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Engineering Mechanics Statics 14th Edition
by Hibbeler ISBN 0133918920 9780133918922

Solution Manual: https://testbankpack.com/p/solution-manual-for-
engineering-mechanics-statics-14th-edition-by-hibbeler-isbn-
0133918920-9780133918922/

F

15

700 N

SOQLUTION

Theeparallelogra% Taw of addition and the triangular rule are shown in Figs. a and b,
respectively.

Applying the law of consines to Fig. b,
7002 4502 — 2(700)(450) cos 45°

497.01N 497N Ans.
This yields
sin sin 45° o
700  497.01 9519

Thus, the directionof angle of F measured counterclockwise from the
positive  axis, is - _

60° 95.19° 60°  155° Ans.
Solution-Manual-for-Engineering-Mechanics-Statics-14th-Edition-by-Hibbeler- ISBN 0133918920-
9780133918922 N 17
6 700N
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AnNs:
Fr = 497N
f = 155
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2-2.

If the magnitude of the resultant force is to be 500 N,
directed along the positive y axis, determine the magnitude
of force F and its direction u.

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 = 2500% + 700% - 2(500)(700) cos 105°

= 959.78 N = 960 N Ans.
Applying the law of sines to Fig. b, and using this result, yields

sin (90° + u) _ sin 105°
700 959.78

u = 45.2° Ans.
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Ans:
F = 960 N
u =452
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2-3.
Determine the magnitude of the resultant force Fg = F; + F, y
and its direction, measured counterclockwise from the positive
X axis.
SOLUTION
Fr = 2(250)% + (375)? - 2(250)(375) cos 75° = 393.2 = 393 Ib Ans.
3932~ 2507
sin 75°  sin u h
u = 37.89°
F, 375Ib
F = 360° - 45° + 37.89° = 353° Ans.
J
’ =350t
N
AN
N F
' Fosa754




© 0 1BPedrsars@u &chtoaniong Iint)ppapsadiiddRivieivex). NAI Al rtghtsseesedethis hisateaital ialpsqtectedtaddendal epyopyirighawisas tevhey rcemténtly
existxido Noioomiof thiighisataeiel rabynay beprephockddd, dnyarfigrioron by byryanyeansangitidtiioperpeissiiesi om writinii fippfmotie tpeitplisiesher.

Ans:
Fr = 3931b
f = 353



© D 1BPedrsarsau &chitanionge Nt ppppsadtiddRivRivex . NAIAlYiig hisseeven,ethis hisataeiek ialpsqiectedtaddendat] atipyopyhrighiwiaas tesheyrcenténtly
exisiido Norhomiof thithisatasaiak mbynay beprephockedd, dnyarigrioron by byyanyeansangitiatiioperperssiisai om Wwritindiriprimotine teilplidiiesher.

*2-4.
A

The vertical force F acts downward at  on the two-membered
frame. Determine the magnitudes of thed®o comfpénents of
F directed along the axes of and . Set 500 N.

SOLUTION

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

Trigonometry: Using the law é?fsd’nesz(Fig. b), we have

500
sinf6Qp = sin 75°
Fac
T 448N Ans.
Fac= 500
sin 45°  sin 75°
366 N Ans.
faa f’fsv'
<j’5, , S004
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Ans:
FAB = 448 N
FAC = 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

Fas 350

sin 60°  sin 75°
314 1b Ans.

_Fac  _350

sin 45° ~ sin 75°
256 Ib Ans.

!
>
Q

1
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Ans:
FAB = 3141b
FAC = 256 1b

10 10
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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. a,
Trigonometry. Applying Law of cosines by referring to Fig. b,

Fr = 242 + 6% - 2(4)(6) cos 105 = 8.026 kN = 8.03 kN Ans.

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

sinu _ sin 105 |

6 8.026 u = 46.22

Thus, the direction T of Fy measured clockwise from the positive u axis is
f=14622 -45 =122 Ans.

1111
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Ans:
f=122

12 12
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2-1.

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.

(Fl)v _ 4 . — —

o = sros- (Fv = 2028kN = 2.03kN Ans.
F

Fe _ 4 = 2.071kN = 2.07 kN Ans.

simso- - simtos— (1

Ans:
(F)y = 2.93kN
(F)y = 207kN

1313
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*2-8.

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 of referring to Fig. b,

" _ 6 . (F), = 6.00 kN
sin 75 sin75 ' e '
(FZ)V _ 6

3.106 kN = 3.11 kN

(FZ)V

'35_'75;

Ans.

Ans.

Ans:
(Fz)u
(FZ)V

6.00 kN
3.11 kN

14 14
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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 u.

cl 900 Ib

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 = 229002 + 12002 - 2(900)(1200) cos 30 = 615.941b = 6161b Ans.

Using this result to apply the sines law, Fig. b,
sinu  sin 30

900 - 615.94; u= 4694 = 469 Ans.

Ans:

30 30
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F=6161b
u = 46.9

3131
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2-10.

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

Solution

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

Fr = 28002 + 5002 - 2(800)(500) cos 95 = 979.66 b = 9801b  Ans.
Using this result to apply the sines law, Fig. b,

siny sin 95
= ; = 30.56

500  979.66 ' v

Thus, the direction T of Fy measured counterclockwise from the positive x axis is

=50 -305 = 1944 =194 Ans.

8oolb

ENG001b

Ans:

3232
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Fr = 9801b
f =194

3333
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2-11.

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

Fn=8kN

SOLUTION

Parallelogram Law: The parallelogram law of addition is shown in Fig. a.
Trigonometry: Using law of cosines (Fig. b), we have

Fy = 28 + 6% - 2(8)(6) cos 100°

= 10.80 kN = 10.8 kN Ans.

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

sinu _ sin 100°
6 10.80
sinu = 0.5470
u = 33.16°

Thus, the direction T of Fy measured from the x axis is

T = 33.16° - 30° = 3.16° Ans.

Ans:

34 34
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10.8 kKN
3.16

=,
Inn

3535
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*2-12.

Determine the angle of u for connecting member A to the Fa=8kN
plate so that the resultant force of F, and Fy 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.

MM @D @0 @ N @M

Trigonometry: Using law of sines (Fig .b), we have
sin (90° - u) _ sin 50°
6 8

sin (90° - u) = 0.5745

u = 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

Fp = 282 + 62 - 2(8)(6) cos 94.93°

= 10.4 kN Ans.

36 36
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Ans:
u =549
Fr = 10.4 kN

37 37
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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 E,
— : F.a=3061Ib Ans.
sin 40 sin 80° ! 20 -,
20
—=— = R s /.
sind0°  —-— b =269 Ans. @;\ i
sin 60° P
Ans:

38 38
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30.6 Ib
26.91b

Jen
0

39 39
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2-14.

The component of force F acting along line aa is required to

be 30 Ib. Determine the magnitude of F and its component
along line bb.
SOLUTION
30 = L; F =1961b Ans.
sin 80°  sin 40°
30 __F, | _
sin 80°  sin 60°’ Fy = 2641b ANS.

0 —

40 40
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Ans:
F =1961b
F, = 26.41b

41 41
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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 u. Set ¥ = 60°.

SOLUTION

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

Applying the law of cosines to Fig. b,
F = 2500 + 650° - 2(500)(650) cos 105°

=916.911b = 917 1b AnNs.

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

sttt sinr105°

500 _ 916.91 u=318 Ans.

Ans:

42 42
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F=9171b
u =318

43 43
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*2-16.

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

SOLUTION

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

Applying the law of cosines to Fig. b,

Fpe = 2850° + 650% - 2(850)(650) cos 30°

= 433.641b = 4341b Ans.
Using this result and applying the sine law to Fig. b, yields

Sim@s° 1) _ sim30°

850 43364 T =335 ANS.

44 44
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Ans:
FBC = 4341b
f =335

45 45
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2-17.

Determine the magnitude and direction of the resultant
Fr = F1 + F, + F5 of the three forces by first finding the
resultant F; = F; + F,and then forming Fg = F; + Fa.

F,— 20N
F = 2(20)% + (30)2 - 2(20)(30) cos 73.13° = 30.85 N
30.85 30 ; .
_ - N u = 147° HZ3oN:
sin 73.13°  sin (70° - u) . 73.13°
/8
‘_'._.f._,_“_"_'-’l a
FISNL N
Fr = 2(30.85)% + (50)> - 2(30.85)(50) cos 1.47° = 19.18 = 19.2 N Ans. - J’
Fa=20N
- <
19.18 3085 a7 A »
sin 1.47°  sinu’ e = ¥ Ans
"’z' , SOKN
e T-, — X
30 85~'27— - F;x

46 46
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Ans:
Fr, = 192N
u=237 c

47 47
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2-18.
Determine the magnitude and direction of the resultant

Fr = F1 + F, + F5 of the three forces by first finding the F1= oON
resultant F; = F, + Fyand then forming Fg = F; + Fy.
3
D—E» 50N
N 0
< 20
F,— 20N
Fi = 2(20)? + (50)? - 2(20)(50) cos 70° = 47.07 N
= u- = 23.53° 3
sinu:Sin70 fy=S0N
"”M =
Fr = 2(47.07)% + (30)> - 2(47.07)(30) cos 13.34° = 19.18 = 19.2 N Ans. fraon 1T F
19.18 30 .

sin13.34°  sin ¥’ J = el

u = 23.53° - 21.15° = 2.37° Ans.
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Ans:
Fr = 192N
u=237 c
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2-19.

Determine the design angle u (0° .. u .. 90°) for strut AB
so that the 400-lb horizontal force has a component of 500 Ib
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

o ..,5,
sinu_ sin 40° N
500 400 I\
| N
\
sinu = 0.8035 ! oM
U = 53.46° = 53.5° Ans. bzl I 3 ,)\
\\\ ':-«’
N ]
Thus, N i
\
Ay
C = 180° - 40° - 53.46° = 86.54° N
@) ‘*50016
Using law of sines (Fig. b) ”
_ Fap  _400_ !
_ N £,
sin 86.54°  sin 40° mml
FAB =6211b Ans. ‘
#’ \
; &
400 ib
&)
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Ans:
u = 535
FAB =6211b
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*2-20.
Determine the design angle ¥(0° .. ¥ .. 90°) between

struts AB and AC so that the 400-Ib horizontal force has a

component of 600 Ib which acts up to the left, in the same
direction as from B towards A.Take u = 30°.

SOLUTION

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

Trigonometry: Using—tawof cosines(Fig.b),-we have
Fac = 2400% + 600% - 2(400)(600) cos 30° = 322.97 Ib

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

SIS aingee
400 322.97
sin ¥ = 0.6193
¥ = 38.3° Ans. ™
= \r?;‘\\éaoib
Tac \\ ‘\\\
3 a5
400 b
tb)
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Ans:
f =383
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2-21.

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

280
F = 22002 + 4002 = 447.21 N u = tan-1a400b = 26.57
Thus ¥ =90 - 30 -26.57 = 33.43

Using thesetesutts—to-appty the taw of cosines by referring to Fig. d,
Fr = 2300% + 447.212 - 2(300)(447.21) cos 33.43 = 257.05N = 257 kN Ans.

Then, apply the law of sines,

sinu _ sin33.43
300  257.05 '

u = 40.02

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

=090 + 3343 + 40.02 = 163.45 = 163 Ans. 200”

Ans:
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Fr = 257N
f = 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
Fr=F +F,.

Solution

Parallelogram Law. The parallelogram law of addition for F, and F5 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 = 222002 + 300% - 2(200)(300) cos 30 = 161.48 N Ans. %
Using this result to apply the sines law, Fig. c,
sinu sin30- F=200N
200 ~ 16148 u =382
Using the results of F and u to apply the law of cosines by referring to Fig. d, ‘w‘l
Fr = 2161.48% + 400° - 2(161.48)(400) cos 21.74 = 257.05N = 257N Ans. 1500 o x

Then, apply the sines law,

sinu _ sin21.74 U = 1345 g’ F
161.48 = 257.05 ' '

Thus, the direction T of F; measured counterclockwise from the positive x axis is F 3
= OOM
f=90 +60 + 13.45 = 16345 = 163 AnNs. 3

Ans:
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f = 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 u(0° .. u .. 180°) /:/
-

between them, so that the resultant force has a magnitude { m4/ \

of Fz = 800 N. ] e
SOLUTION %

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

Fe400N
800 = 224002 + 600% - 2(400)(600) cos (180° - u°) 6 /

800% = 400% + 600% - 480000 cos (180° - u)

cos (180° - u) = - 0.25

180° - u = 104.48

F= 600N
u = 75.52° = 75.5° Ans.
(@)
400N 180-8
600N
BooN
(b)
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Ans:
u =755
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*2-24.

Two forces F, and F, act on the screw eye. If their lines of
action are at an angle u apart and the magnitude of each
force is Iy = 5 = F, determine the magnitude of the

resultant force Fp and the angle between Fy and F,.

SOLUTION

. F
sinf  sin(u - F)

sin(u - f) =sinf
u-f=r~*

f =

u
2
Fr = 2@F)? + (F)? - 2(F)(F) cos (180° - u)

Since cos (180° - u) = -cosu

Since cos a;b =

Then

Fr = FA22§21 + cosu

1+ cosu
A 2

R = 2F cosa;b

Ans.

Ans.

Ans: —
¥ =

N <
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Fr = 2F cosa; b
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2-25.

If F; =30 Ib and F, = 40 Ib, determine the angles uand T so
that the resultant force is directed along the positive x axis
and has a magnitude of F = 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,

402 = 30% + 602 —2(30)(60) cos u
u= 3634 = 363

And

30% = 40% + 602 —2(40)(60) cos F
T =2638 = 264

Ans.

Ans.

301b

P;/Fl
-

J X
b

40lp

zOlb
(b)

Ans:
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[
1l

36.3
26.4

=
1
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2-26.

Determine the magnitude and direction u of F4 so that the
resultant force is directed along the positive x axis and has a
magnitude of 1250 N.

