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2-1.

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 = 8.03kN Ans.

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

sinu _ sin105

6 - 8026 ° u = 46.22

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

T =4622 - 45 =122 Ans.
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AnNs:
=122
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2-2.

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 i B B
sinas — sin1o5 ¢ (Fv = 2.928kN = 2.93kN Ans.
Fdu 4 B B
sin 30 - sin 105 (Fl)u = 2.071 kN = 2.07 kN Ans.

Ans:

(Fl)v
(F)y, = 2.07kN

2.93 kN
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2-3.

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,

Fw 6 _

sin75 " sin7s (2 = 600N

(FZ)V _ 6 . _ _

Gn30 = sn7s i (Fv =3106kN = 3.11kN

Ans.

Ans.

Ans:
(), = 6.00 kN
(), = 3.11kN
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*2-4.

If 60° and 450 N, determine the magnitude of the
0= F =

resultant force and its direction, measured counterclockwise

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 consines to Fig. b,

7002 450% — 2(700)(450) cos 45°

Fr=\_ +
R 49701N 497N Ans.
This yields
sin sin 45° R
700 _ 497.01 _ 95.19
Thus, the direction of angle ¢ of F; measured counterclockwise from the 700N (&)
positive x axis, is
60° 95.19° 60° 155° Ans.

Ans:

Fr = 497N
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f = 155
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2-5.

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

9045 105 °

-

-

= 959.78 N = 960 N Ans. E:WN -
Applying the law of sines to Fig. b, and using this result, yields o
//,
//
sin{96°—+) _ sin105° s
700 95.78 M/ 2
7 e
OON
u = 45.2° Ans. @)

Ans:
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F =960 N
u = 45.2
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2-6. If Fg = 2kN and the resultant force acts along the
positive u axis, determine the magnitude of the resultant
force and the angle u.

Solution

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

b, respectively.
Applying the law of sines to Fig. b, yields

sin®  _sin30

3 3 T = 4859

Thus,

u=30 + =30 + 4859 = 7859 = 786

With the result u = 78.59 , applying the law of sines to Fig. b again, yields
Fr = 3.92kN

_ kg _ 2
sin(180 - 7859)  sin 30

Ans.

Ans.

Ans:
78.6°

Fr = 3.92kN
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2-7. If the resultant force is required to act along the y

positive u axis and have a magnitude of 5 kN, determine the
required magnitude of F5 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,

232 + 52 - 2(3)(5) cos 30
= 2.832kN = 2.83kN Ans.

Fg

Using this result and realizing that sin(180 - u) = sin u, the application of the sine
law to Fig. b, yields

sinu _ sin 30 U = 62.0 Ans.

5 2.832

Ans:
2.83 kN

u = 62.0

31




© Pearson Education Limited 2017. All rights reserved. This material is protected under all copyright laws as they currently exist.
No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

*2-8.
FR =

Determine the magnitude of the resultant force
F, + F, and its direction, measured clockwise from

the positive x axis.

Solution

Fr = 2(600)% + (800)

866.91 800
sin 75 - sinu
u = 63.05

T =6305 +45 =108

- 2(600)(800)cos 75 = 866.91 = 867 N

F, =800 N
F, =450 N

Ans.

Ans.

F, =600 N

Ans:
u =108
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2-9.

Resolve F, into components along the u and v axes and

determine the magnitudes of these components.

SOLUTION

Sine law:

_ 250
sin 105°

_ 250
sin 105°

129N

183N

Ans.

Ans.

F, 150N

108"

Ans:
Fiy = 129N
Fiy = 183N
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2-10.

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

F
SOLUTION ’
Sine law: =
_Fy _ 150 ~ A
sin 30° ~ gin 750 E, = 776N ns.
o _ 150 ~ A
sin 75°  sin 75° E, = 150N ns.

v
F.
1v
FII‘SON- P |
! ¥
: 30 —
)
FZ- 75'\.‘

Ans:
Foy = 776N
Foy = 150 N
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2-11. The device is used for surgical replacement of the
knee joint. If the force acting along the leg is 360 N,
determine its components along the x and y; axes.

Solution

-F 360 -
sin20  sin100’ x - "1%N
F

v 360 F, = 317N
sinB0-  —sin 100

Ans.

Ans.

Ans:
F, = -125N
Fy, = 317N
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*2-12. The device is used for surgical replacement of the
knee joint. If the force acting along the leg is 360 N,
determine its components along the x; and y axes.

Solution

;Fg _ ﬂ .

sin30 _ singo’ ' - 18N Ans.
F

v oo 360 F, = 344N Ans.

sSin70 sin80-

Ans:
F, = -183N
F, = 344N
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2-13.

Solution

If the tension in the cable is 400 N, determine the magnitude and direction of the resultant force acting

on the pulley. This angle defines the same angle of line AB on the tailboard block.

1 30
FrR 400 N
sin 90 sin 1
Ep F1
Fr
90 asin sin
+r
60

Ans.

u=60
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2-14. The truck isto be towed using two ropes. Determine
the magnitude of forces F, and Fg acting on each rope in
order to develop a resultant force of 950 N directed along
the positive x axis. Set u = 50°.

Solution

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

Trigonometry: Using law of sines [Fig. (b)], we have
_Fa 950

sin50  sin 110

Fa = 774N Ans.

_Fg 950

sin20  sin 110

Fge = 346N Ans.

Ans:
Fo = 774N
Fg = 346N
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2-15.

The plate is subjected to the two forces at A and B as Fa 8kN
shown. If u = 60°, determine the magnitude of the resultant =
of these two forces and its direction measured clockwise
from the horizontal.

SOLUTION

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

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

Fy = 282 + 62 - 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 F of F; measured from the x axis is

T = 33.16° - 30° = 3.16° Ans.

Ans:
Fr = 10.8kN
f =316
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*2-16.
Determine the angle of u for connecting member A to the
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.

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

Fy = 282 + 6% - 2(8)(6) cos 94.93°

= 104 kN Ans.

MM @D @0 @ N @M

Fn 8kN

Ans:
u =549
Er =104 KN
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2-17.
Two forces act on the screw eye. If F; = 400N and

F, = 600N, determine the angle u(0° .. u .. 180°)

between them, so that the resultant force has a magnitude
of Fr = 800 N.

SOLUTION

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

respectively. Applying law of cosines to Fig. b,

800 = 224002 + 6002 - 2(400)(600) cos (180° - u®)

8007 = 400% + 600 - 480000 cos (180° - u)
cos (180° - u) = - 0.25

180° - u = 104.48
u = 75.52° = 755°

Ans.
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2-18.

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 i = 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="+F
F = E Ans.
2
Fr = 2(@F)? + (F)? - 2(F)(F) cos (180° - u)
Since cos (180° - u) = -cosu B
Fr = FA22821 + cosu
Since cos atb = P EesU
2 A 2
Then
R = 2F cosa%b Ans

Fr = 2F c03a§b
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2-19.

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. aand b, respectively.
Trigonometry. Referring to Fig. c,

F = 22002+ 4002 = 44721N  u = tan'! a290p = 2657
400

Thus ¥ =90 - 30 -26.57 = 33.43

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

Fr = 23007 + 447.217 - 2(300)(447.21) cos 33.43 = 257.05N = 257 kN Ans.

Then, apply the law of sines,
sinu _ sin33.43

00 - 25705 u = 40.02

Thus, the direction F of F; measured counterclockwise from the positive x axis is
f =90 + 3343 + 40.02 = 16345 = 163 Ans.

Ans:
Fr, = 257N
f =163
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*2-20. Determine the magnitude and direction of the
resultant force, Fgz measured counterclockwise from the y
positive x axis. Solve the problem by first finding the resultant
FO =F, + Fzand then forming Fr = FO + 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. Applying the law of cosines by referring to Fig. c,

F = 22002 + 3002 - 2(200)(300) cos 30~ = 161.48 N Ans. %
Using this result to apply the sines law, Fig. c,

sinu sin 30
= N = 2
. u = 3826 E= 200N

Using the results of F and u to apply the law of cosines by referring to Fig. d,

Fr = 2161.48° + 4002 — 2(161.48)(400) cos 21.74 = 257.05N = 257N Ans. X
Then, apply the sines law, ‘”’1\9/
sinu sin 21.74
= ; u = 13.45 /
16148 | —257:05— 71 /F
6
Thus, the direction T of Fy measured counterclockwise from the positive x axis is V‘,/
=90 +60 + 1345 = 163.45 = 163 Ans. =
F;=300N

Ans:
f =163
Fr = 257N
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2-21. The log is being towed by two tractors A and B. y
Determine the magnitude of the two towing forces F, and
Fg if it is required that the resultant force have a magnitude
Fr = 10 kN and be directed along the x axis. Set u = 15°.

0
LELIITLLL
ASNNNNNN

~——

srr1rr sy |
PERSEC<H

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

Trigonometry: Using law of sines [Fig. (b)], we have
_Fa 10

sin15 ~ sin 135

Fa = 3.66 kN Ans.

_Fs 10
sin 30 sin 135

Fs = 7.07 kN Ans.

Fu Fg

Fa 10 kN
{a) im

Ans:
F, = 3.66 kN
Fg = 7.07 kN
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2-22. If the resultant Fg of the two forces acting on the log is
to be directed along the positive x axis and have a magnitude
of 10 kN, determine the angle u of the cable, attached to B such
that the force Fg in this cable is minimum. What is the
magnitude of the force in each cable for this situation?

Solution

Parallelogram Law: In order to produce a minimum force, Fg, Fg has to act perpen-
dicular to F,.The parallelogram law of addition is shown in Fig. (a).

Trigonometry: Fig.(b).

Fs = 10sin 30 = 5.00 kN Ans.

Fpn = 10cos 30 = 8.66 kN Ans.

The angle uis

u=90 -30 =600 Ans.

|0 kN

Ans:

Fg = 5.00 kN
Fyn = 8.66 kN
u = 60.0
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2-23.

Determine the magnitude and direction of the resultant
Fr = F; + F, + F5 of the three forces by first finding the

resultant F; = F; + F,and then forming Fg = F; + Fa.

F' = 2(20)2 + (30)2 - 2(20)(30) cos 73.13° = 30.85 N

30.85

30

sin 73.13°

sin (70° - u’)

: u = 147°

Fr = 2(30.85)2 + (50)% - 2(30.85)(50) cos 1.47° = 19.18 = 192N

19.18

sin 1.47°

3085
sinu’

u=237°%

Ans.

Ans.

F, 30N

F; 50N

20

F1= 30N =
73.13*

AT

&
Sy
Eou =

Fa= 20N

Ans:
Fr, = 192N
u=237 C
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*2-24.
Determine the magnitude and direction of the resultant y
Fr = F; + F, + F; of the three forces by first finding the F, 30N
resultant F; = F, + Fyand then forming Fg = F; + Fy. =
F3_50N
X
—————
20
NS LT
F, 2
Fi = 2(20)? + (50)% - 2(20)(50) cos 70° = 47.07 N _
20 47.07
= . _ ui = 23.53°
simoge S0 .
fy=SON
> *
Fr = 2(47.07)% + (30)> - 2(47.07)(30) cos 13.34° = 19.18 = 19.2 N Ans.

19.18 30 .
sin 13.34°  sin ¥ i = Al

u = 2353° - 21.15° = 2.37° & Ans.

Ans:
Fr, = 192N

=237 C
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2-25.

If the resultant force of the two tugboats is 3 kN, directed
along the positive x axis, determine the required magnitude
of force Fp 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,

Fg = 222 + 3% - 2(2)(3)cos 30°

1.615kN = 1.61 kN

Using this result and applying the law of sines to Fig. b, yields
sinu _ sin 30°
2 1.615

u = 38.3°

Ans.

Ans.

Ans:
Fg = 1.61 kN
u = 38.3
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2-26.

If Fg = 3KkN 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. a and b,
respectively.

ApplyIng the law OT COSINeS 10 Hig. b,

Fr = 222 + 32 - 2(2)(3) cos 105°
= 4.013kN = 4.01 kN Ans.
Using this result and applying the law of sines to Fig. b, yields

sin a _ sin 105°

3~ 103 a = 46.22

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

f =a- 30° =4622° - 30° = 16.2° Ans.

A
Fn 2kN
30
X
u
FB
B

P F;;,&k’f/

X
( Go'+45% o5
\30'
+ N

Ans:
Fr = 401 kN
f =162
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2-27.

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 Fgto be minimum, it has to be directed perpendicular to Fg. Thus,

u = 90°

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

respectively.

By applying simple trigonometry to Fig. b,
Fp = 25sin 30° = 1 kN

Fr = 2cos 30° = 1.73 kN

Ans.

Ans.

Ans.

Ans:

u = 90

Fg = 1kN
Fr = 1.73 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 FR?.

