC 65J 65
(80in.)i+(60in.)j 4. 3,

Tap =Taphan =T =Ty | —i+—=

AD ADMaD AD 100in. AD 5' 5]

(60in.)j—(45in.)k T, (ﬂ . _gkj

5]
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SOLUTION Continued

Substituting into £F, =0, setting P =(—200 Ib)j, and setting the coefficients of i, j, k equal to ¢, we
obtain the following three equilibrium equations:

175 4

FI’OI’T'I - ﬁTBAC + ETAD = 0 (l)
. 60 60 3 4
From J: (ﬁ + g]TBAC + ETAD + ETAE —-200Ib=0 (2)
25 3
From k: ETBAC _ETAE =0 (3)

Solving the system of linear equations using conventional algorithms gives:
Tapc =76.71b; Toy =26.910; T,e =49.21b 4
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y PROBLEM 2.97

Knowing that the tension in cable AE of Prob. 2.96 is 75 Ib,
determine (a) the magnitude of the load P, (b) the tension in
cables BAC and AD.

PROBLEM 2.96 Cable BAC passes through a frictionless
ring A and is attached to fixed supports at B and C, while
cables AD and AE are both tied to the ring and are attached,

A@ 60 in. respectively, to supports at D and E. Knowing that a 200-Ib
vertical load P is applied to ring A, determine the tension in
80 in. each of the three cables.
v |
SOLUTION

Refer to the solution to Problem 2.96 for the figure and analysis leading to the following set of
equilibrium equations, Equation (2) being modified to include Pj as an unknown quantity:

175 4
__62_5TE,AC +§TAD =0 )
60 60 3 4
(ﬁ + EJTBAC + ETAD + ETAE -P=0 (2)
25 3

%TBAC _ETAE =0 (3

Substituting for T, =75 Ib and solving simultaneously gives:

(@) P=305Ib «
(b) Tgac =117.01b; T, =4091b «
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y PROBLEM 2.98

_— m)\ 0.40 m A container of weight W is suspended from ring

\ A, to which cables AC and AE are attached. A

,20>& > i force P is applied to the end F of a third cable

: ) that passes over a pulley at B and through ring A

and that is attached to a support at D. Knowing

that W =1000 N, determine the magnitude of P.

(Hint: The tension is the same in all portions of
cable FBAD.)

1.30 m

0.78 m

0.40 m
1.60 m

W

SOLUTION

The (vector) force in each cable can be written as the product of the (scalar) force and the unit vector
along the cable. That is, with

AB =—(0.78 m)i + (1.6 m)j+ (0 m)k

AB = \/(-0.78 m)? + (1.6 m)? + (0)?
=178 m

AB

Tag =Thpg =Tpg—
AB AB = 1B A p
_ Ths
1.78 m

Tag = Tag (—0.4382i +0.8989j + OK)

[-(0.78 m)i + (1.6 m)j + (0 m)k]

and AC = (0)i + (1.6 m)j+ (1.2 m)k
AC = /(0 m)2 + (1.6 m)? + (1.2 m)* =2 m
AC T . .
Tac =Thye =Tac ol ﬁ[(O)l +(1.6m)j+ (1.2 m)k]

Tac =Tac (0.8j+0.6k)

and AD = (1.3m)i + (1.6 m)j+ (0.4 m)k
AD = /(.3 m)? + (L6 m)? +(0.4m)? =2.1m

AD _ T
A AD 21m
Tap = Tap (0.6190i +0.7619j + 0.1905k)

Tap =Thyp =T

[(L.3 )i+ (1.6 m)j+ (0.4 m)K]
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SOLUTION Continued

Finally, AE =—(0.4 m)i + (1.6 m)j— (0.86 m)k
AE = /(0.4 m)? + (1.6 m)? + (~0.86 m)> =1.86 m
AE

Tag =Thg =Tpg —
AE AE = AR A

_ e (0.4 m)i+(16m)j—(0.86 m)K]
1.86m
Tae =Tae (—0.2151i + 0.8602j — 0.4624Kk)
With the weight of the container W =-Wj, at A we have:
SF=0: Tpg+Tae+Typ-Wj=0

Equating the factors of i, j, and k to zero, we obtain the following linear algebraic equations:

~0.4382T g +0.6190T,, —0.2151T,z =0 1)
0.8989T 5 + 0.8T . +0.7619T,, +0.8602T,c ~W =0 @)
0.6T e +0.1905T,, — 0.4624T,. =0 3)

Knowing that W =1000 N and that because of the pulley system at BT,; =T, =P, where P is the

externally applied (unknown) force, we can solve the system of linear Equations (1), (2) and (3) uniquely
for P.

