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2-1.
If 6 = 60° and F = 450 N, determine the magnitude of the
resultant force and its direction, measured counterclockwise Y
from the positive x axis. F
0
15° *
700 N
SOLUTION )
The parallelogram law of addition and the triangular rule are shown in Figs. a and b,
respectively.

Applying the law of consines to Fig. b,

Fr = V/700% + 4507 — 2(700)(450) cos 45°

=497.01 N = 497N Ans.
This yields
S;r(l): - 21;7‘.151 o = 95197
Thus, the direction of angle ¢ of Fp measured counterclockwise from the 700”/ (&)
positive x axis, is
¢ = a + 60° = 9519° + 60° = 155° Ans.

Ans:
Fr, = 497N
¢ = 155°
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2-2.

If the magnitude of the resultant force is to be 500 N, y

directed along the positive y axis, determine the magnitude F
of force F and its direction 6.
0
15° *
700 N
SOLUTION
The parallelogram law of addition and the triangular rule are shown in Figs. a and b,
respectively.
Applying the law of cosines to Fig. b, %
F = V/500% + 7002 — 2(500)(700) cos 105° 05 =(05"°
= 959.78 N = 960 N Ans. BepooN| 3" /F
s
Applying the law of sines to Fig. b, and using this result, yields // ,
7 -6,
sin (90° + 6)  sin 105° e "
700 959.78 // X
0 = 452° Ans. 182
JOON
(2)

Ans:
F =960 N
0 = 45.2°
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2-3.
Determine the magnitude of the resultant force Fz = F; + F, y
and its direction, measured counterclockwise from the positive
X axis. F,=2501b
SOLUTION
Fr = V/(250)* + (375)2 — 2(250)(375) cos 75° = 3932 = 393 b Ans.
3932 250
sin 75°  sin @
0 = 37.89 F = 3751b
¢ = 360° — 45° + 37.89° = 353° Ans.
Ans:
Fr =3931b
¢ = 353°
24
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24,

The vertical force F acts downward at A on the two-membered
frame. Determine the magnitudes of the two components of
F directed along the axes of AB and AC. Set F = 500 N.

AU:J

45°

SOLUTION W
Parallelogram Law: The parallelogram law of addition is shown in Fig. a.
Trigonometry: Using the law of sines (Fig. b), we have F 30°
Fap 500
sin 60°  sin 75°
FAB = 448 N Ans.
Fac 500
sin 45°  sin 75°
F, c = 366N Ans.
E.!/a':'s'
¢ ; 5 Sooq
~ 40
N
;':c >
(b)
Ans:
FAB = 448 N
Fyc = 366 N
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2-5.

Solve Prob. 2-4 with F' = 350 Ib.

SOLUTION
Parallelogram Law: The parallelogram law of addition is shown in Fig. a.

Trigonometry: Using the law of sines (Fig. b), we have

Fap 350
sin 60°  sin 75°
F, z =3141b Ans.
Fac 350
sin 45°  sin 75°
F, c =2561b Ans.
Ans:
FAB = 314 lb
FAC = 256 lb
26
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2-6.

Determine the magnitude of the resultant force
Fr = F; + F, and its direction, measured clockwise from
the positive u axis.

SOLUTION

Parallelogram Law. The parallelogram law of addition is shown in Fig. q,
Trigonometry. Applying Law of cosines by referring to Fig. b,

Fr = V42 + 6% — 2(4)(6) cos 105° = 8.026 kN = 8.03kN

Using this result to apply Law of sines, Fig. b,

sinf® _ sin 105 : 0 — 46.27°

6 8026

Thus, the direction ¢ of F measured clockwise from the positive u axis is

¢ = 46.22° — 45° = 1.22°

Ans.

Ans.

9 108°

(b)

A

Ans:
¢ =122°
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2-17.

Resolve the force F; into components acting along the u
and v axes and determine the magnitudes of the components.

SOLUTION

Parallelogram Law. The parallelogram law of addition is shown in Fig. a,
Trigonometry. Applying the sines law by referring to Fig. b.

(F)o 4 (F), = 2.928 kN = 2.93kN Ans

sin45°  sin 105°° Yoo ’ .

G (F). = 2.071 kN = 2.07kN Ans

sin30°  sin 105°° Hu ) . .
Ans:
(F), = 2.93kN
(F), = 2.07kN
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*2-8.

Resolve the force F, into components acting along the u v
and v axes and determine the magnitudes of the components.

SOLUTION

Parallelogram Law. The parallelogram law of addition is shown in Fig. q,
Trigonometry. Applying the sines law of referring to Fig. b,

(FZ)u _ 6 ) _
sin75 ~ sn7ys  (Pa= 6.00kN Ans
(B, 6

(F), = 3.106 kN = 3.11 kN Ans.

sin30°  sin75°°

Ans:
(F), = 6.00 kN
(F), = 3.11kN
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2-9.

If the resultant force acting on the support is to be 1200 Ib,
directed horizontally to the right, determine the force F in
rope A and the corresponding angle 6.

900 1b

SOLUTION

Parallelogram Law. The parallelogram law of addition is shown in Fig. a,
Trigonometry. Applying the law of cosines by referring to Fig. b,

F = V9002 + 12002 — 2(900)(1200) cos 30° = 615.941b = 6161b  Auns.

Using this result to apply the sines law, Fig. b,

sinf _ sin 30° )
900  615.94°

0 = 46.94° = 46.9° Ans.

Ans:
F = 6161b
0 = 46.9°
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2-10.

Determine the magnitude of the resultant force and its
direction, measured counterclockwise from the positive x axis.

SOLUTION
500 1b
Parallelogram Law. The parallelogram law of addition is shown in Fig. a,
Trigonometry. Applying the law of cosines by referring to Fig. b,
Fr = V/800% + 5002 — 2(800)(500) cos 95° = 979.661b = 9801b  Ans.
Using this result to apply the sines law, Fig. b,
sinf  sin 95° o
500 979.66° 6= 3036
Thus, the direction ¢ of F, measured counterclockwise from the positive x axis is
¢ = 50° — 30.56° = 19.44° = 19.4° Ans.
oo lb
ING00lb
X 8oolb
LR
(4) (k)
Ans:
Fr = 980 1b
¢ = 19.4°
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2-11.

The plate is subjected to the two forces at A and B as
shown. If 6 = 60°, determine the magnitude of the resultant
of these two forces and its direction measured clockwise
from the horizontal.

F,=8kN

SOLUTION

Parallelogram Law: The parallelogram law of addition is shown in Fig. a.

Trigonometry: Using law of cosines (Fig. b), we have

Fr = V8 + 6% — 2(8)(6) cos 100°

= 10.80 kN = 10.8 kN Ans.

The angle 6 can be determined using law of sines (Fig. b).

sin® _ sin 100°

6 10.80
sin 6 = 0.5470
0 = 33.16°

Thus, the direction ¢ of F, measured from the x axis is

¢ = 33.16° — 30° = 3.16° Ans. & kn

Ans:
Fr = 10.8 kN
¢ = 3.16°
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*2-12.

Determine the angle of 6 for connecting member A to the F,=8kN
plate so that the resultant force of F, and Fp is directed
horizontally to the right. Also, what is the magnitude of the
resultant force?

SOLUTION

Parallelogram Law: The parallelogram law of addition is shown in Fig. a.

Trigonometry: Using law of sines (Fig .b), we have

MM @D @0 TN @0 @Nn

sin (90° — 0)  sin 50°
6 8

sin (90° — §) = 0.5745

0 = 54.93° = 54.9° Ans.

From the triangle, ¢ = 180° — (90° — 54.93°) — 50° = 94.93°. Thus, using law of
cosines, the magnitude of Fy is

Fr = V8 + 62 — 2(8)(6) cos 94.93°

= 10.4 kN Ans.
Ans:
0 = 54.9°
Fr = 104 kN
33
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2-13.

The force acting on the gear tooth is F = 20 Ib. Resolve
this force into two components acting along the lines aa

and bb.
SOLUTION
20  F, B
Sin40° ~ sin 80° F, =30.61b Ans.
20 F _
S 40° ~ smeo” F, =2691b Ans.
Ans:
FE, = 30.61b
F, =2691b
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2-14.

The component of force F acting along line aa is required to
be 30 1b. Determine the magnitude of F and its component

along line bb.
SOLUTION
30
sin 80°
30
sin 80°

F .
sin 40°’
F, )
sin 60°’

F =19.61b

F, = 2641b

607

Ans.

Ans.

80°

Ans:
F=1961b
F, = 26.41b

35

Engineering Mechanics Statics 14th edition Hibbeler Solutions Manual



https://ravanbooks.com/books/9780133918922-solutions

© 2016 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.

2-15.

Force F acts on the frame such that its component acting
along member AB is 650 Ib, directed from B towards A, and
the component acting along member BC is 500 Ib, directed
from B towards C. Determine the magnitude of F and its
direction 6. Set ¢ = 60°.

SOLUTION

The parallelogram law of addition and triangular rule are shown in Figs. a and b,
respectively.

Fez=5001b
Applying the law of cosines to Fig. b, ; L o1t 135°
F = \V/500% + 6502 — 2(500)(650) cos 105°
= 916911b =917 1b Ans.
Using this result and applying the law of sines to Fig. b, yields .
PP W'\\EW“”
sinf _ sin _ R N
500~ 91601 0 =318 Ans. :\@
105
FI 7
6 So5016
V
e
Ans:
F=09171b
0 = 31.8°
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*2-16.

Force F acts on the frame such that its component acting
along member AB is 650 1b, directed from B towards A.
Determine the required angle ¢ (0° = ¢ = 45°) and the
component acting along member BC. Set F = 850 1b and
0 = 30°.

SOLUTION
The parallelogram law of addition and the triangular rule are shown in Figs. a and b,
respectively.

Applying the law of cosines to Fig. b,

Fye = V850% + 6502 — 2(850)(650) cos 30°

= 433.641b = 434 1b Ans. F=8solb
Using this result and applying the sine law to Fig. b, yields @
)
sin (45° + ¢)  sin 30°
= = 33.5° Ans. S
850 m3er ¢ e \Jac
F=8201 SQ 4544
30%/
Y ’LB—A= 650 1b
&)
Ans:
FBC = 4341b
¢ = 33.5°
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2-17.
Determine the magnitude and direction of the resultant

Fr = F; + F, + F; of the three forces by first finding the
resultant F* = F; + F, and then forming Fz = F' + F;.

SOLUTION

F = V(20)2 + (30)2 — 2(20)(30) cos 73.13° = 30.85 N

3085 30

- = —; 0 = 1.47°
sin 73.13° sin (7()0 - 0)

Fr = V(30.85)* + (50)* — 2(30.85)(50) cos 1.47° = 19.18 = 192N

19.18

_ 3085
sin 1.47°

sin 6’

0=237"%

F =

Ans.

Ans.

F;=50N

20N

1.43° ’

30.85N PN *

Ans:
Fr, = 192N
0 =237
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2-18.
Determine the magnitude and direction of the resultant

Fr = F; + F, + F; of the three forces by first finding the
resultant F* = F, + F; and then forming Fz = F' + F;.

SOLUTION

F' = V(20)? + (50)% — 2(20)(50) cos 70° = 47.07 N

20 47.07

sin 6' sin 70°°

6 = 23.53°

Fr = V(47.07)% + (30)> — 2(47.07)(30) cos 13.34° = 19.18 = 192N

1918 30
sin 13.34°  sin¢’

$ = 21.15°

0 = 23.53° — 21.15° =237° %

Ans.

Ans.

F,=20N

Ans:
Fr = 192N
60 =237"%
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2-19.

Determine the design angle 6 (0° =< 6 =< 90°) for strut AB
so that the 400-Ib horizontal force has a component of 500 1b
directed from A towards C. What is the component of force

acting along member AB? Take ¢ = 40°.

SOLUTION

Parallelogram Law: The parallelogram law of addition is shown in Fig. a.

Trigonometry: Using law of sines (Fig. b), we have

sin® _ sin 40°

500 400
sin = 0.8035
0 = 53.46°
Thus,
Y = 180° —

Using law of sines (Fig. b)

Fap

= 53.5°

40° — 53.46° = 86.54°

400

sin 86.54°  sin 40°

FAB

621 1b

Ans.

Ans.

4001b A

4
b,
'd

r'd
rd

§

@) “'500:&
oy
lﬁ? \\E"
Gocipl \
. \
\
'ﬁ, 6
4001b
(b)
Ans:
0 = 53.5°
FAB = 621 lb
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*2-20.

Determine the design angle ¢ (0° = ¢ = 90°) between 4001b A
struts AB and AC so that the 400-1b horizontal force has a <
component of 600 Ib which acts up to the left, in the same
direction as from B towards A.Take 6 = 30°.

SOLUTION

Parallelogram Law: The parallelogram law of addition is shown in Fig. a.

Trigonometry: Using law of cosines (Fig. b), we have

Fuc = V400% + 600> — 2(400)(600) cos 30° = 322.97 Ib Goo'lb
k4 N
The angle ¢ can be determined using law of sines (Fig. b). \‘¢ ‘\\
\ ~
sin¢g  sin 30° “Q—'&
400 322,97 400l

sin ¢ = 0.6193 @

N Y
W F
AC
¢ = 38.3° Ans.
\“‘\
-,
\p \\élaolb
AC \ S
.
400 Ib
Cb)
Ans:
¢ = 38.3°
41
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2-21.

Determine the magnitude and direction of the resultant y
force, F, measured counterclockwise from the positive x
axis. Solve the problem by first finding the resultant F' =F,
+F, and then forming Fr =F' + F;.

SOLUTION

Parallelogram Law. The parallelogram law of addition for F, and F, and then their
resultant F' and F; are shown in Figs. a and b, respectively.
Trigonometry. Referring to Fig. c,

, , 2
F' = \V200% + 400> = 44721N 6 = tan’! (ﬂ> = 26.57°

400
Thus ¢’ = 90° — 30° —26.57° = 33.43°

Using these results to apply the law of cosines by referring to Fig. d,

Fr = V3002 + 44721 — 2(300)(447.21) cos 33.43° = 257.05N = 257kN Auns.

Then, apply the law of sines,

sinf  sin33.43°
300 257.05 °

0 = 40.02°

Thus, the direction ¢ of F measured counterclockwise from the positive x axis is

¢ = 90° + 33.43° + 40.02° = 163.45° = 163° Ans.

200N

Ans:
Fp = 257N
¢ = 163°
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2-22.

Determine the magnitude and direction of the resultant force, y
measured counterclockwise from the positive x axis. Solve / by
first finding the resultant F* = F, + F; and then forming

F,=F +F,.
X
SOLUTION
Parallelogram Law. The parallelogram law of addition for F, and F; and then their
resultant F' and F, are shown in Figs. a and b, respectively.
Trigonometry. Applying the law of cosines by referring to Fig. c,
F' = V200* + 300> — 2(200)(300) cos 30° = 161.48 N Ans. ‘y'
Using this result to apply the sines law, Fig. c,
sinf’  sin30° . o "ZOON
200 16148~ 0" = 38.26 E
Using the results of F' and 6’ to apply the law of cosines by referring to Fig. d, /35"
Fr = V/161.482 + 400% — 2(161.48)(400) cos 21.74° = 257.05 N = 257N Ans. . X
150
Then, apply the sines law, '\9/
sin 0 sin 21.74° /
= - 0 = 1345° 4
16148 257.05 ° o' / F
Thus, the direction ¢ of F, measured counterclockwise from the positive x axis is ;1/
¢ = 90° + 60° + 13.45° = 163.45° = 163° Ans. .
F;=300N
(@)
Fi=400N
= °
2]
4
F;" g \¢ ZI‘7+
\\\.~ 6335426 [’é,,4w 9
\\
/
F=/6/48N F
[ &
Ans:
¢ = 163°
Fr = 257N
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2-23.