=
0
6 kN
-1 -4,
~q A=
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 = 262+ 8 = 100kN  u = tan’lagb = 5313 .
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.
0
F/ 8khj
W e F 4
(@) d)
10.0 kN
fe.
v o ']
53.13 +30°'= 83./3° 8313
7/
F=r0.0kd F
(d' ) Ans:
Fr = 9.93kN
F = 1.20 kN

52




© Pearson Education Limited 2017. All rights reserved. This material is protected under all copyright laws as they currently exist.
No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

2-29.

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

SOLUTION
éFRX = ZF; Fr, = Fasinu + 800 cos 30° = 1250
+c R, = IF; Fr, = Facosu - 800sin 30° = 0

u = 54.3°

Fa = 686 N

Ans.

Ans.

Ans:
u = 54.3
F, = 686 N
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2-30.
Determine the magnitude and direction, measured

counterclockwise from the positive x axis, of the resultant
force acting on the ring at O, if F5 = 750 N and u = 45°.

SOLUTION

Scalar Notation: Suming the force components algebraically, we have

&R, = IR Fr, = 750sin 45° + 800 cos 30°
= 122315N S

+C kg, = IR, Fr, = 750 cos 45° - 800 sin 30°
= 130.33N ¢

The magnitude of the resultant force Fg is

Fr = 3Fh, + FA,

= 21223.15% + 130.332 = 1230 N = 1.23 kN

The directional angle uw measured counterclockwise from positive x axis is

u = tan""— = tan

F
1Ry -1, 13033}, _ goge
Fr, 122315

Ans.

Ans.

hy ___Ftson

A
P4

120:33N

Ans:
Fr = 1.23kN
u = 6.08
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2-31.
Two forces act on the screw eye. If F = 600 N, determine y
the magnitude of the resultant force and the angle u if the F

resultant force is directed vertically upward. 30

500N

X
SOLUTION |
The parallelogram law of addition and triangular rule are shown in Figs. a and b
respectively. Applying law of sines to Fig. b,
sinu _ sin30° o °
600 ; sinu=06 u=236.87° =369 Ans.
Using the result of u,
— o o o _ [ 3‘5\.“ -.4
F = 180° - 30° - 36.87° = 113.13 ot
Again, applying law of sines using the result of F, o Fe
Fr 500
K _ 200 _ _ Ea0
sin 113.13° _ sin 30° Fr = 919.61N = 920N Ans. ]
(a} ihy
Ans:
u = 36.9
u= 920N
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*2-32.

Resolve each force acting on the gusset plate into its x and y
y components, and express each force as a Cartesian vector. Fs 650N
?&\ ﬁz =750 N
4
\ 7’
45°
X_ »— X
SOLUTION
F, = {900(+i)} = {900i} N Ans.
F, = {750 cos 45°(+i) + 750 sin 45°(+j)} N
= {530i + 530j} N Ans.
4 . 3 .
Fs; = e650agb(+|) + 650 agb(—])f N
= {520 - 390j)}N Ans.
¢ Es
(3 Jy= 750 Sings ‘N
. _.4:4*51:"”(’*)”
| s N
i i 4
_' 45 | 'J'E?N.-
l-.:l. e I L gzw
(£} 750 coses'N (5)' =bso(HIN
Ans:
F, = 5900i6 N
F, = 5530i + 530j6 N
Fz = 5520i - 390j6 N
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2-33.
Determine the magnitude of the resultant force acting on y
the plate and its direction, measured counterclockwise from Fs 650N

the positive x axis. E&\

SOLUTION

Rectangular Components: By referring to Fig. a, the x and y components of Fy, F,
and F3can be written as

(F1)x = 900N (F)y =0

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

(FS)X

GSOaéb = 520N (Fy)y = 650a:;b = 390N

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 =

+ 0O (Fp), = OF,; (Fr)y = 53033 - 390 = 140.33N ¢

The magnitude-ef-the—resultant force Fgis——
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 positive x axis, is

4 (F .
10( R)yd = tan~1a-22:33

= tan
! (Fr)x 1950.33

b = 4.120'” QF.),} Ans. o

(a}f/‘fo-asﬂ 2
{ ~

— ek A

(Bl = 19501330

Ans:
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Fr = 1.96 kN
u =412
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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°(+j)} N
~ {200i+346j} N
F, = {250 cos 45°(+i)+250 sin 45°(-j)} N

- {177i-177j} N

Ans.

Ans.

< ABL 2esn

5
2D

ErAGON

CE,S, 2260 SInes' N

Ans:
F, = 5200i + 346j6 N
F, = 5177i - 177j6 N
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2-35.

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

SOLUTION

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

(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)y = 346.41 - 176.78 = 169.63 N ¢
The magnitude of the resultant force Fy is

- —— 2 =2 et I S

The direction angle u of Fg, Fig. b, measured counterclockwise from the positive
axis, is

F
1,{ R)yd = tan”

u = tan 1, 169.63

(Fr)x 376.78

b = 24.2° Ans.

60

F

y
30
F, 400N

45 X
250 N

Ans:

Fr, = 413N

u = 242
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*2-36.

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

SOLUTION

+R Fp, = OF,;  Fgy, = —150 cos 30° + 200 sin 45° = 11,518 N
Q+Fg, = OF; Fgy, = 150sin 30° + 200 cos 45° = 216.421 N
Fr = 2 (11.518)? + (216.421)> = 217N

~1,216.421 870°
11518 = = °7

u = tan

Ans.

Ans.

F

200N

X
Ans:

Fr = 217N
u = 87.0
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2-37.

Determine the magnitude of the resultant force and its y
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,

& (FR)y = Fo (Fr)x = 400cos 30 + 800sin 45 = 912.10N S
+c(Fgr)y = F; (Fr)y = 400sin30 - 800cos45 = -365.69N = 365.69 NT
Referring to Fig. b, the magnitude of the resultant force is

Fr = 2(FR)i + (Fr)2 = 2912.107 + 365.692 = 982.67N = 983N Ans.

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

F
PRy an-1a36589) _ 2184 = 218 Ans.

_ -1
uE ANy 912.10

(Fi) . 55400,\) y

()= 910N
—_—

I (Fé),=3é5.69~
(b)

pl |

Ans:
Fr = 983N
u =218
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2-38.

Determine the magnitude of the resultant force and its direction, measured clockwise

from the positive x axis.

Solution

Given:

F1 70N
F» 50N
F3 65N

30
45

Fex= Fy Frx F1 Focos F3cos

Fey= Fy FRry F2sin F3sin

atan | Fry |
|FRx|
FR 978 N Ans.
46.5 Ans.

Ans:
Fr = 978N
y4—46-5
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2-39.

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

SOLUTION

4 3
Fp = _(850) i - _(850) j
1 §( )i g( )

{680 - 510 j} N

F, = -6255sin 30°i - 625 cos 30° j

{-312i - 541j}N
F3 = -750sin45° i + 750 cos 45°

{-530 i + 530 j}N

F3

Ans.

Ans.

Ans.

Ans:

F; = {680i - 510j} N
F, = {-312i - 541j}N
F; = {-530i + 530j} N
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*2-40.
Determine the magnitude of the resultant force and its
direction measured counterclockwise from the positive x axis.

SOLUTION

4
H Fgy = OF,; Fgy = 5(850) - 625sin 30° - 750 sin 45° = -162.83 N

3
+cFg, = OF; Fgy = 5 (850) - 625 cos 30° + 750 cos 45° = -520.94 N
Fr = 2(-162.83)% + (-520.94)> = 546 N Ans.
520.94
= =, = o
F = tan a162.83b 72.64
u = 180° + 72.64° = 253° ARS.

Fs

16283

i

S2.94N

Ans:
Fr = 546 N
u = 253
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2-41.

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

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

Since cos (180° - ¥) = -cos T,

Fr = 2F? + F2 + 2FF cos F Ans.
1 2 12
From the figure,
Fisin ¥
L A s §
u=tant¢ Fisinf Ans.

<
Fy, + Fycos £~

Ans:
R = 2F
u=tanta

+ F£ + 2FRF,cos F
Fysin T
F, + F cos
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2-42.

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

X axis.

Solution

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

EF), = F; (F), =4+5c0s45 - 8sin15 = 5465kN S

+c(Fr)y = Fi (Fr)y = 5sin45 + 8cos15 = 11.263kN ¢
By referring to Fig. b, the magnitude of the resultant force Fg is

Fr = 2(FR)x + (Fr)j = 25465 + 11.263% = 1252kN = 125kN  Ans.

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

(Fr)y 11.263

¢ i =tan"ta~ " b =6412 =641 Ans.

(Fr) 5.465 ( )
RJx F.'3

e

u = tan~?!

X
(fe) = 5465 KA

(b)

Ans:
Fr = 125KkN
u = 64.1
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2-43.

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

SOLUTION
200 sin 45° = 141N

=
)
I

=
._\
Il

200 cos 45° = 141 N
F,, = -150co0s 30° = -130 N

150sin 30° = 75N

=
n
1

Ans.

Ans.

Ans.

Ans.

Y

F1

200N

141N
141N

-130N

= 75N
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*2-44.

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

SOLUTION
+R Fg, = OFy; Fr, = —150 cos 30° + 200 sin 45° = 11.518 N

Q+Fp, = OF,;

o Fgy, = 150sin 30° + 200 cos 45° = 216.421 N

Fr = 2 (11518)? + (216.421)> = 217N

u= tan‘l¢21§'421§

= 87.0°

" F, 200N
X
Ans.
Ans.
Ans:
Fr = 217N
u = 87.0°
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2-45.

Express each of the three forces acting on the support in y F, 50N
Cartesian vector form and determine the magnitude of the
resultant force and its direction, measured clockwise from
positive X axis.

30N

Solution

Cartesian Notation. Referring to Fig. a,
3 4
Fi=F)i +(F)yJ= 50a5bi + 50 a5bj ={30i + 40j}N Ans. ,)}
Fo = ~(F) i - (Fo)y j = -80sin15 i - 80cos 15 j
= {-20.71i - 7727} N
= {-20.7i - 77.3j}N Ans.
F3 = (R i = {301} Ans.

Thus, the resultant force is

FrR = F; FrR =F +F, + R
= (30i + 40j) + (-20.71i - 77.27j) + 30i
={39.29i - 37.27j}N
Referring to Fig. b, the magnitude of F is
Fr = 239.292 + 37.27% = 5416 N = 542N Ans.
And its directional angle u measured clockwise from the positive x axis is

-1, 37.27
39.29

u = tan b = 43.49 = 435 Ans.

F, = {30i + 40j} N

F, ={-207i - 773j}N
F = {301}
Fr = 542N

u = 435
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2-46.

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

o kN
7 X
ooQ
Solution
Scalar Notation. Referring to Fig. a, the x and y components of each forces are
(F)y = Sa:b = 6.40kN S Ans.
3
(F)y = 8a5b =480kN T Ans.
3
Ry = 6a5b =360kN S Ans.
4
(R)y = 6a5b = 480kN c Ans.
(F)x = 4kN d Ans.
(F)y =0 Ans.
(F)y =6kN d Ans.
(Fa)y =0 Ans.
Summing these force components along x and y axes algebraically,
S(F)x= Fo  (FR)x=640+360-4-6=0
+c(R)y = F» (Fr)y = 480 - 480 = 0
Thus,
Fr = 2(F; + (A = 202+ 02=0 (QE.D)
Ans:

(F), = 6.40kN S
(F), = 480kN T

(F)x = 360kN S
(Fz)y = 4.80kN ¢
(F)y =4kN d
(F3)y =0

(F)x =6kN d
(Fa)y =0
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2-47.

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

Solution
Fi = {15sin 40 i + 15cos 40 j} kN

= {9.6i + 11.49j} kN

F, = -26(12>13)i + 26(5>13)j

{~24i + 10j} kN

F; = 36cos30i - 365sin30 ]
= {31.2i + 18j}kN

Ans.

Ans.

Ans.

Ans:

Fi = {9.64i + 11.5f} kN
F, = {-24i + 10j} kN
F, = {31.2i - 18} kN
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*2-48.

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

SOLUTION
Y Fpe = OFy;  Fge = 155in 40° —E(ze) + 36 cos 30° = 16.82 kN
13
- - 5 - -
+cFgpy = OFy;  Fry = 15c0540° + °_(26) ~ 365in 30° = 3491 kN
Fr = 2(16.82)% + (3.491)? = 17.2 kN
3.491
— -1 ===, _ o
u=tana Soob = 117
Also,

F, = {15sin40°i + 15 cos 40° j} kN = {9.64i + 11.5j} kN
P v S o _

Fo= b-15@0)i + 7 (26)ir kN = {~24i + 10j} kN

Fs = {36 cos 30°i - 36 sin 30°%} KN = {31.2i - 18j} kN

FR:F1+F2+F3

= {9.64i + 115j} + {-24i + 10j} + {31.2i - 18]}
= [16.8i + 3.49j] kN

Ans.