SOLUTION
SR - R,
+C FRy = EFY; FRy

u = 54.3° Ans.

Fa sinu + 800 cos 30° = 1250

Facosu - 800sin30° =0

Fan = 686 N Ans.

Ans:
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u =543
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 F4 = 750 N and u = 45°.

SOLUTION

Scalar Notation: Suming the force components algebraically, we have

& Fr, = ZFg Fr, = 750 sin 45° + 800 cos 30°

X

1223.15N S

+C Ry = IR, 750 cos 45° - 800 sin 30°

v Fr

Y

= 130.33N ¢

The magnitude of the resultant force Fg is

FR

3Fg + FE,

21223.15% + 130.332 = 1230 N = 1.23 kN Ans.

The directional angle uw measured counterclockwise from positive x axis is

F
= tan-t = = tan-ta 13033 = 6.08° Ans.
Fr, 1223.15 e
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.23 kN
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*2-28.

Determine the magnitude of force F so that the resultant Fg 8 kN
of the three forces is as small as possible. What is the
minimum magnitude of F3?.

6 kN

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,

F = 26°+8 = 100kN  u= tan'la%b = 53.13.
Referring to Figs. cand d,

Fr = 10.0sin 83.13 = 9.928 kN = 9.93 kN Ans.
F = 10.0cos 83.13 = 1.196 kN = 1.20 kN Ans.

Gkn

& KN

8kn

(@) ({3 )

10.0 kN

53.13%30°= 83./3° 83.43°
F=/m0-0kd

Ans:
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9.93 kN
1.20 kN

!
non
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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 Fyand its direction u.

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,

Fp = 222 + 3% - 2(2)(3)cos 30°

1.615kN = 1.61 kN Ans.

Using this result and applying the law of sines to Fig. b, yields
sinu _ sin 30°

2 1.615

u = 38.3° Ans.

Ans:

50 50
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F 1.61 kN
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2-30.

If Fg = 3kN and u = 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. aand b,
respectively.

Applying the law of cosines to Fig. b,

Fp = 222 + 3% - 2(2)(3) cos 105°

= 4.013kN = 4.01 kN Ans.

Using this result and applying the law of sines to Fig. b, yields
sina  sin 105°

3 4013 a = 46.22°

Thus, the direction angle ¥ of Fy, measured clockwise from the positive x axis, is

T =a - 30° =46.22° - 30° = 16.2° Ans.

Ans:
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4.01 kKN
16.2

!
I n
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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 Fg and Fg and the
angle u.

SOLUTION

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

u = 90° Ans. B
The parallelogram law of addition and triangular rule are shown in Figs. a and b,
respectively.

By applying simple trigonometry to Fig. b,
Fg = 2sin 30° = 1 kN Ans.

Fgr = 2cos 30° = 1.73 kN Ans. R=2 ki

Ans:
u=290
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Fs = 1kN
1.73 kN

=l
1
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*2-32.

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

X axis.

F, 150N

Solution
Scalar Notation. Summing the force components along x and y axes algebraically by
referring to Fig. a,
S (Fa)x
+c(Fr)y = F;  (Fr)y = 200cos 45 + 150sin30 = 216.42N ¢

e (FrR)x = 200sin45 - 150cos30 = 11518 N S

Referring to Fig. b, the magnitude of the resultant force Fg is
Fr = 2(FR) + (R = 211518 + 216.42% = 216.73N = 217N Ans.

And the directional angle u of Fy; measured counterclockwise from the positive
X axis is

Ry
Yi = tan-1a22242p = 8695 = 87.0 Ans.

1C B
(Fr) 11518

u = tan~

%
(@1:2/444&

F,=200N
fo

X
(®).=1/518N

() (b)
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2-33.

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

Solution

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

S (F)y = Fo (Fr)y = 400cos 30 + 800 sin 45

91210N S

+Cc(Fr)y = F; (Fg)y = 400sin 30 - 800 cos 45 -365.69 N = 365.69 NT
Referring to Fig. b, the magnitude of the resultant force is

Fr = 2(FR)% * (Fr)2 = 2912107 + 365692 = 982.67N = 983N Ans.

And its directional angle u measured clockwise from the positive x axis is
_1.365.69

i = tan"la2>p = 21.84 = 218 Ans,
(Fr)x 912.10

u = tan"tc

()= 910N
—_—

I (Fé),=3é5.69~
(b)

pl |

Ans:
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2-34.

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

SOLUTION
F1 = {400 sin 30°(+i)+400 cos 30°(+)}N
= {200i +346j} N
F, = {250 cos 45°(+i)+250 sin 45°(~j)}N

= {177i-177j} N

Ans.

Ans.

% / /
NG Gl torsiniow

X

[/
AN AE) 2 asesy
@'{\
/ 3y 4 x
EsAGON
CEJ] 22560 SInes' N

Ans:
F, = 5200i + 346j6 N
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F, = 51771 - 177j6 N
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2-35.

B EREHATRCAR rFHaPHRIGECIOE kndse o aRe RORHLVeartcXits

SOLUTION

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

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

176.78 N

(FZ)X

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

250 cos 45° = 176.78 N (F2)y = 250 sin 45°

T o(FR), = OFy; (Fr)x = 200 + 176.78 = 376.78 N Ans.

+co(Fy), = OF,;

(Fr), = 346.41 - 176.78 = 169.63N c
The magnitude of the resultant force Fy is

= = o2 = © 7 = oo =) s0= of)  eeo o
The direction angle u of Fg, Fig. b, measured counterclockwise from the positive
axis, is

-1, (FR) ;. 169.63
= tan~! i = tan"ta

: “(Fr) 376.78

b = 24.2° Ans.

60

F

30
F, 400N

45 X

250 N

Ans:
Fr

~

13N
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*2-36.
Resolve each force acting on the gusset plate into its x and
y components, and express each force as a Cartesian vector.

F; = {900(+i)} = {900i} N

F, = {750 cos 45°(+i) + 750 sin 45°(+j)} N
= {530i + 530j} N

4 3
F; = e650a . b(+i) + 650 a5b(—j)f N

{520 - 390j)}N

Ans.

Ans.

Fs;giiN / _
5 F, 750N
3 h \ /O 2
W
T
. F, = 900 N
¢ ¢
(E)y=T50sint N ke
S - =i » &
; | e s
411 i | |
J f l— -db?’ =g
| =~ o IL s =b5op
(B~ 750 cosss'n (Bly=ésa (3N

Ans:

63 63




© 0 1BPedrsars@u &chtoaniong Iint)ppapsadiiddRivieivex). NAI Al rtghtsseesedethis hisateaital ialpsqtectedtaddendal epyopyirighawisas tevhey rcemténtly
existxido Noioomiof thiighisataeiel rabynay beprephockddd, dnyarfigrioron by byryanyeansangitidtiioperpeissiiesi om writinii fippfmotie tpeitplisiesher.

F, = 5900i6 N
F, = 5530i + 530j6 N
Fs; = 5520i - 390j 6 N
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2-37.
Determine the magnitude of the resultant force acting on _
the plate and its direction, measured counterclockwise from Fa\ 650 N / _
the positive x axis. :D\ F, 750N
4 \ /

SOLUTION .

. E X
and F3 can be written as . ‘L""_I— F,= 900 N

(F)x = 900N (F)y =0

(F), = 750c0s 45° = 53033N  (Fy), = 750sin 45° = 53033 N
(Fo), = 650a%b = 520N (Fy), = 650a%b = 300N

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

* o(FR), = OF,; (Fr)x = 900 + 530.33 + 520 = 1950.33 N =
+Co(Fy), = OF,; (Fr)y = 53033 - 390 = 140.33N ¢

The magnitude of the resultant force Fy is

Fr = 2(Fp)2 + (Fp),2 = 21950.33% + 140.33% = 1955 N = 1.96 kN Ans.

The direction angle u of Fg, measured clockwise from the positiveyx iél? is

|
-1 (FRr) _, 140.33
= tan"1; y 1 °
h “(Fg)! = B 81950330 T 412
(Ry=/40-33N
o e SR . Fa
— — T TY— —
(Bl = 1950:33m
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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,
3 4
o= (R i+ (R, j = 50a,bi+50abj= 0i+ 40N  Ans %
Fp= =(F)xi - (R), j = -80sin15 i - 80cos 15 j
= {-20.71i - 77.27} N
= {-207i - 77.3j}N Ans.
Fs = (R)xi = {301} Ans.

Thus, the resultant force is

FrR= F; Fr=F +F +F
= (30i + 40j) + (-20.71i - 77.27j) + 30i
= {39.29i - 37.27j}N
Referring to Fig. b, the magnitude of Fy is
Fr = 23929 + 37.272 = 5416 N = 542N Ans.

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

7.27
us= tan‘1a3 b = 43.49 - 435 Ans.

L, Y
3J2IN

(6)

Ans:

F, = {30i + 40j} N

F, = {-20.7i - 773} N
F; = {301}
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Fr = 542N
u =435
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2-39.

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

F, 200N
SOLUTION
Fi. = 200sin 45° = 141 N AnNs.
Fyy, = 200 cos 45° = 141 N Ans.
Fy, = -150co0s 30° = -130 N AnNS.
Fy, = 1505sin 30° = 75 N ARNS.
Ans:
F = 141N
Fy = 141N
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Fp = -130N
Fo = 75N
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*2-40.

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

A F. 200N

SOLUTION
+R Fg, = ©F,;  Fy, = -150 cos 30° + 200 sin 45° = 11.518 N

Q+Fg, = OF,;  Fg, = 1505sin 30° + 200 cos 45° = 216.421 N
Fr = 2(1t518)> =+ (216421 = 217N

~1,216421 870°
11518 = = °U Ans.

Ans.

u = tan

Ans:
Fr = 217N
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u = 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.
X
Solution
Scalar Notation. Summing the force components along x and y axes algebraically by _— :
referring to Fig. a,
E ()= Fe  (FR)x=4+5c0545 - 8sin15 = 5465kN S F"-Bk’] ”9
3

+c(F)y = F;  (FR)y = 5sin45 +8cos15 = 11.263kN ¢

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

Fr = 2(FRA + (FR)y = 25465 + 11.263° = 1252kN = 125kN  Ans,

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

(Fr)y 11.263 O:’
- -1 - -1 ' = =
u = tan C(FEXd = tan aWb 64.12 = 64.1 Ans.\1"3 )y ‘

Ans:
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2-42.

Express Fy, F,, and F; as Cartesian vectors.

SOLUTION

4 3
Fy = _(850) i - _(850) j
1= (650) i - (850) ]

= {680i - 510j} N Ans.

F, = -625sin 30°i - 625 cos 30° j

{-312i - 541j}N AnNS.
Fy = —750sin 45° i + 750 cos 45° j

= {-530 i + 530 j}N Ans.

Ans:
F, = {680i - 510j}N
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F, = {-312i - 541j}N
Fs = {-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

4
H Frey = OFy; Fry 25(850) - 6255sin 30° - 750 sin 45° = -162.83 N

3
+oFg, = OFy;  Fry = — (850) ~ 625co0s 30° + 750 cos 45° = ~520.94 N
Fr = 2(-162.83)% + (-520.94)> = 546 N Ans.
520.94 o

= tan~! 25 = o g2 83/
T = tan 3162.83b 72.64
u = 180° + 72.64° = 253° ARS. i

F‘\ Sa0. 94N

Ans:
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F 546 N

S x
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*2-44.

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

40 1b

Solution

Scalar Notation. Summing the force components along x and y axes algebraically by

referring to Fig. a, ‘
1lb

5
S (Fay = F (Fr)x = 40 agb + 91a13b +30=289hS

Fy;

4 12
+c(Fr)y (Fe)y = 40a_b - 9la b = -521b = 52IbT

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

Fr = 2R+ (Fr)} = 28%+ 522 = 103.08Ib = 103 Ib Ans.

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

(Fr)y .52

i = tan agb = 30.30 = 30.3 Ans.

u = tan~Lc

F= 20lb (Fe) =89/

5

I*—--

3]
ax
T
\
=
&=
S
L)
&
S~
gl

Ans:

70 70




© 0 1BPedrsars@u &chtoaniong Iint)ppapsadiiddRivieivex). NAI Al rtghtsseesedethis hisateaital ialpsqtectedtaddendal epyopyirighawisas tevhey rcemténtly

existxido Noioomiof thiighisataeiel rabynay beprephockddd, dnyarfigrioron by byryanyeansangitidtiioperpeissiiesi om writinii fippfmotie tpeitplisiesher.

7171



© 0 1BPedrsars@u &chtoaniong Iint)ppapsadiiddRivieivex). NAI Al rtghtsseesedethis hisateaital ialpsqtectedtaddendal epyopyirighawisas tevhey rcemténtly
exisixiNo N phimiof thiithisatasizl rabynby beprephockd;dd, dnyarfigrioron by byyanyeansansithatiioperperssiissi am Wwritindi figpinotie tpeipliti esher.

2-45.

Determine the magnitude and direction u of the resultant
force Fg. Express the result in terms of the magnitudes of

the components F; and F, and the angle F.

SOLUTION

F2 2 2
R = Fl + FZ = 2F1F2 cos (180° - f)

Since cos (180° - ¥) = -cos T,

Fr = 2F° + F* + 2FF cos T Ans.
1 2 12
From the figure,
Fisin ¥
BN U= Frcos F
u=tan?1¢ Fysinf Ans.

<
Fy, + Fycos £~

Ans:
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FR = 2F + F, + 2FFRcos T
-1 _FI_M

u = tan""a
F, + Fycos F
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2-46.

Determine the magnitude and orientation u of Fg 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
& Ry, = IF; 0 = 7005sin 30° - Fg COS u
Fg cosu = 350 (1)
+tC R, = IR, 1500 = 700 cos 30° + Fg sinu

Fg sinu = 893.8 2
Solving Eqg. (1) and (2) yields

u = 68.6° Fg = 960 N Ans.