P=378 N <«
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PROBLEM 2.99

Using two ropes and a roller chute, two workers are unloading a 200-Ib
cast-iron counterweight from a truck. Knowing that at the instant
shown the counterweight is kept from moving and that the positions of
Points A, B, and C are, respectively, A(0, —20 in., 40 in.), B(-40 in.,
50 in., 0), and C(45 in., 40 in., 0), and assuming that no friction exists
between the counterweight and the chute, determine the tension in each
rope. (Hint: Since there is no friction, the force exerted by the chute on
the counterweight must be perpendicular to the chute.)

SOLUTION
From the geometry of the chute:
N . Y
N=—(2j+k .
Jg( j+k) B (40,50, 0.
=N(0.8944j + 0.4472k)

The force in each rope can be written as the product of the magnitude of the
force and the unit vector along the cable. Thus, with

AB = (40 in.)i + (70 in.)j — (40 in.)k
AB = (40 in.)? + (70 in.)? + (40 in.)’

=90 in. -
AB
Tan =Thpn =Tan —
AB A8 = A8 AR
= TA_B [(<40 in.)i+ (70 in.)j— (40 in)k]
90 in.
4. 7. 4
Tig =Tan| ——i+—j—=k
AB AB( 9 91 9 j
and AC = (45in.)i+ (60 in.)j— (40 in.)k

AC = /(45 in.)? + (60 in.)? + (40 in.)> =85 in.
AC

TAC :T;“AC :TAC E

= 1S 145 in.)i + (60 in.)j — (40 in k]
85 in.
Tac =TAC(9 TR k)

17 177 17

Then: SF=0: N+4+Tpg+ Ty c+W=0
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SOLUTION Continued

With W =200 Ib, and equating the factors of i, j, and k to zero, we obtain the linear algebraic equations:

. 4 9
I —5 AB +ETAC =0 (l)
. 7 12 2
: —Tpg+—=Tpc+—=-2001b=0 2
J g AT 7 AC \/g (2)
4 8 1
ki ——Tpg——=T,c+—=N=0 3
9 AB 17 AC \/g ( )
Using conventional methods for solving linear algebraic equations we obtain:
Tys =65.61b <
Thc =55.11b 4
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y PROBLEM 2.100

Collars A and B are connected by a 25-in.-long wire and can slide
freely on frictionless rods. If a 60-Ib force Q is applied to collar
B as shown, determine (a) the tension in the wire when
x=9in., (b) the corresponding magnitude of the force P
required to maintain the equilibrium of the system.

SOLUTION
Free-Body Diagrams of Collars:
A: Ny; B:
Nzk
Trode vi
Q{eoib)k
AB  —xi—(20in)j+zk
Mg =" = i
AB 25in.
Collar A: ZF=0: Pi+Nyj+NK+Tpghpg =0
Substitute for A, and set coefficient of i equal to zero:
p—12X _g &)
25in.
Collar B: ZF=0: (60 Ib)k +Nji+N{j—Trghpg =0
Substitute for A5 and set coefficient of k equal to zero:
60 Ib— 1285 _g )
251n.
(a) x=9in. (9in)? +(20in)? +z? =(25in.)?
z=121in.
From Eq. (2): 601b— Ty (12 in.) Ths =125.0 b 4
25in.
(b)  From Eq. (1): p- MZ;M P-4501b 4
in.
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PROBLEM 2.101

Collars A and B are connected by a 25-in.-long wire and can slide
freely on frictionless rods. Determine the distances x and z for
which the equilibrium of the system is maintained when
P=1201b and Q=60 Ib.

SOLUTION

For P =120 Ib, Eq. (1) yields
From Eq. (2):

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

Now write

From Eq. (3):

Solving (3) and (4) simultaneously,

See Problem 2.100 for the diagrams and analysis leading to Equations (1) and (2) below:

_ TasX _
= 25in. 0 )
60 1b—26% _o ©

25in.
TaeX = (25 in))(20 Ib) 1)
TasZ = (25 in.)(60 Ib) )
~=2 ©
z

x* +2% + (20 in)? = (25 in.)? (4)

47% + 7?2 + 400 =625

2% =45
Zz=6.7082 in.
X = 27 = 2(6.7082 in.)
=13.4164 in.
x=13.42in., z=6.71in. <
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Collars A and B are connected by a 525-mm-long wire and

can slide freely on frictionless rods. If a force

| P = (341 N)j is applied to collar A, determine (a) the

/A@ tension in the wire when y =155 mm, (b) the magnitude

? r\ of the force Q required to maintain the equilibrium of the
200 mm system.