Ans.

b |
=
Baa| kN
e
1b.92 gy ¥
Ans:

Fr = 17.2KkN,u = 11.7
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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. | F, 200N
Fs
SOLUTION
T~ F - © 5 — - ° 12 _
T Fpy = OFx ; Fgy = 300sin 70° — 13 (180) = 115.8N
+cFg, = OFy; Fgry = 300 cos 70° + 200 + 153(180) = 3718N
Fr = 2(115.8)% + (371.8)> = 389N Ans.
371.8
=] —lp == = ©
T = tan 5115.8K 72.71 au
i =72.71° - 30° = 42.7° Ans.
Ans:
Fr = 389N
f =427
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2-50.

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

Fs
SOLUTION
+ B ) . o _ - o 12
T Fry = OF,; 800 sin 60° = F;sin(60° + u) — 16‘(180)
+cFg, = OF; 800 cos 60° = Fy cos(60° + u) + 200 + % (180)
60° + u = 81.34°
u = 213° Ans.
F, = 869 N Ans.
Ans:
u =213
F, = 869 N
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2-51.

Determine the magnitude and orientation u of Fz 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
S Ry, = 3F; 0 = 7005sin 30° - Fg oS u
Fg cos u = 350 (D)

+c Fp, = XF; 1500 = 700 cos 30° + Fg sinu
Fg sinu = 893.8 2
Solving Eqg. (1) and (2) yields

u =686 Fg = 960N Ans.

Fa 700N

X
Ans:
u = 68.6
Fs = 960N
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*2-52.
Determine the magnitude and orientation, measured

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

SOLUTION

Scalar Notation: Suming the force components algebraically, we have

& Fp = SF;  Fg = 700sin 30° - 600 cos 20°

-2138N = 2138N d

+C FR‘/ = EF

y»  Fr, = 700 cos 30° + 600 sin 20°

Y

8114N c

The magnitude of the resultant force Fg is

Fr = 2Fk +Ff = 22138 +8114° = 839N

The directional angle u measured counterclockwise from positive y axis is

F o
= tant 2 = tant a2 o8 = 148
8114

Ry

Ans.

Ans.

Ans:
Fr = 839N
u = 14.8

77




© Pearson Education Limited 2017. All rights reserved. This material is protected under all copyright laws as they currently exist.
No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

2-53.

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,

S (), = F; 8cos30 =Fsinu+6 - 4sin15

Fsinu = 1.9635 @)
+c(Fr)y = Fy 8sin30 = Fcosu + 4cos 15
Fcosu = 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 = 1.968kN = 1.97 kN Ans.

Ans:
u = 86.0
F = 1.97kN
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2-54.

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. 4kN F

Solution

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

S (F)x = Fao (Fr)x

5sin30 + 6 - 4sin15 = 7465kN S
+Cc(Fr)y = F; (Fr)y = 4cos15 + 5cos30 = 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

(FR)y
(l R)X

8

194
i =tanta b = 47.67 = 47.7 Ans.
7465

u = tan"%c

y 1
| Gy-i9et

Ans:
Fr = 11.1 kN
u = 47.7

79




© Pearson Education Limited 2017. All rights reserved. This material is protected under all copyright laws as they currently exist.
No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

2-55.

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

SOLUTION

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

F;, and Fg can be written as

) = Fsinf (F)y = F cos ¥
(F)x = 200 N (B)y = 0
F)x = 260¢5<: 100 N (Fy)y = 260¢12<: 240 N
X 13~ ¥y 13~
(Fr)x = 450 cos 30° = 389.71N (Fr)y = 4505sin 30° = 225N i /’-(E)x.
Resultant Force: Summing the force components algebraically along the x and y axes, — iF_ 22 X
=KON
t o(Fyp), = OF,; 389.71 = F, sin ¥ + 200 + 100 | ﬁ F)Jb
1 C37%

F, sin f = 89.71 ) :a /3]
+cO(Fy)y = OF,; 225 = F, cos T ~ 240 I 5\

F, cos F = 465 @) CE)} l F=260N
Solving Egs. (1) and (2), yields (d.)

= 109° F =474 N Ans.

Ans:
=109
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F, = 474N
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*2-56.
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;
(), = 200N (), = 0

5 12
(B)x = 260a ;b = 100N (B)y = 260a,3b = 240 N

Resultant Force: Summing the force components algebraically along the x and y axes,
t o(FR), = OF; (Fy), = 05F + 200 + 100 = 0.5F, + 300

+cO(Fy), = OF,; (Fg), = 0.8660F, - 240

The magnitude of the resultant force Fg is

Fr = 2F): + (Fr)7

= 2(05F, + 300)2 + (0.8660F, - 240)?

= 2F? - 115.69F + 147 600 (1)
1 1
Thus,
F{ = F£ - 115.69F + 147 600 ()

The first derivative of Eq. (2) is

op. &R = 2F, - 115.69 ®)
R
dF,

iy = 0.Thus, from Eq. (3)

For Fg to be minimum, dF,

dFy - o - -
2w, UR = 2F, - 11560 = 0
dF

F, = 57846 N = 578 N Ans.

from Eqg. (1),

Fp = 2(57.846)% - 115.69(57.846) + 147 600 = 380 N Ans.
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Ans:
F, =578 N
Fz = 380N
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2-57.

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

¥ Fpy = OF,; Fg, = 8 — F cos 45° - 14 cos 30°
= —-4.1244 - F cos 45°

+cFg, = OF,; Fgy, = —F sin 45° + 14sin 30°

7 - F sin 45°

N

Fg§ = (-4.1244 - F cos 45°)2 + (7 — F sin 45°)?

dFg

14 kN

@

2Fg aF - 2(-4.1244 - F cos 45°)(-cos 45°) + 2(7 - F sin 45°)(-sin 45°) = 0

F = 2.03kN

From Eq. (1); Fr = 7.87kN

Also, from the figure require

(Fr)y, = 0 = ©F; F + 145sin 15° - 8cos 45° = 0
F = 2.03kN

(Fr)y, = ©F; Fr = l4cos 15° - 8sin 45°
Fr = 7.87kN

Ans.

Ans.

Ans.

Ans.

Ans:
F = 2.03kN
Fr = 7.87 kN
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2-58.

Express F; and F, as Cartesian vectors.

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

=5-1501i - 26.0j6 kN

5 12 .
F, = - 1312621 + 512621

- {-100i + 24.0j} kN

Ans.

Ans.

Ans:
F, = {-15.0i - 26.0j} kN
Fo—{-100i + 240} kN
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2-59.

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

X axis.

SOLUTION
t F, = OF;
+ cFRy = ©Fy;

Fre = - 30sin 30° - 1531262 = -25 kN

12
Fry = —-30 cos 30° + 131262 = -1.981 kN

Fp = 21-2522 + 1-1.9812% = 25.1 kN

1.981
- -1, == - o
f = tan""a 25 b = 453

u = 180° + 4.53° = 185°

Ans.

Ans.

Ans:
Fr = 25.1kN
u = 185
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*2-60. Determine the coordinate angleg for F, and then Fr—450-
express each force acting on the bracket as a Cartesian
vector.

Solution

Rectangular ~ Components:  Since cosa, + cos’h, + cos’g, = 1, then
cos gy, = § 21 - cos?45 - cos?60 = {0.5. However, it is required g, 7 90,
thus, g, = cos™!1=0:52—=126—Byresolving F, and F, into their x, y, and z compo-
nents, as shown in Figs. a and b, respectively F, and F, can be expressed in Cartesian
vector form as

F1 = 450 cos 45 sin 30 (-i) + 450 cos 45 cos 30 (+]) + 450sin 45 (+Kk)
= 5-159i + 276j + 318k6 N Ans.
F, = 600 cos 45 i + 600 cos 60 j + 600 cos 120 k

= 5424i + 300j - 300k 6 N
Ans.

Eboon

(b) Ans:

F, = 5-159i + 276j + 318k6 N
F, = 5424i + 300j] - 300k 6 N
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2-61. Determine the magnitude and coordinate direction
angles of the resultant force acting on the bracket.

Solution

Rectangular ~_Components: __ Since cos?a, + cos’h, + cosg, =1,  then =
cos gy, = £ 21 - cos?45 - cos260 = {0.5. However, it is required a, 7 90,

thus, g, = cos™11-0.52 = 120 . By resolving F, and F, into their x,y, and z compo-

nents, as shown in Figs. a and b, respectively F; and F, can be expressed in Cartesian

vector form, as

F; = 450 cos 45 sin 30 (-i) + 450 cos 45 cos 30 (+]) + 450sin 45 (+Kk)
= {-159.10i + 275.57j + 318.20k6N Ans.
F, = 600 cos 45 i + 600 cos 60 j + 600 cos 120 k

= 5424i + 300j - 300k} N
AnNs.

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

FR:F1+F2

(-159.10i + 275.57j + 318.20K) + (424.26i + 300j - 300kK)

5265.16i + 575.57j + 18.20k6N

The magnitude of Fp is

R = 2(FR); + (R + (R
= 2265.162 + 575.572 + 18.20% = 633.97 N = 634N Ans.

The coordinate direction angles of Fy are

a = cos—lc(ER)*d = cos~ 129210y _ 653 Ans.
= 633.97

b = COS_lC i = cos‘1a575'57 = 24.8 Ans.
Fr 633.97

g = Cos-lcﬁ"fkd = cos1a 320y _ ggy Ans.
=N 633.97

Ans:

F, = {-159.10i + 275.57j + 318.20K} N
F, = {424i + 300j - 300k} N

Fr = 634N
a = 65.3
b =248
g = 884
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2-62.

Determine the magnitude and coordinate direction angles
of the force F acting on the support. The component of F in

the x9y plane is 7 kN.

Solution

Coordinate Direction Angles. The unit vector of Fis

Ugp = cos 30 cos40i - cos30 sin40j + sin 30 k

= {0.6634i - 0.5567j + 0.5k}

Thus,
cosa =
cosb =

cos g =

0.6634;
-0.5567;
0.5;

a

b
g

48.44 = 484
123.83 = 124
60

The magnitude of F can be determined from
Fcos30 =17;

F = 8.083kN = 8.08 kN

7 kN

Ans.
Ans.
Ans.

Ans.

Ans:

a = 484
b=124¢
= 60

F = 8.08 kN
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2-63.

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 - cos?a - cos’g

= 21 - c0s?60° - cos?45°

b = 120°

F, =180 cos 60°] = 40N Ans.
F, =180 cos 120°| = 40N Ans.
F, =180 cos 45°| = 56.6 N Ans.

Ans:

F, = 40N
F, = 40N
F, = 56.6 N
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*2-64.

The stock mounted on the lathe is subjected to a force of
60 N. Determine the coordinate direction angle b and
express the force as a Cartesian vector.

SOLUTION
1= 25852 a 6832 b 6832 g
1 = cos?60° + cos? b + cos?45°
cosb = ; 05
b = 60°,120°
Use
b = 120° Ans.

F = 60 N(cos 60°i + cos 120°j + cos 45°k)
= {30i - 30j + 42.4k} N Ans.

Ans:
b = 120°
F = {30i - 30j + 424k} N
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2-65.  Specify the magnitude F5 and directions a3, bs, and gz of
F3 so that the resultant force of the three forces is Fr = {9j} kN.

SOLUTION
Initial Guesses: F3x 1 Fay 1kN
kN
Fax 0
F2
Given Fr Fay Fq1 cos \/7
2 d 2
Faz sin ¢ c

Fi 12kN ¢ 5

Fp 10kN d 12

30
0
FRr 9 kN
0
F3x F3x
F3z F3;
3 | | 3 15.5
_F3
3 acos ~_- 3 98.4 deg
F3
3 3 77.0

9.2

F3 14 KN F3 9.6kN

2.2

Ans.

Ans.

Ans:
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F; = 9.6 kN
az = 155
b3 = 08.4
g3 = 77.0
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2-66.
Determine the magnitude and coordinate direction angles z
of the resultant force, and sketch this vector on the
coordinate system. F, 125N
:
3]
4
,-" f y
‘ 20 ' 60
» < 4o lde
45|' =2
2 1 400 N
Solution ‘
Cartesian Vector Notation. For Fy and F,, %

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

F, = 125 cg(cos 20)i - g(sin 20)j + gkd — {93.97i - 34.20j + 75.0k}
Resultant Force.
FR = Fl + FZ
— (282.84i + 200j - 200K} + {93.97i - 34.20j + 75.0k}
~ (376.81i + 165.80j - 125.00k} N

The magnitude of the resultant force is X’
Fr = 2R+ +(F)Z = 2376:81%+165:80>+(—125:00)
= 430.23N = 430N Ans.
The coordinate direction angles are
(Fr)x _ 376.81
= = ; = 28. = 28. Ans.
cos a 13023 ° a 8.86 8.9 ns
cos b = (FR)y = :.16520’ b = 67.33 = 67.3 AnS.
- 43023
(Fr), —125.00
cos g = = 106.89 = 107 Ans.

Fr 43023 ' 8

Ans:

Fr, = 430N
a = 28.9
b =673
g = 107
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2-67.