Two forces act on the screw eye. If F{ = 400N and F,
F, = 600N, determine the angle 6(0° =60 = 180°)
between them, so that the resultant force has a magnitude

i
of Fr = 800 N. I

i
SOLUTION )
The parallelogram law of addition and triangular rule are shown in Figs. a and b,
respectively. Applying law of cosines to Fig. b,

800 = V/400% + 600 — 2(400)(600) cos (180° — 6°)
800% = 4007 + 600%> — 480000 cos (180° — 6)
cos (180° — 9) = — 0.25
180° — 6 = 104.48

6 = 75.52° = 75.5° Ans.

Ans:
0 = 75.5°
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*2-24,

Two forces F; and F, act on the screw eye. If their lines of F,
action are at an angle 0 apart and the magnitude of each
force is F| = F, = F, determine the magnitude of the
resultant force F and the angle between Fp and F.

SOLUTION < i

F _F
sing  sin (6 — ¢)

sin (0 — ¢) = sin¢

F,
6-¢=¢
0

d) = 5 Ans.

Fr = V(F)* + (F)? — 2(F)(F) cos (180° — 0)
Since cos (180° — 6) = —cos 6

Fr=F(V2)V1 + cos
Since cos (Q) =, lw
2 2
Then
0
Fr =2F cos(5> Ans.

Ans:
0
¢$=3
0
Fr = 2F -
R cos(2>
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2-25.

If F; =301b and F, =40 Ib, determine the angles 6 and ¢ so
that the resultant force is directed along the positive x axis
and has a magnitude of Fp =60 Ib.

SOLUTION

Parallelogram Law. The parallelogram law of addition is shown in Fig. a,
Trigonometry. Applying the law of cosine by referring to Fig. b,

40% = 30% + 60% —2(30)(60) cos 6
6 = 36.34° = 36.3° Ans.

And

30% = 40% + 60% —2(40)(60) cos ¢
¢ = 2638 = 26.4° Ans.

> %
E=60lb 30l 401p

40 1Ib
(b)

Ans:
0 = 36.3°
¢ = 264°
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2-26.

Determine the magnitude and direction 6 of F,4 so that the
resultant force is directed along the positive x axis and has a

magnitude of 1250 N.

SOLUTION
£ F, = SF;  Fg = Fysin + 800 cos 30° = 1250

+1 Fg, = SF;  Fg = Fycos6 — 800sin30° = 0

0 = 54.3° Ans.
F, = 686 N Ans.
Ans:
0 = 54.3°
F, = 686 N
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2-27.

Determine the magnitude and direction, measured ¥
counterclockwise from the positive x axis, of the resultant
force acting on the ring at O, if F, = 750 N and 6 = 45°.

SOLUTION

Scalar Notation: Suming the force components algebraically, we have

X Fy = 3F; Fg_= 750 sin 45° + 800 cos 30°
= 122315N —

+1 Fg, = SF;  Fg = 750 cos 45° — 800 sin 30°
=130.33N 1

The magnitude of the resultant force Fy is
Fp = \VFg + Fg,

= V1223.15% + 130.33% = 1230 N = 1.23 kN Ans.

The directional angle # measured counterclockwise from positive x axis is

Fy 13033 ¥
e:t*—y:t*l( : )=6.08° Ans. {
MR M 12315 ns o
13033 grmmmos o 2 .
1223154
Ans:
Frp = 1.23kN
0 = 6.08°
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*2-28.

Determine the magnitude of force F so that the resultant Fj 8 kN
of the three forces is as small as possible. What is the
minimum magnitude of Fz?.

30°
——> 6kN

SOLUTION

Parallelogram Law. The parallelogram laws of addition for 6 kN and 8 kN and then
their resultant F’ and F are shown in Figs. a and b, respectively. In order for F to be
minimum, it must act perpendicular to F.

Trigonometry. Referring to Fig. b,

8
F' = V6> + 8 = 10.0kN 6 = tan_l(g> = 53.13°.

Referring to Figs. ¢ and d,
Fr = 10.0sin 83.13° = 9.928 kN = 9.93 kN Ans.

F = 10.0 cos 83.13° = 1.196 kN = 1.20 kN Ans.

kN

G KN

8kn

— I

@)

10.0 kN
Fe

53.13°%+30°= 83./3° 83.43°
F=/.0kd -
(C) Fk’ <&() Ans:

Fr = 9.93kN
F=120kN
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2-29.

If the resultant force of the two tugboats is 3 kN, directed
along the positive x axis, determine the required magnitude
of force F and its direction 6.

SOLUTION

The parallelogram law of addition and the triangular rule are shown in Figs. a and b,
respectively.

Applying the law of cosines to Fig. b,

Fg = V2> + 32 — 2(2)(3)cos 30°

= 1.615kN = 1.61 kN Ans.

Using this result and applying the law of sines to Fig. b, yields

sinf® _ sin 30° R
T T 1615 6 =383 Ans.

Ans:
Fz = 1.61kN
0 = 38.3°
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2-30.

If Fp = 3kN and 6 = 45°, determine the magnitude of the
resultant force of the two tugboats and its direction
measured clockwise from the positive x axis.

SOLUTION

The parallelogram law of addition and the triangular rule are shown in Figs. a and b,
respectively.

Applying the law of cosines to Fig. b,
® G=2 KN

Fr= V2% + 32 — 2(2)(3) cos 105° XQXWMS‘: -
30° N

= 4.013kN = 4.01 kN Ans.

Using this result and applying the law of sines to Fig. b, yields

sina  sin 105° R
3 " 4013 a = 4622

Thus, the direction angle ¢ of Fg, measured clockwise from the positive x axis, is

¢ = a — 30° = 46.22° — 30° = 16.2° Ans.

)

Ans:
Fp = 401 kN
¢ = 16.2°
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2-31.

If the resultant force of the two tugboats is required to be
directed towards the positive x axis, and Fp is to be a
minimum, determine the magnitude of Fy and Fp and the
angle 6.

SOLUTION

For Fp to be minimum, it has to be directed perpendicular to Fg. Thus,

6 = 90° Ans.

The parallelogram law of addition and triangular rule are shown in Figs. a and b,
respectively.

By applying simple trigonometry to Fig. b,
Fp=2sin30° = 1 kN Ans.

Fgr = 2cos30° = 1.73kN Ans. F=2 ki

Ans:

0 = 90°

FB = 1 kN
Fr = 1.73kN
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*2-32.

Determine the magnitude of the resultant force and its
direction, measured counterclockwise from the positive

X axis.
X
SOLUTION
Scalar Notation. Summing the force components along x and y axes algebraically by
referring to Fig. a,
L (Fp)y = SF; (Fg), = 200sin 45° — 150 cos 30° = 11.518 N —
+1(Fr)y = 3E; (Fr)y = 200 cos 45° + 150 sin 30° = 216.42N 1
Referring to Fig. b, the magnitude of the resultant force Fy, is
Fr = V(Fp)? + (Fr)} = V11.518 + 216.42> = 216.73N = 217N Ans.
And the directional angle 6 of Fy measured counterclockwise from the positive
X axis is
(FR)y:| 216.42
0 = tan”! =t *1(—') = 86.95° = 87.0° Ans.
an [(FR)X M 11518 ns
Ans:
Fr = 217N
0 = 87.0°
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2-33.

Determine the magnitude of the resultant force and its Yy
direction, measured clockwise from the positive x axis.

800 N
SOLUTION
Scalar Notation. Summing the force components along x and y axes by referring
to Fig. a,
5 (Fy), = SF; (Fg), = 400 cos 30° + 800 sin 45° = 912.10N —
+1(Fr)y = 3F; (Fg), = 400 sin 30° — 800 cos 45° = —365.69 N = 365.69 N
Referring to Fig. b, the magnitude of the resultant force is
Fr = V(Fp)2 + (Fp)2 = V912.10> + 365.69 = 982.67N = 983N Ans.
And its directional angle §# measured clockwise from the positive x axis is
(Fr)y 365.69
= tan ! =tan { — ] = 21.84° = 21.8° Ans.
o= [(FR)J o (912.10) e
()= 110N
X
R
l (Eg)7=3é5-é9/~/
Ans:
Fr = 983N
0 =218
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2-34.

Resolve F; and F, into their x and y components.

SOLUTION

F, = {400 sin 30°(+i)+400 cos 30°(+j)} N

= {200i+346j} N Ans.

F, = {250 cos 45°(+i)+250 sin 45°(—j)} N

- 177i-177j) N Ans.
4
b/< (5= 4ocaszo'w *
A
/ F=400N f'g(tgggzgo sty
/N
O
\;z\ dﬂ;‘&:famhzaw E=250N
M CE)J 2250 3ir¢s’ N

Ans:
F, = {200i + 346j} N
F, = {177i — 177j} N
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2-35.

Determine the magnitude of the resultant force and its
direction measured counterclockwise from the positive x axis.

SOLUTION

Rectangular Components: By referring to Fig. a, the x and y components of F; and
F, can be written as

(Fy), = 400 sin 30° = 200 N (Fy), = 400 cos 30° = 346.41 N

(Fy), = 250 cos 45° = 17678 N (F,), = 250 sin 45° = 176.78 N

Resultant Force: Summing the force components algebraically along the x and
y axes, we have

X S(FR), = SF,; (Fgr), = 200 + 176.78 = 376.78 N Ans.
+1S(Fp), = SFy;  (Fg), = 34641 — 17678 = 169.63N 1 +
The magnitude of the resultant force Fy is a//f Fdy= 16793
N
7 ~.
Fr=V(Fp)?2 + (Fg),) = V37678 + 169.63’ = 413N Ans. \/ e
The direction angle 6 of Fg, Fig. b, measured counterclockwise from the positive CF;;,=5];4\.78\N\.//
axis, is "
(b)
4[ (Fr) } 169.63
6 = tan™! Y =tan Y o | = 24.2° Ans.
[(F el \37678
Ans:
Fr = 413N
0 = 24.2°
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*2-36.

Resolve each force acting on the gusset plate into its x and y
y components, and express each force as a Cartesian vector. F3=650N

45°
\\_ > X
IL—’-’—|_ F, =900 N
F, = {900(+i)} = {900i} N Ans. : :
F, = {750 cos 45°(+i) + 750 sin 45°(+j)} N
= {530i + 530j} N Ans.
4\, . 3Y,_.
F; = {650( N >(+l) + 650 (5)(—])} N
= {520 — 390j)} N Ans. ¢

(;—;)fyos/'fzﬁw
L E 750w i BX b0tV

i - —
4'71 ~ :
I x

| " E=b50n
(E)fé;a(%)ﬂ

(B)= 750 cosgs°n

F, = {900i} N
F, = {530i + 530j} N
F; = {520i — 390j} N
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2-37.

Determine the magnitude of the resultant force acting on
the plate and its direction, measured counterclockwise from
the positive x axis.

SOLUTION

Rectangular Components: By referring to Fig. a, the x and y components of Fy, F,
and F; can be written as

(F)), = 900N
(Fy), = 750 cos 45° = 53033 N (F,), = 750 sin 45° = 530.33 N

(F3)x = 650(%) = 520N (F3), = 650(%) = 390N

Resultant Force: Summing the force components algebraically along the x and
y axes, we have

(Fl)y= 0

H S(FR), = SFy; (Fg), = 900 + 53033 + 520 = 195033 N —

+13(Fp), = SF,; (Fg)y = 530.33 — 390 = 14033 N 1

The magnitude of the resultant force Fy is

Fr=V(Fr) + (Fr),) = V1950332 + 140.33% = 1955 N = 1.96 kN Ans.

The direction angle 6 of Fg, measured clockwise from the positive x axis, is

F
0= tan_]“ FRH = tan_l( 11945%3333> =4.12° Ans.
R)x -
E)y ¥l
&___ 5;750/0
|
I L (Fo)y=/40-33N
ol A
4 F‘;’)JU Cr———y ——————————— 5—"Fﬂ
> — === Loo
R\ Fetoon (= 1950335
13 B
4 I
T R=6son
’
CY)
Ans:
Fr = 1.96 kN
0 = 4.12°
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2-38.

Express each of the three forces acting on the support in
Cartesian vector form and determine the magnitude of the
resultant force and its direction, measured clockwise from
positive x axis.

SOLUTION

Cartesian Notation. Referring to Fig. a,
Fo=F),i +(F),j= 50(%)i + 50<g)j = {30i + 40j} N
F, = —(F),i — (F),j = —80sin15°i — 80 cos 15°
= {-20.71i — 7727} N
= {-20.7i — 773} N
B = (B),i= {30
Thus, the resultant force is
Fr=3F;, Fy=F +F+F
= (30i + 40j) + (—20.71i — 77.27j) + 30i
= {39.29i — 3727} N
Referring to Fig. b, the magnitude of Fp is

Fr = V/3929% + 37277 = 5416 N = 542N

And its directional angle 6 measured clockwise from the positive x axis is

37.27
0= tanfl(ﬁ) = 43.49° — 43.5°

Ans.

Ans.

Ans.

Ans.

Ans.

F,=80N

Ans:
F; = {30i + 40j} N
F, = {-20.7i — 77.3j} N
E = (30i)
Fp, = 542N
0 = 43.5°

59

Engineering Mechanics Statics 14th edition Hibbeler Solutions Manual



https://ravanbooks.com/books/9780133918922-solutions

© 2016 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.

2-39.

Determine the x and y components of F; and F,.

SOLUTION

Fi, = 200sin 45° = 141 N Ans.

Fi, = 200 cos 45° = 141 N Ans.

Fp, = —150 cos 30° = —130 N Ans.

F,, = 150sin30° = 75N Ans.
Ans
F, = 141N
R, =141N
E, = —130N
By, =75N
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*2-40.

Determine the magnitude of the resultant force and its
direction, measured counterclockwise from the positive
X axis.

SOLUTION
+NFg, = 2F; Fgr. = —150 cos 30° + 200 sin 45° = 11.518 N

7T+FRy = ZF; Fgy = 150sin 30° + 200 cos 45° = 216.421 N
Fr =V (11.518)> + (216.421)> = 217N Ans.
216.421
= -1 - o
6 = tan <11.518> 87.0 Ans.

Ans:
Fr = 217N
0 = 87.0°
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2-41.

Determine the magnitude of the resultant force and its
direction, measured counterclockwise from the positive
X axis.

SOLUTION

Scalar Notation. Summing the force components along x and y axes algebraically by
referring to Fig. a,

5 (Fy), = SF:  (Fg), = 4 + 5cos45° — 8sin 15° = 5.465 kN —
+1(Fr)y = 3F;  (Fg)y, = 5sin45° + 8cos 15° = 11.263kN 1

By referring to Fig. b, the magnitude of the resultant force Fp is

Fr = V(Fo)? + (Fe)> = V5465 + 11.263* = 1252kN = 125kN  Auns.

And the directional angle 6 of F; measured counterclockwise from the positive
X axis is

F,
6 = tan’l{( R)y} = tan*l(@) = 64.12° = 64.1° Ans. (Ea)x. D

(Fo). 5.465

Ans:
Fr = 125kN
0 = 64.1°
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2-42.
Express Fy, F,, and F; as Cartesian vectors. y
F;=750N
SOLUTION
4 3 F,= 625N
F. =2 .3 .
1 5(850) i-3 (850) j
= {680i — 510j} N Ans.
F, = —6255in 30°i — 625 cos 30° j
= {-312i — 541 j} N Ans.
F; = —7505in 45°1 + 750 cos 45° j
= {-5301i + 530j} N Ans.
Ans:
F, = {680i — 510j} N
F, = {=312i — 541j} N
F; = {—530i + 530j} N
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2-43.

Determine the magnitude of the resultant force and its
direction measured counterclockwise from the positive x axis.