!*/ || NG

!/‘ PROBLEM 2.102
p

SOLUTION
For both Problems 2.102 and 2.103: Free-Body Diagrams of Collars:

(AB)? =x? +y% + 72 ¥y P
Here (0.525 m)? = (0.20 m)? + y? + z2 /]\x

2

2 2 2

or +2°=0.23563m
y NZ Ny

Thus, when y given, z is determined,

AB
Now Mrg = —
'AB AB

= 0.20i — yj+ zk)m
0.525m ( s )

= 0.38095i —1.90476Yj +1.90476zk

Where y and z are in units of meters, m.
From the F.B. Diagram of collar A: SF=0: N,i+N,K+Pj+TygApg =0
Setting the j coefficient to zero gives P —(1.90476y)T,z =0

With P=341N
341N
A8 1.90476y

Now, from the free body diagram of collar B: ZF=0: Nyi+ N j+QK-Trghpg =0

Setting the k coefficient to zero gives Q-T,(1.904762) =0
And using the above result for T,5, we have Q=Tygz= 34$(1.904762) = G4NE)
(1.90476)y y
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SOLUTION Continued

Then from the specifications of the problem, y=155mm=0.155m

7% =0.23563 m? — (0.155 m)?
z=0.46m

and

341N
A8~ 0.155(1.90476)
=1155.00 N

or Tos =1155N <

(@)

and

_ 341 N(0.46 m)(0.866)
(0.155m)

=(1012.00 N)

(b) Q

or Q=1012N <«
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y PROBLEM 2.103
| Solve Problem 2.102 assuming that y =275 mm.
I)

PROBLEM 2.102 Collars A and B are connected by a

/\@ 525-mm-long wire and can slide freely on frictionless

¢ ’4\ rods. If a force P=(341N)j is applied to collar A,

y | 200 mm determine (a) the tension in the wire when y =155 mm,

| /.N\' , (b) the magnitude of the force Q required to maintain the
A equilibrium of the system.

SOLUTION

From the analysis of Problem 2.102, particularly the results:

y? +2%2=0.23563 m?

341N

~1.00476y
341N

Q="
y

AB

With y =275 mm=0.275 m, we obtain:

2% =0.23563 m? — (0.275 m)?

z=0.40m
and
@ T = 41N =651.00
(1.90476)(0.275 m)
or Tps =651N <«
and
341 N(0.40 m
(b) Q= 341 N(0.40 m)
(0.275 m)
or Q=49 N «
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PROBLEM 2.104

4 Q Two structural members A and B are bolted to a bracket as
[\ A shown. Knowing that both members are in compression and
that the force is 15 kN in member A and 10 kN in member B,
determine by trigonometry the magnitude and direction of the
resultant of the forces applied to the bracket by members A and
B.

SOLUTION

Using the force triangle and the laws of cosines and sines,
we have y =180° — (40° + 20°)
=120°

Then R? = (15 kN)? + (10 kN)?
—2(15 kN)(10 kN)cos120°
=475 kN?
R =21.794 kN
10kN _ 21.794 kN
sing sin120°
sina = (—10 kN ]sin120°
21.794 kN
=0.39737
a=23414

Hence: ¢=a+50°=73.414 R=21.8 kN 73.4° ¢

and
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y PROBLEM 2.105
oqin. | 28in. Determine the x and y components of each of the forces shown.
\ / T
N\ /
45 in.
["BH) 106 Ib L
200 1b Ot .
30 in.
7 l
|<*4() in. —=
SOLUTION "
Compute the following distances: A oz b - 5
' /
OA=/(24in.) + (45in.)’ Rady
=51.0in.
OB = /(28in)? + (45in)? ) x
=53.0 in.
.~ woolb
ocC = \/(4O-in.)2 +(30in.)? o &
=50.0in.
102-1b Force: F, =—102 [p-221N- F,=-4801b «
51.0in.
F, =+102 I 2" F, =+90.0 Ib <
51.0in.
106-Ib Force: F, =+106 221 F,=+56.01b «
53.0in.
F, =+106 I 2" F, =+90.0 Ib <
53.0in.
200-1b Force: F, =—200 lp—21n- F,=-160.0 Ib <
50.0in.
F, =200 " F, =-120.01b «
50.0in.
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B PROBLEM 2.106

M AP y\\ The hydraulic cylinder BC exerts on member AB a force P
¥ 4 P @ directed along line BC. Knowing that P must have a 600-N
\, 7 30° /S component perpendicular to member AB, determine (a) the

, <
Afe( 8 C magnitude of the force P, (b) its component along line AB.