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

Solution

Cartesian Vector Notation. For F; and F,

450a° j - Y kb = {270j - 360K} N
51" 5

525 (cos 45 i + cos 120 j + cos 60 k) = {371.23i — 262.5j + 262.5k} N

Fy

F
Resultant Force.
FR=F +F
= {270j - 360k} + {371.23i - 262.5j + 262.5k}
= {871.23i + 7.50j - 97.5k} N
The magnitude of the resultant force is

Fr = 2 + (RS + (Fr)3

2371.23% + 7.50° + (—97.5)?

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

(FR)x _ 371.23 . B B

cos a = F. 38389 a=1476 = 148 Ans.
(Fr)y 7.50

_ = : = . = . A .
cosb = r. 383.89 b = 88.88 = 889 ns
(Fr) - =202 o _ 40471 = 105 Ans.

cosg = Fr 383.89°

F,

525 N

Ans:
Fr = 384N
371.23
0sa = . a = 14.8
7.50
cosb = b = 88.9
cosg = =95 . 105
€ “38380 ' &~
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*2-68. Determine the magnitude and coordinate direction
angles of F3; so that the resultant of the three forces acts
along the positive y axis and has a magnitude of 600 N.

SOLUTION
Given:
F 600 N
F1 180 N
Fo 300N
1 30
2 40

Initial guesses:

40 50
50 F3 45N
Given
Fey= Fy 0 Fi1 Fpcos 1 sin 2 F3cos
Fry= Fy F Fpcos 1 cos 2 F3zcos

Fr,= Fj 0 Fosin 1 Fj3cos

2 2 2
cos cos cos 1

Find F3 F3 428N

88.3
20.6 deg

69.5

Ans:

F; = 428N
a = 88.3
b = 20.6
g = 69.5
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2-69. Determine the magnitude and coordinate direction z
angles of F3 so that the resultant of the three forces is zero.

SOLUTION

Given: X

Fi 180N 1 30

Fp 300N o, 40

Initial
guesses: 40 50
50 F3 45N
Given
Fre= Fyo 0 F1 Fpcos 1sin 2 Fjzcos
Fey= Fy 0 Fpcos 1 cos o Fjzcos
Fr,= F, 0 Fosin 1 F3cos
2 2 2
cos cos Ccos 1
F3
87.0
Find F3 F3 250N 142.9 deg Ans.
53.1

Ans:

F; = 250N
a = 87.0
b = 1429
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g =531
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2-10.

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

F,=300N

SOLUTION
F, = 300(—cos 60° sin 45°i + cos 60°cos 45°j + sin 60°k)
= {-106.07i + 106.07j + 259.81k} N

= {-106i1 + 106j + 260K} N

Ans.
F, = 500(cos 60°i + cos 45°] + c0s120° k)
= {250.0i + 353.55j — 250.0k} N
= {250i + 354j — 250k} N
Ans.
Fr=F, + F,
= -106.07i + 106.07j + 259.81k + 250.0i + 353.55j - 250.0k
= 143.93i + 459.62j + 9.81k
= {144i + 460j + 9.81k} N Ans.
Fp = 2143.93% + 459.62% + 9.81°> = 481.73N = 482N Ans.
Fr _ 143.93i + 459.62j + 9.81k _ )
Up, = = = = 0.2988i + 0.9541j + 0.02036k
B py 481.73 ' /
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 + 354j - 250k} N
Fr = {144i + 460j + 9.81k} N
Fr, = 482N
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a = 726
b = 174
g = 888
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2-T71.

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

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.

F,=300N

Ans:

a; = 111
b; = 69.3
g, = 30.0
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*2-72.
Determine the magnitude and coordinate direction angles z
of the resultant force, and sketch this vector on the F, =400 N

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

Fr = 2(RR)> + (F)? + (F ) = 2575522 + 131522 + (—153.55)>
X Ry R z

~ 610:00N-=616N————  Ans, }z =6/0N
The coordinate direction angles are
(FR)x _ 575.52
= = = 19. =194 Ans.
cos a Fe 610.00 a 9.36 9 ns
cos b = = ' b =77549 =775 Ans.
Fr 610.00
(Fr), =15355
cosg = g = 10458 = 105 Ans.

Fr _ 610.00

Ans:

Fr, = 610N
a =194
b =775
g = 105

102




© Pearson Education Limited 2017. All rights reserved. This material is protected under all copyright laws as they currently exist.
No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

2-73.

Determine the coordinate direction angles of force F;.

SOLUTION

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

(F), = 6004’ b cos 30° N (F), = 600a b sin30°N  (F), = 600a°b N

5 5 5
Thus, F; expressed in Cartesian vector form can be written as
Fi = 600e2; cos 30°(+i) + 25[ sin 30°(-j) + §(+k)f N
= 600[0.6928i - 0.4j + 0.6k] N
Therefore, the unit vector for Fy is given by
U F, _ 600(0.6928i - 0.4j + 0.6k 0.6928i - 0.4i + 0.6k
) 600 - el = A S
The coordinate direction angles of F; are
a = cos Y(up,), = cos™}(0.6928) = 46.1° Ans. ( a)
b = cos™}(up,), = cos™H(-0.4) = 114° Ans.
g = cos }(up,), = cos}(0.6) = 53.1° Ans.

Ans:

103




© Pearson Education Limited 2017. All rights reserved. This material is protected under all copyright laws as they currently exist.
No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

a = 46.1
b=1l4g¢g
=531
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2-T74.

Determine the magnitude and coordinate direction angles
of the resultant force acting on the eyebolt.

SOLUTION

Force Vectors: By resolving F; and F, into their X, y, and z components, as shown in
Figs. a and b, respectively, they are expressed in Cartesian vector form as

F, = GOOagbcos 30°(+1) + GOOagbsin 30°(-j) + 600a§b(+k)

= 5415.69i - 240j + 360k6 N
F, = Oi + 450 cos 45°(+]) + 450 sin 45°(+k)
- 5318.20j + 318.20k6 N

Resultant Force: The resultant force acting on the eyebolt can be obtained by
vectorally adding F; and F,. Thus,

FrR=F, +F

(415.69i - 240j + 360K) + (318.20j + 318.20K)

= 5415.69i + 78.20j + 678.20k6 N

The magnitude of Fy is given by

Fr = 3(FR)’ 7 (FR)y * + (FR).* z
= 3(415.69)? + (78.20)% + (678.20)% = 799.29N = 799 N Ans.
The coordinate direction angles of Fy are F)b

(Fr)x 415.69 .H(

a = cos tc Py ¢ = cos‘1a799.29b = 58.7° Ans. fl ‘5: 450N
(Fr)y 45

b = coslc Py i cos‘lag;'.zng = 84.4° Ans. % \
Fr), 678.20 H (5)7 g

g = cos ke Fy i =cos! 809,090 = 320° Ans. (b)

Ans:

Fr = 799N
a = 58.7
h — 844
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g = 320
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2-75.

Express each force in Cartesian vector form.

y

Solution
Cartesian Vector Notation. For Fy, F, and F;, X

_ 4. 3 _ .
F, =90 a5| + c kb = {72.0i + 54.0k} N Ans.
F, = 150 (cos 60 sin 45 i + 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
F; = {200 k}
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*2-T6.

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

Solution

Cartesian Vector Notation. For F;, F, and F3,

F, = 90 agi + gkb = {72.0i + 54.0k} N

F, = 150 (cos 60 sin 45 i + cos 60 cos 45 j + sin 60 k)
= {53.03i + 53.03j + 129.90k} N

F; = {200k} N

Resultant Force.
F = Fl b Fz + F3

= {125.03i + 53.03j + 383.90} N
The magnitude of the resultant force is

R = 2} + (R)Y +

(72.0i + 54.0k) + (53.03i + 53.03) + 129.90k) + (200k)

2 = 2125.03% + 53.03% + 383.90°

= 407.22N = 407N

And the coordinate direction angles are

(FR)x _ 125.03

Fl = 10722 a=17212 =721

cos a =

(Fr)y _ 53.08
cosb = F,  407.22

b =8252 =825

(Fr), _ 383.90
CHE = o T 407.22°

g = 1948 =195

DA . ——— N
-
w
o o
o
o
P
n
~
=
a1
o
P

3}

/s
A
A
<

F, 90N

Ans.

Ans.

Ans.

Ans.

Ans:

Fr, = 407N
a=721
b =825
g =195
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2-77.

The cables attached to the screw eye are subjected to the
three forces shown. Express each force in Cartesian vector
form and determine the magnitude and coordinate direction
angles of the resultant force.

SOLUTION

Cartesian Vector Notation:

F, = 3505sin 40°j + cos 40°k6 N

[u

5224.98j + 268.12k6 N

5225j + 268k6 N

F, = 1005cos 45° + cos 60°j + cos 120°k6 N
= 570.71i + 50.0j - 50.0k6 N
= 570.7i + 50.0j - 50.0k6 N

F3 = 2505cos 60°i + cos 135° + cos 60°k6 N

= 5125.0i - 176.78j + 125.0k6 N

5125i - 177 + 125k6 N

Resultant Force:

FR=F1+F2+F3

5195.71i + 98.20j + 343.12k6 N

The magnitude of the resultant force is

FR = ZFRX ok FRy P FRz

407.03 N = 407 N

The coordinate direction angles are

Fr. 19571
_ X _ — 1 o
cos a Fr 407.03 a =613
Fr, 9820
_ 'y — — 7 . o
cosb =~ 40703 b= 760
Fr, 34312
= = = 32.5°
S8 = pr T 40703 ®

2195.71¢ + 98.20° + 343.12¢

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

5170.71 + 125.02i + 1224.98 + 50.0 - 176.782j + 1268.12 - 50.0 + 125.02k6 N

1 =350 N

40°

Ans:

Fi = {225j + 268k} N

F, = {70.7i + 50.0j - 50.0k} N
F; = {125i - 177j + 125k} N

Fr = 407N
a =613
b = 76.0
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g =325

110



© Pearson Education Limited 2017. All rights reserved. This material is protected under all copyright laws as they currently exist.
No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

2-78. The mast is subjected to the three forces shown.
Determine the coordinate direction angles a;, by, g; of

F, so that the resultant force acting on the mast is
Fr = 5350i6 N.

Solution
F, = 500 cos a4i + 500 cos byj + 500 cos g,k
Fr = Fy + (-300j) + (-200Kk)

350i = 500 cosa;i + (500 cosb; - 300)j + (500 cosg; - 200)k

350 = 500 cos ay; a; = 456 Ans.
0 = 500cos b; - 300; b, = 53.1 Ans.
0 = 500cos g; - 200; g, — 66.4 Ans.

Ans:

a; = 456
b, = 53.1
gl = 664
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2-79. The mast is subjected to the three forces shown.

Determine the coordinate direction angles aj, by, g, of
F, so that the resultant force acting on the mast is zero.

Solution

F, = 5500 cos a;i + 500 cos b;j + 500 cos g;k6N
F, = 5-200k6N

F3 = 5-300j6N

FRr=F +F,+F =0

500cosa; = 0; a; = 90
500 cos b; = 300; b, = 53.1
500 cos g; = 200; g, — 66.4

Ans.

Ans.
Ans.

Ans:

a; =90
bl = 531
g; = 664
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*2-80.

Express each force as a Cartesian vector.

SOLUTION

Rectangular Components: By referring to Figs. a and b, the x, y, and z components

of F; and F, can be written as

(Fy)y = 300 cos 30° = 259.8 N (F,); = 500 cos 45° sin 30° = 176.78 N
(F)y =0 (F,), = 500 cos 45° cos 30° = 306.19 N
(Fy); = 300sin 30° = 150 N (F2), = 500 sin 45° = 353.55 N

Thus, F, and F, can be written in Cartesian vector form as
F, = 259.81(+i) + 0j + 150(-k)
= {260i - 150k} N
F, = 176.78(+i) + 306.19(+j) + 353.55(-k)

2{177i + 306j - 354k} N

Ans.

Ans.

Ans:
F, = {260i - 150k} N
F, = 2{177i + 306j - 354k} N
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2-81.

Determine the magnitude and coordinate direction angles z
of the resultant force acting on the hook.

—
30
X 3
SOLUTION
Force Vectors: By resolving F; and F, into their X, y, and z components, as shown in oN /
Figs. a and b, respectively, F; and F, can be expessed in Cartesian vector form as
F; = 300 cos 30°(+i) + 0j + 300 sin 30°(-k)
= {259.81i - 150k} N » 500N
F, = 500 cos 45°sin 30°(+i) + 500 cos 45° cos 30°(+]j) + 500 sin 45°(-K)
= {176.78i - 306.19j - 353.55k} N
Resultant Force: The resultant force acting on the hook can be obtained by vectorally
adding F; and F,.Thus,
FR=F +F
= (259.81i - 150k) + (176.78i + 306.19j - 353.55k)
= {436.58i) + 306.19j - 503.55k} N
The magnitude of Fg is
Fr = 2(Fp)’ + (Fr)y*(Fr),’
= 2(436.58)? + (306.19)> + (-503.55)> = 733.43 N = 733 N Ans.
The coordinate direction angles of Fy are
u, = cos‘lc(EFRIKd = cos™? aizgigb = 53.5° Ans.
uy = cos‘lc(?;)yd = cos7! aiggigb = 65.3° Ans.
o . -503.55 500 N
u, = cos™t¢ Fy i = cos‘lamb = 133° Ans. E’

Ans:
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2-82.