Ans:
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u = 68.6
Fs = 960N
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2-47.
Determine the magnitude and orientation, measured y

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

SOLUTION

Scalar Notation: Suming the force components algebraically, we have

700 sin 30° - 600 cos 20°

S Fp = IF; Ry

-2138N = 2138N d

+cFp, = ZF; Fg, = 700 cos 30° + 600 sin 20°

8114N c

The magnitude of the resultant force Fg is
R = 2F2Rx + FRQy = 221387 + 811.4%> = 839N Ans.

The directional angle uw measured counterclockwise from positive y axis is

u = taﬂ_l3 = tan_l a@b = 14.8° Ans.
Ry 8114

Ans:
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*2-48.

Three forces act on the bracket. Determine the ]/
magnitude and direction u of F; so that the resultant A

force is directed along the positive x; axis and has a F, 200N

magnitude of 800 N.

Fs
SOLUTION
+ — . H o — H o ﬁ
= Fgy = ©OF;;  800sin60° = Fysin(60° + u) — 13 (180)
+cFgy = OF; 800 cos 60° = F, cos(60° + u) + 200 + 153 (180)
60° + u = 81.34°
u = 213° Ans.
F, = 869N Ans.

Ans:
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u=213
F, = 869N
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2-49.
If F;, = 300N and u = 10°, determine the magnitude and y
direction, measured counterclockwise from the positive
x( axis, of the resultant force acting on the bracket. AF, 200N
Fs

SOLUTION
+ F — ©F . — g o 12 —
z Fge = X ; Fg, = 300sin 70 —ﬁ(180) = 1158N %
+cFgy, = OF; Fgry = 300 cos 70° + 200 + %(180) = 3718N

Fr = 2(115.8)2 + (371.8)> = 389N Ans.

371.8
= =dl, = o
F = tan 5115.8K 72.71 au
i =72.71° - 30° = 42.7 Ans.

Ans:
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Fr = 389N
f =427
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2-50.

Express Fi, F,, and F5 as Cartesian vectors.

SOLUTION
F, = {-200i}Ib Ans.
. . . F; 36kN

F, = -2505sin 30° i + 250 cos 30° j

={-125i + 217 j}1b Ans.
Fs = 225cos 30° i + 225 sin 30° j

= +

{1951 112j}1b Ans.

Ans:
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F, = {-200i} Ib
F, = {-125i + 217j}Ib
Fs = {195/ + 112j}Ib
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2-51.

Determine the magnitude of the resultant force and its

orientation measured counterclockwise from the positive
X axis.

SOLUTION

f R, = GF,: Fg, = 15sin40° — -2(26) + 36.cos 30° = 16.82 kN

13 F; 36 kN
_ _ 5 - _ y
+cFpy = OFy;  Fry = 1560540°+—(26) ~ 365sin 30° = 3491 kN
Fp = 2(16.82)% + (3.491)? = 17.2kN Ans. 1 ‘o
Bae| kN
- tan a2ty -7 >
u=tan"a Lo, b = 1L Ans. 16.92 gy ¥

Also,

F, = {15sin 40° i + 15 cos 40° } kN = {9.64i + 11.5)} kN
Fy= b-2(26)i + > (26)jr kN = {~24i + 10j} kN
2 13 13<°) !

Fs = {36 cos 30° - 36 sin 30°j} kN = {31.2i - 18j} kN
FR = Fl + F2 + F3

fe66%i + 3UBJ} KN{-24i + 10j} + {31.2i - 18j}
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Ans:
Fr = 17.2kN,u = 11.7

7575



© W 1BPedrsars@u &chtoaniong int)ppapsadiiddRivieivex ). NAI Al g htsseesedethis hisateatak ialpsqtectedtaddendal aipyopyirighawisas teshey rcenténtly
exisiido Norhomiof thithisatasaiak mbynay beprephockedd, dnyarigrioron by byyanyeansangitiatiioperperssiisai om Wwritindiriprimotine teilplidiiesher.

*2-52.

Determine the x and y components of each force acting on
the gusset plate of a bridge truss. Show that the resultant

force is zero.

Solution

Scalar Notation. Referring to Fig. a, the x and y components of each forces are

(F)y = 8a;b = 640kN S
F)y = 8a3b = 480KN T
1y 5 .
3
(F)x = 6a_b = 360kN S
4
(R)y = 6a_b = 480kN ¢
(F)y = 4kN d
(F3)y =0
(F)y = 6kN d
(FA)y =0

Summing these force components along x and y axes algebraically,

Thus,

S (Fy = Fo  (Fr)y = 6.40 + 3.60 -

+c(Fr)y = Fy; (Fr)y = 4.80 - 4.80 =

Fo = 2(Ff + (R = 207 + 07= 0

4-6=0

0

(Q.E.D)

Ans.

Ans.

Ans.

Ans.

Ans.
Ans.

Ans.

Ans.

Ans:
(Fl)x
(Fl)y
(FZ)X
(FZ)y
(F3)X
(F3)y
(F4)><

6.40kN S
480KN T
3.60kN S
4.80 kN ¢
4kN d

0

6kN d
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(Fa)y = 0

e
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2-53.
Express F; and F, as Cartesian vectors. F,= 26 kN y
X

SOLUTION
F; = -30sin 30°i - 30 cos 30° j

=5-150i - 26.0j6 kN Ans.

) 12 q F, =30 kN

= - = i+ 1262 i

F, 13 12621 + 13 J
{ }
= -10.0i + 24.0j kN Ans.
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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 E. = 26 kN

direction measured counterclockwise from the positive 2

X axis.

SOLUTION

n B ) ) 5

= Fpe = ©F;  Fpe = -30sin30° - 131262 = ~25 kN /
300

_ : 12
+oFry = OFyi Fpy = -30 cos 30° + 721262 = ~1981 kN

F,=30kN
Fr = 21-2522 + 1-1.9812° = 25.1 kN Ans.
1.981 2skd 8
— -1 — o T
f—tanazsb—4.53 4
u = 180° + 453° = 185 Ans. fi 9 ‘.q-k“
Ans:
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2-55.

Determine the magnitude of force F so that the resultant
force of the three forces is as small as possible. What is the
magnitude of the resultant force?

SOLUTION
¥ Fp, = OF, ; Fr, = 8 - Fcos 45° - 14 cos 30°
= —-4.1244 - F cos 45°
+ cFg, = OF,; Fgy, = -F sin 45° + 14sin 30°
= 7 - Fsin45°
Fhw
Fg§ = (-4.1244 - T cos 45°)2 + (7 - F sin 45°)2 €h)
dFg
2Fg aF - 2(-4.1244 - F cos 45°)(-cos 45°) + 2(7 - F sin 45°)(-sin 45°) = 0
F = 2.03kN Ans.
From Eq. (1); Fr = 7.87kN Ans.
Also, from the figure require
(Fg)y, = 0 = ©F; F + 14sin15° - 8cos45° = 0
F = 2.03kN Ans.
(Fr)y, = ©OF,; Fgr = 14cos 15° - 8sin 45°
Fr = 7.87kN Ans.

Ans:
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F = 2.03kN
Fr = 7.87kN
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*2-56.
If the magnitude of the resultant force acting on the bracket y
is to be 450 N directed along the positive u axis, determine
the magnitude of F, and its direction F.

SOLUTION

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

(F)x = Fisinf (F), = Fcos ¥

(F5), = 200 N— (B)y = 0—
5 12

(F), = 260¢° < = 100N (F)y = 260¢,-< = 240 N
13 13

(Fr)x = 450 cos 30° = 389.71 N (FR)y = 450 sin 30° = 225 N

Resultant Force: Summing the force components algebraically along the x and y axes,
t o(Fy), = OF,; 389.71 = F, sin £ + 200 + 100
F sin ¥ = 89.71 (D)

+cO(Fg)y, = OF; 225 = F cos F - 240

F, cos T = 465 )

Solving Egs. (1) and (2), yields
T = 10.9° F =474 N Ans.

84 84




© 0 1BPedrsars@u &chtoaniong Iint)ppapsadiiddRivieivex). NAI Al rtghtsseesedethis hisateaital ialpsqtectedtaddendal epyopyirighawisas tevhey rcemténtly
existxido Noioomiof thiighisataeiel rabynay beprephockddd, dnyarfigrioron by byryanyeansangitidtiioperpeissiiesi om writinii fippfmotie tpeitplisiesher.

AnNs:
f =109
F, = 474 N
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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° = 05K, (F), = F cos 30° = 0.8660F Fs 260N
(), = 200 N— E)y, =0 —
G
(F), = 26Oa153b = 100 N (F3), = ZGOafgb = 240 N é—-- F,-
|
Resultant Force: Summing the force components algebraically along the x and y axes, ‘ 30’ =
t o(Fy), = OF; (Fy), = 0.5F, + 200 + 100 = 0.5F, + 300 I E)L
+cO(Fp)y = OF,; (Fy), = 0.8660F; — 240 i _’[
: . > X
The magnitude of the resultantfoeree Fgis——— E =
2= 200N
K = 20t~ 'Q’L(F
] : : A2
= 2(0.5F; + 300)c + (0.8660F, — 240) 3:
= 2F? - 11569F + 147 600 (1) B |
1 1
Thus, 2 5:260,\/
F¢ = FZ - 115.69F, + 147 600 ) (F;),

The first derivative of Eq. (2) is
dFg = 2F - 11569
oF, © R 1 : (3)
R ar '1'

dFg = 0.Thus, from Eg. (3)

For Fg to be minimum, dF

dFy - o - _
op. R = 2F, - 115,69 = 0

R gm
ur7
F, = 57846 N = 578 N Ans.
from Eg. (1),
Fy = 2(57.846)> - 115.69(57.846) + 147 600 = 380 N Ans. (L)
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Ans:
Fr = 380N
F, = 578N
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2-58.

Three forces act on the bracket. Determine the magnitude y
and direction u 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,

8 (R = Fy 8c0s30 = Fsinu + 6 - 4sin15
Fsinu = 1.9635 1)
+c(Fr)y = F,;  8sin30 = Fcosu + 4cos15

F cosu = 0.1363 2)

Divide Eq (1) by (2)
tan u = 14.406 u = 86.03 = 86.0 Ans.
Substitute this result into Eq (1)
F sin 86.03 = 1.9635
F = 1.968 kN = 1.97 kN Ans.

Ans:
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u = 86.0
F = 197 kN
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2-50.

If F=5KkN and u = 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,

S (Fx = Fo (Fr)

5sin30 + 6 - 4sin15 = 7.465kN S
+Cc(Fr)y = F; (Fr)y = 4cos15 + 5c0530 = 8.194kN ¢

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

Fr = 2(Fr)? + (F )? = 27.465% + 8.194% = 11.08 kN = 11.1kN Ans.
X Ry

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

(RR)y 8194
= tan~'¢ i = tan'a b = 47.67 = 47.7 Ans.
u (F), 7.465 ns

y 1
| Gy-i9et
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Ans
Fr = 11.1kN
u= 477
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*2-60.
The force F has a magnitude of 80 Ib and acts within the ﬁ(
octant shown. Determine the magnitudes of the x, vy,
z componentsof F. FA

> -
SOLUTION -

y
1 = cos? 60° + cos® 45° + cos® g
Solving for the positive root, g = 60°
9 P g ) é
F, = 80cos 60° = 40.0 Ib Ans.
Fy = 80 cos 45° = 56.6 Ib Ans.
F, = 80cos 60° = 40.0 Ib Ans.
Ans:
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F, = 4001b
F, = 566 Ib
F, = 40.01b
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2-61.

The bolt is subjected to the force F, which has components
acting along the X, y, z axes as shown. If the magnitude of F is
80 N, and a = 60° and g = 45°, determine the magnitudes
of its components.

SOLUTION
cosb = 21 —cosla—cosls——
= 21 - c0s?60° - cos? 45° X
b = 120°
F, =180 cos 60°] = 40N Ans.
Fy, =80 cos 120°| = 40N Ans.
F, =180 cos 45°| = 56.6 N Ans.

Ans:
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F, = 40N
F, = 40N
F, = 56.6N

85 85



© 0 1BPedrsars@u &chtoaniong Iint)ppapsadiiddRivieivex). NAI Al rtghtsseesedethis hisateaital ialpsqtectedtaddendal epyopyirighawisas tevhey rcemténtly
exisixiNo N phimiof thiithisatasizl rabynby beprephockd;dd, dnyarfigrioron by byyanyeansansithatiioperperssiissi am Wwritindi figpinotie tpeipliti esher.

2-62.

Determine the magnitude and coordinate direction angles
of the force F acting on the support. The component of F in
the x9y plane is 7 kN.

7kN /

Solution
Coordinate Direction Angles. The unit vector of F is
Ugp = cos 30 cos40i - cos 30 sin40j + sin 30 k
= {0.6634i - 0.5567j + 0.5k}

Thus,
cos a = 0.6634; a = 4844 = 484 Ans.
cosb = -0.5567; b = 123.83 = 124 AnNs.
cosg = 0.5 g = 60 Ans.

The magnitude of F can be determined from
Fcos30 =7, F = 8.083kN = 8.08 kN Ans.

Ans:
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2-63.
Determine the magnitude and coordinate direction angles b4
of the resultant force and sketch this vector on the

SOLUTION
F, = {80 cos 30° cos 40°i - 80 cos 30° sin 40°j + 80 sin 30°k} Ib

F, = {53.1i - 44.5j + 40K} Ib
F, = {-130k} Ib

FR=F1+F2

Fr = {53.1i - 44.5] - 90.0k} Ib

Fr = 2(53.1)2 + (-44.5)* + (-90.0)? = 1141b Ans.
a-= cos’1¢113'.6§ = 62.1° Ans.
b= cos’ltl:;lsl6 < = 113° Ans.
g = cos‘ld:if??gs = 142° Ans.