SOLUTION

180° =45°+ ¢ +90° + 30°
a =180° —45°—-90° - 30°
=15°

P
a cosa ==
(@ b

P

p=_
Coso
600N

© cos15° o
=621.17N A )2

P=621N <

(b) t i
ano = —
“Tp

X
P, =R tana
= (600 N)tan15°
=160.770 N

P, =160.8N <«
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501b PROBLEM 2.107

Knowing that « = 40°, determine the resultant of the three
forces shown.

120 1b

60 1b

a'

SOLUTION
60-1b Force: F, = (60 Ib) cos 20° =56.382 Ib
F, = (60 Ib)sin 20° = 20.521Ib
80-1b Force: F, = (80 Ib) cos60° = 40.000 Ib X
F, = (80 Ib)sin60° = 69.282 I Ry =(21 %
120-1b Force: F, = (120 Ib) cos 30° =103.923 Ib ] -
F, = (120 Ib)sin 30° =—60.000 Ib R, = (z00.30516) L
and R, = SF, =200.305 Ib
R, = IF, = 29.8031b
R =/(200.305 Ib)? + (29.803 Ib)?
=202.510 Ib
Further: tana = 29.803
200.305
a1 29803
200.305
— 8.46° R=203Ib < 8.46° 4
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2A PROBLEM 2.108
\‘ "% Knowing that « =20°, determine the tension (a) in cable
5° AC, (b) in rope BC.

Ca
20 m A | o
e

SOLUTION
Free-Body Diagram Force Triangle
Te \ |
Tac
Q L = 20° -
' TBc
lzoolb
Law of sines: _ Tac _ _ TBC = 1.200 1o
sin 110° sin 5° sin 65°
1200 Ib
a = sin 110° T, =12441b 4
(2) AC 7 sin 65° A
1200 Ib
b Tae = sin 5° Ter =115.41b 4
(b) BC sin 65° BC
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i 600 mm i PROBLEM 2.109
) ) Two cables are tied together at C and loaded as shown.
A B Knowing that P =360 N, determine the tension (a) in cable
250 mm b AC, (b) in cable BC.
l 3
oY 4
Q=480N
SOLUTION
Free Body: C
12 4
@ F, =0: I Ac+g(360 N)=0 Tac =312N
.5 3
(b) YF, =0: E(312 N) + Tgc +§(360 N)—480N=0
Tge =480 N-120N-216 N Tgc =1440N
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PROBLEM 2.110

500 N ~

A
30°/ (fjj Three forces are applied to a bracket as shown. The directions of the two 150-N
a9 forces may vary, but the angle between these forces is always 50°. Determine
10N 5(:&, the range of values of a for which the magnitude of the resultant of the forces

acting at A is less than 600 N.

150 N

SOLUTION

Combine the two 150-N forces into a resultant force Q:

Q =2(150 N)cos25°
=271.89 N

Equivalent loading at A:

Using the law of cosines:
(600 N)? = (500 N)? + (271.89 N)? +2(500 N)(271.89 N) cos(55° + &)
cos(55° + &) = 0.132685

Two values for «: 55°+ a =82.375
a=274°
or 55° + o = —82.375°
55° + o =360° —82.375°
a=222.6°
For R <600 Ib: 274° < <222.6° 4
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PROBLEM 2.111

Cable AB is 65 ft long, and the tension in that cable is 3900 Ib.
Determine (a) the x, y, and z components of the force exerted by the
cable on the anchor B, (b) the angles 4,, 6,, and @, defining the
direction of that force.

SOLUTION
4
A ] From triangle AOB: cosd, = 561t
I8 65 ft
=0.86154
6, =30.51°
(a) F, =-Fsing, cos20°

=—(3900 Ib)sin 30.51°cos 20°
F,=-18611b 4

F, =+F cos6, = (3900 Ib)(0.86154)  F, =+3360 Ib <

F, =+(3900 Ib)sin 30.51° sin 20° F,=+6771b 4
(b) cos 6, _B_ 1861 b 4 6, =118.5° 4
F 3900 Ib
From above: 6, =30.51° 6, =30.5° <«
cos 6, R8T 5736 0, =80.0° <
F 3900 Ib
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’/l PROBLEM 2.112

Three cables are used to tether a balloon as shown. Determine the
vertical force P exerted by the balloon at A knowing that the tension

in cable AB is 259 N.