Three forces act on the ring. If the resultant force Fy has a z
magnitude and direction as shown, determine the
magnitude and the coordinate direction angles of force Fs.

SOLUTION

Cartesian Vector Notation:

Fr = 120{cos 45°sin 30°i + cos 45°cos 30°j + sin 45°k} N

— {42.43i + 73.48j + 84.85k} N

Fi = 8ob§i + %kr N = {64.0i + 48.0k} N

F, = {-110k} N
Fs={Fi+Fj+FKN
Resultant Force:
FR =F, +F, + R

{42.43i + 73.48) + 84.85k} = £AG4.0 + F5 Bi + F3 j + 448.0 - 110 + F; BiF
Equating i, j and k components, we have
64.0 + I3 = 4243 F, = -2157N

F, = 7348N

48.0 - 110 + F; = 84.85 F;, = 146.85N

The magnitude of force F; is

F, - 2F3_+ F3i + F3,

= 2(-21.57)% + 73.48% + 146.852
= 165.62N = 166 N Ans.

The coordinate direction angles for F5 are

F_ - -2157
e = 975°
cos a F, 165.62 a =975 Ans.
B 7348
= = b = 63.7° .
cos b F 16 Ans
3
F;, 14685
cosg = = F, = 16562 g =275 Ans.

Ans:
F; = 166 N
d — JI7.0
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b = 637
g =275
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2-83.

Determine the coordinate direction angles of F; and Fg.

SOLUTION

UnitVector of F; and Fy:

uF1:§i+§k:0.8i+0.6k

ugr = cos 45°sin 30°i + cos 45° cos 30°j + sin 45°k

0.3536i + 0.6124j + 0.7071k

Thus, the coordinate direction angles F; and Fy are

cos ap, = 0.8 ap, = 36.9° Ans.
cos by, = 0 by, = 90.0° Ans.
cos gp, = 0.6 gp, = 53.1° Ans.
cos ag = 0.3536 agp = 69.3° Ans.
cos by = 0.6124 by = 52.2° ARS.
cos gg = 0.7071 gr = 45.0° Ans.

Ans

ag, = 36.9
b, = 90.0
gr, = 531
ar = 69.3
by = 52.2
gr = 45.0

118




© Pearson Education Limited 2017. All rights reserved. This material is protected under all copyright laws as they currently exist.
No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

*2-84.

The pole is subjected to the force F, which has components
acting along the x, y, z axes as shown. If the magnitude of F
is3kN, b = 30°,and g = 75°, determine the magnitudes of
its three components.

SOLUTION

cos’a + cos?’b + cos?g =1

cos? a + cos? 30° + cos? 75° = 1
a = 64.67°

F, = 3cos 64.67° = 1.28 kN

X

F, = 3cos 30° = 2.60 kN

F, = 3cos 75° = 0.776 kN

Ans.

Ans.

Ans.

F
>y
/
Ans
F, = 1.28 kN
F, = 2.60 kN
E, = 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.

e »—
SOLUTION

/:4

T

cos®a + cos’b + cos’ g = 1

15 2 o, 125 2 /
275° + a = X

an + COoS F b 1

F = 2.02kN Ans.

F, = 2.02 cos 75° = 0.523 kN Ans. &>

Ans:
F = 2.02kN, Fy, = 0.523 kN
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2-86.

Determine the lengths of wires AD, BD, and CD. The ring Z
at D is midway between A and B.

A | \D B
SOLUTION A o
05m, (',"L ' 2m } |
: A >
2+00+215+05 } y
bm =D(, 1,1

Da 5 ' g 2 m ( ) m bt 12
rap = (1 -2)i+(1-0)j+(1-15k

= -1i + 1j - 05k “
rgp = (1 - 0)i + (1 -2)j+ (1 -05k

= 1i - 1j + 05k
rep =0 -0i + (@ -0)j + (@1 -2k

= 1i +1j -1k
rap = 24-1F+12+(-057 = 150m Ans.
rgp = 242 +{(-12+05” = 1.50m Ans.
rep = 212 + 12 + (-1)> = 1.73m Ans.

Ans:
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I’AD =150m
FBD = 1.50m
I’CD =1.73m
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2-87.

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
Thus, the magnitude of rag is

rag = 2129.90% + 375% = 396.86 mm = 397 mm Ans.

Ans:
rag = 397 mm
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*2-88.

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

SOLUTION

Position Vector: The position vector rp, directed from point A to point B, is given by
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 - yj - zk

UaB =

TAB 9

The unit vector for force Fis

350 - 250j - 450K
up = - = : - 0.5623i - 0.4016j - 0.7229K

¥ , 3507+ (~250)7 + (~450)°
Since force F is also directed from point A to point B, then

uap = Up

s P k
Xl = y] - zk _ 0.5623i - 0.4016j — 0.7229k

|

Equating the i, j,and k components,

ol

9 = 0.5623 x = 5.06m Ans.
Y- —04016 y = 361m

9 . : Ans.
7?2 - 0.7229 z=651m Ans.

Ans

X = 5.06m
y = 361lm
z =651m
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2-89.

Determine the magnitude and coordinate direction angles
of the resultant force acting at A.

SOLUTION

Force Vectors: The unit vectors ug and ug of Fg and Fg must be determined

first. From Fig. a

s (=15 -05)i +[-25 - (-15)]j + (2 - O)k

up = =
P 3(-15 - 057 + [-25 - (-15)Z + (2 - 0)?
2. 1. 2
= - 4i- 3] + 3k
y _fo_ (=15 - 05)i + [05 - (-15)]j + (35 - Ok
o=

'c  3(-15 - 0572 + [05 - (-15)° + (35 - 0)?

Thus, the force vectors Fg and F¢ are given by

i - ]éj + kb =5-400i - 200j + 400k6 N

w N
w N

Fg = FBUB = 600a -
4. 4.7 : :

Fc = Foug = 450a—9| + 9] + 9kb = 5-200i + 200j + 350k6 N

Resultant Force:

Fr = Fg + Fg = (-400i - 200j + 400k) + (-200i + 200j + 350k)

5-600i + 750k6 N

The magnitudeofFgis——

Fp = BEFEp+Fry2+(Fr), ?

33(-600)? + 0% + 7502 = 960.47 N = 960 N

The coordinate direction angles of Fy are

(Fr)« -600
— -1 DEX g -1 — °
a =cos ¢ Fy i = cos 3960.47b 129
(F R)y
0
_ -1 _ -1 — o
b = cos*¢ P d = cos a960.47b 90
(FR), 760
= cost¢ = cos™? = 38.7°
g Fy i = cos a960.47b 38.7

Ans.

Ans.

Ans.

@)

(33

C(—15,05,35)m

Ans:
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2-90. The door is held opened by means of two chains. If
the tension in AB and CD is Fy =300 N and Fc = 250 N,
respectively, express each of these forces in Cartesian vector
form.

Solution

Unit Vector: First determine the position vector r g and rep. The coordinates

points A and C are

A30, -(1 + 1.5c0s30 ), 1.5sin 30 4m = A(0, -2.299, 0.750) m

C[-2.50, -(1 + 1.5¢0s 30 ), 1.55in 30 4m = C(-2.50, -2.299, 0.750) m

Then
fag = 5(0 - 0)i + 30 - (-2.299)4j + (0 - O.750k 6m
= 52299j - 0O.750k 6m
rag = 22.299° + (-0.750)? = 2.418 m

2.299j - 0.750k :
Upg = 2B = = 0.9507j - 0.3101k
'aB 2.418

Fep = 5[-05 = (=25)4i + 30 - (-2.299)4j + (0 - 0.750)k6 m
= 52.00i + 2.299] - 0.750k 6m

reo = 22.00% + 2.299° + (-0.750)2 = 3.318 m
rcp  2.00i + 2.299f - 0.750k

Ucp =

I'cp 3.318

Force Vector:
Fa = Falag = 30050.9507j - 0.3101k} N
= 5285.21j - 93.04k 6 N
= 5285j - 93.0k 6 N
Fc = FeUcp = 25050.6373i + 0.7326j - 0.2390k 6 N
= 5159.33i + 183.15] - 59.75k 6 N
= 5159i + 183j - 59.7k 6 N

= 0.6373i + 0.7326j - 0.2390k

of

Ans.

Ans.

Ans:
Fa = {285j - 93.0k} N
Fc = {159i + 183j - 59.7k} N
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2-91.

If 560 N and 700 N, determine the magnitude
FB = FC‘ =

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 B c B c
r 2_0)ii_, (3 _ 0)j_ (0_6)k 2 3 _ 6
_ B _ = T _ ) A k
ug = _ = = _j j
" Ve-op+(-3-op+-62 | 7

fce _ B-0i+(@2-0)j+ @06k =§i+g_ 6,
e V@B -07+@- 02+ (0- 6y

Uc =

Thus, the force vectors F” and F are given by

p=1Fp p= (f_* _*)={ - - } Zz

2. 3. 6 . .
F u 560 L 7k 160i 240j 480k N
c=Fc c= - +—- —-— )=/{ + — 1 F
B
m
F u 700 3i %5 Sk s00i 200 600k N A€0,0,6)
77 g Ky py E
RgseltaptiForee= = = + + = M Xe
&
='i__ = o B . . [
F F (160i 240j 480k) (300i 200j 60OK) ¢
460 40j 1080k N B, 30)m
Fo= \/ Foe & Fg, + Fg /
He magnitddé of F " i§ g
=V + o=t - = =
(122 (e x c(3z20)m %
460)2 (402 ( 1080532 117456 N 117 kN Ans.
_ _ (&)

The coord[na(fe?d rection ar(gles of F/ are

B = ’{(FR‘}— (460 )—
cos | Fi s 1 66.9° AnNSs.
1174.56
! (F 40
1 1 - o
cos - —— 117456 92.0 Ans.
cos ! ) cos ! 1080 157° A
117456 ns.
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Ans:

Fr = 1.17kN
a = 66.9

b = 92.0

g = 157
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*2-92.

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

SOLUTION

Force Vectors: The unit vectors u and u.of F and F.must be determined first.

From Fig. a

LT @-0i4(3-0i+0-8k 2 3 6

= = -1 _ —
roe_op(8_of 0_er T 7
roB_0i,2_0j,0_6k 3 2. 6
C

_— = — + —
e NB-o0Fi@-0Fs0-62 T T 7
Thus, the force vectors F and F . are given by

k

2. 3. 6 . _
F_pu _ 700(7| _ 2 _7k) _ (200i _ 300j _ 600k, N
F u seodi % Sk 240i 160j 480k, N
c=Fp o= (;L +;LJ—;L)={ !

Resultant Force:

F F F
R= T =
440i  140j 1080k N

(200i  300j 600k) (240i 160j  480k)

The magnitude of F is

R
(Y2 g 2

()2
] \ U \ ]
FR=\/\FR + FRV + FR
2 )

2 2 117456 N 1.17kN
= + - + - = =
The coordinate direction angles of F are
R
440
cos (_FRL c0s '/T7aEs)  68.0°
) {(F } ) 140 )
1 1 - o
cosi Fry cosf 117456° 96.8
ﬁ = = =
cos * ( Fjj cos 1 2080 157°
B { Fpg } B (1_174.56)
Y= Fe | ™ =

Ans.

Ans.

Ans.

Ans.

A
6m Fg
Fc
2m
B
3m
2m 3m v
X C
4
F
N\ } &,0,6)m
Wp/ 73
Ke
fa
e
B3 0m

X

44 3,2,0)m 7}

#)
Ans
Fr = 1L17kN
a = 68.0
b = 96.8
g = 157
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2-93.

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

Solution

Unit Vectors. The coordinates for points A, B and C are (0, —0.75, 3) m,
B(2 cos 40, 2sin 40 ,0) m and C(2, -1, 0) m respectively.

rag _ (2c0s40 — 0)i + [2sin40 — (=0.75)]j + (0 — 3)k

u = =
AB T ras  2[2c0sd0 - 00 ¥ [2sind0 - (-0.75)Z ¥ (0 - 3)2
= 0.3893i + 0.5172j - 0.7622k
(2 - 0)i +[-1 - (-0.75)]j + (0 — 3)k
u — -AC =
ACT e 2002 F[-I- (075 +0-3)

0.5534i - 0.0692j - 0.8301k

Force Vectors
Fag = FagUag = 250 (0.3893i + 0.5172j — 0.7622k)
= {97.32i + 129.30j - 190.56k} N
= {97.3i + 129j - 191k} N Ans.