SOLUTION
A F,=625N
b Fe = SF,:  Fg = 5(850) = 625in30° — 7505in 45° = ~162.83 N
3
+TFRy = 3F; Fgy = —5(850) — 625 cos 30° + 750 cos 45° = —520.94 N
Fr=V(~162.83)> + (~520.94)> = 546 N Ans.
520.94 2
¢ = tan_l( > = 72.64° 2830
162.83 %
6 = 180° + 72.64° = 253° Ans. '
Fa s20.94N
Ans:
Fr = 546N
6 = 253°
64

Engineering Mechanics Statics 14th edition Hibbeler Solutions Manual



https://ravanbooks.com/books/9780133918922-solutions

© 2016 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.

*2-44,

Determine the magnitude of the resultant force and its Yy
direction, measured clockwise from the positive x axis.

401b

SOLUTION

Scalar Notation. Summing the force components along x and y axes algebraically by B\ 12
referring to Fig. a,

B (Fp)e = 3F;  (Fp), = 40 @) + 91(15—3) +30=2891b—

+1(Fp)y = SF;  (Fp)y = 40 (g) - 91(%) = —521b = 521b]

By referring to Fig. b, the magnitude of resultant force is

Fr = V(Fp)? + (Fp)2 = V89 + 522 = 103.081b = 103 Ib Ans.

And its directional angle 6 measured clockwise from the positive x axis is

F
o= tan_l[( R)y} = tan_l(%) = 3030° = 30.3° Ans.

(FR)X

(b ) Ans:

0 = 30.3°
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2-45.

Determine the magnitude and direction 6 of the resultant
force Fi. Express the result in terms of the magnitudes of
the components F; and F, and the angle ¢.

SOLUTION
F% = F? + F} — 2F F,cos (180° — ¢)

Since cos (180° — ¢) = —cos ¢,

Fr = VVF} + F3 + 2F,Fycos ¢ Ans.
From the figure,
Fisin ¢
t 9 = - - T S
an F, + Ficos ¢ Fraid
Fisin ¢ =
6=tan!| ———F— . 2
an <F2 + Fjcos ¢>> Ans Fcosgd
Ans:
Fr= VE + B + 2EFcos ¢
F| sin
0 = tanﬁl<17¢>
E + Fy cos ¢
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2-46.

Determine the magnitude and orientation 6 of Fp so that
the resultant force is directed along the positive y axis and
has a magnitude of 1500 N.

SOLUTION

Scalar Notation: Suming the force components algebraically, we have
5 Fy = SE 0 = 700 sin 30° — Fj cos 0

Fzcos 6 = 350 @
+1 Fg, = 3F; 1500 = 700 cos 30° + Fgsin 6

Fpsinf = 893.8 2)
Solving Eq. (1) and (2) yields

0 = 68.6° Fzp=960N Ans.

Ans:
0 = 68.6°
Fz = 960N
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2-47.
Determine the magnitude and orientation, measured

counterclockwise from the positive y axis, of the resultant
force acting on the bracket, if F = 600 N and 6 = 20°.

SOLUTION

Scalar Notation: Suming the force components algebraically, we have

700 sin 30° — 600 cos 20°

i) FRx = EFJY, FR,\

—213.8N = 213.8N <

700 cos 30° + 600 sin 20°

+T FRy = EF, FRy
= 811.4N |

The magnitude of the resultant force Fy is

Fr = VFg + Fx = V2138 + 811.4> = 839N Ans.

The directional angle § measured counterclockwise from positive y axis is

Fr 2138)
=tan ! — =tan |- | = 14.8° Ans.
0/ = tan Fr tan (811.4 8 ns - T
Ans:
Fr = 839N
0 = 14.8°
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*2-48.

Three forces act on the bracket. Determine the
magnitude and direction 6 of F; so that the resultant
force is directed along the positive x’ axis and has a
magnitude of 800 N.

SOLUTION

12
b Fro= SF,;  800sin60° = F,sin(60° + 6) — 3 (180)

5
+TFRy = 3F,; 800 cos 60° = F;cos(60° + ) + 200 + 5(180)
60° + 0 = 81.34°
0 = 21.3°

F, = 869N

y
A F,=200N
o
F; = 180N
" 60 0 _»F
S A
12
Ans.
Ans.
Ans:
0 = 21.3°
F, = 869N
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2-49.
If F; = 300N and 6 = 10°, determine the magnitude and y
direction, measured counterclockwise from the positive
x" axis, of the resultant force acting on the bracket. A F,=200N
v
F;=180N -
60° 0 _» F,
SOLUTION U
2
12
B Fpe = 3Fx; Fr, = 300sin 70° — B(lSO) = 1158 N / }
5
+TFRy =3Fy; Fgy = 300 cos 70° + 200 + 6(180) = 371.8N
Fr=V(1158)* + (371.8)> = 389N Ans.
371.8
— -1 — o
¢ = tan [115.8J 72.71 0
¢' = T72.71° — 30° = 42.7° Ans.
Ans:
Fr = 389N
o' =42.7°
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2-50.
Express Fy, F,, and F; as Cartesian vectors. y
F,=15kN
F,=26kN 40°
13
5
12 .
SOLUTION 30°
F, = {—200i}1b Ans.
F;=36 kN

F, = —250sin 30° i + 250 cos 30° j }

= {-125i + 217} 1b Ans.

F; = 225 cos 30°i + 225sin 30° j

= 1+ ns.
{1951 + 112j} Ib Al
Ans:
F, = {—200i} Ib
F, = {—125i + 217j}1b
F; = {195i + 1125} 1b
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2-51.
Determine the magnitude of the resultant force and its

orientation measured counterclockwise from the positive
X axis.

SOLUTION

12
B Fpo = SF,;  Fg, = 15sin40° — 13(26) + 36 cos 30° = 1682 kN

5
+TFRy =2F,; Fgy = 15cos 40° + E(26) — 365sin 30° = 3.491 kKN

Fr = V(16.82)* + (3.491)> = 172 kN

3.491
= 71 — = °
6 = tan (16.82) 11.7

Also,
F; = {15sin40°i + 15 cos 40° j} kKN = {9.64i + 11.5j} kN
12 . 5 . . .
F, = ¢ —=(26)i + —(26)j ¢ kKN = {—24i + 10j} kN
13 13
F; = {36 cos 30°i — 36 sin 30°j} kN = {31.2i — 18j} kN
FR = F] + F2 + F3

= {9.64i + 11.55) + {—24i + 10§} + {31.2i — 18]}

= {16.8i + 3.49j} kN

Ans.

Ans.

y
F;=15kN
F,=26kN 40°
13
5
12
30°
F;=36kN
\
fa
3.4a( kN
[
le.9a en ¥
Ans:

Fr = 172kN,6 = 11.7°
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*2-52,
Determine the x and y components of each force acting on Yy
the gusset plate of a bridge truss. Show that the resultant P — 6kN
force is zero. 2=
F, =8kN
4 S
NS 3
x|/
F_4=6kN — — F;=4kN .
_'___m
SOLUTION
Scalar Notation. Referring to Fig. a, the x and y components of each forces are
4
(R), = 8(5) = 640kN — Ans.
3
(R), = 8(5) = 480 kN | Ans.
3
(B), =6 5)° 3.60 kN — Ans.
4
(F), = 6(5) = 4.80kN 1 Ans.
(F3), = 4kN « Ans.
(F3), =0 Ans.
(Fy), = 6kN « Ans.
(Fy)y, =0 Ans.
Summing these force components along x and y axes algebraically,
L (Fp), = SF; (F), = 640 +3.60 —4—6=0
+1(Fr)y = 3F; (Fg)y =480 — 480 =0
Thus,
Fr= V(Fp? + (Fr)2 = V0> + 0*=0  (QED)
fi=8k F )y |(E) _
________ t e — F=6 KA
' |
Ly i
I 4 l Ans:
= 3 (F), = 6.40kN —
E. (F), = 480kN |
- (B), = 480kN T
5"—'&/0\/ 4k (Fy), = 4kN <
(F), =0
(@) (F})y = 6kN <
(F4)y =0

73
Engineering Mechanics Statics 14th edition Hibbeler Solutions Manual



https://ravanbooks.com/books/9780133918922-solutions

© 2016 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.

2-53.

Express F; and F, as Cartesian vectors.

SOLUTION

F;

—305sin 30°i — 30 cos 30° j
{—15.0i — 26.0j} kN

5 12
S A .
13 (26) i 13 (26)j

{~10.0i + 24.0j} kN

Ans.

Ans.

Ans:

F, = {—15.0i — 26.0j) kN
F, = {—10.0i + 24.0j} kN
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2-54.

Determine the magnitude of the resultant force and its
direction measured counterclockwise from the positive
X axis.

SOLUTION

5
5 Fp, = SF,;; Fg, = —30sin30° — 13(26) = —25kN

12
+1Fg, = 3F,; Fg,= —30cos30° + 13(26) = ~L981kN

Fr=\V(-25)7%+ (-1.981)2 = 25.1 kN Ans.
CJ
d)ztan’l(%) sy askN
25 : ¢

6 = 180° + 4.53° = 185° Ans. fi v 92 kN
Ans:
Fr = 25.1kN
6 = 185°
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2-55.

Determine the magnitude of force F so that the resultant 14 kN F

force of the three forces is as small as possible. What is the

magnitude of the resultant force? R
30° 45
4 8 kN

SOLUTION
K Fr, = SF,: Fg, = 8 — F cos 45° — 14 cos 30°
= —4.1244 — F cos 45°
+TFRy:2Fy; Fgry = —Fsin45° + 14 sin 30°
= 7 — Fsin 45°
F3 = (—4.1244 — F cos 45°)? + (7 — F sin 45°)? (§))
dF g . . )
ZFRF = 2(—4.1244 — F cos 45°)(—cos 45°) + 2(7 — F sin 45°)(—sin 45°) = 0
o 1
F = 2.03kN Ans. vt 13 o
50° ¢=
From Eq. (1); Fr=787kN Ans. kN

Also, from the figure require

.,l
(Fr)y = 0= SF F + 14sin 15° — 8 cos 45° =
F =2.03kN Ans.
(Fr)y = ZFy; Fr = 14 cos 15° — 8sin 45°
Fr =7.87kN Ans.

Ans:
F = 2.03kN
Fr = 7.87kN
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*2-56.

If the magnitude of the resultant force acting on the bracket
is to be 450 N directed along the positive u axis, determine
the magnitude of F; and its direction ¢.

SOLUTION

Rectangular Components: By referring to Fig. a, the x and y components of F;, F,,
F;, and Fj can be written as

(F)x = Fising (Fl)y = Ficos¢

(F), =200 N (F), =0

5 12
(F3)x = 260<13> = 100N (F3), = 260(13) =240 N

(Fg)y = 450 cos 30° = 389.71 N (Fg)y = 450sin30° = 225N

Resultant Force: Summing the force components algebraically along the x and y axes,

B 3 (Fp), = 3F; 389.71 = F sin¢ + 200 + 100
Fysin ¢ = 89.71 a
+12(Fg)y = SF; 225 = Fycos ¢ — 240

F| cos¢p = 465
Solving Egs. (1) and (2), yields

¢ =10.9° F, = 474N

¢

Ans.

Ans:
¢ = 10.9°
F, = 474N
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2-57.

If the resultant force acting on the bracket is required to be
a minimum, determine the magnitudes of F; and the
resultant force. Set ¢ = 30°.

SOLUTION

Rectangular Components: By referring to Fig. a, the x and y components of F, F,,
and F; can be written as

(F), = F sin30° = 0.5F, (F), = F, cos 30° = 0.8660F)
(F), = 200N (), =0

5

12
B) = 100N (Fy), = 260<B> =240 N

(Fy), = 260<

Resultant Force: Summing the force components algebraically along the x and y axes,
B S(Fr)y = 2F;  (Fg)y = 0.5F, + 200 + 100 = 0.5F; + 300
+12(Fp),

SFy; (Fg), = 0.8660F — 240

The magnitude of the resultant force F is
Fr = V(Fp)i + (Fp);

= V/(0.5F, + 300)2 + (0.8660F, — 240)2

= V/F? — 115.69F, + 147 600 )
Thus,
F} = F7 — 115.69F, + 147 600 Q?)

The first derivative of Eq. (2) is

dFy
2 g = 2P = 11569 A3)

dF,
For F, to be minimum, d7FR = 0.Thus, from Eq. (3)
1

dF,
2Fr—= = 2F, — 115.69 = 0

e L

b/

30’ :

I F:)x.
- ; y
n R=200N

g-\*r(f-;),g

|

I l
" R=260N

dFy
F, =57846 N =578 N Ans.
from Eq. (1),
Fr = V/(57.846 — 115.69(57.846) + 147 600 = 380 N Ans.
Ans:
Fr = 380N
F, = 57.8N
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2-58.

Three forces act on the bracket. Determine the magnitude
and direction 6 of F so that the resultant force is directed
along the positive x’ axis and has a magnitude of 8 kN.

SOLUTION

Scalar Notation. Equating the force components along the x and y axes algebraically
by referring to Fig. a,

5 (Fr), = 2Fy 8cos30° = Fsinf + 6 — 4sin 15°
Fsin 6 = 1.9635 (1)
+1(Fr)y = 3F,;  8sin30° = Fcos 6 + 4 cos 15°
Fcos6 = 0.1363 (2)
Divide Eq (1) by (2)
tan 6 = 14.406 0 = 86.03° = 86.0° Ans.

Substitute this result into Eq (1)
Fsin 86.03° = 1.9635
F = 1968 kN = 1.97 kN Ans.

[A
2

F),

=

I

|

15° \! i
' _.)I(,z))b > X
G=ckn

(i

Ans:
0 = 86.0°
F = 197kN
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2-59.

It F =5 kN and 0 = 30°, determine the magnitude of y
the resultant force and its direction, measured counter-
clockwise from the positive x axis.

SOLUTION

Scalar Notation. Summing the force components along x and y axes algebraically
by referring to Fig. a,

b (Fe), = SFs (Fo)y = 5sin30° + 6 — 4sin 15° = 7.465 kN —
+1(Fg)y = 3F; (Fg), = 4cos 15° + 5cos 30° = 8.194kN 1

By referring to Fig. b, the magnitude of the resultant force is

Fr = \/(FR))ZC + (FR)y = \/7.465% + 8.1942 = 11.08 kN = 11.1 kN Auns.

And its directional angle 6 measured counterclockwise from the positive
X axis is

(Fr) 8.194
o = tan_l{ (FR)y] - tan_1(7465> = 47.67° = 477° Ans.
R)x .

g 1
K@ﬂ’_g;’i"fi“__

=)

b

Ans:
Fp = 11.1kN
0 = 47.7°
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*2-60.

The force F has a magnitude of 80 1b and acts within the
octant shown. Determine the magnitudes of the x, y,
z components of F.

SOLUTION

1 = cos? 60° + cos® 45° + cos’ y
Solving for the positive root, y = 60°
F, = 80cos 60° = 40.0 1b

F, =80cos 45° = 56.6 b

F, = 80cos 60° = 40.0 Ib

F=801b

T\ p=45

s o
F,
x/ I(f>

Ans .

Ans.

Ans.
Ans:
F, = 40.01b
F, = 56.61b
F, =40.01b
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2-61.

The bolt is subjected to the force F, which has components z
acting along the x, y, z axes as shown. If the magnitude of F is

80 N, and a = 60° and y = 45°, determine the magnitudes

of its components.

AF:
’y/'
= ,
F, o\ /8
SOLUTION
F,
cosB = V1 - cos?a — cos’y
= V1 — cos?60° — cos?45°
X
B = 120°
F, =80 cos 60°| = 40N Ans.
F, = [80 cos 120°] = 40N Ans.
F, = |80 cos 45°| = 56.6 N Ans.
Ans:
F, = 40N
F, = 40N
F, = 56.6 N

Z
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2-62.