Ans:

114 1b

!
non
(o))
N
=
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b = 113
g = 142
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*2-64.
Specify the coordinate direction angles of F; and F, and z
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} Ib

F, = {563.1i - 445) + 40k} Ib Ans.
a; = cos * ¢31< = 4840 Ans.
80
by = cost ¢ 45< = 1040 Ans.
_ 80
1 40
_ fil, _ o
= C0S b = 60
g1 380 Ans.
F, = {~130k} Ib Ans.
ay = cost¢ 0 <= 90° Ans
130 '
b, = cos1¢ 0 <= 90° Ans
130 '
B 1 ,—130 _ °
= cos ' ¢——=-< = 180
e 130 Ans.

Ans:
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F, = {53.1i - 44.5j + 40K} Ib

a; = 484

b, = 124

g1 = 60

F, = {~130k} Ib
a, = 90

bz =90

g, = 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° + 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) F,=500N

= {250.0i + 353.55j — 250.0k} N

= {250i + 354j — 250Kk} N Ans.

FR: F1+ F2

= -106.07i + 106.07j + 259.81k + 250.0i + 353.55] - 250.0k

= 143.93i + 459.62j + 9.81k

= {144i + 460j + 9.81K}N Ans.
Fr = 2143.93% + 459622 + 9.81% = 481.73N = 482N Ans.

Fr _ 143.93i + 459.62j + 9.81k

Up, = Fr = 48173 = 0.2988i + 0.9541j + 0.02036k

cosa = 0.2988 a = 726° Ans.
cosb = 0.9541 b= 17.4° Ans.
cosg  0.02036 g 88.8° Ans.

Ans:
F; = {-106i + 106j + 260k} N
F, = {250i + 354] - 250k}
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N Fp = {144i + 460j + 9.81K}

NF; = 482N
a= 726
b = 174
g =888
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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 + 106 + 260k} N

F,=500N
up = &)lo - -0.3536i + 0.3536j + 0.8660k
a; = cos™1(-0.3536) = 111° Ans.
b, = cos 1 (0.3536) = 69.3° Ans.
g; = cos™1(0.8660) = 30.0° Ans.
Ans:
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a, = 111
b, = 69.3
g; = 30.0
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2-67.

Determine the magnitude and coordinate direction angles z
of F3 so that the resultant of the three forces acts along the
positive y axis and has a magnitude of 600 Ib.

SOLUTION
Fre = ©E ; 0= -180 + 300 cos 30° sin 40° + Fy cos a e
Fg, = OF, ; 600 = 300 cos 30° cos 40° + F5 cos b ”
Fg, = oF, ; 0 = -300sin 30° + Fycos g
cos’a + cos’b + cos?g =1 F, 300Ib
Solving:
F; = 4281b Ans.
a = 88.3° Ans.
b = 20.6° Ans.
g = 69.5° Ans.

Ans:
F; = 4281b
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*2-68.

Determine the magnitude and coordinate direction angles z
of 5 so that the resultant of the three forces is zero.

SOLUTION
FRX = ©FX’ O

-180 + 300 cos 30° sin 40° + Fj cos a

FRy = ©Fy,

0 = 300 cos 30° cos 40° + F;cos b

Fg, = oF, 0 = -300sin 30° + F3cos g

cos’a + cos’b + cos’g = 1 F, 3001Ib
Solving:
F; =2501b Ans.
a = 87.0° Ans.
b = 143° Ans.
g = 53.1° Ans.
Ans:
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F; = 250 Ib
a=2870b
= 143

g =531
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2-69.

Determine the magnitude and coordinate direction angles 2
of the resultant force, and sketch this vector on the
coordinate system.

Solution

Cartesian Vector Notation. For Fy and F,,

F1 = 400 (cos 451 + cos 60 j - cos 60 k) = {282.84i + 200j -
200k} N

F, = 125 cg (cos 20 )i - ;‘(sin 20)j + gkd = {93.97i - 34.20j + 75.0k}

Resultant Force.
FR = Fl P F2

= {282.84i + 200j - 200K} + {93.97i - 34.20j + 75.0k}

= {376.81i + 165.80j -

125.00k} N The magnitude of the resultant

force is

R = 2(RY + (R + (R)? = 237681 + 165.80% + (-125.00)°

— = 430.23 N = 430N Ans.
The coordinate direction angles are

_ (Fr)x _ 37681 _ -
cosa = y = 43023° a = 28.86 = 28.9 AnS.

(Fr)y _ 165.80 _ _
cosb = F. = 13023° b = 6733 =673 Ans.

(FR), —=125.00

cosg = = = 106.89 = 107 Ans.

=N 43023 * 9
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Ans:

Fr = 430N
a = 289
b =673
g = 107
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2-70.
Determine the magnitude and coordinate direction angles z
of the resultant force, and sketch this vector on the
coordinate system.
F, 525N
60 |
A
45 7
7
Solution z

Cartesian Vector Notation. For F; and F,

Fy

450a§j - :kb - [270j - 360OK}N

F, = 525 (cos 45 + cos 120 j + cos 60 K) = {371.23i - 262.5] + 262.5k} N

Resultant Force.
FR = Fl P F2

= {270] - 360K} + {371.23i - 262.5] + 262.5k}
= {371.23i + 7.50j -

97 .5k} N The magnitude of the resultant force

is

2371.23% + 7.50° + (-97.5)?

R = 2(R) + (R); + (Fr)%

= 383.89N = 384N Ans.
The coordinate direction.angles are
cosa = Rz 57123, = 1476 = 148 Ans.
Fr 383.89
(Fr)y _ 750 . _ _
cosbh = F. = 38389 = 88.88 = 88.9 Ans.
Fr), = =I5 o _ 0471 = 105 Ans.

cosg = F 383.89°

Ans
Fr = 384N
cos a 31123 a =148
383.89°
7.50
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cosh = 383.89; b = 88.9
= =I5 g0
€059 =3g389 ' 97
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2-T71.

Specify the magnitude and coordinate direction angles a;,

B Be Yrdac 1 e gesiyipa’ mf Mi6idMig: 1errss Htine

x-y plane.

SOLUTION
Fo=Fi+ Fj+F,k
F, = -200

F; = —400 sin 30°i + 400 cos 30° j

= -2000 + 346.4]
FR:©F
-350k = Fyi+ F,j+ F, k- 200j -~ 200i + 346.4 ]

0=F, - 200; F, =2001b

X

0=F

y

-350 Ib

200 + 346.4; Fy, = -146.4 Ib

!
I

F, = 2(200)? + (-146.4)> + (—350)?

F, = 42591b = 4291b

Ans.

a, = cos a%b = 62.2° Ans.

b, = cos™ a%;;‘b = 110° Ans.
(

g = cost ;2385.8 = 145° Ans.

Ans:
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F, = 4291b
a, = 62.2
bl = 110
g, = 145
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*2-72.

Two forces F, and F, act on the screw eye. If the resultant z
force Fg 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, g can be determined from
cos’> a + cos’h + cos’g = 1
cos? 120 + cos?50 + cos’g = 1
cos g = €0.5804
Here g 6 90 ,then

g = 54.52
Thus
Fr = 150(cos 120 i + cos 50 j + 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

F,= 2(F)x + (R), + (R), = 2(-75.0)% + 16.422 + 87.05°

= 116.071b = 1161b Ans.
And its coordinate direction angles are
_ .(Eg).g _ ﬂ . _ _
cosa, = F, = 116.07° a, = 130.25 = 130 Ans.
_ 1842 _ _
cos h, = F, = 116.07 " b, = 81.87 = 81.9 Ans.
gp = 4141 = 414 Ans.

C0sg, = £ 11607

Ans:

cosa, = 130
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cosh, = 819
cosg, = 414
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2-73.

Express each force in Cartesian vector form.

¥l 150N
Fy
y
///
//
Solution
Cartesian Vector Notation. For Fy, F, and F;, X
_ 4. 3 _ .
F, = 90 ag + gkb = {72.0i + 54.0k} N Ans.
F, = 150 (cos 60 sin45i + cos 60 cos 45 j + 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, = {63.0i + 53.0j + 130k} N
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Fs = {200 k}
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2-74. %
Determine the magnitude and coordinate direction angles T
of the resultant force, and sketch this vector on the 1 Fs 200N 150 N
coordinate system. 8 7
0 A
(e~ k _—
FoooN| | S 60—
N S > y
45 y
= 4
Solution
Cartesian Vector Notation. For F;, F, and F3, X
F, = 90 agi + gkb = {72.0i + 540Kk} N
F, = 150 (cos 60 sin45i + cos 60 cos 45 j + sin 60 k)
= {53.03i + 53.03j + 129.90k} N
F; = {200k} N
Resultant Force.
F= Fl + F2 + F3
= (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
R = 2R} + (R) + (R)? = 2125.032 + 53.03% + 383.90°
= 407.22N = 407N Ans.
And the coordinate direction angles are
(FR)x _ 125.03 . _ _
cosa = ? = 20722 a= 7212 =721 AnNS.
(Fr)y _ 53.03 | _ _
cosbh = F = 40727 b = 8252 =825 Ans.
(Fr), = 38390 _ 1948 = 195 Ans.

Cosg = Fr 40722

Ans

Fr = 407N
a=721
b = 825
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g =195
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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

7 .24 .
= = = .0j - 48. Ans.
Fi 25 (50)j 25 (50)k = {14.0j - 48.0k} Ib ns

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

= {90i - 127j + 90k} Ib Ans.

Ans:
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F, = {14.0j - 48.0K}Ib
F, = {90i - 127] + 90K} Ib
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*2—T16.
The spur gear is subjected to the two forces caused by G

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

SOLUTION

Fzc = 180 cos 60° = 90

Fry 275 (50) + 180 cos 135° = -113

24
F, =~ (50) + 180 cos 60° = 42

Fr = {90i - 113j + 42k} Ib Ans.

Ans:
Frx

90
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Fry = -113
Fre = 42
Fr = {90i - 113j + 42k} Ib
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2-7117.

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

Solution

Cartesian Vector Notation. For Fy 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 j + cos 135 k)

= {250i + 250j - 353.55k}N

Resultant Force.

FR=F +F
= (325.52i - 118.48j + 200k) + (250i + 250j - 353.55k)
= {575.52i + 131.52j - 153.55 k} N

The magnitude of the resultant force is

- 2 2 2 _ 2 2 _ 2 i
Fr = 2(FR)x + (F )y + (F )Z = 2575.52° + 131.52° + (-153.55) Fé-é/o/d
= 610.00N = 610N Ans.
The coordinate direction angles are
cosa = (FR)X = Rl a = 1936 = 194 Ans.
_Fr 61000
cosb = (Fr)y _ 131.52 b = 77549 = 775 Ans.
E 610.00
(Fr), —153.55
cosg = F = 610.00 g = 10458 = 105 Ans.

Ans:

Fr = 610N
a =194
b =775
g = 105
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2-178.

The two forces F; and F, acting at A have a resultant force
of Fr = 5-100k 6 Ib. Determine the magnitude and
coordinate direction angles of F,.

SOLUTION

Cartesian Vector Notation:
Fr = 5-100 k6 Ib

F1 = 605 -cos 50° cos 30°i + cos 50° sin 30°j — sin 50° k6 Ib
= 5-3340i + 19.28) - 45.96 k6 Ib
F2 = 5F2xi + Fzyj + FZZ k6 Ib

Resultant Force:
FR = Fl + F2
-100k = R, - 3340)i + (R, + 19.28) j + (R, - 45.96) kb

Equating i, j and k components, we have

F, - 3340 = 0 F, = 33.401b
F,, +19.28 = 0 F,, = -19.28 Ib
F,, - 45.96 = -100 F, = -54.04 Ib

The magnitude of force F, is

F, = 2F5 + F5 + F5,

233.40% + (-19.28)% + (—54.04)?

= 66.391b = 66.41b Ans.

The coordinate direction angles for F, are

cosa = % = % a = 59.8° Ans.
Fp 1028

cosb = K, = 66.39 b = 107° Ans.
F, —54.04

cos g = F;Z = 66.39 g = 144° Ans.

Ans:
F, = 66.41b
a =598
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b =107
g = 144
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2-79.

Determine the coordinate direction angles of the force F;
and indicate them on the BElgure.

SOLUTION

Unit Vector For Force F;:

Ug, = —cos 50° cos 30°i + cos 50° sin 30°j - sin 50° k

1
= 2

= -0.55671 + 0.3214j - 0.7660 k

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

cosa = -0.5567 a = 124° Ans.
cosb = 03214 b =713° Ans.
cos g = -0.7660 g = 140° Ans.

Ans:
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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

direction angles of the resultant force.

SOLUTION

Cartesian Vector Notation:

F1 = 2505cos 35° sin 25° + cos 35° cos 25°j — sin 35°k6 N

= 586.55i + 185.60j — 143.39k6 N s
F, =250 N
= 586.5i + 186j — 143k6 N Ans.
F, = 4005cos 120°i + cos 45°j + cos 60°k6 N
= 5-200.0i + 282.84j + 200.0k6 N
= 5-200i + 283j + 200k6 N
Ans.
Resultant Force:
Fr=F + F
= 5186.55 - 200.02i + 1185.60 + 282.842j + 1-143.39 + 200.02 k6
= 5-113.45i + 468.44j + 56.61k6 N
= 5-113i + 468) + 56.6k6 N
Ans.
The magnitude of the resultant force is
Fr = 2Fg + Fg + Fg,
= 21-113.452? + 468.44% + 56.61°
= 485.30N = 485N AT
The coordinate direction angles are
Fr, _ -11345
coSa = === _ 2999 _ 0
Fg 485.30 a = 104 Ans.
Fr, 46844
= = b = 15.1° :
COSb = pr = 4g539 Ans
Fr, 5661
cosg = = = °
g Py 48530 g = 833 Ans.