Fac = FacUac = 400 (0.5534i - 0.06917j - 0.8301k)
= {221.35i - 27.67j - 332.02k} N

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

Resultant Force
Fr = Fag + Fac
= {97.32i + 129.30j - 190.56k} + {221.35i - 27.67j - 332.02k}
= {318.67i + 101.63j - 522.58 k} N
The magnitude of Fy is
Fr = 2@+ (FR)2 + (Fr)2 = 2318.672 + 101.63% + (=522.58)2
= 62046 N = 620 N
And its coordinate direction angles are
(FR)x _ 318.67

cos a = = ; a =59.10 =591 Ans.
F, 62046
(Fr)y  101.63 Fag = {97.3i - 129j - 191k} N
el R — . = =

Cosb = (% = gppa D 8057 =806 ARS. Fac = {2210 - 27.7j - 332k} N
(Fr); _ —522.58 _

COsg = g = ot g= 14738 = 147 Ans. cosa = 59.1

87 R 62046 % cos b = 80.6

cosg = 147
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2-94.

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

Solution
r={4i + 2j +zk}m

r=207°%+©2° + 2)° =8

Z = 6.63m AnNs.

Ans:
6.63m
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2-95.

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

Solution

r={i+yj+5km

r=2007+ @ + 67” =8
X =y, thus

%% =8 - 5°

X =y =442m

Ans.

Ans:
442 m

133




© Pearson Education Limited 2017. All rights reserved. This material is protected under all copyright laws as they currently exist.
No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

*2-96.

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

C
Solution
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+@-0)j+©O-3k={2i+4)-3kIm
raB 2i + 4] — 3k 2 4 3
Uag = . = = i+ o J - . k
AB 222+ 42+ (=32 229 229 229
frac = (-3 -0)i+ (-4 -0)j+ (0-3k={3i-4-3km
rac —3i — 4] — 3k 3 4 3
Uac = = =- _i- _j- _k
AC  2(-3)% + (-4)%2 + (—3)? 234 234 234
Force Vectors
FAB: FABUAB: 200a 2_|+ 4_j_ 3_ kb
229 229 229
= {74.28i + 148.56j - 111.42k} N
FAC = FACUAC = 150 a- 3_ i - 4_ J - 3_ kb
234 23 234
= {-77.17i - 102.90j - 77.17k} N
Resultant Force
Fr = Fag + Fac
= {74.28i + 148.56j — 111.42k} + {-77.17i - 102.90j - 77.17k}
= {-2.896i + 45.66j — 188,59k} N
The magnitude of the resultant force is
Fr = 2(RRY + (RY + (R): = 2(-2.896)% + 45.66° + (—188.59)°
= 19406 N = 194 N Ans.
And its coordinate direction angles are
(Fr)x _ —2.896 ~ ~
cosa = Fr = 19406 a = 90.86 = 90.9 Ans.
(Fr)y 4566
= = ; b =7639 =764 AnNs.
Csb= £ 7 19406
(Fr); -188.59
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cos g = P = 194.06 ;g = 166.36 = 166 Ans.
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2-97. The cylindrical plate is subjected to the three cable z
forces which are concurrent at point D. Express each force
which the cables exert on the plate as a Cartesian vector,
and determine the magnitude and coordinate direction
angles of the resultant force.

Solution
ra = (0 - 0.75)i + (0 - 0)j + 3 - O)k = 5-0.75i + 0j + 3k6 m
ry = 2(-0.75)% + 0> + 32 = 3.0923m

—-0.75i + 3Kk

—pta
Fa = Faal b =627 30953

= 5-1.4552i + 5.8209k6 kN

= 5-1.46i + 5.82k6 kN Ans.
rc = 30 - (0.75sin 45 )4i + 30 - (-0.75 cos 45 )4j + (3 - O)k

= 50.5303i + 0.5303j + 3k6 m
rc = 2(0.5303)% + (0.5303)? + 32 = 3.0923m

c ol 0.5303i + 0.5303] + 3k
= a — =
¢ = et b =5 3.0923

= 50.8575i + 0.8575j + 4.8507k6 kN

= 50.857i + 0.857] + 4.85k6 kN Ans.
rg = 30 - (0.75sin 30 )4i + (0 — 0.75¢c0s 30 )j + (3 - O)k

= 50.375i - 0.6495j + 3k6 m

rg = 2(0.375)% + (-0.6495)% + 3% = 3.0923m
0.375i - 0.6495j + 3k
3.0923

r
Fg = Fga °p = 8a
rs

= 50.9701i - 1.6803j + 7.7611k6 kN
= 50.970i - 1.68j + 7.76k6 kN Ans.
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2-97 (Continued)

FR = FA + FB + FC
5-1.4552i + 5.8209k6 + 50.9701i — 1.6803j] + 7.7611k6 + 50.8575i + 0.8575j + 4.8507k6

= 50.3724i - 0.8228] + 18.4327k6 kN

Fr = 2(0.3724)? + (-0.8228) + (18.4327)?

= 18.4548 KN = 18.5 kN Ans.
_ Fg 03724 - 0.8228) + 18.4327k
TR T 18.4548
= 0.02018i - 0.04459j + 0.9988k
cosa = 0.02018 a = 88.8 Ans.
cosb = -0.04458 b = 92.6 Ans.
cos g = 0.9988 g =281 Ans.

Ans:

Fa = {-1.46i + 5.82k} kN
Fc = {0.857i + 0.857j + 4.85k} kN
Fg = {0.970i - 1.68j + 7.76k} kN

Fr = 185kN
a = 888
b = 92.6
g =281
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2-98. The cord exerts a force F = {12i + 9j — 8k} kN on the Z
hook. If the cord is 4 m long, determine the location x,y of
the point of attachment B, and the height z of the hook.

Solution

Given:

L = 4m
a =1m

Initial guesses =1m y =1m z =1m
X

X X 3.82
Given y =L — y =Find(x y 2) y = 212 m  Ans.

1.88
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2-99.

The three supporting cables exert the forces shown on the

sign. Represent each force as a Cartesian vector.

Solution

rc=0-5)i+(-2-0)j+@-0k={-5-2j+3km
rc = 2(-5)72 + (-2)> + 32 = 238m

rg =0 -5i+ (2

rg = 2(-52% + 22 +

0)j + (3 - 0Ok = {-5i + 2j + 3kIm
32 = 238m

re=0-2)Ji+@©-0)j+@-0k={-2+0j+3kim
re = 2(-2% + 0% + 3= 213m
F=F,=Fab
r
-5i - 2j + 3k _ _
Fe = 400 a b = {-324i - 130j + 195k} N Ans.
138
5+ 25 + 3k
Fg =400a > " 9 7Kyt 304i 4 130j + 195K} N Ans.
138
e 2T T O 3K
Fe =350a 20+ O+ 3K 1aai 4 2019 N Ans.

113

Ans:

Fc = {-324i - 130j + 195k} N
Fg = {-324i + 130j + 195k} N
Fe = {-194i + 291k} N
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*2-100.

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 = {5 - 2j+ 3k}
rc = 2(-572+ (-2 + (3)> = 238m
B (=5i - 2j + 3Kk)
Fc = 400 2fCb = 400 a b
fc 138
Fo = (~324.4428i - 129.777j + 194.666K)
rg = (0 - 5)i+2-0)j+ @3- 0k ={-5i +2j+ 3k}
rg = 2(-5)%+ 22+ 32 = 238m
(=5i + 2] + 3k)
Fg = 400 aBb = 400 a b
' 138
Fg = (-324.443i + 129.777j + 194.666k)
Fr = Fc + Fg = (-648.89i + 389.33K)
Fr = 2(-648.89)> + (389.33)° + 0% = 756.7242
Fr = 757N
-648.89
_ -1 — _ _
a = cosa ) ob = 149.03 = 149
4 0
b =cos " a b = 90.0
756.7242
g = cosa_ 20933 | - 59036 = 59.0

756.7242

Ans.

Ans.

Ans.

Ans.

w

noed >
I

757 N
149
90.0
59.0
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2-101. The tower is held in place by three cables. If the
force of each cable acting on the tower is shown, determine
the magnitude and coordinate direction angles a, b, g, of the
resultant force. Take x =20 m,y =15 m.

Solution
Foa = 400 2 i+ 151'— 24 kb N
DA = “YY33466  34.66° 3466
-6 _4 24
Fop = 8002, ol * o5 06] ™ 25.06K2 N
Foc = 600a-0i + 185 - 24p N
34 34 3

Fr = Fpa * Fpg * Fpc
= 5321.66i - 16.82] — 1466.71k6N
= 1501.66 N = 1.50 kN

| 32166
a = Ccos b= 776
?1501.66 '
. | ~16.82
= CO0Ss
b = 906
1501.66
|, —1466.71
g = cos
3 150166 ° - 108

Ans.

Ans.

Ans.

Ans.

Ans:

Fr = 1.50 kN
a=776

b = 90.6
g— 168
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2-102.
The guy wires are used to support the telephone pole.

Represent the force in each wire in Cartesian vector form.
Neglect the diameter of the pole.

SOLUTION
Unit Vector:

rac = {(-1 - 0)i + (4 - 0)j + (0 - 4)k}m = {-1i + 4j - 4k} m

rae = 2(-1)% + 4% + (-4)? = 5.745m

_fac S A0+ 0.6063j - 0.6963K
Usc =p o~ 5745 T T 0903 = 5

rep = {(2-=0)i + (=3 - Q)j + (0 - 55)k}m = {2i - 3j - 5.5k} m
rgp = 222 + (-3)% + (-5.5)? = 6576 m

uy fBD A =3L= 53K o 04562) - 0.8363K
BD T 6576 4904 = B

Force Vector:
Fa = Faupsc = 250{-0.1741i + 0.6963j - 0.6963k} N

= {4352 + 174.08] - 174.08k} N
— {-435i + 174j - 174k} N Ans.

Fp = Fpupp = 175{0.3041i + 0.4562j - 0.8363K} N
— {53.22i - 79.83j - 146.36k} N

= {563.2i - 79.8) - 146k} N Ans.

Ans:

Fo = {-435i + 174j - 174k} N
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Fg = {53.2i - 79.8j - 146k} N
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2-103.

Determine the magnitude and coordinate direction angles of
the resultant force acting at point A.

SOLUTION
fac = {3i - 0.5) - 4k} m

Iracl = 232 + (-05)2 + (-4)? = 22525 = 5.02494

3i - 05] - 4k
F, = 200a b = (119.4044i - 19.9007j - 159.2059Kk)
5.02494
rap = (3 cos 60° + (1.5 + 3sin60°)j - 4k)

rap = (1.5 + 4.0981j + 4k)

[Fapl = 2-5)2+(4.0981)2 +(~4)2 = 59198
1.5i + 4.0981j - 4k ) )
F; = 150a c 0108 b = (38.0079i + 103.8396j - 101.3545k)

Fr = F, + F, = (157.4124i + 83.9389) - 260.5607K)

Fr = 2(157.4124)? + (83.9389)% + (-260.5604)> = 315.7786 = 316 N

157.4124
= -1 ——— b = . o _ 9
a = cos a315.7786 60.100 60.1
83.9389
= === — 74.585° = 74.6°
b = cos 8315.7786 74.585 74.6
-260.5607
= g/ = 60° = °
g =C0S "a 315.7786 145.60 146

Ans.

Ans.

Ans.

Ans.

Ans:

Fr = 316N
a = 60.1
b =746
g = 146
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*2-104. Two cables are used to secure the overhang boom in z
position and support the 1500-N load. If the resultant force
is directed along the boom from point A towards O,
determine the magnitudes of the resultant force and forces
Fgand F..Setx = 3mand z = 2m.

Solution

Force Vectors: The unit vectors ug and uc must be determined first. From Fig. a,

e (~2-0)i+(0-6)+3-0k 2 6 3
“ T oEreorrocers@Esoe T T

rc__@B-0i+(0-6j+2-0k 3. 6. 2
Uc = = =" i-_j+_k
rc 2B-02+0-62+@-0> [ T 7T

Thus, the force vectors Fg-and F¢ are given by

2_. 6_. 3
Fe = Feug = - _Fgi = _Fgj + _Fgk

3
7

2
7

FC = Fcuc Fcl - 67ch + Fck
Since the resultant force Fy is directed along the negative y axis, and the load W is
directed along the z axis, these two forces can be written as

Fr = -Fqi and W = [-1500k] N

Resultant Force: The vector addition of Fg, Fi, and W is equal to Fg. Thus,

Fr = Fg ";FC + W B B B B T

2 6 3 3 6 2

Rl = gFel - R+ Fekb +a Rl - o) + Fokb + (~1500K) B(~2,0,3)m

-Fj = a—?FB + 37Fcbi + a—E;FB - (;Fcbj + a37FB + 27FC - 1500bk s

Equating the 1, j, and k components, {’( 3/ ﬂ,Z«)m

0= _3':8 + :;FC (1)

“Fa = - oFs - OFc ©)

0= 3;:8 + iFC - 1500 3) % (9,6 0)m

4

Solving Egs. (1), (2), and (3) yields \

Fc = 161538 N = 1.62kN Ans.

