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2-1. Determine the magnitude of the resultant force
Fp; = F; + F, and its direction, measured clockwise from

the positive u axis. 70° %\
I S A —

/300
45 F; =300N
F,=500N v

SOLUTION

Fr = V/(300)2 + (500)% — 2(300)(500) cos 95° = 605.1 = 605 N Ans. Ans

605.1 500

sin 95°  sin 6

6 = 55.40°

¢ = 55.40° + 30° = 85.4° Ans.
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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

Flu
sin 40°

Flu

Flv
sin 30°

Flv

300

=205N

300

= 160N

sin 110°

sin 110°

Ans.

Ans.

70° %\
B — u

30°
4 F, =300N
F,=500N Y%
\3@' Fiu
hY e u
0° $\
Fiv ¥ — = fi= 300N
v
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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. 70° »\
— u

F,=300N

F,=500N %

SOLUTION

F 2u 500
sin 45°  sin 70°

F,, = 376 N Ans.

F, 500
sin 65°  sin 70°

F, = 482N Ans.
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*2-4. Determine the magnitude of the resultant force F,=1501b
acting on the bracket and its direction measured
counterclockwise from the positive u axis.

F, =2001b

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,

Fr = 42002 +1502 — 2(200)(150)cos 75°
=216721b=2171b Ans.

Applying the law of sines to Fig. b and using this result yields
sing _ sin75°

——— a = 63.05°
200 216.72

Thus, the direction angle ¢ of Fg , measured counterclockwise from the positive » axis, is
¢ =a —60° = 63.05° - 60° = 3.05° Ans.
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2-5. Resolve F, into components along the u and v axes, F,=1501b
and determine the magnitudes of these components.

=2001b

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
Fy 200
sin105°  sin 30°

F, =3861b Ans.

F, 200

F, =2831b Ans.

sin45°  sin30°

*‘(‘2%‘“““

'\ 10s° Jf200. 1b
t’V

¢)
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2-6. Resolve F, into components along the u and v axes, F,=1501b
and determine the magnitudes of these components.

F, =2001b

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,

ez 0 F, =150 Ib Ans.
sin30°  sin30°
10 £ _2om Ans.

sin120°  sin 30°
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2-7. If 6 = 60° and F = 450 N, determine the magnitude
of the 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. a and b,
respectively.

Applying the law of consines to Fig. b,

Fr = \V/700% + 4507 — 2(700)(450) cos 45°
= 497.01 N = 497N Ans.
This yields

sina _ sin 45°
700  497.01

a = 9519°

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

¢ = a + 60° =9519° + 60° = 155° Ans.

15°
700 N
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*2-8. If the magnitude of the resultant force is to be 500 N,
directed along the positive y axis, determine the magnitude
of force F and its direction 6.

SOLUTION

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

Applying the law of cosines to Fig. b,

F = \/500% + 700% — 2(500)(700) cos 105°

= 959.78 N = 960 N Ans.

Applying the law of sines to Fig. b, and using this result, yields

sin (90° + 0)  sin 105°
700 ©959.78

6 = 45.2° Ans.

700 N

15°

9045 °=/05°
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2-9. The vertical force F acts downward at A on the two-
membered frame. Determine the magnitudes of the two
components of F directed along the axes of AB and AC. Set
F = 500 N.

SOLUTION

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

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

Fup 500
sin 60°  sin 75°
Fap = 448N Ans.
F 4 500
sin 45°  sin 75°
F,c = 366N Ans.
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2-10. Solve Prob.2-9 with F = 350 Ib.

SOLUTION

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

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

FAB

sin 60°

F4p

Fuc
sin 45°

F4c

350
sin 75°

= 3141b

350
sin 75°

256 1b

Ans.
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2-11. If the tension in the cable is 400 N, determine the
magnitude and direction of the resultant force acting on
the pulley. This angle is the same angle 6 of line AB on the

tailboard block.

SOLUTION

Fy= /(4007 + (400)* - 2(400)(400) cos 60° = 400N Ans 4 R

sin@ _ sin 60°

= =———; 6=60° Ans

400

400 Ao @A

400
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*2-12. The force acting on the gear tooth is F = 20 Ib.

Resolve this force into two components acting along the
lines aa and bb.

SOLUTION
20 F, B
0 = nsgs  Fa=3061b Ans.
20 F
o " Smegs = 2691 Ans.
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2-13. The component of force F acting along line aa is
required to be 30 Ib. Determine the magnitude of F and its
component along line bb.

SOLUTION

30 F

sin 80° = m, F=1961b Ans.
30 Fy

80 = 60" F, =2641b Ans.
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2-14. Force F acts on the frame such that its component
acting along member AB is 650 b, directed from B towards A,
and the component acting along member BC is 500 lb,
directed from B towards C. Determine the magnitude of F
and its direction 0. Set ¢ = 60°.