Ans:
F, = {86.5i + 186] - 143k}
N F, = {-200i + 283j + 200k}
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= [-113i + 468j + 56.6k}
= 485N

104 b

15.1 g
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2-81.
If the coordinate direction angles for F; are az = 120°,

by = 60° and g5 = 45°, determine the magnitude and

coordinate direction angles of the resultant force acting on
the eyebolt.

SOLUTION

Force Vectors: By resolving Fy, F, and F3 into their X, y, and z components, as shown
in Figs. a, b, and c, respectively, F{, F, and F; can be expressed in Cartesian vector
form as

F, = 700 cos 30°(+i) + 700 sin 30°(+j) = 5606.22i + 350j6 Ib

F, = 0 + 600212b(+j) + 600a§b(+k) = 5480j + 360K6 Ib

F3; = 800 cos 120°i + 800 cos 60°j + 800 cos 45°k = 3-400i + 400j + 565.69k4 Ib

Resultant Force: By adding F,, F, and F; vectorally, we obtain Fg. Thus,
FR = Fl + FZ + F3
= (606.22i + 350j) + (480j + 360k) + (-400i + 400j + 565.69K)

= 3206.22i + 1230j + 925.69k4 Ib
The magnitude of Fgis

Fr = 3EFR+Fry 2+ Fr>—
= 3(206.22)° + (1230)%> + (925.69)? = 1553.16 Ib = 1.55kip  Ans.

The coordinate direction angles of Fy are

(Fr)x 206.22
_ -1 _ = _ °
a = cos "¢ o i = cos a1553.16b 82.4 Ans.
(Fr)y
_ -1 _ -1 _ o
b = cos ¢ Fy i = cos 31553.16b 37.6 Ans.
(FRr), 925.69
— -1 _ =il _ o
g = C0oS "¢ Fy 4 = cos a1553‘16b 53.4 Ans.

600 Ib

F, 7001b
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Ans

Fr = 1.55kip
a =824

b =376

g = 534

105105



© W 1BPedrsars@u &chtoaniong int)ppapsadiiddRivieivex ). NAI Al g htsseesedethis hisateatak ialpsqtectedtaddendal aipyopyirighawisas teshey rcenténtly
exisiido Norhomiof thithisatasaiak mbynay beprephockedd, dnyarigrioron by byyanyeansangitiatiioperperssiisai om Wwritindiriprimotine teilplidiiesher.

2-82.

If the coordinate direction angles for F3 are az = 120°,
by = 45° and g; = 60°, determine the magnitude and

coordinate direction angles of the resultant force acting on

00 Ib
the eyebolt.
F, 600Ib
SOLUTION .
Force Vectors: By resolving Fy, F, and F3into their x,y, and z components, as shown
in Figs. a, b, and c, respectively, F;, F,, and F; can be expressed in Cartesian vector X y

form as

F, = 700 cos 30°(+i) + 700 sin 30°(+j) = 5606.22i + 350j6 Ib

F, = 0 + GOOagb(ﬂ') + 600a§b(+k) — 5480j + 360k6 Ib

F; = 800 cos 120°i + 800 cos 45°j + 800 cos 60°k = 5-400i + 565.69j + 400ke6 Ib

FR = Fl + Fz + F3
= 606.22i + 350j + 480j + 360k - 400i + 565.69j + 400k

= 5206.221 + 1395.69] + 760k6 1

Fr = 3(206.22)% + (1395.69)> + (760)>

= 1602.52 Ib = 1.60 kip Ans.
206.22
— —1 —_— — o
a = Cos a1602.52b 82.6 Ans.
1395.69
_ -1 _ o
b = cos 3160252 b =294 Ans.
760
_ -1 _ o
g = C0S 31602.52b 61.7 Ans.

Ans:
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a = 82.6
b =294
g = 617
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2-83.

If the direction of the resultant force acting on the eyebolt Z
is defined by the unit vector up, = cos 30°j + sin 30°k,

determine the coordinate direction angles of F3 and the F; 8001Ib
magnitude of Fg.

5
43 F, 600 Ib

SOLUTION

Force Vectors: By resolving Fq, F, and F5into their x,y, and z components, as shown
in Figs. a, b, and c, respectively, F1, F,, and F3 can be expressed in Cartesian vector X y
form as F, 7001b

30

F, = 700 cos 30°(+i) + 700 sin 30°(+j) = 5606.22i + 350j6 Ib

F, = 0i + 600agb(+j) + 600a§b(+k) = 5480j + 360K6 Ib

F3; = 800 cos azi + 800 cos bzj + 800 cos gzk

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 = Fup, = Fg(cos 30°j + sin 30°k) = 0.8660Fy j + 0.5F; k

Resultant Force: By adding F;, F,, and F; vectorally, we obtain Fg. Thus,

FR=F +F, + F,

0.8660F; j + 0.5F; k = (606.22i + 350j) + (480j + 360K) + (800 cos asi + 800 cos bsj + 800 cos gzK)

0.8660F; j + 0.5F; k = (606.22 + 800 cos aj)i + (350 + 480 + 800 cos bj)j + (360 + 800 cos gz)k
Equating the i, j, and k components, we have

0 = 606.22 + 800 cos aj

800 cos ag = -606.22 ®
0.8660F; = 350 + 480 + 800 cos by

800 cos bs = 0.8660F; - 830 )]
0.5FR = 360 + 800 cos g3

800 cos g3 = 0.5F; - 360 (3)

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

8007 [cos? ag + cos? by + cos? gg] = Fz? - 1797.60F; + 1,186,000 (4)
However, cos? a; + cos® by + cos® g; = 1.Thus, from Eq. (4)

Fr? - 1797.60F; + 546,000 = 0

Solving the above quadratic equation, we have two positive roots

Fr = 387.09N = 387N Ans.

Fr = 141051 N = 1.41 kN Ans.

From Eq. (1), tuting Fr = 387.09 N into Eqgs. (2), and
Su. @), yields

az = 139° bsti
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Ans.

Ans
bz = 128° g3 = 102° Ans.
Substituting Fgr = 1410.51 N into Egs. (2), and (3), yields
bz = 60.7° g3 = 64.4° Ans.
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*2-84.
The pole is subjected to the force F, which has components A
acting along the x,y, z axes as shown. If the magnitude of F
is3kN, b = 30°,and g = 75°, determine the magnitudes of hF,
its three components.
SOLUTION e
b F,
] >
cos’>a + cos’ b + cos? g = 1 / 4 1
A} a
cos? a + cos® 30° + cos® 75° = 1
Fx
a = 64.67°
F, = 3c0s 64.67° = 1.28 kN Ans. X
F, = 3cos 30° = 2.60 kN Ans.
F, = 3cos 75° = 0.776 kKN Ans. @
Ans:
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F, = 128 kN
F, = 2.60 kN
F, = 0.776 kN
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2-85.
The pole is subjected to the force F which has components
F, = 1.5kN and F, = 1.25kN. If b = 75°, determine the
magnitudes of F and Fy. AAF,
SOLUTION 7’ -
b Fy
>
cos’>a + cos’ b + cos? g = 1 / ;i J
J 1 a
15 2 o, 125 7
- 275° + a=== =
a’p b+ cos — b =1 /FX
F = 2.02kN Ans. .
F, = 2.02 cos 75° = 0.523 kN Ans.

Ans:
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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.

Solution

Position Vector. The coordinates of points A and B are A(-150 cos 30,
- 150 sin 30 ) mm and B(0, 300) mm respectively. Then

rag = [0 - (-150cos 30 )]i + [300 - (-150sin 30 )]j .

= {129.90i + 375j} mm 150 mm
Thus, the magnitude-of rag-is

rag = 2129.902 + 375% = 396.86 mm = 397 mm Ans.
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Ans:
rag = 397 mm
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2-87.
Express force F as a Cartesian vector; then determine its &
coordinate direction angles. A
F 1351b
S
Q
70
e 3
? y
C £+
5-ft—
Solution B

rag = (5 + 10cos 70 sin 30 )i
+ (-7 - 10cos 70 cos 30)j - 10sin 70 k

rag = {6.710i - 9.962) - 9.397k} ft
ras = 2(6.710)° + (=9.962)? + (=9.397)? = 15.25
'ng
Upg = = (0.4400i - 0.6532) - 0.6162k)
AB
F = 135u,p = (59.40i - 88.18] - 83.18kK)
= {59.4i - 88.2] - 83.2k}Ib Ans.
59.40
— -1 =
a = cos" agas b = 63.9 Ans.
-88.18
- -1,=09929 _
b = cos 135 b =131 ANS.
g = cos~! —‘fgslgb = 128 Ans.

Ans:
{59.4i - 88.2] - 83.2k}Ib
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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
. .12
fac = €-25i-4j+ T(2.5) kt ft

'ac

Fi = 80lbar b= -2620i - 41.93j + 62.89k
AC

= {-26.2i - 41.9] + 629Kk} b
fas = {20 - 4] - 6K} ft

I
F, = 501b a:ﬁb = 133610 - 26.73j - 40.09k
AB

= {134i - 26.7j - 40.1k} b
Fr = F, + F,
= -12.84i - 68.65] + 22.80k
= {-128i - 687 + 228k}Ib
Fr = 2(-12.84)%(-68.65) + (22.80)2 = 73.47 = 7351b

,.=12.84

a = cos” a—73_47 b = 100
-68.65
= cos~1a—2099 = 159
9 S B o
2780
= -1 = 71.
g = 005" azg 4,0 S

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

c
13 /12 4
0lb
55t
O - oy
4t /A
F, 50lb

Ans:

Fi = {-26.2i - 419) + 629k} Ib
F, = {13.41i - 26.7j - 40.1k}Ib
Fr = 7351b
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a=100b
=159¢g =
71.9
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2-89.

If F = 5350i — 250j — 450k6 N and cable AB is 9 m long,
determine the x, y, z coordinates of point A.

SOLUTION x
N N ) ) ) o y\<y
Position Vector: The position vector rp, directed from point A to point B, is given by 2 §/
rap = [0- (x5 +0-yj+0-2k
=xi —yj - zk

Unit Vector: Knowing the magnitude of rpp is 9 m, the unit vector for rpp is given by

_rap xi - vj - zk
Uap = =

The unit vector for force Fis

F 3501~ 250j — 450k
e D= g ! = 05623 - 0.4016] ~ 0.7229K
F 3507 + (~250)% + (450

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

uap = Up

C

9 = 0.5623i - 0.4016j — 0.7229k

Equating the i, j,and k components,

X

9 = 0.5623 x = 5,06 m Ans.
;gy = ~0.4016 y = 361m Ans.
?Z - 0.7229 z=651m Ans.

Ans:
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X = 506 m
y = 3.61lm
zZ=651m
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2-90.

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

NI

Solution
r={diF2y+Fzkymm——
r= 24>+ @°+@@°>=8
Z = 6.63m Ans.
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Ans:
6.63 m
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2-91.

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

Solution
r= {xi+yj+5km —
r=2x?2+()? +(67%=38

X =y, thus
2x? = 82 - 5
X =y =442m Ans.
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Ans:
442 m
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*2-92.

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

of the resultant force.

0.75m
A ~ 50N
Fpc 400 Fag 2
N
om 40 2m
C
Im

Unit Vectors. The coordinates for points A,B and C are (0, -0.75, 3) m,

'n _

2sin40,0) mand C(2, -1, 0) m respectively.

(2cos40 - 0)i + [2sin40 - (=0.75)]j + (0 - 3)k

2(2c0s40 = 0)2 ¥ [28ind0 = (=0.75)]7 + (0 = 3)?

= 0.3893i + 0.5172j - 0.7622k
(2 -0)i +[-1 - (=0.75)]j + (0 - 3)k

Solution
B(2 cos 40,
u =
AB T
r
Uac = A
fac

200 -0 +[-1 - (F0.7B)F + (0 - 3)?
= 0.5534i - 0.0692j - 0.8301k

Force Vectors

FAB = FAB UAB = 250 (03893' + 05172j -
0.7622K)

= {97.32i + 129.30 -
190.56k}N

= {97.3i + 129j - 191K} N

Fac = FaclUac = 400 (0.5534i - 0.06917] -
0.8301k)

= {221.35i - 27.67j - 332.02k}
N

= {221i - 27.7j - 332K}N

Resultant Force

Fr = Fag + Fac

Ans.

Ans.

= {97.32i + 129.30] - 190.56K} + {221.35i - 27.67j - 332.02k]}

= {318.67i + 101.63j - 522.58 k} N

The magnitude of Fy is

Fr = 2(FR) + (R)7 + (Fr)3 = 2318.67° + 101.63% + (-522.58)>

= 62046 N = 620 N

And its coordinate direction angles are

cosa =

(Fr), _ 31867
= : = 1 = 1
Fl 62046 ° a = 59.10 59
(Fr)y 101.63
R

Ans.
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cosh =

cosg =

Fas {97.3i - 129 - 191K} N

F

(Fr)e _

Fr

= : = 8057 = 80.6
620.46 b >

-52258

620.46 g = 14738 = 147

Ans.

Ans.

Fac = {221i - 27.7] - 332k}
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If ~ 560 N and ~ 700 N, determine the magnitude

and coordinate direction angles of the resultant force acting
on the flag pole.