Fg = 2423.08 N = 2.42 kN Ans. WBIQOON

Fr = 3461.53N = 3.46 kN Ans.
Ans
Fc = 1.62kN
Fg = 2.42kN
E = 346 kN
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2-105. Two cables are used to secure the overhang boom z
in position and support the 1500-N load. If the resultant
force is directed along the boom from point A towards O,
determine the values of x and z for the coordinates of point
C and the magnitude of the resultant force. Set Fz = 1610 N

and Fc = 2400 N.

Solution

Force Vectors: From Fig. a,

g (=2-0)i+(0-6)j+(3-0k 2 6 3
u: = :_i_j+k
T B 2(CZ- 0 F (0 -6 F (3 - Op 7T

r

e (x-0)i+(0-6)j+(z-0k X 6 N
de = = - i - i+ K

c ng—0)2+(0—6)2+(z— 2x2 + 722 +36 2xX°+72+36 22X+ 7%+ 36
Thus, ©) B B -

2. 6. 3 . .
= = i= _j+ kh=3- — A0k4 N
Fg Fgug 1610a—7 Vi vi 3—460-|—1380:'>+ 6!

m
Fe = Foue = 24 X i- ° j + ? b 2
2x5 +z° + 36 2x°+ 25+ 36 2x°+ 25+ 36 -
[
2400x 14400 2400z
= i - j +
2x2+ 22 + 36 2x° + zc + 36 2x>+ 22+ 36

Since the resultant force Fy is directed along the negative y axis, and the load is
directed along the z axis, these two forces can be written as

Fr= -Fsj and W = [-1500k] N

Resultant Force:

Fr = Fg + Fc + W

2400x 14400 2400z
-Frj = (-460i - 1380j + 690k) + a i - j + kb + (-1500k)
2x +72+36 2x2+72+36 2x2+ 7%+ 36
—2400x% — 14400 2400z
—F&J = a -460bhi - a + 1380bj + - 1500 bk
a690 +
2x% + 72 + 36 2x2 + 72 + 36 2x> + 72 + 36
Equating the i, j,and k components,
2400x 2400x
0= - 460 = 460 1
2xF+ 22 + 36 22X+ 72 + 36 @
14400 14400
-Fr = -a + 1380b g = a + 1380b 2
2%F+ 722 + 36 2%+ 722 + 36 @
2400z 2400z
0 = 690 + - 1500 = 810 3
2%+ 722 + 36 2%+ 22 + 36 ®)
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2-105 (Continued)

Dividing Eq. (1) by Eq. (3), yields

X = 0.5679 4
Substituting Eq. (4) into Eq. (1), and solving

z=2197Tm = 220m Ans.
Substitutingz = 2.197 m into Eq. (4), yields,

X = 1.248m = 1.25m Ans.
Substituting x = 1.248 m and z = 2.197 m into Eq. (2), yields

Fr = 3591.85 N = 3.59 kN Ans.

Ans:

Z =220mX
= 1.25mFy
= 3.59 kN
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2-106.

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

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

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

A‘B +D) = (A i+ A,j+AK [(B +D)i + (B, +D)j + (B, + DK
= A (B, + D) + A, (B, + D) + A, (B, + D)
= (AB, + AB, + A,B) + (AD, + AD, + A,D,)

- (A'B) + (A D) (QED) .-
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2-107. Determine the design angle u(0° .. u .. 90°) for

strut  AB so that the 400-N horizontal force has a
component of 500 N directed from Atowards C.What is the
component of force acting along member AB? Take
T = 40°.

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

sinu _ sin40

500~  —400—
sinu = 0.8035
u = 5346 = 53.5 Ans.

Thus, ¥ = 180 - 40 - 53.46 = 86.54

Using law of sines [Fig. (b)]
_ FaB _ 400
sin 86.54 sin 40

Fag = 621N Ans.

400N
&)
Ans:
u =535
FAB = 621N
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*2-108.
Determine the projection of the force F along the pole. z

F={2i + 4j + 10k} kN

0 y
SOLUTION /
2m
‘ 2. 1

Proj F = Flu, = 12i + 4 + 10kz#a§i + 23 - gkb

Proj F = 0.667 kN Ans. m 1m/
» %X\ |

) |

Ans:
Proj F = 0.667 kN
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2-100.

Determine the angle u between the sides of the triangular z
plate.

SOLUTION

A

Fac =53i+4j - 1kém

rap = 52j +3kém
rap = 21227 + 132% = 3.6056 m X

1
Fac ' rap = 0 + 4122 + 1-12132 = 5

;
Yac =TaB
u = cos™! = cos™? >
FAGTAB 15.0990213.60562
u = 74.219° = 74.2° Ans.
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Ans:
u =742
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2-110.

Determine the length of side BC of the triangular plate.
Solve the problem by finding the magnitude of rg.; then
check the result by first finding 0, ryg, and r,- and then
using the cosine law.

SOLUTION

rgc = 8i +2j - 4k}m

rgc = 2B F (2)2 F (=4)2 = 539 m Ans.

Also,

rAC:{Bi +4j = 1k}m

rac = 2(3)% + (4)? + (-1)? = 5.0990 m
rag = {2] + 3k}m
rap = 2(2)% + (3)% = 3.6056 m
I
rac fap = 0 +4(2) + (-1)(3) =5

!
_1.Tac -IAB

u=costa" " p = cost >
Tac TAB (5.0990)(3.6056)
u = 74.219°

rpe = 2(5.0990)2 + (3.6056)2 - 2(5.0990)(3.6056) cos 74.219°

rgc = 5.39m Ans.

5m

Ans:
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rec = 5.39m
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2-111. Determine the magnitude of the projected
component of ry along ry,and the projection of r,along ry.

SOLUTION

Given:

rn 9m

rp 6m

60°

45°
120°
30°

40°

Write the vectors and unit vectors

sin  cos 5.01
ry rp sin  sin riy 289 m
Ccos 6.89
cos 3
rpy I cos oy 424 m
cos 3
| | | | 0.557 0.5
I 2
up = us = up 0.321 us 0.707
My A
O.7|66 | 0.5
The magnitude of the projection of r, along r,. | ry | 299 m Ans.
u2
199 m Ans.
The magnitude of the projection of r, along r;. roy
ug
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AnNs:

riy, = 299m, by, = 1.99m

157



© Pearson Education Limited 2017. All rights reserved. This material is protected under all copyright laws as they currently exist.
No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

*2-112.

Determine the angle  between the two cords.

SOLUTION
Given:
a 3m
b 2m
cC 6m
d 3m
e 4m
b 0
r r
rac a m raB d m acos \C'AB 64.6° Ans.
[rac| |rasl
c e

Ans:

64.6°
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2-113.
Determine the magnitudes of the components of z
F = 600 N acting along and perpendicular to segment DE
of the pipe assembly.

SOLUTION X

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

gy =28 = Q=A@ oSN 0= C2AK 7455 g5571) + 03714k
e 20-4F 2 -5 +[0- (-2F

Ugp = -]

Thus, the force vector F is given by

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

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

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

= (-445.66)(0) + (-334.25)(-1) + (222.83)(0)
= 33425 = 334N Ans.

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

(Fep)per = 2F? - (Fep)parai? = 26007 - 334.257 = 498 Ans.
N

€

Ans:
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(FED) = 334N
(FED)# = 498 N
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2-114.

Determine the angle u between the two cables.

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

_0-2i+RB-(-3h+O-3)k _ 2. 6. 3
Upg = X = -—_i+_j-_k
20 -2+ 13 -3+ 0 -73) 7
(-2-2)i +[3-(-3)]j + (4 - 3k 4 6 1
Uac = = —i+ _J + — Kk
202 -2 +B-(J+ @ - 253 253 25
3)?
The Angle UBetween AB and AC.
2 6 3 4 6 1
Upg'Upc = a- i+ j- kbla- i+ _j+ __ kb
717 253 253 253
= a- ba—4b+6a6b+a—ba1b
7 253 7 253 253
4
7253
Then
el ! R R _ _
u=cos™! (upgiupc) = cosh ———b = 3643 = 364 Ans.
7253
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Ans:
u= 364
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2-115.

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

Solution \2 m

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

_0-29i+B-(CP+0O0-3k _ 2. 6. 3,

Upg = RSN
he 20-22+3- (-3F * (0-3) + 77
(-2 -2)i+[3-(-3)]j+¢@ -3k 4 6 . 1
Uac = = ——i+ —j+ —k
2(2—2 -2 +[3-(-3)"+ (U@ - 253 25 253
3)

Force Vector, For Fy,

F, = Fiupg = 70a—27i + (;j —?;kb = {~20i + 60j - 30K} N

Projected Component of F;. Along AC, it is

(F)ac = Fiiuac = (-20i + 60j - 30K) fa- 4_i + 6_j + 1_kb
253 253 253

4 6 1
= (-20)a- _b+60a b+ (-30a _b
253 25 25
= 56.32N = 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. A force of F =80 N is applied to the handle of the
wrench. Determine the angle u between the tail of the force
and the handle AB.

Solution
Given:
a 300 mm
b 500 mm
F 80N
1 30°
5 45°
cos 1 sin o 0
Fy F cos 1 cos 2 Uab 1
sin 1 0
acos "r\,Fugk; 127.8° Ans.

Ans:
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127.8°
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2-117.

Determine the angle u between the cables AB and AC.

Solution

Unit Vectors. Here, the coordinates of points A,B and C are A(6, 0, 0) m,

B(0, -1,2) mand C(0, 1, 3) respectively. Thus, the unit vectors along
AB and AC are

O -6)i+(-1-0)j+ (2 -0k 6 . 1 .

Uag = Se= = N
20 -6 + (-1 -0¢ =+ (2 - 271 21

0)?
1 3

©0-6)i+(1-0j+ (@ -0)k

Uac = = - i+ _j+ _k
2(20—6) + T -0°+ @ - 246 24 246
O)

The Angle u Between AB and AC.

6 1 2 6 1 3
Upg'Upc = a-— - ——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
_ 4
21886
Then
41

u=c0s 1 (Upg'Upc) = cos™h

b = 19.24998 = 19.2 Ans.
21886
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Ans:
u = 19.2
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2-118.

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
B(0, -1, 2) m respectively. Thus the unit vector along BA is

rea (6 - 0)i + 0 - (=1)]j + (0 - 6 1 2
2)k

X

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

Projected component of F. Along BA, it is

1 . 2

Fan = Fiugs = (400i - 200j + 500k 'a © i+ Y j- 2 kb
24T 240 241
6 1 2
= 400a b+ (-200)a _ b +500a- __b
27 21 271
= 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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2-119.

Determine the magnitude of the projected component of the
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

fca (6 -0)i + (0 -1j+(0-23)k 6 1

Uea = = = = _l= _J=
cA 26 -0>%+(0-12%+ (0 - 246 246
3)?

Projected component of F. Along CA, it is

Fea = Fluca = (400i - 200j + 500k) fa 6_i— 1_j— 3_kb
4 246 246
6 1 3
= 400a b + (-200)a- _ b +500a- _ b
24 216 216
= 162.19N = 162N Ans.

The positive sign indicates that this component points in the same direction as uca.
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Ans:
FCA = 162 N
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*2-120. Determine the magnitude of the projected

component of force F,g acting along the z axis.

Solution

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

re _ _(45-0)i +(=3-0)j +(0-9)k 3. 2. 6
Upg = i--i--k
he  V(45-0) +(3-0) +(0-9)

AB

Thus, the force vector F,y is given by

3. 2.6
Fro = Faollng =35 i = J— k| = {151 - 1j - 3k} kN

Vector Dot Product: The projected component of F,; along the z axis is
(Fag), = Fag - k=(1.5i —1j - 3K) - k
=-3kN

The negative sign indicates that (F,g), is directed towards the negative z axis. Thus

(Fag), = 3KkN Ans. z

s |
,M“/yﬂ(o, 0,9) m

ko

B(4.5, -3,0) m
=%©

Ans:

) =2 1Nl
T

L
\""AB

Jz
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2-121. Determine the magnitude of the projected
component of force F,- acting along the z axis.

Solution

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

= Tac o (35IN30°-0)i + (3OS 30° 0N + (O=9K _ _ 15015, 2730j  0.0487K

rAC H o__ 2 4 °_0) + _ 2

Thus, the force vector F,. is given by
Fuc = FacU,c = 3(0.1581i + 0.2739j — 0.9487k) = {0.4743i + 0.8217] — 2.8461k} kN

Vector Dot Product: The projected component of F,. along the z axis is

(Fao), = Fre - K = (0.4743i + 0.8217] — 2.8461K) - k
= -2.8461 kN

The negative sign indicates that (F,.), is directed towards the negative z axis. Thus

(Fuo), = 2.846 kN Ans.