3.30m

4.20 m
240 m

SOLUTION

Y. 204,
3. %0mMm

H,'zamx

The forces applied at A are: Tags Tac, Tap, @nd P

where P =Pj. To express the other forces in terms of the unit vectors i, j, k, we write

AB =—(4.20 m)i — (5.60 m)j AB=7.00m
AC =(2.40 m)i —(5.60 m)j+ (4.20mk AC=7.40m
AD = —(5.60 m)j — (3.30 m)k AD=6.50m

and Tag =Taghpg =Thg % =(-0.6i-0.8))Tys
AC .
Tac =Tackac =Tac e =(0.32432-0.75676j+ 0.56757Kk) T,

AD _ (~0.86154j—0.50769K)T,,

Tao = Taohap =Tap ——
AD AD “*AD AD AD
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SOLUTION Continued

Equilibrium condition SF=0: Tpg+Tac+Tpp+Pj=0
Substituting the expressions obtained for T,g, T, , and T,y and factoring i, j, and k:

(=0.6T g +0.32432T .. )i + (—0.8T 5 — 0.75676T . —0.86154T,; + P)j
+(0.56757T ¢ —0.50769T )k =0

Equating to zero the coefficients of i, j, k:
—0.6Tg +0.32432T,. =0

—0.8T,g —0.75676T,. —0.86154T,, + P =0
0.56757T,. —0.50769T,p =0
Setting T,g =259 N in (1) and (2), and solving the resulting set of equations gives

Ty =479.15N
Ty =535.66 N

(1)
2
3)

P=1031N | «
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PROBLEM 2.113

Three cables are used to tether a balloon as shown. Determine the
vertical force P exerted by the balloon at A knowing that the tension in
cable AC is 444 N.

2.40 m

SOLUTION

See Problem 2.112 for the figure and the analysis leading to the linear algebraic Equations (1), (2),
and (3) below:

—0.6T,g +0.32432T,. =0 1)
—0.8T 5 —0.75676T . —0.86154T,, + P =0 @)
0.56757T,c —0.50769T 5 =0 3)

Substituting T, =444 N in Equations (1), (2), and (3) above, and solving the resulting set of
equations using conventional algorithms gives
Ty =240N
Tao =496.36 N P=956N |«
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A transmission tower is held by three guy wires attached to a
pin at A and anchored by bolts at B, C, and D. If the tension in
wire AB is 630 Ib, determine the vertical force P exerted by the
tower on the pin at A.

SOLUTION
Free Body A:
YF=0: Tpg+Tac+Tpp+Pj=0 7]
AB = -45i —90j+30k AB =105 ft
AC =30i—90j+65k AC =115ft
AD =20i —90j—60k AD=110ft
. AB
We write Tag =Taghag =Tpg —
AB AB”~AB AB AB
3. 6. 2
= ——i—-=j+=k [T
( 7 7J 7 jAB
AC
Tae =Tac e =The —
AC AC *AC AC AC
6. 18. 13
= —i-—j+=k|T
(23 233 j“c
AD

Tap = Taohap = Tap ——
AD AD “*AD AD AD

2. 9. 6
= Zi-=j-—k]|T
(11 110 11 jAD
Substituting into the Eq. =F =0 and factoring i, j, k:

3 6 2 .
(—7TAB + ETAC + ETAD jl

6 18 9 .
4| —=Tag ——Tpe ——Tan + P
( 7 'AB "oz lac Ty tAD j]

2 13 6
+ (7TAB + 2_3TAC - ETAD j k=0
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PROBLEM 2.114 (Continued)

Setting the coefficients of i, j, k, equal to zero:

. 3 6 2

R R TR S

. 6 18 9

B 7T g e Tqg o TP =0 @
2 13 6

K g Ty =0 ®

Set T,z =630 Ib in Egs. (1) — (3):

6 2 ,

-270 Ib+§TAC +ETAD =0 (l )

18 9 /

-540 Ib_gTAC —ETAD +P=0 (2)
13 6 /

3)

180 Ib+£TAC —ETAD =0

Solving, Toc =467.4210 T,,=814.35lb P=1572.101Ib P=15721b 4
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