SOLUTION
Force Vectors: The unit vectors u? and u® of F¥ and F¢ must be determined first.
From Fig. a
e = 4 = = L =
BT T (2=—B)i—(3—0)j—A0—6)k-=2 3 6
e SRR
u 77

C__(Z 0* (73 0 10 62~

UC fe N8 0i 2 0j {0 Bk 3 Ej 6,
6 otae o2 © o |
Thus the force vecfors F and F arg given by
B B~ - { - - } 'Z
F u 560 6k 160i , 240j _ 480k, N
c=Fclc= (7 +7’—7)={ + S - A8 B
4 A€0,0,6)m
F u 700 3i %5 Sk s00i 200 600k N %g 7
k= gt o= 1 T L i " _ . Ke
Result{ant Force: 8
F F F  (180i 240j 480k) (300i 200j 600K) BC2,3 o)
M
Fr= %de «40f  F1080K" N7 -
The#négﬁitudeoﬂ:—is = = = =
& CC3 2 D)m —7—
77
( ) 2 2R
(%66}2"} c 40)2< ( 1080) = 117456 N  1.17kN Ans. (&)
Fr
The coord[nﬂﬂ gil]ectlo r(gles of F) are
F
4
cos * (FRSZ cos 00 66.9° Ans.
= - () -
() _40
1 1 o
cos * —— cos 117456 92.0 Ans.
cos ! Q) 1 1080 157° A
117456 ns:
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Ans

Fr = 1L17kN
a = 66.9

b = 92.0

g = 157
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2-94.
if £2= 700N, and £ = 560 N, determine the magnitude

and coordinate direction angles of the resultant force acting
on the flag pole.

SOLUTION

Force Vectors: The unit vectors u? and uC of FB and FC must be determined first.
From Fig. a

B=ﬁ=MiQ3;oni¢o;e)p=zi_sj_ﬁk
uw rp _ - - - 777
v(2 02 (3 02" 0 ey

S 3 0i @20 ek -3,,.2,_6
u® LY

Tc \/(3 ~ oy + @~ 0y + © 6y

B C ) ‘Z’
Thus, the force vectors F and F are given by
p=Fp p= (*_* _*)= - - } F
2. 3. 6 . .
8
F u 700 S 7k 200i 300j 600k N A(o,o,b)m
c=Fc c= (**‘* -— ]=A + - } g E
[#
3. 2. 6 . . e
F u 50 Si Zj k 240i 160j 480k N M
7 7 8
ResTltantForce™ - - + + - )4
=L - - 3
F F F (200i 300j 600k) (240i 160j 480k) BCZ’ _3/0)"1
R
4461 .
Fr=V F + Fp, + F
Tﬁe mzig/rfmﬁjéjLF_u X C(S 2 0)/'7 7{‘
= + - + - = =
( ) 2 ()2 () ()
R
( ( 140)2 ( 1080)> 117456N  1.17 kN Ans.
a = - = =
The coordi nat@d rection angles of F* are
‘ *V’“} (e )
cos 1 °
cos 117456 68.0 Ans.
- Ll ( )-
Y = FR
~140
1 1 o
cos - —— 117456 96.8 Ans.
cos ! (— cos ! 1080 157° A
117456 ns.
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Ans

Fr = 1.17 kN
a = 68.0

b = 96.8

g = 157
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2-95.

The plate is suspended using the three cables which exert 2
the forces shown. Express each force as a Cartesian vector.

Solution
Faa 350 1b ‘
I'ea D) 6 14 Fpa
= b = 350a- i+ j + kb
Fea = 3508 16031 "' 160317 T 16.031
= {-109i + 131 + 306 K} Ib Ans.
y
3t
o fea 3 .. _3 .. _14 Sl s 3t 2t
Fea = 5004, "'b = 50087, 6291 * 12691 * 12,620 °
X
= {1037 + 103] + 479K} Ib Ans.
'pa 2 6 14
Foa = 4003, b =4002-,5 5651 = 153600 * 15362 <P
= {-52.1i - 156 + 365k} Ib Ans.
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Fga = {-109i + 131j + 306 k} Ib
{103i + 103j + 479k} Ib
Fpa = {-52.11 - 156 + 365K} Ib

|

¢

>
1
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*2-96.

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

Solution

fe= (0 - 5)i + (=2 -0)j + (3 - 0k = {-5i - 2j +3k}m
rc = 2(=5)%+ (=2)2+ 32 = 238m

g = (0 - 5)i + (2 - 0)j + (3 - 0)k = {-5i +2j + 3k}m
rg = 2(=5)2+ 22+ 3% = 238m

re=(0-2i+(0-0)j+@3-0k
re = 2(=22+ 02+ 3= 213m

{-2i + 0j + 3k} m

F=F =Fa'b
T

-5i - 2j + 3k . .

Fc = 400 a b = {-324i - 130j + 195k} N Ans.
138
-5i + 2j + 3k . .

Fg = 400 a b = {-324i + 130j + 195k} N Ans.
—338—
-2i + 0j + 3k .

Fe = 350a b = {-194i + 291k} N Ans.
—_

Ans:
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Fc = {-324i - 130j + 195k} N
Fg = {-324i + 130j + 195k} N
Fe = {-194i + 291k} N
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2-97.

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

Solution
rc=(0 -5)i + (-2 -0)j+ 3 -0k ={-50 - 2j + 3k}
rc = 2(-5°+ (-2)*+ (3> = 238m
r (=5i - 2j + 3Kk)
Fc = 400ah = 400a b
fc 138
Fo = (-324.4428i - 129.777j + 194.666K)

rg= (0 -5)i +(2-0)j+(3-0)k={-50 +2j + 3k}

rg = 2(-5%+22+32= 238m

Is (=5i + 2j + 3K)
Fs = 400a~p = — b
B er 400 a 138
Fg = (-324.443i + 129.777] + 194.666k)

Fr = Fc ¥ Fg = (-648.89i + 389:33K)

Fr = 2(-648.89)? + (389.33)%> + 0% = 756.7242
Fr = 757N Ans.
- 648.89
= _1 - = =
a = cos 756.7242b 149.03 = 149 Ans.
b = cos™la L b = 90.0 Ans
756.7242° ~ T ’
B b = 59.036 = 59.0 A
9 = COS "8756 70420 T VY0 T 9% ns.

Ans:
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Fr = 757N
a = 149
b = 90.0
g = 59.0
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2-98.

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

Solution
(=3i + 2j + 6k)

faB

e = %rAB = (—15| + 1] + 3k)

A
fco = Teo + rcs- . /éth —
= -6k - 1.5i + 1j + 3k X
= -15i + 1j - 3k
fco = 35
f'co
F =80 arcob = {-343i + 22.9] - 68.6k}Ib Ans.
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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,p. The coordinates of point B are
B (5 sin 30°, 5 cos 30°,0) ft = B (2.50, 4.330, 0) ft

Then
rag = 5(2.50 - 0)i + (4.330 - 0)j + [0 - (-10)]k6 ft
= 52.50i + 4.330j + 10k6 ft

rap = 32505 +4:330>+10:0° = 11.180 ft

_Iap  2.50i + 4.330j + 10k
Uap = =
TAB 11.180

= 0.2236i + 0.3873) + 0.8944k
Force Vector:
F = Fuap = 6050.2236i + 0.3873j + 0.8944k6 Ib

= i+ j+
513.4i + 23.2j + 53.7k6 Ib Ans.

Ans:
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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.

Fe 150N A
AC Fys 200N

Solution 4m

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

rag = (2 -0)i + (4 -0)j+©0-23k={2+4 -3km

ras 2i + 4j - 3k 2 4 3

UAB:r = - = i+ _j— k

AB 222+ 42 + (-3)2 229 229 229

fac = (-3 - 0)i + (=4 - 0)j + (0 - 3)k = {-3i - 4j - BKIm

rac -3i - 4] - 3k 3 4 3
Uac = = =- _i- _j- _k

.
ac 2(-3)? + (-4)> + (-3)? 234 234 234

Force Vectors

Fag = FaglUag = 2008 2 i+ % j- % kb

229 229 229

{74.28i + 14856j - 111.42K} N

FAC=FACUAC=150&1— 3 i - 4 j— 3_kb

234 234 234

{-77.17i - 102.90j - 77.17K}N

Resultant Force

Fr = Fag * Fac
= {74.28i + 14856] - 111.42K} + {-77.17i - 102.90j - 77.17kK}
= {-2.896i + 45.66] - 188.59 k} N

The magnitude of the resultant force is

R = 2R} + (R)Y + (R)Z = 2(-2.896) + 45.66% + (-188.59)°

= 19406 N = 194N Ans.
And its coordinate direction angles are
(Fr)x _ =2.896 _ -
cosa = Fr  194.06 ° a = 90.86 = 90.9 Ans.
(Fr)y 4566
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cosh = 76.39 = 76.4 Ans.

Fr  194.06°

(Fr); -188.59

cosg = = 166.36 = 166

Fr 19406 © 9
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2-101.

The two mooring cables exert forces on the stern of a ship z
as shown. Represent each force as a Cartesian vector and

determine the magnitude and coordinate direction angles

of the resultant.

c
F,=2001b F.=1501b
SOLUTION g B
y
. 50 ft
Unit Vector: 10ft 401t
Fea = 5150 — 02i + 110 - 02j + 1-30 — 02k6 ft = 550i + 10j — 30k6 ft X \
30 ft
rea = 250% + 10% + 1-302% = 59.16 ft B
50i + 10j - 30k . )
Ugy = -6 = Z—SL—2K_ (g ga50i + 0.1690j - 05071k

reg = 5150 - 02i + 150 - 02j + 1-30 - 02k6 ft = 550i + 50j — 30k6 ft
rep = 2502 + 50% + 1-302% = 76.81 ft

rea 50+ 50f — 30k . ,
=== = = 0.6509i + 0.6509j — 0.3906k
Ucs Tca 76.81 : !

Force Vector:
Fa = Fauca = 20050.8452i + 0.1690j — 0.5071k6 Ib

5169.03i + 33.81j - 101.42k6 Ib
5169i + 33.8j — 101k6 Ib

Ans.
Fg = Fgucp = 15050.6509i + 0.6509j — 0.3906k6 Ib
= 597.64i + 97.64j — 58.59k6 Ib
= 597.6i + 97.6] — 58.6k6 Ib
Ans.

Resultant Force:
Fr = Fo + Fp
= 51169.03 + 97.642i + 133.81 + 97.642j + 1-101.42 - 58.592k6 Ib

= 5266.67i + 131.45j — 160.00k6 Ib
The magnitude of Fy is

Fp = 2266.672 + 131.45% + 1-160.0022
= 337.631b = 3381b

Ans.
The coordinate direction angles of Fy are
cos a = a = 37.8° Ans. Ans:
337.63 FA = {169i + 338j - 101K}
131.45 Ib FB = {976I + 976] -
cos b = 337 63 b = 67.1° AnS. 58.6k}IbF; = 3381b
' a =378
160.00 b =671
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cosg = g = 118° Ans. g = 118

© 337.63
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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
rep 3 0.5 0.5
— 400a_ b = 400: i - ' b
Fi=400a, b =400a, 00001 = 30820 T 30822 % )
05 ft
_ _ 0.5 ft
= {389i - 64.9] + 649Kk} Ib Ans.
IAB 3 0.5 0.5
— 600a b = 600a- i - ' b
Fo = 600a, b =600a- 0001~ 508020 " 30820
— (-584i + 97.3] - 97.3K} Ib Ans.
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Ans:
F, = {380i - 64.9j + 64.9k}Ib
F, = {-584i + 97.3] - 97.3k}Ib
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2-103.
Determine the magnitude and coordinates on angles of the 2
resultant force. =
A}\b
Y o
201
4\ft
SOLUTION - T c
20
Fac = {~25sin 20°% + (2 + 2cos 20°)j - 4k} ft ¢ = = y
B
fac
Usc = a b= -0.1218i + 0.6910j - 0.7125k 3ft
Tac X
Fae = 4lbuye = {—4.874i + 27.64j — 28.50 k} Ib
rag = {151 - 1j - 4k}t
r
Usg = aBb = 034197 + 0.2279j - 0.9117 k
TAB
Fap = 20lbusyp = {6.838i — 4558 — 18.23 k} Ib
Fr = Fap * Fac
Fr = {1.964i + 23.08j — 46.73 k}Ib
Fr = 2(1.964)? + (23.08)% + (-46.73)% = 52.16 = 52.21b Ans
- cost 1964 oo
a7 008 T ag506° T °h Ans.
23.08
= R o
b = cos a52.16b 63.7 Ans.
= cosa—2l3) - g5
g=cos a b= -
Ans:
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52.21b
87.8
63.7
= 154

Q@ oo
nou
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*2-104.

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

SOLUTION

Force Vectors: The unit vectors u,, Ug, Ug, and upy of Fp, Fg, Fe, and Fy must
be determined first. From Fig. a,

ra (3-0)Ni+ (=2-0)j+(0-6)k 3 2 6
Uy = = , = _i-_j- kK
A ZB-0FF(Z2-0FF@O0-67 7 T

uB_gﬁi(370)i+(270)i+(0*6)k _3
s Z2B -0 F@-02F©O-86° 7

e (£3-0)i+(2-0)j+(0-6)kK 3 2 &6
ug= _ = = - i+ j- k
¢ 2(-3-02+@-0"+@-6> 7 7 7T

rp _ (3-0i+t(=2-0j+©0-6k  3.2. 6
Up = = — — — |

D 2(-3-0°+(2-0*+@©0-6> 7 7 7

Thus, the force vectors F,, Fg, Fe, and Fj are given by

Fa = Faup = 70a37' - 271' - (;kb = [30i — 20j ~ 60K] Ib

Fp = Fpup = 70a3; . 27'f— e;leb = [30i + 20j — 60K] Ib

Fo = Foug = 70af°;i + 27j - (;kb = [-30i + 20j - 60K] Ib
) 3. 2. 6.
Fp = Fpup = 70a*7| - 7] - 7kb = [-30i - 20j — 60K] Ib

Resultant Force:
Fr = Fy + Fg + Fo + Fp = (30i — 20j — 60k) + (30i + 20j — 60k) + (-30i + 20j - 60k) + (-30i — 20j - 60Kk)
= {-240k} N —

The magnitude of Fy is

e = B0 4 (B T
= 20 +0 + (-240)2 = 201b Ans. T
E(00 6)ft
The coordinate direction angles of F are

a=cos BEEER = costa—p = goe ARs. .
Fr 240 % P

b = cos* B(FR)yR - costa=Th - g0 Ans. D(-g’ -, 0)ft
Fr 240 b ¢ f

=3,2,0) ¢
), —240 7%,
= cos'? B(_R)R = cos * b = 180° A(sl-z{Ao)ﬁ
g B R cosa ., b= ns, ,?