X C(3 sin 30°, 3 cos 30°, 0) my

Ans:
1Fac2, = 2.846 kN
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2-122.

Determine the components of F that act along rod AC and
perpendicular to it. Point B is located at the midpoint of
the rod.

SOLUTION
rac = (=3i +4j - 4k), 150 = 2(-3)* + 42 + (-4)? = 241m

(9% -3i + 4] + 4k . .
Fap = ~’;(‘ = 5 = -15i + 2j - 2k

'ap = ag + I'ep

'Bp = Map — TaB

Gi + 6] - 4k) - (-15i + 2j - 2K)

= {55i + 4j - 2k} m

rgp = 2(5.5)% + (4)? + (-2)> = 7.0887m

r
GOOa;@b = 465.528i + 338.5659) - 169.2829k
BD

Tn
]

Component of F along rac is Fy,

_ FElrac _  (465.528i + 338.5659] - 169.2829K) ' (=3i + 4j -

FH T rac - 4K)
241
F)| = 99.1408 = 99.1 N N AnNSs.

Component of F perpendicular to ryc is F
FZ + Fj = F? = 600°

F? = 600° - 99.1408?
F 591.75 = 592 N Ans.
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Fyu = 592N
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2-123.

Determine the components of F that act along rod AC and
perpendicular to it. Point B is located 3 m along the rod
from end C.

SOLUTION
rCA:3i—4j+4k

rca = 6.403124

3 . )
rep = rea) = 1.40556i - 1.874085j + 1.874085k
CB = ¢ 403124 (rca) i ]

fo = foc * I'c

= -3i+ 4] +rgp

= -1.59444i + 2.1259j + 1.874085k
foB * I'ep

l'ep = fop — Fog = (4i + 6]) - rop

5.5944i + 3.8741j - 1.874085k

rpp = 2 2+ (= 2 = 7.0582

T
|

;
= 600(;@) = 4755680 + 329.326j - 159.311k
BD

rac = (=3i + 4) - 4k), 1A = 241

Component of F along rac is Fy |

_ FElrac _ (4755680 + 329.326] - 150.311K) ' (=3i + 4j -
FIl="rye © 4k
241
F|, = 82.4351 = 82.4 N

1
Component of F perpendicular to ra¢ is F

F2 + Ff = F? = 600°

F? = 600° - 82.435172
F* = 504N

Ans.

Ans.

Ans:

F, = 824N
[y =502 Nl
Fyr 2N
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*2-124.

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

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

Has = 1(=3)= F (-075)= F (1)*
= =0:9231i=10:2308j+ 03077 k
-3i+1j+ 15k
Uac =

1(=-3)7 +F )7 + (T5)

= -0.8571i + 0.2857j + 0.4286 k
Proj Fag = Fiupg = (60)(-0.9231) + (12)(-0.2308) + (-40)(0.3077)

= -7046 N
|Proj Fagl = 705N Ans.
Proj Fac = Fluac = (60)(-0.8571) + (12)(0.2857) + (-40)(0.4286)

= -65.14N
[Proj Fac| = 65.1 N Ans.

Ans:
|Pr0j FACl = 65.1N
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2-125.

Determine the angle u between cables AB and AC.

Solution
I’AB = {‘3' - 075j + 1k}m

rag = 2(-3)2 + (-0.75)% + (1)> = 3.25m

I’AC = {—3' + 1j + 15k}m
Fac = 2(-3)% + (1)? + (152 = 350m
rag fac = (-3)(-3) + (-0.75)(1) + (1)(1.5) = 9.75

1

= coslalaBTAC) — cosla 975 b
u ! Fas %(3.25)(3.50)
ac
u = 31.0 Ans.

Ans:

=310
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2-126.

Determine the angles u and ¥ made between the axes OA z
of the flag pole and AB and AC, respectively, of each cable.

SOLUTION

rac ={-2i - 4j + 1k} m; ryc = 458m
rap = {1.5i - 4j + 3k}m; rap = 5.22m
rao = {-4j - 3kjm; rao = 5.00
m

raB'fao = (L5)0) + (-4)(-4) + (3)(-3) =7

r :r,
U= cos-l¢ AB AOS
TAB TAO
AnS.
- cos~ 16— < = 7440
5.22(5.00) = :
rac a0 = (-2)(0) + (-4)(-4) + (1)(-3) = 13
rac rao
f = cos la
TAc TAO
= cos 1 — 13 b = 55.4° A
- 44.58(5.00)° ~ > ns.

Ans:

u=74.4
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f =554
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2-127.

Determine the angle ubetween 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

. B-0i+@-0j+(-1-0k 3 . 4 . 1
Upa = -] Uge = = i+ j- Kk

2@ -0+ @4 -0° + (-1-0) o 276 226

The Angle U Between BA and BC.

R 4 1
Ugalgc = (-J)'a _i+ ' j- "_ kb
226 226 226
4 4
=(-1)a b= -
-1 26 2726
Then
u = cos ! (uga 'Ugc) = cosla- 4 b= 14167 = 142 Ans.
226

182




© Pearson Education Limited 2017. All rights reserved. This material is protected under all copyright laws as they currently exist.
No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

Ans:
u = 142

183



© Pearson Education Limited 2017. All rights reserved. This material is protected under all copyright laws as they currently exist.
No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

*2-128.

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

Solution

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

B-0i+@l-0j+(-1-00k 3 . 4 1
Usc = = _i+ _j- _Kk
2B -0+ {4 -0+ (-1-02 22 226 226
B8-3)i+0-4j+[0-(-DIk 5 4 1

= i - j+ _—_k

Ucp = __
28 -3 + (0 -4 + 0 - (-1 242 242 24

Force Vector. For F,

3a 2 i- 4 j+ 1 kp
217 28 2

F = FUCD

=a P - 2503 ki
21 2B 2R

Projected Component of F. Along BC, it is

15 12 3 3 4 1
(Fec) = Fluge = a i-——j+ _—kbla—i+ —j- —kb
242 242 242 226 226 226
15— 3 12 4 3 1
= a _ba _b+a- _ba _b+ _a- _ b
242 226 242 226 242 226
6
= - = -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 kKN
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2-129.

Determine the angles

and between the axis OA of the pole and each cable, AB and AC.

Solution
Given:
F1 50N
Fo 35N
a 1m
b 3m
cC 2m
d 5m
e 4m
f 6m
g 4m
0 e
raAO g rAB a
f
raAO rAB
acos
|"AO| ||'AB|
acos rAO rAC
rno FAC

rac

52.4°

68.2°

Ans.

Ans.
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2-130.

The two cables exert the forces shown on
the pole. Determine the magnitude of the
projected component of each force acting
along the axis OA of the pole.

Solution

Given:

F1 50N

Fp 35N

cC 2m

d 5m

e 4m

rAB a rac a b

|rAc]
Fiv F1
rac

Fov F2 e
rAB

Fiano Fiv Uao

Foao  Fov Uao

rao g

Fiao 185 N

Foao 213 N

uao

|er|

Ans.

Ans.

Ans:

=19 L Nl
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Fz/.\o = 213N
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2-131.

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 -0)i+(4-0j+(@-0k il o .
Uoy = 2% = = -3i+ 2+ 2k
ToA  B=2—0P+4—0P+h—02 3 3 3

u, = sin30°i + cos30°j
Thus, the force vectors F is given by

F=Fugys = 600a—%i - %j ¥ %kb = 5-200i + 400j + 400ké N

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

u, = (-200i + 400j + 400K) ’ (sin30°i + cos 30°j)

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

AV
&\?

L)

()

AG=2,4,4)m

Ans:
F, = 246N
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*2-132.

Determine the projected component of the force F acting along the axis AB of the pipe.

z

Solution

Given:
F 80N
a 4mb
3 m c
12 m d

2m

e 6m

Find the force and the unit vector

e 6 35.3
ra
ra a b ra 7 m Fy F| | Fv 41.2 N
r
d ¢ 10 A 58.8
e 6 0.9
|
raB b raB 3 m UAB UAB 0.4
r
d 2 AB 0.3

Now find the projection using the Dot product.

Fas Fv uap Fag 31.1 N Ans.
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Ans:
Fag 31.1 N

192



© Pearson Education Limited 2017. All rights reserved. This material is protected under all copyright laws as they currently exist.
No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

2-133.

The cables each exert a force of 400 N on the post.
Determine the magnitude of the projected component of F;
along the line of action of F,.

SOLUTION

Force Vector:

up, = sin 35°cos 20°i - sin 35° sin 20°j + cos 35°k

0.5390i - 0.1962j + 0.8192k
F, = Fjup, = 400(0.5390i - 0.1962j + 0.8192k) N
= {215.59i - 78.47j + 327.66k} N
Unit Vector: The unit vector along the line of action of F, is

Up, = cos 45° + cos 60° + cos 120°k

0.7071i + 05j - 0.5k

Projected Component of F; Along Line of Action of F,:
(F)r, = F1'up, = (215500 - 78.47) + 327.66K) | (0.7071i + 05§ - 0.5k)
= (215.59)(0.7071) + (-78.47)(0.5) + (327.66)(-0.5)

= -50.6 N

Negative sign indicates that the force component (F;)F, acts in the opposite sense
of direction to that of ug,.
thus the magnitude is (F;)p, = 50.6 N Ans.

F, 400N

Ans:
1F12F2 = 506 N
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2-134.
Determine the angle u between the two cables attached to z

the post.

120° y
eoz

SOLUTION

Unit Vector:

up, = sin 35° cos 20°i - sin 35° sin 20°j + cos 35°k F, = 400 N

0.5390i - 0.1962j + 0.8192k

Up, = c0s 45° + cos 60°j + cos 120°k

= 0.7071i + 0.5j - 0.5k
The Angle Between Two Vectors u: The dot product of two unit vectors must be
determined first.

4 4
Up, 'Up, = (0.5390i - 0.1962j + 0.8192k) ' (0.7071i + 0.5) -
0.5k)

= 05390(0.7071) + (-0.1962)(0.5) + 0.8192(-0.5)
= -0.1265
Then,
.
u = costhup "up B = cos™}(-0.1265) = 97.3° Ans.

1 2

Ans:
u—-=29713
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2-135.

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.
-05i + 0.2 + 0.2k
uUag = a b
— 0574468

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

1
L Eh
u = cosla— 2B

— cos-1a~100 (cos 10 )(-0.8704) + 0 + 100sin 10 (0.3482)b

100(1)

= c0s71(0.9176) = 23.4 Ans.

Ans:
u = 23.4
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*2-136.
Determine the magnitudes of the projected components of
the force F = 300 N acting along the x and y axes.

SOLUTION

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

F

-300 sin 30°sin 30°i + 300 cos 30°j + 300 sin 30°cos 30°k

[-75i + 259.81j + 129.90k] N

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

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

F, = F!j = k=75 + 259.81j + 129.90k} |
= _75(0) + 250.81(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.

Ans:
F, = 75N
Fy = 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 X~

Force and Unit Vector: The force vector F and unit vector us, 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
r -0.45 - 0)i + (0.3 - 0)j + (0.2598 - O)k
Ugp = = = ( Ji( el K o750 + 0.5j + 0.4330k
oA 2(-045 - 0)2 ¥ (0.3 - 0)° + (0.2598 - 0)?

Vector Dot Product: The magnitude of the projected component of F along line OA is
Fopr = F"IUOA = §-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

Ans:
FOA = 242N
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2-138. Cable OA is used to support column OB.
Determine the angle u it makes with beam OC.

Solution
Unit Vector:

Uoczli
4 -0i+@-0j+(-8-0)k
Uoa = )
2@ -0+ 8 -0+ (-8 -0)

_ L2 2
B R

The Angles Between Two \ectors U: _
' or 22 1 2 2, 1
Uoc "Uoa = (Li) Tagi + oJ - 3kb = 1a3b + Oa3b + (O)a'3b =5

Then, _ _
1

U= cos‘l(uoc"‘UOA) = cos‘lg = 705 Ans.

Ans:
u =705

198



© Pearson Education Limited 2017. All rights reserved. This material is protected under all copyright laws as they currently exist.
No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

2-139. Cable OA is used to support column OB. “
Determine the angle ¥ it makes with beam OD.

Solution

Unit Vector:
Uop = -sin30i + cos30j = -0.5i + 0.8660j
4 -0)i+(@-0)j+(-8-0)k
Uoa = )
2@ -0+ 8 -0°+(-8-0)

12
= 7] -
3J

k
3

w N

The Angles Between Two \ectors F: _
Uop Uop = (~05i + O.8660j)§a;i + ;j - gkb

1 ) 2
= (-05)a b + (0.8660)a, b + Oa- b

= 04107

Then,

4
F = cos™}(ugp "Upa) = c0s~10.4107 = 65.8 Ans.

Ans:
T =658
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