Determine the magnitude and coordinate direction angles
of the force F acting on the support. The component of F in
the x—y plane is 7 kN.

SOLUTION

Coordinate Direction Angles. The unit vector of F is
uyz = cos 30° cos 40°i — cos 30° sin 40°% + sin 30° k

= {0.6634i — 0.5567j + 0.5k}

Thus,
cos a = 0.6634; a = 48.44° = 48.4° Ans.
cos B = —0.5567, B = 123.83° = 124° Ans.
cosy = 0.5; y = 60° Ans.
The magnitude of F can be determined from
Fcos30° =7, F = 8.083 kN = 8.08 kN Ans.
Ans:
a = 48.4°
B = 124°
v = 60°
F = 8.08 kN
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2-63.

Determine the magnitude and coordinate direction angles
of the resultant force and sketch this vector on the
coordinate system.

SOLUTION
F; = {80 cos 30° cos 40°i — 80 cos 30° sin 40°j + 80 sin 30°k} 1b

F, = {53.1i — 44.5] + 40k} Ib
F, = {—130K} Ib
FR = F] + F2

Fr = {53.1i — 44.5j — 90.0k} Ib

Fr= V(531> + (—44.5)> + (=90.0)> = 114 Ib

53.1
= 71 — = o
a = COoS <113.6> 62.1

—44.5
= cocl _ o
B = cos < 1136 > 113

Ans.

Ans.

Ans.

Ans.

F,=801b

\

YF, =1301b

Ans:

Fr = 1141b
a = 62.1°
B =113°

y = 142°
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*2-64.

Specify the coordinate direction angles of F; and F, and
express each force as a Cartesian vector.

SOLUTION
F,; = {80 cos 30° cos 40°i — 80 cos 30° sin 40°j + 80 sin 30°k} 1b

F, = {53.1i — 44.5) + 40k} Ib

1
a; = cos! <5§O> = 48.4°
By = cos1<_44‘5> = 124°

40
v = cos’l(f) = 60°

0
= 71 — = °
@, = COoS < 3 O> 90

4 0 o
ﬁz = COS 1<130 =90
-130
Y2 = COSl<130> = 180°

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

F, =801b

YFE=1301b

. |

Ans:
F, = {53.1i — 44.5j + 40k} Ib
a; = 48.4°

By = 124°

Y1 = 60°

F, = {—130k} Ib
ay = 900

B, = 90°

v, = 180°
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2-65.

The screw eye is subjected to the two forces shown. Express
each force in Cartesian vector form and then determine the
resultant force. Find the magnitude and coordinate direction
angles of the resultant force.

SOLUTION
F; = 300(—cos 60° sin 45°i + cos 60°cos 45°j + sin 60°k)

= {~106.07i + 106.07j + 259.81k} N

= {—106i + 106j + 260k} N Ans.
F, = 500(cos 60°i + cos 45°j + cos120°k)

= {250.0i + 353.55j — 250.0k} N

= {250i + 354j — 250k} N Ans.
F,=F, +F,

= —106.07i + 106.07j + 259.81k + 250.0i + 353.55j — 250.0k

= 143.93i + 459.62j + 9.81k

= {144i + 460j + 9.81k} N Ans.
Fr = \V143.93% + 459.622 + 9.81% = 481.73N = 482N Ans.

Fr  143.93i + 459.62j + 9.81k . .

U= p o = 18173 = 0.2988i + 0.9541j + 0.02036k
cosa = 0.2988 a = T72.6° Ans.
cos B = 0.9541 B =174° Ans.
cosy = 0.02036 vy = 88.8° Ans.

Fy=300N

F,=500N

Ans:

F, = {—106i + 106j + 260k} N
F, = {250i + 354j — 250k} N
Fr = {144i + 460j + 9.81k} N

Fp = 482N
a = 72.6°
B =17.4°
y = 88.8°
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2-66.

Determine the coordinate direction angles of F;.

SOLUTION

F; = 300(—cos 60° sin 45°i + cos 60° cos 45°j + sin 60°k)
= {—106.07i + 106.07j + 259.81k} N
= {~106i + 106j + 260k} N

F; . .
u = % = —0.3536i + 0.3536j + 0.8660k

o = cos ' (—0.3536) = 111°
B1 = cos ' (0.3536) = 69.3°

y1 = cos 1(0.8660) = 30.0°

Ans.

Ans.

Ans.

< F;=300N

F,=500N

Ans:

ap = 111°
By = 69.3°
v = 30.0°
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2-67.

Determine the magnitude and coordinate direction angles
of F; so that the resultant of the three forces acts along the
positive y axis and has a magnitude of 600 Ib.

SOLUTION

Fr, = 2F ; 0 = —180 + 300 cos 30° sin 40° + F5 cos «
Fgry=ZF,; 600 = 300 cos 30° cos 40° + F3cos B
Fgr, = 2F_; 0 = —300sin 30° + F3cosy

cos’a + cos’B + cos’y = 1

Solving:
F; =4281b
a = 88.3°
B = 20.6°
v = 69.5°

Ans.
Ans.
Ans.

Ans.

F,=3001b
Ans:
F = 4281b
a = 88.3°
B = 20.6°
vy = 69.5°
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*2-68.

Determine the magnitude and coordinate direction angles z
of F; so that the resultant of the three forces is zero.

SOLUTION
Fr. = 2F 0 = —180 + 300 cos 30° sin 40° + F5cos «

FRy= EFy;

Fg.= SF; 0= —300sin30° + F;cosy

0 = 300 cos 30° cos 40° + F3cos B

cos’a + cos’B + cos?y = 1

Solving:

F3; =2501b Ans.

a = 87.0° Ans.

B = 143° Ans.

y = 53.1° Ans.
Ans:
F =2501b
a = 87.0°
B = 143°
vy = 53.1°
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2-69.

Determine the magnitude and coordinate direction angles
of the resultant force, and sketch this vector on the
coordinate system.

SOLUTION

Cartesian Vector Notation. For F; and F,,

F; = 400 (cos 45°i + cos 60°j — cos 60°k) = {282.84i + 200j — 200k} N

4 4 3
F, = 125| < (cos 20°)i — 5 (sin209)j + Sk | = {93.97i — 34.20j + 75.0k)

Resultant Force.
Fr,=F +F,
= {282.84i + 200j — 200k} + {93.97i — 34.20j + 75.0k}
= {376.81i + 165.80j — 125.00k} N

The magnitude of the resultant force is

Fr = V(Fp)? + (Fp)2 + (Fp)? = V37687 + 165.80% + (—125.00)*

= 430.23 N = 430N

The coordinate direction angles are

_ (Fp)x _ 376.81 B o e
cosa = Fr = 13023° a = 28.86° = 28.9
(Fr)y  165.80 . .
COSB = ? = 43023 ° B = 67.33° = 67.3
F, _
cosy = (F): _ ~125.00 y = 106.89° = 107°

Fr 43023 °

Ans.

Ans.

Ans.

Ans.

60°

60°

F, = 400N

Ans:

Fp = 430N
a = 289°
B = 67.3°
vy = 107°
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2-70.

Determine the magnitude and coordinate direction angles
of the resultant force, and sketch this vector on the
coordinate system.

F,=525N

60° |

45°

SOLUTION

Cartesian Vector Notation. For F; and F,,
3

F; = 450( Zj

1 ( 5 J

4
- §k> = [270j — 360k} N

F, = 525 (cos 45°i + cos 120°% + cos 60°k) = {371.23i — 262.5j + 262.5k} N
Resultant Force.
Fr,=F + F
= {270j — 360k} + {371.23i — 262.5j + 262.5k}
= {371.23i + 7.50j — 97.5k} N

The magnitude of the resultant force is

Fr = V(F)? + (Fp)2 + (Fp)? = V371232 + 7.50* + (—97.5)°

Fo=384N
= 383.89 N = 384 N Ans.
The coordinate direction angles are

(Fr)x _ 371.23

= = ; = 14.76° = 14.8° Ans.

CoS Fe 38380 ° @ 76 8 ns
(Fr)y  7.50

cos B = F = 33389 B = 88.88° = 88.9 Ans.
(Fp): _ =975

= = Som oo s = 104.71° = 105° Ans.

COSYZ T asasel Y TSIl ns

120°

F, =450N

Ans:

Fr = 384N
coS =%;a = 14.8°
cos B =%;B = 88.9°
cos y =%; y = 105°
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2-71.

Specify the magnitude and coordinate direction angles «,
B1, v1 of F; so that the resultant of the three forces acting
on the bracket is Fr = {—350k} 1b. Note that Fs lies in the

x—y plane. F5=4001b
 F,=2001b
SOLUTION
F)=F,i+F,j+F.k
F, = —200j *
F; = —400sin 30°i + 400 cos 30° j
= 200 + 346.4
Fg = SF

~350k = F,i+ Fyj+ F,k —200j — 200i + 346.4j
0=F,—200; F,=200Ib

0=F, —200 + 346.4; F, = -14641b

F,=-3501b

Fi = V(200)2 + (—146.4)2 + (—350)

F,=42591b = 4291b Ans.
200
— eel _ o
a; = cos (428.9) 62.2 Ans.
—146.4
— -1 — o
B = cos ( 1239 ) 110 Ans.
—350
— -1 — o
Y, = cos <428.9) 145 Ans.
Ans:
F, =4291b
ap = 62.2°
B = 110°
Y1 = 145O
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*2-T72.

Two forces F; and F, act on the screw eye. If the resultant
force Fy has a magnitude of 150 Ib and the coordinate
direction angles shown, determine the magnitude of F, and
its coordinate direction angles.

SOLUTION
Cartesian Vector Notation. For Fg, y can be determined from
cos’a + cos’B + cos?y = 1
cos? 120° + cos?50° + cos’y = 1
cos y = +0.5804

Here y < 90°, then

v = 54.52°
Thus
Fr = 150(cos 120°% + cos 50°% + cos 54.52°k)
= {~75.0i + 96.42j + 87.05k} Ib
Also

F, = {80j} Ib
Resultant Force.
Fr=F +F
{=75.0i + 96.42j + 87.05k} = {80j} + F,
F = {=75.0i + 16.42j + 87.05k} Ib

Thus, the magnitude of F, is

B = V(R), + (B), + (B). = V(-75.0)> + 1642 + 87.05
= 116.071b = 116 1b

And its coordinate direction angles are

_(B),  -750 _ o _ o
cos a, = 5 11607 a, = 130.25° = 130
(B)y 1642
== : = 81.87° = 81.9°
cos 3, 3 11607 B, = 81.87 81.9
(F5), 87.05 . R
COS Y, = B = 11607° v, = 41.41° = 414

Ans.

Ans.

Ans.

Ans.

Ans:

Fr = 1161b
cos ay = 130°
cos B, = 81.9°
cos y, = 41.4°
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2-73. <
Express each force in Cartesian vector form.
F, =200 N
F,=150N
F, = 90N (—a 60° y
34 /
/- 45
SOLUTION
Cartesian Vector Notation. For F, F, and F;, o
4 3 R
F, =90 (gl + gk) = {72.0i + 54.0k} N Ans.
F, = 150 (cos 60° sin 45°i + cos 60° cos 45°% + sin 60°k)
= {53.03i + 53.03j + 129.90k} N
= {53.0i + 53.0j + 130k} N Ans.
F; = {200 k} Ans.
Ans:

F, = {72.0i + 54.0k} N
F, = {53.0i + 53.0j + 130k} N
F; = {200k}
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2-74. z

Determine the magnitude and coordinate direction angles

of the resultant force, and sketch this vector on the F;=200N F 150N
coordinate system. 2
F, = 90N (e 60° ,
34 /
/45

SOLUTION
Cartesian Vector Notation. For F;, F, and F;, o
F, =90 (gl + %k) = {72.0i + 54.0k} N
F, = 150 (cos 60° sin 45° + cos 60° cos 45°% + sin 60°k)
= {53.03i + 53.03j + 129.90k} N
F; = {200k} N
Resultant Force.
F=F +F +F
= (72.0i + 54.0k) + (53.03i + 53.03j + 129.90k) + (200k)
= {125.03i + 53.03j + 383.90} N
The magnitude of the resultant force is
Fr = V(Fp)? + (Fr); + (Fr): = V125.03% + 53.03% + 383.90°
= 407.22N = 407N Ans.
And the coordinate direction angles are
cosa = (?;)x = E;g; a=7212°=T721° Ans.
cos B = (if;)y = 5037'?2; B =8252° = 85° Ans.
cosy = (F): _ 38390 y = 19.48° = 19.5° Ans.

Fr 407227

Ans:

Fp, = 407N
a = T72.1°
B = 82.5°
y = 19.5°
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2-75.

The spur gear is subjected to the two forces caused by
contact with other gears. Express each force as a Cartesian
vector.

SOLUTION
F = 215 (50)j — % (50)k = {14.0§ — 48.0k} Ib Ans.

F, = 180 cos 60°i + 180 cos 135°j + 180 cos 60°k

= {90i — 127j + 90k} Ib Ans.
Ans:
F, = {14.0j — 48.0k} Ib
F, = {90i — 127j + 90Kk} 1b
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*2-76.
The spur gear is subjected to the two forces caused by

contact with other gears. Determine the resultant of the two
forces and express the result as a Cartesian vector.

SOLUTION

Fry = 180 cos 60° = 90

;
Fry = 55 (50) + 180 cos 135 = —113
24
Fr. = =55 (50) + 180 cos 60° = 42
F = {90i — 113j + 42k} Ib Ans.

Ans:

FRX = 90
Fry = —113
Fr, =42

Fr = {90i — 113j + 42k} Ib
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2-71.

Determine the magnitude and coordinate direction angles
of the resultant force, and sketch this vector on the
coordinate system.

SOLUTION
Cartesian Vector Notation. For F; and F,,
F; = 400 (sin 60° cos 20°i — sin 60° sin 20°j + cos 60°k)

= (325.52i — 118.48j + 200k} N

F, = 500 (cos 60°i + cos 60°% + cos 135°k)
= {250i + 250j — 353.55k} N

Resultant Force.

FR = F] + F2
= (325.52i — 118.48j + 200Kk) + (250i + 250j — 353.55K)
= {575.52i + 131.52j — 153.55k} N

The magnitude of the resultant force is

Fr = V(F)? + (Fr)? + (Fp)? = V/575.52 + 131.52° + (—153.55)’

= 610.00N = 610N Ans.
The coordinate direction angles are
_ (Fp)x  575.52 _ o R
cosa = Fe = 610.00 a =1936° = 194 Ans.
(Fr)y 13152
=——= = 77.549° = 77.5° Ans.
csB="p " 6000 P ’ s
(Fr): —153.55 R .
cosy = Fe = 610.00 vy = 104.58° = 105 Ans.
Ans:
Fr = 610N
a =194°
B =775°
y = 105°
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2-78.

The two forces F; and F, acting at A have a resultant force
of Fr = {—100k} Ib. Determine the magnitude and
coordinate direction angles of F,.

SOLUTION

Cartesian Vector Notation:

{-100k} 1b

60{ —cos 50° cos 30°i + cos 50°sin 30°j — sin 50°k } 1b

= A
Il Il

{—33.40i + 1928 — 4596 k} Ib

5
|

= (B,i+ B j+ Bk} b

Resultant Force:
FR = F] + F2
—100k = {(F, — 33.40)i + (B, +19.28) j + (F, — 45.96) k}

Equating i, j and k components, we have

B, —3340 =0 B, =33401b
B, +1928 =0 B, = —19281b
B —4596 = —100  F_= —54.041b

The magnitude of force F, is
B =VF + F5 + F3

= V33407 + (—19.28)% + (—54.04)>

= 66.391b = 66.4 Ib Ans.