B (3,2,0)ft
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Ans:

Fr = 240 1b
a=90

b =90

g = 180
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2-105.

If the resultant of the four forces is Fg = 5-360k6 Ib,
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, Ug, and up of Fy, Fg, Fo and Fp must
be determined first. From Fig. a,

rpn (3-0i+(-2-0j+@O0=-6k 3 2 6

ua = = i i~
In Z@-0fr(2-O0fr@-e2 [ 17 T - g

J g (-0t (2-0j+ (0= 6)k §i+2j 6
"y oporreooprooer 7 T 7

fe_ (3-0i+Q-0i+©0-6k _ 3 2. 6

Uc = -]
It 2(3-0+2-0°+(0-6 roTt T

Ip (3-0)i+(=2-0) +(0—6)k 3 2 6
Up = v = i
D 2(-3-10)7°+ (-2 —0)>+ (0 - 6)° 77

Since the magnitudes of F,, Fg, F., and Fy are the same and denoted as F, the four
vectors or forces can be written as

B B 3. 2. 6
Fa = Faup = Fa74 7} 7kb

3. 2.6
= = + | —
Fp = Ipup Fa7L 7 7Kb

3. 2. 6
= = —_ + _
Fc FclJC Fa 7I 7] 7kb
B .. 3.2 6
FDfFDuD—Fa 7I 7] 7kb

Resultant Force: The vector addition of Fj, Fg, F, and Fj isequal to Fg. Thus,

FR:FA+FB+FC+FD —

3. 2. 6 3. 2. 6 3. 2. 6 3. 2. 6
= = =i==f=5 + i+ g + i+ 7] -_"kb + == = =f] =5
{—360K} BFa7| 7] 7kbR BFa7| 7] 7kbR BFa7| 7] 7kb BFa7| 7] 7kbR
7 gl(0,0 621
~360k = -2k
7
\u‘ Ap
ThUS, o D(__g’_zl o)j—(
360 = 7R F =105Ib

A(3-2, 9
T g(3,3,04
()
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Ans:
F=1051Ib

133133



© 0 1BPedrsars@u &chtoaniong Iint)ppapsadiiddRivieivex). NAI Al rtghtsseesedethis hisateaital ialpsqtectedtaddendal epyopyirighawisas tevhey rcemténtly
exisixiNo N phimiof thiithisatasizl rabynby beprephockd;dd, dnyarfigrioron by byyanyeansansithatiioperperssiissi am Wwritindi figpinotie tpeipliti esher.

2-106.

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

Solution

r -3i + 4j - 4k L
rAB:%: ) = -15i + 2j - 2k

'ap = A * TeD

f'ep = fap ~ aB
= (4i + 6j - 4k) - (-15i + 2j - 2k)
= {55i + 4j - 2k}m

rep = 2(5.5)% + (4)% + (-2)> = 7.0887m
r
F = 600 a;@b = 465.528i + 338.5659] - 169.2829k
BD
F = {466i + 339] - 169K} N Ans.
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Ans:
F = {466i + 339 - 169k} N
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2-107.

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

Solution

fea = 3i - 4j + 4k

lca = 6.403124 4m

reg = 3 (rea) =
CB 7 6.403124 ¥ A

1.4056i - 1.8741j + 1.8741k
fos = foc *+ fce
= =3i+4j +rcp
= -1.59444i + 2.1259j + 1.874085k
Foo = fos *+ 'eb
rep = fop - fog = (4i + 6j) - ros

= 5.5944i—+3.8741j — 1874085k ———
rgp = 2(5.5914)% + (3.8741)% + (-1.874085)> = 7.0582

'sD
F = 600 61r b = 475.568i + 329.326j - 159.311k
BD

F = {476i + 329j - 159k} N Ans.
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Ans:
F = {4761 + 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 Ib, express each force as a Cartesian vector
and determine the magnitude and coordinate direction
angles of the resultant force.

SOLUTION
Fa = 60 - R n
2(4 cos 30°)° + (-4sin 30°)° + (-6)°

= {288i - 166 - 49.9k} b

. (-4 cos 30°i - 4sin 30°j - 6k)

b 2(“4cos 30°)2 T (—4sin 30°) + (=)
= {-288i - 16.6] - 49.9K} Ib

(4j -6k
Fc = 60
¢ T 2er T e

{333j - 499k} b

FR = FA + FB + FC = {—1498 k} b

Fg = 150 Ib
a = 90°
b = 90°
g - 180°

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans:

Fa = {28.8i - 16.6] - 49.9k}
IbFg = {-28.8i - 16.6] -

49 .9k} b Fe = {33.3] -
49.9k} b
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2-109.

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

SOLUTION
@6k .
Fo=F ') - 05547 Fj - 0.8321 Fk
24 + (-6
FA = FB = FC

Fg, = ©F,; 130 = 3(0.8321F)
F = 5211b Ans.
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Ans:
F=521lb
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2-110.
The window is held open by chain AB. Determine the
length of the chain, and express the 50-Ib force acting at A

coordinate direction angles.

SOLUTION

Unit Vector: The coordinates of point A are

A15 cos 40°, 8, 5sin 40°2 ft = A13.830, 8.00, 3.2142 ft

Then
ragp = 510 - 3.8302i + 15 - 8.002j + 112 - 3.2142k6 ft
= 5-3.830i - 3.00j + 8.786Kk6 ft
rap = 21-3.83022 + 1-3.002% + 8.7862 = 10.043 ft = 10.0 ft
rag  —3:830i - 3.00j + 8.786k
UaB = o~ 10.043

= -0.3814i - 0.2987j + 0.8748k

Force Vector:
F = Fuap = 505-0.3814i — 0.2987j + 0.8748k6 Ib

= 5-19.1i - 14.9] + 43.7k6 Ib

Ans.

Ans.

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

cosa = —0.3814 a = 112°
cos b = —0.2987 b = 107°
cos g = 0.8748 g = 29.0°

Ans.

Ans.

Ans.

132132




© 0 1BPedrsars@u &chtoaniong Iint)ppapsadiiddRivieivex). NAI Al rtghtsseesedethis hisateaital ialpsqtectedtaddendal epyopyirighawisas tevhey rcemténtly
existxido Noioomiof thiighisataeiel rabynay beprephockddd, dnyarfigrioron by byryanyeansangitidtiioperpeissiiesi om writinii fippfmotie tpeitplisiesher.

133133

Ans:

ag = 10.0 ft

F = {-19.1i - 14.9] + 437k} Ib
a=112b

=107g =

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

rap = 2(-259.81)%+(-350)%> + (400)> = 591.61

= 592 mm Ans.
E_ 30at4Bb = {-13.2i - 17.7] + 20.3k} N A
TAB
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Ans:
rag = 592 mm
F = {-13.2i - 17.7j + 20.3k} N
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*2-112.

Giyen the three  vectors A, B, and D, show that
Al(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

AlB+D) =A'B+AD (QED)

Also,

AtB +D) = (Ayi+ Ay j+ AK [(B, + D)i + (B, + D)j + (B, + DK]
= A (B, + D) + A, (B, + D)) + A, (B, + D)
= (AB, + A,B, + A,B) + (AD, + A,D, + A,D))

- (A'B) + (A D) (QED)
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2-113.

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

SOLUTION

Unit Vectors: The unit vectors ugg and ugy must be determined first. From Fig. a, x

- 4)i + (2 - 5)j + [0 - (=2)]k
Uy =B o Q=A@ oo 0= CAk 000 0.5571j + 0.3714k
B 20 -4+ (2 -52+[0- (-2F

Ugp = -J

Thus, the force vector F is given by

F = Fugg = 6004-0.7428i - 0.5571j + 0.3714k) = [-445.66i - 334.25j + 222.83k] N

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

(Fip)parat = F ' Ugp = A-445.66i — 334.25] + 222.83kB -3

(-445.66)(0) + (-334.25)(-1) + (222.83)(0)
334.25 = 334N Ans.

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

(Fep)per = 2F? - (Fap)parai? = 26007 - 334.252 = 498 Ans.
N

0 Eeq,5,-20m
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Ans:

(Fep) = 334N
(Fep)# = 498N
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2-114.

Determine the angle u between the two cables.

y
Solution
Unit Vectors. Here, the coordinates of points A, B and C are A(2, -3, 3) m, A -3m- \\
B(0, 3,0) and C(-2, 3, 4) m respectively. Thus, the unit vectors along AB and AC X
are
VoS - _ - 2853k
- T R ) e () A A
- - — — H — jﬁ T T
Uac = = - _I + _j + _k
20-2-2+B-(-3)F+ @ - 253 253 253
3)°
The Angle U Between -AB and AC.
‘ 2 6 3 B 4 6 1
Upg 'Upc = a- i+ j- kbfa- i+ _j+ kb
o177 253 253 253
= a- ba—4b+6a6b+a—3ba b
253 [ 253 253
_ 4
7253
Then
_ -1 1 _ g 4 _ _
u=cos ! (upgtuac) = cosh ———b = 3643 = 364 Ans.
7253
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Ans:
u = 36.4
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2-115.

Determine the magnitude of the projection of the force F;
along cable AC.

Solution

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

Uag = — — 9 - :—2i+6j-3k
20 - 2% + [3 - (-3)]F + (0-3)° 7 7 7
(-2-2)i +[3-(=-3)]j + (4 -23)k 4 6 . 1
Uac = =- i+ _j+ _k
2(2—2 -2+ B -(-3)-+ @ - 253 253 253
3)

Force Vector, For Fy, = = =

F, = FyUpng = 7Oa—27i +67j —?;kb = {-20i + 60j - 30K} N

Projected Component of F;. Along AC, it is
6

(F)ac = Fl#uAC =(-20i + 60j—-30Kk) fa- 4_4'4 _jt 1_kb
253 253 253

4 6 1
(-20)a- _b+60a _b+(-30a _b
253 253 253

56.32 N = 56.3N Ans.

The positive sign indicates that this component points in the same direction as uac.
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Ans:
(Fl)AC = 56.3N
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*2-116.
Determine the angle u between the y axis of the pole and
the wire AB.
SOLUTION
Position Vector:
rAC = 5—3]6ft %
rag = 512 - 02i + 12 - 32j + 1-2 - 02k6 ft

= 52 - 1j - 2k6 ft

The magnitudes of the position vectersare——————

rac = 3.00ft rap = 222+ 1-12% + 1-222 = 3.00 ft

The Angles Between Two Vectors U: The dot product of two vectors must be
determined first.
‘ i
Fac Fap = 1-3j27112i - 1j - 2K2

= 0122 + 1-321-12 + 01-22

=}3
Then,
f
rao 'ram 3 }
= cos Y 2P = cost = 70.5° Ans.
U= cos (rAOrAB> cos {3.00(3.00) ns
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Ans:
u =705
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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 - 40Kk}N
-3i-075j + 1k

u =
AB T 1 (=32 F (=05 F ()2
= -0.9231i - 02308 + 0.3077 k
-3i+1j+ 15k
Uac =

1(=3)"F(1)” F(1.5)

= -0.8571i + 0.2857j + 0.4286 k
Proj Fag = F*ﬁuAB = (60)(-0.9231) + (12)(-0.2308) + (-40)(0.3077)
= -70.46 N
|Proj Fagl = 705N Ans.
Proj Fac = F‘ﬁuAC = (60)(-0.8571) + (12)(0.2857) + (-40)(0.4286)
= -65.14 N
[Proj Fac| = 65.1 N Ans.

Ans:
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IProj Fac| = 65.1 N
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2-118.

Determine the angle u between cables AB and AC.

Solution

FAB = {—3' - 075] + 1k}m

Fag = 2(=3 F (=075 F (1)? = 3.25m

fac = {-3i+1j+15km

rac = 2(=3)>+ (1) # (15 = 3.50m

fag Tac = (=3)(=3) + (=0.75)(1) + (1)(L5) = 9.75

i
_ . tae-fac Lb
U= costa o b= 00sTa L o0 50)
I'ac
u= 310 Ans.
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AnNs:
u =310
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2-119.

A force of F = 5-40k6 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.
. y
SOLUTION
3i+5j -3k 3i +5j -3k
uoa = = _
237 + 57+ (-3)? 21
| i + 5 - 3k
F, = Flugy = (<40 k)i a22L=3K}, Fy
213
F { 40K}Ib
=1831b Ans.
F, = 2F, - F2
F, = 240% - 183° = 3561b Ans.
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Ans:
F, = 1831b
F2 = 3561b
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*2-120.
Two cables exert forces on the pipe. Determine the 1
magnitude of the projected component of F, along the line
of action of F,.

SOLUTION
Force Vector:
—_ 0 ai -H o 'H H o \’." - 30
Ug, =cos 30°sin 30° + cos 30° cos 30°j - sin 30°k 30 U ’ y
= 0.4330i + 0.75j - 0.5k \
F,~301b
F, = Frug, = 30(0.4330i + 0.75j - 0.5k) Ib
= {12.990i + 22.5 -
15.0k}lIb

Unit Vector: One can obtain the angle a = 135° for F, using Eq. 2-8.

cos’a + cos? b + cos>g = 1,with b = 60° and g = 60°. The unit vector along the
line of action of F, is

Ug, = cos 135° + cos 60°j + cos 60°k = - 0.7071i + 0.5 + 0.5k
Projected Component of F; Along the Line of Action of F,:

(F)r, = Fi'ug, = (12990i + 22.5] - 15.0K)’ (- 0.7071i + 0.5) + 05k)

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

-5.441b

Negative sign indicates that the projected component of (Fy)p, acts in the opposite
sense of direction to that of ug,.
The magnitude is (F;)p, = 5.44 1b Ans.
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Ans:
The magnitude is (F)g, = 544 Ib
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2-121.