The coordinate direction angles for F, are

B, 3340
cosa = Fz = 66,39 a = 59.8° Ans.
B, 1928
=—= . = 107° Ans.
cos B 3 66,39 ns
B —54.04
= Z= = 144° Ans.
cos y 5 66.39 y ns
Ans:
F = 66.41b
a = 59.8°
B = 107°
y = 144°
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2-79.

Determine the coordinate direction angles of the force F, z
and indicate them on the figure.

SOLUTION
Unit Vector For Force F;:
= —c0s 50° cos 30°i + cos 50°sin 30°j — sin 50° k

l.l]:‘1

—0.55671i + 0.3214 j — 0.7660 k

Coordinate Direction Angles: From the unit vector obtained above, we have

cos a = —0.5567 a = 124° Ans.

cos B = 0.3214 B =713° Ans.

cosy = —0.7660 v = 140° Ans.
Ans:
a = 124°
B =713°
v = 140°
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*2-80.

The bracket is subjected to the two forces shown. Express z
each force in Cartesian vector form and then determine the
resultant force Fg. Find the magnitude and coordinate F, =400 N
direction angles of the resultant force.

SOLUTION

Cartesian Vector Notation:
F; = 250{cos 35° sin 25° + cos 35° cos 25°% — sin 35°k} N

= {86.55i + 185.60j — 143.39k} N

= {86.5i + 186j — 143k} N Ans.
F, = 400{cos 120°1 + cos 45° + cos 60°k} N

= {~200.0i + 282.84j + 200.0k} N

= {-200i + 283j + 200k} N Ans.
Resultant Force:
FR = F] + F2

= {(86.55 — 200.0)i + (185.60 + 282.84)j + (—143.39 + 200.0) k}
= {~113.45i + 468.44j + 56.61k} N

= {~113i + 468j + 56.6k} N Ans.

The magnitude of the resultant force is
— \/F2 2 2
FR_ FRX+FR),+FRZ

= V/(~113.45)% + 468.44% + 56.612

= 48530N = 485N Ans.

The coordinate direction angles are

Fr,  —11345 .
CoOsSa = FR = W a = 104 Ans.
Fr, 46844
cos B = Fr = 18530 B =151 Ans.
Fr. 5661
Cosy = TR = m Y = 83.3 Ans.
Ans:
F, = {86.5i + 186j — 143k} N
F, = {—200i + 283j + 200k} N
Fr = {—113i + 468j + 56.6k} N
Fr = 485N
a = 104°
B = 15.1°
y = 83.3°
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2-81.

If the coordinate direction angles for F; are az = 120°,
B3 = 60° and 7y; = 45°, determine the magnitude and
coordinate direction angles of the resultant force acting on
the eyebolt.

SOLUTION

Force Vectors: By resolving F;, F, and F; into their x, y, and z components, as shown
in Figs. a, b, and c, respectively, Fy, F, and F5 can be expressed in Cartesian vector
form as

F, = 700 cos 30°(+i) + 700 sin 30°(+j) = {606.22i + 350} Ib
. 4\ . 3 .
F, = 0i + 600( 5 )(+J) + 600( 5 )(+k) = {480j + 360k} Ib
F; = 800 cos 120°i + 800 cos 60°j + 800 cos 45°k = [—400i + 400j + 565.69k] Ib

Resultant Force: By adding F;, F, and F; vectorally, we obtain Fy. Thus,
FR = F] + F2 + F3
= (606.22i + 350j) + (480j + 360k) + (—400i + 400j + 565.69k)

= [206.22i + 1230j + 925.69k] Ib

The magnitude of Fg is

Fr= V(Fp)? + (Fr),> + (F).?

-V (206.22)% + (1230)* + (925.69)* = 1553.161b = 1.55kip  Ans.

The coordinate direction angles of F are

F>=6001b

[(Fg), ]| 206.22
1 ( R)x —1 o
= —| = =824 Ans.
@ = cos e cos (1553.16) 8 ns
[(Fr)yT 1230
— el — el _ o
B = cos v cos (1553.16) 37.6 Ans.
[(FRr): | 925.69
vy = cos_l_(FI;)z_ = cos_1(1553.16) = 53.4° Ans.
Ans:
Fr = 1.55kip
a = 82.4°
B = 37.6°
vy = 53.4°
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2-82.

If the coordinate direction angles for F; are a; = 120°, z
Bz = 45° and vy3; = 60°, determine the magnitude and
coordinate direction angles of the resultant force acting on F; =800 1b
the eyebolt.

Fy=6001b

SOLUTION

Force Vectors: By resolving F, F, and F; into their x, y, and z components, as shown
in Figs. a, b, and c, respectively, Fy, F,, and F; can be expressed in Cartesian vector
form as

F, = 700 cos 30°(+i) + 700 sin 30°(+j) = {606.22i + 350j} Ib
. 4 . 3 .
F, = 0i + 600(5)(+J) + 600(5)(+k) — [480j + 360k} Ib
F; = 800 cos 120°i + 800 cos 45°j + 800 cos 60°k = {—400i + 565.69j + 400k} Ib

FR:F1+F2+F3

= 606.22i + 350j + 480j + 360k — 400i + 565.69j + 400k

= {206.22i + 1395.69j + 760k} Ib z

Fg = V (206.22)% + (1395.69)* + (760)>

= 1602.521b = 1.60 kip Ans.
206.22
— -1 — o
a = cos (1602.52) 82.6 Ans.
1395.69
— -1 — o
B = cos (1602.52) 29.4 Ans.
760
— cocl _ o
v = cos (1602.52) 61.7 Ans.
Ans:
Fr = 1.60 kip
a = 82.6°
B =29.4°
v = 61.7°
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2-83.

If the direction of the resultant force acting on the eyebolt
is defined by the unit vector up, = cos 30° + sin 30°k,
determine the coordinate direction angles of F; and the
magnitude of Fp.

SOLUTION

Force Vectors: By resolving Fy, F, and Fj; into their x, y, and z components, as shown
in Figs. a, b, and c, respectively, Fy, F,, and F; can be expressed in Cartesian vector
form as

F, = 700 cos 30°(+i) + 700 sin 30°(+j) = {606.22i + 3505} Ib
. 43\ . 3 .
F, = 0i + 600(5)(+J) + 600(5)(“() = {480j + 360k} Ib

F; = 800 cos azi + 800 cos B3j + 800 cos ysk

Since the direction of Fy is defined by up, = cos 30°%j + sin 30°k, it can be written in
Cartesian vector form as

Fr = Fgup, = Fg(cos 30°% + sin 30°k) = 0.8660Fgj + 0.5Fgk
Resultant Force: By adding Fy, F,, and F; vectorally, we obtain Fg. Thus,

FR:F1+F2+F3

0.8660Fxj + 0.5Fgk = (606.22i + 350j) + (480j + 360k) + (800 cos asi + 800 cos B3j + 800 cos y:k)
0.8660Fgj + 0.5Fgk = (606.22 + 800 cos as)i + (350 + 480 + 800 cos B3)j + (360 + 800 cos y3)k

Equating the i, j, and k components, we have

0 = 606.22 + 800 cos o

800 cos a3 = —606.22 @
0.8660F z = 350 + 480 + 800 cos B3

800 cos B3 = 0.8660F; — 830 ?2)
0.5F i = 360 + 800 cos vy;3

800 cos y; = 0.5Fz — 360 A3

Squaring and then adding Egs. (1), (2), and (3), yields

8007 [cos® a; + cos® By + cos? ys] = Fi? — 1797.60F% + 1,186,000 @)
However, cos az + cos? B3 + cos? y; = 1.Thus, from Eq. (4)

Fr? — 1797.60F; + 546,000 = 0

Solving the above quadratic equation, we have two positive roots

F, = 6001b

E
)
'Hft a=émlb
K
x +{
Gy
)

<) *

Fr = 387.09N = 387N Ans.
Fr = 141051 N = 1.41 kN Ans.
From Eq. (1),
ay = 139° Ans.
Substituting Fr = 387.09 N into Egs. (2), and (3), yields
Ans:
B3 = 128° Y3 = 102° Ans. ay = 139°
Substituting Fz = 1410.51 N into Egs. (2), and (3), yields B = 128° y3 = 102°, Fgy = 387N
B3 = 60.7°,v; = 64.4°, Fx, = 1.41 kN
B3 = 60.7° v3 = 64.4° Ans.
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*2-84.

The pole is subjected to the force F, which has components
acting along the x, y, z axes as shown. If the magnitude of F
is 3kN, B = 30°,and y = 75°, determine the magnitudes of
its three components.

SOLUTION
cos’a + cos> B + cos’y = 1
cos® a + cos?30° + cos?75° = 1
a = 64.67°
F, = 3cos 64.67° = 1.28 kN
F, = 3 cos 30° = 2.60 kN

F, = 3cos75° = 0.776 kN

Ans.

Ans.

Ans.

Z
F,
A
[~y F
B F
L LT
/ 1
.:i—‘-:‘
Ans:
F, = 1.28 kN
F, = 2.60 kN
F, = 0.776 kN
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2-8s.
The pole is subjected to the force F which has components z
F, =15kN and F, = 1.25kN. If B = 75°, determine the
magnitudes of F and F. F,
A
SOLUTION — AF
A 5
cos’a + cos” B + cos’y = 1 > Y
| +«
152 1252 /
= + 2 o 4 | === —
( F) cos? 75 ( - ) 1 / F,
F =2.02kN Ans. N
F, = 2.02 cos 75° = 0.523 kN Ans.
Sl
Ans:
F =2.02kN
F, = 0.523 kN
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2-86.

Determine the length of the connecting rod AB by first
formulating a Cartesian position vector from A to B and
then determining its magnitude.

B _
300 mm
SOLUTION
Position Vector. The coordinates of points A and B are A(—150 cos 30°, o X
— 150 sin 30°) mm and B(0, 300) mm respectively. Then go‘)
A
ry = [0 — (=150 cos 30°)]i + [300 — (=150 sin 30°)]j
= {129.90i + 375j} mm 150 mm
Thus, the magnitude of r,p is
rp = V129.90% + 375 = 396.86 mm = 397 mm Ans.
Ans:
rap = 397 mm
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2-87.

Express force F as a Cartesian vector; then determine its

coordinate direction angles.

SOLUTION

ryp = (5 + 10 cos 70° sin 30°)i
+ (=7 — 10 cos 70° cos 30°)j — 10 sin 70°k

s = {6.710i — 9.962j — 9.397Kk] ft

rap = V(6.710)2 + (—9.962)> + (—9.397)* = 15.25

wip = 2B = (0.4400i — 0.6532) — 0.6162k)

T'AB

F = 135u,; = (59.40i — 88.18j — 83.18K)
= {59.4i — 88.2j — 83.2k} Ib

59.40
a = 00571(7) = 63.9°

135

A
F=1351b
~
P e
P Q‘\',‘
70°
30°
s P Zz Yy
5ft
v 7
% 7t
X
Ans.
Ans.
Ans.
Ans.
Ans:

[59.4i — 88.2j — 83.2k} b
a = 63.9°
B = 131°
v = 128°
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*2-88.

Express each of the forces in Cartesian vector form and
determine the magnitude and coordinate direction angles
of the resultant force.

SOLUTION
fac = {—Z.Si —4j+ 15—2(2.5)k}ft

r
F, =801b (ﬁ) = —26.201 — 41.93j + 62.89k
rac

= [-262i - 41.9j + 62.9Kk} Ib

TaB . .
F, =501b (7) = 13361 — 26.73 j — 40.09 k
TAB
= {134i — 26.7j — 40.1k} Ib
FR = Fl + F2

= —12.84i — 68.65j + 22.80k
= {-12.8i — 68.7j + 228k} Ib
Fr = V/(—12.84)% (—68.65)% + (22.80) = 73.47 = 7351b

a = cosfl<ﬂ) = 100°

7347
68.65
= ! = 159°
B = cos ( 73.47 )
22.80
=cos (o) =71y
Y = cos (73.47

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

ft

C
13412 F, =801b
5
0 /2,5 ft
4 ft A
F,=501b

Ans:
F, = {-262i —419j + 629k} Ib
F, = {13.4i — 26.7j — 40.1k} b

Fx = 7351b
a = 100°
B =159
y = 71.9°
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2-89.

If F = {350i — 250j — 450k} N and cable AB is 9 m long,
determine the x, y, z coordinates of point A.

SOLUTION
Position Vector: The position vector r 4, directed from point A to point B, is given by
tap =[0 = (=0))i+ (0= y)j+(0-2k
=xi—yj—zk
Unit Vector: Knowing the magnitude of r 45 is 9 m, the unit vector for r 45 is given by

1y xi—yj—zZk
llAB*i*i
FAB 9

The unit vector for force F is

F 350i — 250§ — 450k ) .
up = = = 0.5623i — 0.4016j — 0.7229k

F 33502 + (=250)2 + (—450)?

Since force F is also directed from point A to point B, then

Uyp = Up

xi —yj —zk

9 = (0.5623i — 0.4016j — 0.7229k

Equating the i, j, and k components,

Y 05623 X =506m Ans.

=

— = —0.4016 y =3.61lm Ans.

— = 0.7229 z=0651m Ans.

Ans:

x = 5.06 m
y =3.6lm
z =651m
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2-90.

The 8-m-long cable is anchored to the ground at A.
If x=4 m and y =2 m, determine the coordinate z to the
highest point of attachment along the column.

SOLUTION
r={4i +2j + zkjm
r= VA @+ @ =8

z = 6.63m

Ans.

Ans:
6.63 m
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2-91.

The 8-m-long cable is anchored to the ground at A. k4
If z =5 m, determine the location + x,+ y of point A. Choose
a value such that x =y.

SOLUTION
r = {xi +yj + 5k}jm

r=VOy + 0y + (57 =8

x =y, thus
2w =8 -5
x=y=442m Ans.

Ans:
4.42 m
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*2-92,

Express each of the forces in Cartesian vector form and

determine the magnitude and coordinate direction angles
0.75 m
of the resultant force. A
F,5=250N
Fue = 400N \ 3m
/ y
2m 4007 2m
SOLUTION Soc B
/Ll m
Unit Vectors. The coordinates for points A, B and C are (0, —0.75, 3) m,
B(2 cos 40°, 2 sin 40°, 0) m and C(2, —1, 0) m respectively.
rap  (2cos40° — 0)i + [25sin40° — (=0.75)]j + (0 — 3)k .
Wgp = 7 = -
tas V(2 cos40° — 0)2 + [2sin40° — (—0.75) + (0 — 3)2
= 0.3893i + 0.5172j — 0.7622k
Iy 2—-0)i+[-1-(-0.75)]j + (0 - 3)k
Uyc = — =
e V@2 =02+ [-1 - (—075)P + (0 — 3)
= 0.5534i — 0.0692j — 0.8301k
Force Vectors
Fiz = Fapuup = 250 (0.3893i + 0.5172j — 0.7622k)
= {97.32i + 129.30j — 190.56k} N
= {97.3i + 129§ — 191k} N Ans.
Fyc = Fycuye = 400 (0.5534i — 0.06917j — 0.8301k)
= {221.35i — 27.67j — 332.02k} N
= [221i — 27.7j — 332k} N Ans.
Resultant Force
Fr = Fap + Fac
= {97.32i + 129.30j — 190.56k} + {221.35i — 27.67j — 332.02k}
= {318.67i + 101.63j — 522.58 k} N
The magnitude of Fy is
Fr = V(Fe)2 + (Fp)? + (Fp)? = V318.67° + 101.63” + (—522.58)
= 62046 N = 620 N
And its coordinate direction angles are
_ (Fp)x _ 318.67 _ o R
cosa = Fr = 62046° a = 59.10° = 59.1 Ans.
(Fo) Ans:
R)y _ 10163 F,p = {97.3i — 129j — 191k} N
= = ; = 80.57° = 80.6° Ans. AB ; J
CSB =TT T G046 P s F, = [221i — 27.7j — 332k} N
(Fr):  —522.58 ez 0
_ Rz _ — . . _ o __ o = 59.1°
cosy = =—— = 147.38° = 147 Ans. cos a
YT TR T 62046 0 7 cos B = 80.6°
cosy = 147°
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2-93.

If Fg = 560N and Fc = 700 N, determine the magnitude
and coordinate direction angles of the resultant force acting
on the flag pole.

SOLUTION
Force Vectors: The unit vectors ug and uc of Fz and Fr must be determined first.
From Fig. a
Iz 2-0i+(-3-0)j+((0-0)k 2, 3, 6
Up = — = =;l—;.]—;k
B N2 =00+ (=3 — 07 + (0 — 6)

e B-0i+2-0j+ ((0-060k 3, 2, 6
Uc = — = :714‘7*71(
e NGB -0+ @ - 0P+ (0 - 6
Thus, the force vectors Fz and F¢ are given by
2, 3, 6 . .
Fp = Fgug = 560 i-i- ?k = {160i — 240j — 480k} N
3, 2. 6 . .
Fc = Fcue = 700 o + S ;k = {300i + 200j — 600k} N

Resultant Force:
Fr = Fy + Fe = (160i — 240 — 480k) + (300i + 200j — 600Kk)
= {460i — 40j + 1080k} N

The magnitude of Fy is

Fr= V(Fr)? + (Fr),> + (F).?

= \V/(460)2 + (—40) + (~1080)2 = 1174.56 N = 1.17 kN

The coordinate direction angles of Fy are

FRr), B 460
a= cos’l{(FiR)} = cos 1( ) = 66.9°

R 1174.56
(Fr)y —40
= -1 = -1 — o
B = cos { Fr } cos (1174.56) 92.0
(F R)z} ( —1080 )
= 71 ’ = 71 = °
Y = cos { Fy cos 117456 157

Ans.

Ans.

Ans.

Ans.

Ans:

Fr = 1.17kN
a = 66.9°

B = 92.0°

v = 157°
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2-94.

If Fg = 700N, and F = 560 N, determine the magnitude
and coordinate direction angles of the resultant force acting
on the flag pole.

SOLUTION

Force Vectors: The unit vectors ug and uc of Fp and F- must be determined first.
From Fig. a

g (2-0)i+(=3-0)j+(0-6k
B N2 - 07 + (=3 — 07 + (0 — 6)?
oo GoDitE-0i+O-0k 3 2 6
e NG-op+e-op+0-67 T 7

Thus, the force vectors Fpz and F are given by

up =

2. 3. 6
_2. 3. 6
AR

2

Fy = Fyuy = 700(? - %j - gk> = {200i — 300j — 600k} N
3, 2. 6 . .

Fc = Feuc = 560\ Zi + 2j — —k | = {240 + 160j — 480k} N

Resultant Force:
Fr = Fy + Fe = (200i — 300j — 600k) + (240i + 160j — 480k)
= {440i — 140j — 1080k} N

The magnitude of Fy is

Fr = V(Fo),? + (Fr),> + (Fg).?

= V/(440)® + (~140)> + (—1080)> = 117456 N = 1.17 kN Ans.
The coordinate direction angles of Fy are (/d’)
- (FR)x:| ,( 440 )
_ 1 — 1 = 68.0° Ans.
a = cos { Fr cos 1174.56 68.0 ns
(Fr)y —140
= cos ! = cos! = 96.8° Ans.
B = cos [ Fr } cos (1174.56) 96.8 ns
(F R)z:| ( —1080 )
= —1) > < = —1 — o
v = cos { Fr cos 117456 157 Ans.
Ans:
Fr = 1.17kN
a = 68.0°
B =96.8°
y = 157°
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2-95.

The plate is suspended using the three cables which exert

the forces shown. Express each force as a Cartesian vector.

6 14

SOLUTION
Fy, = 350 (Z%j) = 350( >

= {~109i + 131 + 306 k} Ib

3

14

I'cp 3
Fo, = 500(-4) = 500 i+ . X
A (rCA> (14.629 ' 146297 T 14629

= {103i + 103 + 479k} Ib

6 14

- -
16031 T 160319 T 16031

)

Fp, = 400 (rD—A) - 4oo< 2
pa

= {-52.1i — 156 + 365k} Ib

153620 153620 T 15300 ¢

)

)

Ans:

Fya = {—109i + 131 + 306k} Ib
Fea = {1031 + 103§ + 479k} Ib
Fp, = {~52.1i — 156 + 365k} Ib
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*2-96.

The three supporting cables exert the forces shown on the z
sign. Represent each force as a Cartesian vector.

SOLUTION

re=(0—5)i+ (-2 - 0)j + (3 - Ok = {~5i — 2j + 3k} m
re= V(=57 + (2> + ¥ = V38m

= (0-5)i+Q2-0j+ @3- 0k=(-5i+2j+3km
rg= V(=52 + 22+ 3 =V38m
re=(0—2)i+(0—0)j+(3—0k=(-2i+0j+3k}m

rg = \/(—2)2+02+32= \/Em

F=F = F(E)
;

—5i — 2j + 3k
SE )
—5i + 2j + 3k
)
—2i + 0j + 3k
=)

Fc = 400( {—324i — 130j + 195k} N Ans.

Fz = 400( {—324i + 130§ + 195k} N Ans.

Fp = 350( {—194i + 291k} N Ans.

Ans:

Fo = {—324i — 130j + 195k} N
Fy = {—324i + 130j + 195k} N
F; = {~194i + 291k} N
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2-97.

Determine the magnitude and coordinate direction angles z
of the resultant force of the two forces acting on the sign at
point A.

SOLUTION
rc=(0—5i+ (—2—0)j+ 3 —0k= {5 —2j + 3Kk

re = V(=572 + (-2 + 3> = V38m

B ) (—=5i — 2§ + 3k))
Fo = 400 (rc) = 400 (—\/?s

Fe = (—324.4428i — 129.777j + 194.666k)

rp = (0= 5)i+ (2 —0)j + (3 — 0k = {—5i + 2j + 3k
rg = V(=52 + 2 + 3= \V38m

Fj = 400 (:—E) = 400 (—(_Si +\/2318+ 3k)>

Fjy = (—324.443i + 129.777j + 194.666k)

Fg = Fc + Fy = (—648.89% + 389.33k)

Fr = V/(—648.89)2 + (389.33)2 + 0% = 756.7242

Fr = 757N Ans.
—648.89
_1 —_— = = o
a <756.7242) 149.03 = 149 Ans.
B = cos™! (70 ) = 90.0° Ans
756.7242 ’ ’
389.33
_ —1 — — o
v <756.7242) 59.036 = 59.0 Ans.
Ans:
Fr = 757N
a = 149°
B = 90.0°
y = 59.0°
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2-98.

The force F has a magnitude of 80 lb and acts at the
midpoint C of the thin rod. Express the force as a Cartesian
vector.

SOLUTION
tap = (=3i + 2j + 6k)

1
rep = 5 fap = (151 + 1j + 3k)

Yco = Ipo * Icp

—6k — 1.5i + 1j + 3k

= —15i + 1j - 3k
YFco = 3.5

_ Yco\ _ . .
F =280 (—) = {—34.3i + 22.9j — 68.6k} Ib

rco

Ans.

Ans:

F = (—343i + 22.9) — 68.6k} Ib
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2-99.

The load at A creates a force of 60 Ib in wire AB. Express
this force as a Cartesian vector acting on A and directed
toward B as shown.

SOLUTION

Unit Vector: First determine the position vector r 4. The coordinates of point B are
B (55in 30°, 5 cos 30°, 0) ft = B (2.50, 4.330, 0) ft

Then

tap = {(2.50 — 0)i + (4.330 — 0)j + [0 — (—10)]k} ft

= {2.50i + 4.330j + 10k} ft

rap = V250 + 4330° + 100> = 11180 ft

rap 2.50i + 4.330j + 10k

Fag 11.180

Uyp =
= 0.2236i + 0.3873j + 0.8944k

Force Vector:

F = Fu,p = 60 {0.2236i + 0.3873j + 0.8944k} 1b

= [13.4i + 23.2j + 537k} Ib Ans.
{ j }

10 ft

F=601b

Ans:
F = {13.4i + 23.2j + 53.7k} Ib
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*2-100.
Determine the magnitude and coordinate direction angles of z
the resultant force acting at point A on the post.
F,c=150N
N 4~ N Fas =200N
C ﬁ m
\ 3m
5
< y
% 2m
N
4m B
SOLUTION
X
Unit Vector. The coordinates for points A, B and C are A(0, 0,3) m, B(2,4,0) m
and C(—3, —4, 0) m respectively
ryug =2 —-0)i+ (@4 —-0)j+(0—-3k=1{2+4j—3kjm
| Y] 2i + 4j - 3k 2 . 4 . 3
Wgp = — = = i+ j- k
s 22+ 42+ (=372 V29 V29 V29
rye=(-3-0)i+(-4-0)j+(0—-3k={-3i -4 —3klm
Yic —3i —4j -3k 3 . 4 3
Wyc=—= = i— J- k
e V(3P (42 + (<32 V34 V34T V34
Force Vectors
2 4 3
FAB:FABUABZZOO( i+ j_ k)
V29 V29T V29
= {74.28i + 148.56j — 111.42k} N
3 4 3
FAC = FAC“AC = 150< i— j - k>
/34 347 V34
= {=77.17i — 102.90j — 77.17k} N
Resultant Force
Fr = Fap + Fyc
= {74.28i + 148.56j — 111.42k} + {—77.17i — 102.90j — 77.17Kk}
= {—2.896i + 45.66j — 188.59 k} N
The magnitude of the resultant force is
Fr = V(F)? + (Fo)? + (Fp)? = V(—2.896)7 + 45.66” + (—188.59)*
= 19406 N = 194N Ans.
And its coordinate direction angles are
(Fr)x  —2.896
= = ; = 90.86° = 90.9° Ans.
COSs « Fr 194.06 ° a = 90.86 90.9 ns
(FR)y 4566
=——= ; = 76.39° = 76.4° Ans.
COSB=Tp T T Joa0e P "
Ans:
F —188.59
cosy = (;)Z = oage } ¥ = 16636° = 166° Ans. Fr = 194N
R : cosa = 90.9°
cos B = 76.4°
cosy = 166°
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2-101.

The two mooring cables exert forces on the stern of a ship
as shown. Represent each force as a Cartesian vector and
determine the magnitude and coordinate direction angles
of the resultant.

SOLUTION

Unit Vector:

rca = {(50 — 0)i + (10 — 0)j + (—30 — 0)k} ft = {50i + 10j — 30k} ft

rea = V502 + 102 + (—30)% = 59.16 ft

cpg _ 501 + 10j — 30k

— = 0.8452i + 0.1690j — 0.5071k
rca 59.16 ! J

Ucy =

rep = (50 — 0)i + (50 — 0)j + (=30 — 0)k} ft = {50i + 50j — 30K} ft

reg = V502 + 50% + (—30)2 = 76.81 ft

rea S0i + 50§ — 30k ) )
Uep=— = —— o —— = 0.6509 + 0.6509j — 0.3906k
rca 76.81

Force Vector:
F, = Fyuc, = 200{0.8452i + 0.1690j — 0.5071k} 1b
= {169.03i + 33.81j — 101.42k} Ib
= {169i + 33.8j — 101k} Ib Ans.
Fz = Fgucp = 150{0.6509i + 0.6509j — 0.3906k} 1b
= {97.64i + 97.64j — 58.59k} Ib
= {97.6i + 97.6j — 58.6k} 1b Ans.
Resultant Force:
Fr =F, + Fp
= {(169.03 + 97.64)i + (33.81 + 97.64)j + (—101.42 — 58.59)k} 1b

= {266.67i + 131.45j — 160.00k} Ib

The magnitude of Fy is

Fr = \V266.67 + 131.45% + (—160.00)?

= 337.631b = 338 1b Ans.

The coordinate direction angles of Fy are

cosa = M a = 37.8° Ans. Ans:
337.63 F, = {169 + 33.8j — 101k} Ib
13145 F; = {97.6i + 97.6j — 58.6k} Ib
cosp=—— B = 67.1° Ans. Fr = 3381b
337.63 a =378
cosy = —M = 118° Ans g : TZSI"
YT 733763 Y : Y
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2-102.

The engine of the lightweight plane is supported by struts that
are connected to the space truss that makes up the structure
of the plane. The anticipated loading in two of the struts is
shown. Express each of these forces as a Cartesian vector.

SOLUTION

I'cp 3. 0.5 . 0.5 )
F, = 400( -2 ) = 4 - + Kk
! 00(@) 00(3.0822' 3.0822°  3.0822

= 380§ — 64.9j + 649Kk} Ib

rag 3. 05 . 05 )
F, = — | = - + k
: 600(rAB) 600( 3.0822" "~ 3.08227 T 30822

= {584 + 97.3j — 97.3k} Ib

Ans.

Ans.

F, = 600 1b

Ans:
F, = {389 — 64.9j + 64.9k} Ib
F, = {—584i + 97.3j — 97.3k} 1b
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2-103.

Determine the magnitude and coordinates on angles of the
resultant force.

SOLUTION

rac = {—2sin20° + (2 + 2 cos20°)j — 4k} ft
Yac . .

uyc = (*) = — 0.1218i + 0.6910j — 0.7125 k
rac

F, = 4lbu,c = {—4.874i + 27.64j — 28.50 k} Ib

tag = {150 — 1j — 4Kk} ft

r
w = (rﬁ> = 0.3419i + 02279 — 09117k
AB

Fap = 201buy = (6.838i — 4.558j — 1823k} Ib
Frp=F, p + Fyue

Fr = {19641 + 23.08j — 46.73k}Ib

Fr = V(1.964)> + (23.08)> + (—46.73)> = 52.16 = 52.21b
a= os*l(%) = 87.8°

B = cos_l(%) = 63.7°

v = cos_l(_;;i?) = 154°

B A
40 Ib
20 Ib ~
4 ft
L «
2 20 y
y 2
21t 1.5 ft
B ¢ pd
3ft
X
Ans.
Ans.
Ans.
Ans.
Ans:
F, =5221b
a = 87.8°
B = 63.7°
y = 154°
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*2-104.

If the force in each cable tied to the bin is 70 1b, determine
the magnitude and coordinate direction angles of the
resultant force.

SOLUTION

Force Vectors: The unit vectors uy, ug, us, and uj, of F,, Fp, F, and F, must be
determined first. From Fig. a,

Yy B-0i+(-2-0)j+(0-06)k 3. 2. 6k
Uy = — = =—i--j—-=
MmNV GB=-02+(—2-02+0—-672 7 77 7
I B-0i+(2-0)j+((0-06k 3. 2. 6
Ug = — = 5 5 22?14‘7]_?1(
5 NGB -02+ (2 - 072+ (0-6)
rc (=3-0i+2-0)j+((0-06k 3. 2. 6k
e N(=3-0P+Q2-02+@0—-672 T 17 7
rp (=3-0i+ (-2-0)j+(0-06)k 3.2, 6
up = — = =—i—-j—- 2
o N(3-02+(2-02+0-6?2 7 777
Thus, the force vectors F 4, Fy, F, and Fj, are given by
F,=Fuy = 70<§i — gj - ﬁk) = [30i — 20j — 60k] 1b
7 7 7
3. 2. 6 . .
Fgz = Fgup = 70 ;1+;‘]—7k = [30i + 20j — 60k] Ib
3. 2, 6 . .
FC=FC11C=7O _714‘?]—71( :[_30]+20J_60k]1b
FD=FDuD=7O<—%i—%j—gk>=[—30i—20j—60k]lb

Resultant Force:

Frp = F4 + Fgz + F¢c + Fp = (30i — 20j — 60k) + (30i + 20j — 60k) + (—30i + 20j — 60k) + (—30i — 20j — 60k)
= {240k} N

The magnitude of Fp is

Fr = V(F)? + (Fp)? + (Fr)?