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

SOLUTION

Unit Vectors:

Up, = cos 30°sin 30° + cos 30° cos 30°j - sin 30°k

0.4330i + 0.75j - 0.5k

Up, = cos 135° + cos 60°j + cos 60°k

-0.7071i + 0.5 + 0.5k

The Angles Between Two Vectors u:
Up, 'Up, = (0.4330i + 0.75j - 0.5k) | (~0.7071i + 05§ + 0.5Kk)

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

-0.1812
Then,

u=cos ! hup ‘ﬁuFB = cos~}(-0.1812) = 100° Ans.

ih 2
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Ans:
u = 100
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2-122.

Determine the angle u 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, A 7 6m
B(0, -1,2) mand C(0, 1, 3) respectively. Thus, the unit vectors along ~

AB and AC are

0 -6)i+(1-0)j+ (@3 -0k

Uac = = - i+ _j+t k
2(20 -6+ (1 -0°+@3 - 246 246 24
0)

The Angle u Between AB and AC.

ﬂ 6 1 27 76 1 3
UpgiUpc=a- _i- _j+ _kbla- i+ _j+ _ kb
241 241 241 246 246 246
6 6 1 1 2 3
=a- _ ba- _b+a- _ba _b+ _a _b
241 246 241 246 241 246
_ 41
21886
Then
41
U= cos ! (UpgiUpc) = cos i b = 19.24998 = 19.2 Ans.
21886
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Ans:
u =192
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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
B(0, -1, 2) m respectively. Thus the unit vector along BA is

6 - 0)i +[0-(-1)]j+ (- '
A (g)K i + [0 - (=1)]j + ( 6 1 2

Uga = = = i+ _J = k
BA 26 -02%+[0-(-DP+((0-2° 24 241 241

Projected component of F. Along BA, it is

6 1 2

Faa = Flugs = (400i - 200j + 500k)fa ° i+ * j- ° kb
— oI 24 241
6 1 2
= 400a b +(-200a _ b +500a- _ b
271 o711 >
= 187.41N = 187N Ans.

The positive sign indicates that this component points in the same direction as uga.
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Ans:
FBA = 187N
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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 Aand C are A(6, 0, 0) m and
C(0, 1, 3) m respectively. Thus, the unit vector along CA is

rea (6= 0)i+ (0 - 1)j+(0-23)k 6 1 3

Uca = = = - _j- _k
r
cA 26 -07+ 0 -1>%+ (0 - 246 246 246
3)

Projected component of F. Along CA, it is

Fea = Fluca = (400i - 200j + 500k 7a & i- 1 j- 3 ko
>i5 246 27
6 1 3
=400a _ b+ (-200)a- _ b +500a- _ b
276 276 >7%
- 162.19N = 162N Ans.

The positive sign indicates that this component points in the same direction as uca.
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Ans:
FCA = 162N
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2-125.

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

SOLUTION
Unit Vectors: The unit vectors upa and u, must be determined first. From Fig. a,
r (=2-0i+(4-0j+@-0k 1. 2. 2
o = 22 = , ) 2—-3I+§J+§k
oA 3(-2-0°2+@4-07°+@4-0

u, = sin30°i + cos30°j

Thus, the force vectors F is given by

F = Fug, = 600a- ;i - éj ¥ ikb = 5-200i + 400j + 400ké N

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

i i
F, = FTu, = (-200i + 400j + 400K) " (sin30°i + cos 30°j)

(-200)(sin30°) + 400(cos 30°) + 400(0)
246 N Ans.

W

24
A(-2,4,%)m

2
=

L)
™

()
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Ans:
F, = 246 N
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2-126.

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

Solution

F 100 Ib

%C:56?+4j_2i\<6ﬂ c

A
5-6i + 8j+ 2kb
E =100
2(-6)? + 8 + 22
5-58.831 + 78.45] + 19.61k6 Ib

. -78.45
F n_-F Yo _ -7845 -10.48
BC 8 | 7.483

BC

1051b Ans.

'I'I
Il

'I'I
k=]
1l
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Ans:
F, =105 Ib
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2-127.

Determine the angle u between pipe segments BA and BC.

Solution

5-BC: 56? +4i -

. 2keft
BA — 5—3|6ft
4
IS Y -18
u=costa B¢ b = cos™, b
1§ 119 | 22.45
BC BA
u = 143 Ans.
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Ans:
u = 142
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*2-128.

Determine the angle u 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

_ GO0 (T N L
2@ -0 F@ - 02 F (-1-0) 226 2% 22

The Angle U Between BA and BC.

Uga = -]J UBe

Lt 3 . 4 i 1
Ualsc = (- fa ” i+ " j- ~ kb
226 226 226

4 4

=(-a_ _b=- __
226 226

Then
4
.
u = cos~ ! (uga "Ugg) = cos‘la—22_b = 14167 = 142 Ans.
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Ans:
u =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) mand D(8, 0, 0). Thus the unit vectors along BC and CD are

B-0i+@-0j+(-1-0k 3 . 4 1
Ugc = =_ _i+__j-_"_k
2B -072+ @4 -072 +(-1-02 22 226 226
8-3i+0-4j+[0-(-D]k 5 4 1
Ucp = = _i-  _ 3+ _k
28-32+ 0 - +[0-(-DF 2 242 242
Force Vector. For F,
F=Fuep =3a > i- % j+ * kb
242 242 242
=a P s e 3 ok
242 242 242
Projected Component of F. Along BC, it is
15 12 3 3 4 1
{ |
(Fe) = Fluge = a _i- __j+ _ kbfa _ i+ i- _ kb
242 242 242 226 226 2726
15 3 12 4 3 1
= a _ba _b+a- _ba _b+ _a- _b
242 226 242 226 242 2726
= - = -0.1816 kN = 0.182kN Ans.
21092
The negative signs indicate that this component points in the direction opposite to

that of ug.
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Ans:
0.182 kN
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2-130.

Determine the angles u and ¥ made between the axes OA Z
of the flag pole and AB and AC, respectively, of each cable.
J,1.5 m y

T q

»

SOLUTION
rac = {-2i - 4j + 1k} m; ryc = 458m ok
'ap = {15| - 4] + 3k} m; raAB = 522m |
rao = {-4 - 3kim; rao = 5.00
m
fan'fao = (L)O) + (-4)(-4) + (3)(-3) =7 1
! x I
1,7aB a0 —~— L
u=cos "¢ < T
TaB TAO
7 Ans.
= g ———< = o
cos ¢5.22(5.00)— 74.4
f
Fac Tao = (=2)(0) + (-4)(-4) + (1)(-3) = 13
I&‘ﬁ—m
£ = costa
Tac Tao
= cos‘laLb = 55.4° A
B 458(5.00) ~ T ns.
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Ans:
u=744
f =554
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2-131.
Determine the magnitudes of the components of F acting
along and perpendicular to segment BC of the pipe

assembly.
~ 4
X 2
SOLUTION
Unit Vector: The unit vector ucg must be determined first. From Fig. a F o {30i 45 41
by fen L BT @O F 0~ CAK _ 2, 1,2, —af
CB — - - - -
B 3E-7F+@-67+0- (-4 3 ¥ 3 €
) ) <
Vector Dot Product: The magnitude of the projected component of F parallel to
segment BC of the pipe assembly is B -
i . . p 2. 1. 2
(Fpc)pa = Flucg = (30i - 45 + 50k)"‘¢-3 i -3 gks
8(3'470)&
- (30)¢ —fs ' (—45)¢—3l§ ¥ 5o¢325 x
= 28.331b = 283 1b — Ans. A b
*es
The magnitude of Fis F = 3302 + (-45)2 + 502 = 25425 Ib. Thus, the magnitude <7 ¢, &) ¢
of the component of F perpendicular to segment BC of the pipe assembly can be la
determined from )
(Fpc)pr = BF?- (Fpe)ps = 25425 - = 68.01Ib Ans.
28.332
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Ans:
(Fec) = 2831Ib
(Fgc) # = 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.

SOLUTION

= - 4
Unit Vector: The unit vector use must be determined first. From Fig. a F {301 45 S0k} Ib

Uac_= = 0.6965i + 0.5970j -
0.3980Kk

37 -0 + (6 - 02 + (-4 - 0)? z

Ny A
SN

Vector Dot Product: The magnitude of the projected component of F along line AC is

| 1
Fc = Fluae = (30i - 45) + 50K) ' (0.6965i + 0.5970] -
0.3980k)

(30)(0.6965) + (-45)(0.5970) + 50(-0.3980) e
25.87 Ib Ans.

- - - C 7 - )
Thus, Fpc expressed in Cartesian vector form is (16-0p

Fac = Fac Uac = -25.87(0.6965i + 0.5970j -
0.3980k)
Ans.
= {-18.0i - 15.4j + 10.3k} Ib
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AnNs:

Fac

25.87 Ib
{-18.0i - 15.4j + 10.3k} Ib
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2-133.

Determine th

SOLUT

Fig. a,

The mag

\ector

Thus,

e angle u between the pipe segments BA and BC.

ION

rea = (0 - 3)i + (0 - 4)j + (0 - Ok = {-3i - 4} ft
Foc = (7 - 3)i + (6 - 4)j + (-4 - Ok = {4i + 2j - 4K} ft

nitude of rgs and rgc are

= B(=3)% + (=4)® = 51t

A
=3B+ 22+ (-4 =6ft

I'ec

Dot Product:

ﬂ ‘
fan ' Fac = (=3 - 4)) (4 + 2j - 4kK)
=(-3@ + (-5 + 0(-4
= -20ft2
# 20
u = cos1aBA By = cos i T4 = 1320
I'ea I'sc 5(6)

Position Vectors: The position vectors rga and rgc must be determined first. From

158158
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Ans:
u =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 + 0.2j + 0.2k

Uag =2 0.57446

= -0.8704i + 0.3482j + 0.3482k
F = -100cos 10 i + 100sin 10 k

u = cos‘laF—_J”ﬁ b
— cos-1a 100 (cos 10 )(-0.8704) + 0 + 100 sin 10 (0.3482)b
100(1)
= ¢0s71(0.9176) = 23.4 Ans.
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Ans:
u =234
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2-135.

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

SOLUTION
151t
Force and Unit Vector: The force vector F and unit vector ung must be determined * 3ﬁ\>/c\
first. From Fig. a
F = 90(- cos 60° sin 45° + cos 60° cos 45°j + sin 60°k)
= {-31.82i + 31.82j + 77.94k}Ib
fap _ _(O=18i+ @ =0+ =0k _ 3 6 2 b
Upg = = —-7|—7J+7k
TAB 3(0-152%+ (3 -02%+ (1 -0)7?

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

-l _ . . 1 3. 6. 2
[((F)aglpa = F uag = (- 31.82i + 31.82j + 77.94K)° ¢—7 i+ + 7 k< K(/'Q'0,0)f
= (-31.82)¢ - 35 + 31.82¢ Qg + 77.94¢ 25 -
7 7 7
= 63.181b = 63.21b Ans.
The magnitude of the component F perpendicular to the diagonal AB is
[(F)aplpr = BF2- [(F)aslpd = 2902 - = 64.1lb Ans.

63.1
82
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AnNs:
3(F)agd = 6321b
3(F)agdy = 64.11b
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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,

T
1]

-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, = Fli = h-75i + 250.81j + 129.90k3 ‘i
= _75(1) + 250.8L(0) + 129.90(0)
= _75N

F, = F'j = h-75i + 250.81j + 129.90k} ']

= -75(0) + 259.81(1) + 129.90(0)

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

F, = 75N, Fy, =260N Ans.
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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 + (0.2598 - O)k

oA  2(-045 - 0)2 + (0.3 = 0)2 + (0.2598 - 0)?

Uoa = = -0.75i + 0.5j + 0.4330k

Vector Dot Product: The magnitude of the projected component of F along line OA is
Fopr = F"IUOA = h-75i + 259.81j + 129.90kB#A—0.75i + 0.5j + 0.4330k8

= (-75)(-0.75) + 259.81(0.5) + 129.90(0.4330)
= 242N Ans.

A[-03+035in30%), 0.3, 0-3Cos36°] ™

(045,03 ».2598)m
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Ans:
FOA = 242 N
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2-138.

Determine the angle u between the two cables.

B .
10 ft N, / 4
v
- U Fas
Solution ‘ / 6 ft
i / ,_//-

1 aE&LE/A_b
I'ac FaB

u = cos

;
1, 0= 8j 10K (-6i+2j+4k)
122+ (=8)2 ¥ 102 1(-6)2 ¥ 22+ 42

= costa 12
96.99

co

b

u= 829 Ans.
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Ans:
u =829
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2-139.
Determine the projected component of the force z
F = 12 Ib acting in the direction of cable AC. Express the
result as a Cartesian vector. 8ft~
G
i \\
N\ - 101t <
\\ B
10 ft \ / 4 ft
L.y
Solution
- A _ @F 8 ft A
rac = {2i - 8j + 10k} ft X
rag = {-6i +2j + 4k}ft
W) 6 2 4
= = - i+ j+
Fag = 128, D =128- 001+ 74530 ¥ 7483 <P

Fag = {-9.6211 + 3.207j + 6.414 Kk} Ib

U= 2 5. 8 10
AC = 1p961' T 1296170 T 12,961
Proj Fag = Fag'Uac = -9.621a_2 b +3207a- . C b +6414a O b
) Fag B ' 12.961 : 12.961 ' 12.961
= 1.4846
Proj Fag = Fag Uac
. 2 . 8 . 10
Proj Fag = (1.4846 - + kd
0] Fag = )C12.962| 129627 7 12,962
Proj Fag = {0.229i - 0916 + 1.15K} Ib Ans.
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AnNs:
Proj Fag = {0.2291 - 0916 + 1.15k} Ib
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