= V0 + 0 + (—240)> = 2401b Ans.
The coordinate direction angles of F are
FR) 0
st R | 00 e z
a = cos |: e ]—cos (240>—90 Ans. E(ﬁ)ﬂlé)f’ﬁ

(FR)y 0
— -1 — -1 — o
B = cos |: Fr cos (240) 90 Ans.
A
v = cos_1|:(};1,e Z:| = cos‘(%) = 180° Ans %
R

” Fr = 2401b
. a = 90°
B (5,2,0)./f B = 90°
y = 180°
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2-105.

If the resultant of the four forces is Fr = {—360k} lb,
determine the tension developed in each cable. Due to
symmetry, the tension in the four cables is the same.

SOLUTION

Force Vectors: The unit vectors u,, ug, us, and up, of F, Fp, F., and Fj, must be
determined first. From Fig. a,

Gof_ G0+ (2-0j+©-6k 3. 2. 6
T NG (206 T T T

s (B-0i+2-0j+0-6k 3. 2 6

N

T Ve-re-ofro-6 7 7P 1%
e (3-0i+Q2-0j+O-6k 3 2. 6

e T Voot o_6 7 177k

uD=LD= (=3-0)i+ (-2-0)j+ (0-6)k =—§i—gj—9k
o N(-3-02+(2-02+©0-6> T 77 7

Since the magnitudes of F 4, Fj, F, and F;, are the same and denoted as F, the four
vectors or forces can be written as

3 2 6
FA = FA“A = F(*i**‘ 77]()

7 7']
3 2 6
= =F(Zi+3--k
FB FBllB F<7l 7J 7 )

|
S
=
o}

Il
B!
7~
|
9w
|
PSRN
|
< o
~__

FD_

Resultant Force: The vector addition of F ,, Fp, F, and Fj, is equal to Fy. Thus,

FR=FA+FB+FC+FD

3 2 6 3 2 6 3 2 6 3 2 6
_ _ 3. 2. 6 n ERREPR n e ci o5 4 3. 2. 6
{—360K} |:F(71 7J 7k):| |:F(71 7] 7k):| [F( 71 7J 7k) [F( 71 7_] 7k>]
24
736Ok—77k
Thus,

360 = ﬁF F =1051b Ans.
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2-106.

Express the force F in Cartesian vector form if it acts at the z
midpoint B of the rod.

SOLUTION
~3i + 4j — 4K
rAB:rATCZ%: —1.5i + 2j — 2k

Yap = Tup + Ipp

Ipp = Tap — Iap
= (4 + 6j — 4k) — (—1.5i + 2j — 2k)
= {5.5i + 4j — 2k} m

rep = V(5.5 + (4)% + (—2)% = 7.0887 m

T
F = 600 (r’l) = 465.528i + 338.5659) — 169.2829k
BD
F = {466i + 339§ — 169k} N Ans.
Ans:
F = {4661 + 339§ — 169k} N
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2-107.

Express force F in Cartesian vector form if point B is z
located 3 m along the rod end C.

SOLUTION
res = 3i— 4j + 4k
Feq = 6.403124
rep = 6.“()ﬂ"w(m) = 1.4056i — 1.8741j + 1.8741k
Top = Foc + Icp
= =31+ 4j +rcp

= —1.59444i + 2.1259j + 1.874085k
Yop = Yo t Ypp
Tgp = Yop — Yop = (4i + 6j) — rpp

= 5.5944i + 3.8741j — 1.874085k

rep = V(5.5914)2 + (3.8741)2 + (—1.874085)> = 7.0582

r
F = 600 (r"l) = 475.568i + 329.326j — 159.311k
BD
F = {4761 + 329§ — 159k} N Ans.
Ans:
F = {476i + 329§ — 159k} N
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*2-108.

The chandelier is supported by three chains which are
concurrent at point O. If the force in each chain has a
magnitude of 60 1b, express each force as a Cartesian vector
and determine the magnitude and coordinate direction
angles of the resultant force.

SOLUTION

(4cos30°i — 4sin30°j — 6 k)
V(4 cos 30°) + (—4sin 30°)° + (—6)
= {2881 — 16.6j — 49.9k} Ib

FA:60

(=4 cos 30°i — 4sin 30° j — 6k)

FB = 60
V/(~4 cos 30°)% + (—4sin 30°)> + (—6)

= {—28.8i — 16.6j — 499Kk} Ib
_(@j-6k)
@7 + (-6

= (333j — 49.9Kk} Ib

FC:60

Fr = 1501b
a = 90°
B = 90°
y = 180°

Ans.

Ans.

Ans.

Ans.
Ans.
Ans.

Ans.

z
0 —
Fy
Fe
Fa 6 ft
B
120° ] 120; 4 ft C
7
120°
A
X
Ans:

F, = {28.8i — 16.6f — 49.9k} Ib
Fp = {—28.8i — 16.6j — 49.9k} Ib
Fo = {33.3j — 49.9k} Ib

Fr = 1501b
a = 90°
B = 90°
v = 180°
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2-109.

The chandelier is supported by three chains which are z
concurrent at point O. If the resultant force at O has a
magnitude of 130 1b and is directed along the negative z axis,

determine the force in each chain. o 7
Fp
Fc
SOLUTION
Fa 6 it
(4j —6k) .
Fc=F——— =0.5547 Fj — 0.8321 Fk B
V4% + (—6)
F,=Fz;=F. 12001207 4t N\ C
klZO"/
Fgr, = 2F; 130 = 3(0.8321F) A
F=5211b Ans.
X
Ans:
F=35211b
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2-110.

The window is held open by chain AB. Determine the
length of the chain, and express the 50-1b force acting at A
along the chain as a Cartesian vector and determine its

coordinate direction angles.

SOLUTION

Unit Vector: The coordinates of point A are

A(5 cos 40°, 8,5 sin 40°) ft = A(3.830, 8.00, 3.214) ft

Then

rap = {(0 — 3.830)i + (5 — 8.00)j + (12 — 3.214)k} ft

= {—3.830i — 3.00j + 8.786k} ft

rag = V/(—3.830) + (—3.00)> + 8.786% = 10.043 ft = 10.0 ft
rap  —3.830i — 3.00j + 8.786k

'AB

10.043

= —0.3814i — 0.2987j + 0.8748k

Force Vector:

F = Fu,p = 50{—0.3814i — 0.2987j + 0.8748k} 1b

= {~19.1i — 14.9j + 43.7k} Ib

Ans.

Ans.

Coordinate Direction Angles: From the unit vector u 4z obtained above, we have

cos a
cos B

cos y

—0.3814

—0.2987

0.8748

a=112°
B = 107°
y = 29.0°

Ans.

Ans.

Ans.

Ans:

ap = 10.0 ft

F = {—19.1i — 14.9j + 43.7k} Ib
a = 112°

B = 107°

y = 29.0°
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2-111.

The window is held open by cable AB. Determine the
length of the cable and express the 30-N force acting at A
along the cable as a Cartesian vector.

SOLUTION
rap = (0—300 cos 30°)i + (150 — 500)j + (250 + 300 sin 30°)k

—259.81i—-350j + 400 k

V/(—259.81)%+(—350)% + (400)* = 591.61

AR =
= 592 mm Ans.
r
F = 30<rﬂ> ={-132i - 17.7j + 203k} N Ans.
AB
Ans:
Yap = 592 mm
F = {-13.2i — 17.7j + 203k} N
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*2-112.

Given the three vectors A, B, and D, show that
A-(B+D)=(A-B) + (A-D).

SOLUTION

Since the component of (B + D) is equal to the sum of the components of B and
D, then

X

A-B+D)=A-B+A-D (QED)

Also,

A-B+D)=(Ai+ A,j+ AK)-[(By + D)i + (B, + D))j + (B, + D,)k]
=A,B,+D)+ A, (B,+ D)+ A (B, +D,)
= (AB, + A,B, + AB)) + (A,D, + A,D, + A.D,)

= (A-B) + (A-D) (QED)
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2-113.
Determine the magnitudes of the components of z

F = 600 N acting along and perpendicular to segment DE
of the pipe assembly.

SOLUTION

Unit Vectors: The unit vectors uy, and u,, must be determined first. From Fig. a,

gy = 28 = O- i+ @5 +0- Ak g 0.5571j + 0.3714k
78 V(0 -4 + 2572+ [0 - (-2

ugp = —j
Thus, the force vector F is given by

F = Fugg = 600(—0.7428i — 0.5571j + 0.3714k) = [—445.66i — 334.25] + 222.83k] N

Vector Dot Product: The magnitude of the component of F parallel to segment DE
of the pipe assembly is

(Fep)para = Frugp = (—445.66i — 334.25) + 222.83k) - ()
= (—445.66)(0) + (—334.25)(—1) + (222.83)(0)

= 33425 = 334N Ans.

The component of F perpendicular to segment DE of the pipe assembly is

(Fep)per = VF? = (Fpp)para® = V600> — 334252 = 498 N Ans.

&> £e4,5,-20m

Ans:
(FED)L = 498 N
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2-114.

Determine the angle 6 between the two cables.

Z
/’J
F,= 40N
4m

_ 0 Fl‘—70N ‘
A R
2m
3m N,
> \&\ .
SOLUTION ™ 3m
Unit Vectors. Here, the coordinates of points A, B and C are A(2, —3,3) m, \{7 3m
B(0, 3,0) and C(—2, 3, 4) m respectively. Thus, the unit vectors along AB and AC x
are
(0=2)i+[3-(=3)]i+((0-3)k 2, 6. 3
Upp = =—-i+t-j— 7k
VO-22+[B-(3)P+0-32 17 777
(=2-2)i+[3-(=3))i+(# -3k 4 . 6 . 1
Uyc = = i+ jT k
V2 =22+ B -(3)P+@-3?> V3 Vs3t V53
The Angle 6 Between AB and AC.
( 2_+6_ 3k)< 4 .- 6 - 1 k)
Uyp Uyc = | =51 -J) = . 1 )
e 77T V53 V3T V53
-8+ 05 GIE)
7N 53/ T\Vs3 7/\V/53
4
7V/53
Then
6 = cos ! (uAB'uAC) = cos_l(i> = 36.43° = 36.4° Ans.
7V/53
Ans:
0 = 36.4°
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2-115.

~N

Determine the magnitude of the projection of the force Fy
along cable AC. C

_ N
Al \\gm
N
< B 7
SOLUTION Zm\ 3mA

Unit Vectors. Here, the coordinates of points A, B and C are A(2, —3, 3)m, B(0, 3, 0) \\7 3m
and C(—2, 3, 4) m respectively. Thus, the unit vectors along AB and AC are x

O-2i+B- I+ O -3k 2. 6. 3
VO-22+B - (3P ro32 177

Upp =

W — (—2-=2)i+[3—-(-3)]j+ @ —3)k _ 4 - 6 i+ 1 X

V(2 -2+ B (B + (4 3) 53 V3T V53

Force Vector, For F,,

2. 6, 3
F, = Flu,,; = 70(—? + i ;k) = {—20i + 60j — 30k} N

Projected Component of F;. Along AC, it is

4 6 1
(E)AC = F] Uyc = (_20i + 60j - 30k)'( i+ j + k)

4

= (—20)( \@> + 60(\/65) + (—30)(%)

=5632N = 563N Ans.

The positive sign indicates that this component points in the same direction as u,c.

Ans:
(F)ac = 56.3N
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*2-116.
Determine the angle 6 between the y axis of the pole and
the wire AB.
SOLUTION
Position Vector:
rac = {=3j} ft

tap = 12— 0)i+ (2-3)j+ (—2 — 0)k} ft
= {2i — 1j — 2Kk} ft

The magnitudes of the position vectors are

Fac = 3006t rap = V22 + (—1)2 + (=2)2 = 3.00 ft

The Angles Between Two Vectors 0: The dot product of two vectors must be
determined first.

Yac Tap = (—3§) - (2 — 1j — 2k)

=0(2) + (=3)(—1) + 0(=2)

Then,

_1[ 40" YaB . 3
0 = cos | A0 TAB 1[7} = 70.5° Ans.
€08 ( FaoTas ) ** 3.00(3.00) "

Ans:
6 = 70.5°
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2-117.

Determine the magnitudes of the projected components of
the force F = [60i + 12j — 40k] N along the cables AB
and AC.

SOLUTION
F={60i+12j — 40k} N
—3i—-075j + 1k

MB T (537 + (—075) + ()2
— —0.9231i — 02308 j + 0.3077 k
S3i+1j+ 15k
Wyc

IRV O R S
= —0.85711i + 0.2857j + 0.4286 k
Proj Fyp = Fruup = (60)(—0.9231) + (12)(—0.2308) + (—40)(0.3077)
= —7046 N
[Proj Fy5| = 70.5N Ans.
Proj Fye = Fruye = (60)(—0.8571) + (12)(0.2857) + (—40)(0.4286)
= —65.14N
[Proj Fycl = 65.1N Ans.

Ans:

|Pr0j FAB| =70.5N
|Pr0j FAC| =65.1N
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2-118.

Determine the angle 6 between cables AB and AC.

SOLUTION

rag = V(=3)% + (=0.75)% + (1)> = 325m

rye={-3i+1j+15kjm

rac = V(=3 + (1)) + (1.5)* = 350m

tag tac = (—=3)(=3) + (-0.75)(1) + (1)(1.5) = 9.75
= gt (B FAC _ 975

0 = cos 1(rAB rAC) - 1<(3.25)(3.50))

0 = 31.0° Ans.

Ans:
6 = 31.0°
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2-119.

A force of F = {—40k} Ib acts at the end of the pipe. z
Determine the magnitudes of the components F; and F,
which are directed along the pipe’s axis and perpendicular

to it.
v y
3ft
T/
SOLUTION 3t
X
3i+ 55— 3k 3i+5j—3k L
Yoa = = o 2 A
V32 + 52+ (-3) V43
3i + 5§ — 3k F F
Fi=F-up, = (—4Ok)-(7> 2 !
' 4 V43
F = {—40Kk} b
=1831b Ans.
F2 =V Fz - F]z
F, = V40> — 183%* = 3561b Ans.
Ans:
F, = 1831b
F =3561b
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*2-120.

Two cables exert forces on the pipe. Determine the
magnitude of the projected component of F; along the line
of action of F,.

SOLUTION

Force Vector:
uy, = cos 30° sin 30°i + cos 30° cos 30°j — sin 30°k
= 0.4330i + 0.75§ — 0.5k
F, = Frup, = 30(0.4330i + 0.75j — 0.5k) Ib

= {12.990i + 22.5j — 15.0k} Ib

Unit Vector: One can obtain the angle o = 135° for F, using Eq. 2-8.
cos?a + cos? B + cos’y = 1, with B = 60° and y = 60°. The unit vector along the
line of action of F, is

up, =cos 135°% + cos 60°j + cos 60°k = —0.7071i + 0.5j + 0.5k
Projected Component of ¥ Along the Line of Action of F,:

(F)p, = Fyoup, = (12990 + 22.5) — 15.0k) - (—0.7071i + 0.5) + 0.5k)

(12.990)(— 0.7071) + (22.5)(0.5) + (—15.0)(0.5)

—5.441b

Negative sign indicates that the projected component of (), acts in the opposite
sense of direction to that of up,.

The magnitude is (F)r, = 5.44 1b Ans.

Ans:
The magnitude is (F)r, = 5.44 1b
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2-121.

Determine the angle 6 between the two cables attached to
the pipe.

SOLUTION

Unit Vectors:

uy, = cos 30° sin 30°i + cos 30° cos 30°j — sin 30°k

1

0.4330i + 0.75j — 0.5k

up = cos 135° + cos 60° + cos 60°k

= —0.7071i + 0.5j + 0.5k
The Angles Between Two Vectors 0:
up cup = (043300 + 0.75) — 0.5k) - (—0.7071i + 0.5§ + 0.5k)

= 0.4330(—0.7071) + 0.75(0.5) + (—0.5)(0.5)

—0.1812

Then,

6 = cos ™! <uF1-uF2) = cos 1(—0.1812) = 100° Ans.

Ans:
6 = 100°
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2-122.

Determine the angle 6 between the cables AB and AC. z

SOLUTION

Unit Vectors. Here, the coordinates of points A, B and C are A(6, 0, 0) m, N
B(0, —1,2) m and C(0, 1, 3) respectively. Thus, the unit vectors along
AB and AC are

_ 08t (1-0j+@-0k 6 . 1 .2
M-t Cloorra-0r  Va Va' Va
0-6i+(1-0j+C—-0k 6 . 1 . 3

Uuc

CNO-62+(1-02+B-02 Va6 Ve
The Angle 0 Between AB and AC.

u-u—(6i—1j+2k)-(6i+1j+3k)
e V4l Va

-V ) (aR) Ve e

4
V1886
Then
0 =cos  (Uyp-Ugsc) = cos*l( ) = 19.24998° = 19.2° Ans.
V1886
Ans:
6 =19.2°
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2-123.

Determine the magnitude of the projected component of the z
force F = {400i — 200j + 500k} N acting along the cable BA.

SOLUTION /
Unit Vector. Here, the coordinates of points A and B are A(6, 0, 0) m and x/ A 6m
B(0, —1, 2) m respectively. Thus the unit vector along BA is
g _ (60 +[0—(=D]j+ (0 -2k 6 ., 1 . 2
Upy = — = = 1+ J - k
s V(6 -02+[0— (—DP + (0-2)> V4l V41T V41
Projected component of F. Along BA, it is
Fgy =F-u —(400i—200j+500k)-< 6 i+ ! j— 2 k>
o #a Ve Ve Va4l
6 1 2
= 400 (7) + (—200)(7) + 500 7)
V41 41 V4l
= 18741 N = 187N Ans.

The positive sign indicates that this component points in the same direction as ug4.

Ans:
FBA == 187 N
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*2-124.

Determine the magnitude of the projected component of the z
force F = {400i — 200j + 500k} N acting along the cable CA.

SOLUTION

Unit Vector. Here, the coordinates of points A and C are A(6, 0, 0) m and N .
C(0, 1, 3) m respectively. Thus, the unit vector along CA is
reu  (6-0i+O0-Dj+0O-3)k 6 1

3
= = - K
rca V(6 - 02+ (0— 1)+ (0 — 3) Ve Vae'  Vae

Ucy =

Projected component of F. Along CA, it is
6 1 3 k)
1 — )
Viae  Viae© Ve
6 1 3
= 400<—) + (7200)(77) + 500<f—)
V46 V46 V46

= 162.19N = 162N Ans.

Foy = Frug, = (400i — 200§ + SOOk)-(

The positive sign indicates that this component points in the same direction as ucy.

Ans:
FCA = 162N
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2-125.

Il

Determine the magnitude of the projection of force
F = 600 N along the u axis.

F=600N

SOLUTION
Unit Vectors: The unit vectors up 4 and u,, must be determined first. From Fig. a,
r 2-0i+@l-0)j+ -0k 1 2 2
B VR G ) e i) I ) LS PO PO Y

oA \/(-2— 0P+ @ -0F+@—-02 S 33
u, = sin30° + cos30°j
Thus, the force vectors F is given by

1, 2, 2
F = Fup, = 600(—§i —3i+ 5k) = {—200i + 400j + 400k} N

Vector Dot Product: The magnitude of the projected component of F along the u
axis is

F, = F-u, = (—200i + 400j + 400k) - (sin30°i + cos 30%)
= (—200)(sin30°) + 400(cos 30°) + 400(0)

= 246 N Ans.

Ans:
F, = 246 N
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2-126.

Determine the magnitude of the projected component of
the 100-1b force acting along the axis BC of the pipe.

SOLUTION
Fec= {61 + 4] — 2k} ft
= 100 {-61 + 8+ 2k}
V(-6 + & + 22

{-58.831 + 78.45] + 19.61k} Ib

- . — Ype —78.45
F, =T Wy =F- —< = = —10.48
4 e |Vacl 7.483
F, = 1051b Ans.

Ans:
F, =1051b
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2-127.

Determine the angle 6 between pipe segments BA and BC.

SOLUTION
Yec= {61 + 4] — 2k}t

YA = {731} ft

—

0 = cosl(%c " YbaA ) = cosfl(;18 )
| VBl 734l 22.45

0 = 143° Ans.

Ans:
0 = 142°
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*2-128.

Determine the angle 6 between BA and BC.

SOLUTION

Unit Vectors. Here, the coordinates of points A, B and C are A(0, —2,0) m,
B(0,0,0) m and C(3, 4, —1) m respectively. Thus, the unit vectors along
BA and BC are
i B-0i+@l-0j+(-1-0k 3 .- 4 1 K
Ups = 7) Upp = = 1 |
VB =02+ @ -07>+(-1-0%> V26 V26 V26

The Angle 0 Between BA and BC.

R O T S
ugquge = (—j) (\/276 +\/276J \/2—61‘)

- (,1)(¢ S
V26 V26
Then
6 = cos” ! (ugy uge) = Cosfl<— i) = 141.67° = 142° Ans.
V26

Ans:
0 = 142°
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2-129.

Determine the magnitude of the projected component of the
3 kN force acting along the axis BC of the pipe.

SOLUTION

Unit Vectors. Here, the coordinates of points B, C and D are B (0,0,0) m,
C(3,4, —1) m and D(8, 0, 0). Thus the unit vectors along BC and CD are

B-0i+@l-0j+(—1-0k 3 - 4 1 K
Ugc = = i -
B G -0P+ @ —07 + (-1-0¢ Va6 V' V2
uCD:(E;—3)i+(0—4)j+[0—(—1)]k: 5 . 4 i+ 1 .

VB -32+0-4>+[0-(-D V4 Ve Va
Force Vector. For F,

5 4

1
va ' \/Iz”wfz")

F:FI.ICD:3(

(15 R - k)kN
- i— j
Va2 Vel Va

Projected Component of F. Along BC, it is

‘(F) ’F ’<15_ 12'+3k)(3'+4' 1k>‘
= |F-up-| = i— i . i i-
. UINVeT Vet V) \Wae Ve Vae
V)W) (R R)  Valus)
Vi42/ \\V/26 Va2/\\V26/  Va2\ V26
Vil - oo
= |- = |—-0.1816 kN| = 0.182 kN Ans.
‘ 1092
The negative signs indicate that this component points in the direction opposite to
that of ug,.
Ans:
0.182 kN
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2-130.
Determine the angles # and ¢ made between the axes OA z
of the flag pole and AB and AC, respectively, of each cable.
15m]
7
B 2m~AC
SOLUTION
rAC={—2i—4j+1k}m, rAC=4.58m
ap — {1.5i_4j +3k}m; rABZS.ZZm
rao = {—4j — 3k} m; rao = 5.00m
raptao = (1.5)(0) + (=H(—4) + 3)(-3) =7
- COS-(W) .
rapTao
—cos Mol ) = 7440 Ans
5.22(5.00) ' )

fac Tao = (=2)(0) + (=4(=4) + (1)(=3) = 13

_ —1f Yac ' Yao
¢ =cos | ———

ractao
13
— -1 — o
cos <74.58(5.00)> 554 Ans.
Ans:
0 = 744°
¢ = 554°
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2-131.

Determine the magnitudes of the components of F acting z
along and perpendicular to segment BC of the pipe
assembly.

\ 2 ft

SOLUTION
Unit Vector: The unit vector ucp must be determined first. From Fig. a F = {30i — 45j + 50k} Ib

rcp B=-7i+@-06)j+[0-(-4]k 2, 1, 2
3

Ucp = =——i—-j+ 2k

s NG-TP+@G-6R 40— (-4 3 3

Vector Dot Product: The magnitude of the projected component of F parallel to
segment BC of the pipe assembly is

373

- oo 2] + a9 4]+ 5[ 2)

=28331b =2831b Ans.

2 1 2
(FBC)pa = F'llCB = (30i - 45j + SOk) . <_ j + 3k>

The magnitude of Fis F = V307 + (—45)2 + 502 =\/5425 Ib. Thus, the magnitude
of the component of F perpendicular to segment BC of the pipe assembly can be
determined from

(Fpc)pr = V F*= (Fpc)pa” = V5425 — 28332 = 68.01b Ans.
Ans:
(Fgc)y = 2831b
(Fge), = 68.01b
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*2-132.

Determine the magnitude of the projected component of F
along AC. Express this component as a Cartesian vector.

T

SOLUTION
Unit Vector: The unit vector u,c must be determined first. From Fig. a
7-0i+t®-0j+(—4-0k
Wac =
V(T =0 + (6 - 0)® + (—4 — 0)?

F = {30i — 45j + 50k} Ib

= 0.69651 + 0.5970j — 0.3980k

Vector Dot Product: The magnitude of the projected component of F along line AC is
Fac = Fruye = (30i — 45j + 50k) - (0.6965i + 0.5970j — 0.3980k)
= (30)(0.6965) + (—45)(0.5970) + 50(—0.3980)
=25.871b Ans.
Thus, F 4¢ expressed in Cartesian vector form is

Fac = Facuye = —25.87(0.6965i + 0.5970j — 0.3980K)

= {-18.0i — 15.4j + 10.3k} Ib Ans.
Ans:
Fyc = {—18.0i — 15.4j + 10.3k} Ib
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2-133.

Determine the angle 6 between the pipe segments BA and BC.

SOLUTION

Position Vectors: The position vectors rz,4 and rpec must be determined first. From
Fig. a,

rga = (0 — 3)i + (0 — 4)j + (0 — Ok = {—3i — 4j} ft
rge=(7—3)i+ (6—4)j+ (—4— 0k = {4i +2j — 4k} ft

The magnitude of rz, and rpc are

tga = V(=30 + (-4 =51t
tpe = VA& + 27 + (4 = 61t

Vector Dot Product:
Iga-Ypc = (—3i — 4j)- (4i + 2j — 4k)
(=3)4) + (=4)(2) + 0(—4)

= —20ft?
Thus,
g 't —20
0= cos’l(u) = cos’l{i} = 132° Ans.
IpaYpc 5(6)

Ans:
6 = 132°
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2-134.

If the force F = 100 N lies in the plane DBEC, which is
parallel to the x—z plane, and makes an angle of 10° with the
extended line DB as shown, determine the angle that
F makes with the diagonal AB of the crate.

SOLUTION

Use the x, y, z axes.
_ <—0.5i + 0.2§ + O.Zk)

fas = 0.57446 .
= —0.8704i + 0.3482j + 0.3482k s° s _
F = —100 cos 10°% + 100 sin 10°k
F -
6 = cos_'<ﬂ> ise
Fuup x ¥
B _1<—100 (cos 10°)(—0.8704) + 0 + 100 sin 10° (0.3482)>
- 100(1)
= cos 1(0.9176) = 23.4° Auns.
Ans:
0 = 23.4°
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2-135.

Determine the magnitudes of the components of force z
F = 90 Ib acting parallel and perpendicular to diagonal AB
of the crate. F=901b

SOLUTION

Force and Unit Vector: The force vector F and unit vector u,z must be determined *
first. From Fig. a

F = 90(—cos 60° sin 45° + cos 60° cos 45°j + sin 60°k)
= {—31.82i + 31.82j + 77.94k} b
TAp O0—-15i+B—-0)j+ 1 -0k 3. 6. 2

Wp=— = =—i——-j+zk 2
ras - N0 -152+@B-02+a-0p 1 T 7

Vector Dot Product: The magnitude of the projected component of F parallel to the
diagonal AB is

2
[(F)aplpa = Fruap = (—31.82i + 31.82j + 77.94k) - (—3i + gj + 7k>

7
= (—31.82)<—3> + 31.82(3) + 77.94<§>

= 63.181b = 63.21b Ans.

The magnitude of the component F perpendicular to the diagonal AB is

[(F)aglyr = VF= [(F)aglps = VO — 63.18% = 64.11b Ans.
Ans:
[(F)ag]l, = 6411b
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*2-136.

Determine the magnitudes of the projected components of
the force F = 300 N acting along the x and y axes.

SOLUTION

Force Vector: The force vector F must be determined first. From Fig. a,

F = —300 sin 30°sin 30°i + 300 cos 30°j + 300 sin 30°cos 30°k

= [~75i + 259.81j + 129.90k] N

Vector Dot Product: The magnitudes of the projected component of F along the x
and y axes are

F, = F-i = (=75 + 259.81j + 129.90k) -
= —75(1) + 259.81(0) + 129.90(0)
= -75N

F, = F-j = (=75i + 259.81j + 129.90k) -
= —75(0) + 259.81(1) + 129.90(0)

=260N

The negative sign indicates that F is directed towards the negative x axis. Thus

F,=75N, F,=260N Ans.
Ans:
F.=75N
F, = 260N
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2-137.

Determine the magnitude of the projected component of
the force F = 300 N acting along line OA.

SOLUTION

Force and Unit Vector: The force vector F and unit vector u,, must be determined
first. From Fig. a

F = (—300 sin 30° sin 30°i + 300 cos 30°%j + 300 sin 30° cos 30°k)
= {—75i + 259.81j + 129.90k} N

foa _ (=045 — 0)i + (0.3 — 0)j + (02598 — O)k
roa /(=045 — 0)* + (0.3 — 0)> + (0.2598 — 0)>

upy = = —0.75i + 0.5] + 0.4330k

Vector Dot Product: The magnitude of the projected component of F along line OA is
Fox = F-up, = (=751 + 259.81j + 129.90k) - (—0.75i + 0.5j + 0.4330k)
= (=75)(—0.75) + 259.81(0.5) + 129.90(0.4330)

=242 N Ans.

A [-(03+035m30%), 0.3, 0.3C0830°] m

- (‘0‘49/ 0'3/ 0.2575),”

Ans:
FO A = 242 N
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2-138.
Determine the angle 6 between the two cables.

8 ft

B
T
10 ft / ‘
= =
SOLUTION WA";&% ’

6 = cos! (rAC'rAB) 81t A
- - X
racras

(2i—8j+10k)-(—6i+2j+ 4k)
V2 + (=82 + 102 V(—6)2 + 22 + 42

cos™! (172)
96.99

0 = 82.9° Ans.

cos™! {

Ans:
6 = 82.9°
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2-139.
Determine the projected component of the force z
F =12 1b acting in the direction of cable AC. Express the
result as a Cartesian vector. 3 ft
C
10 ft 1
B
R
10t ‘ i
g A Fai=1216"
SOLUTION 6t
rAC={2i—8j+10k}ft . 8 ft A
YA 6 . 2 4 )
Fup =12\ — ) =12 - + + k
AB (rAB) ( 7.483" " 74837 7 7483
F,p = {—9.6211i + 3.207j + 6.414k} Ib
2 . 8 . N 10 K
= 061" T 129617 T 12.961
Proj Fup = Fup- *—9621(L)+3207<—L)+6414( 10 )
o1 Fap = Baptac = 705 g1 ) T 12961) >\ 12.961
= 1.4846
ProjFap = Fapuac
. 2, 8 . 10
= (1. — +
Proj By = (1.4846) {12.962 ' 129627 T 12962 k}
Proj F p = {02291 — 0.916j + 1.15k} Ib Ans.
Ans:
Proj F,p = {0.229i — 0.916j + 1.15k} Ib
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