SOLUTION

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

Fez=500lb

’
Applying the law of cosines to Fig. b, fwés0nd p L ot 105°
S ﬁ/
F = V5002 + 650% — 2(500)(650) cos 105° ‘F
=916911b = 917 1b Ans. @)
Using this result and applying the law of sines to Fig. b, yields "
| N ool
sinf  sin 105° _ o \
500~ 91691 0 =318 Ans. @
105
FI 7
)
‘g'féﬁo 16
w’
&)
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2-15. Force F acts on the frame such that its component
acting along member AB is 650 Ib, directed from B towards
A. Determine the required angle ¢ (0° = ¢ = 90°) and the
component acting along member BC. Set F = 850 1b and
0 = 30°.

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

Applying the law of cosines to Fig. b,

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

= 433.641b = 434 1b Ans.
Using this result and applying the sine law to Fig. b, yields @)
sin (45° + ¢)  sin 30°
= = 56.5° Ans. R
850 433.64 ¢ ns e
F=8501 ,('Q i
207,
) Eﬂ=650 1b

&
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*2-16. The plate is subjected to the two forces at A and B
as shown. If 6 = 60°, determine the magnitude of the
resultant of these two forces and its direction measured

clockwise from the horizontal.

SOLUTION

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

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

Fr

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

V8% + 6% — 2(8)(6) cos 100°

10.80 kN = 10.8 kN

sinf  sin 100°

6  10.80
sin @ = 0.5470
6 = 33.16°

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

¢ = 33.16° — 30° = 3.16°

F,=8kN
Fz=6KkN
8 kn
60' MD'\\‘
6y 80P
7 —
ﬁ /1"' L4
W "”l
© kn
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2-17. Determine the angle 6 for connecting member A to
the plate so that the resultant force of F, and F; 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° — 6)  sin 50°
6 8

sin (90° — §) = 0.5745

0 = 54.93° = 54.9° Ans.

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

Fr = V& + 62 — 2(8)(6) cos 94.93°

= 10.4 kN Ans.

MO @0 @N @0 @0 @0

F,=8kN
FB = 6 kN
E kN
6
h (4 l\
. 90-6 SCv/"; Fs
505 ";
40"
© KN
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2-18. Two forces act on the screw eye. If F; = 400 N and F,
F, = 600 N, determine the angle 6 (0° = 6 = 180°) between
them, so that the resultant force has a magnitude of

Fr = 800 N.
< 0
F
SOLUTION 2
The parallelogram law of addition and triangular rule are shown in Figs. a and b,
respectively. Applying law of cosines to Fig. b, 0 ==400N
800 = \/400% + 600% — 2(400)(600) cos (180° — 6°) 180-6

8007 = 4007 + 600° — 480000 cos (180° — 6)

cos (180° — ) = — 0.25 - F=800N
180° — 6 = 104.48 fp= 600N
§ = 75.52° = 75.5° Ans. (@)
400N 180-8
6oop
B0ON

(b)
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2-19. Two forces F; and F, act on the screw eye. If their
lines of action are at an angle # apart and the magnitude of
each force is F| = F, = F, determine the magnitude of the
resultant force Fy and the angle between Fy and F;.

SOLUTION

F _F
sing  sin (0 — @)

sin (6 — ¢) = sin¢
0-d=4¢

0
*=2

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

Since cos (180° — ) = —cos

Fg = F(V2)V1 + cos 6

Since cos (Q) =, /Hﬂ
2 2

Then
0
Fr =2F -
R cos(z)

F,

Ans.

Ans.
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*2-20. 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 6.

SOLUTION

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

Applying the law of cosines to Fig. b,

Fp= V22 + 3% — 2(2)(3)cos 30°
= 1.615kN = 1.61 kN Ans.
Using this result and applying the law of sines to Fig. b, yields

sin®  sin 30°
2 1.615

6 = 38.3° Ans.
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2-21. If Fz = 3kN and 6 = 45°, determine the
magnitude of the resultant force of the two tugboats and its
direction measured clockwise from the positive x axis.

SOLUTION

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

Applying the law of cosines to Fig. b,

Fr= V22 + 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

sina _ sin 105° R
3 = 4013 a = 4622

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

¢ = a — 30° = 46.22° — 30° = 16.2° Ans.
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2-22. If the resultant force of the two tugboats is required
to be directed towards the positive x axis, and Fjp is to be a
minimum, determine the magnitude of F; and Fy and the
angle 6.

SOLUTION

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

6 = 90° Ans.

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

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

Fgr=2cos30° = 1.73kN Ans.
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2-23. Two forces act on the screw eye. If F = 600N,
determine the magnitude of the resultant force and the
angle 6 if the resultant force is directed vertically upward.

SOLUTION

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

respectively. Applying law of sines to Fig. b,

sinf  sin30° . o _ o
00 - 500 sinf = 0.6 6 = 36.87° =369

Using the result of 6,
¢ = 180° — 30° — 36.87° = 113.13°
Again, applying law of sines using the result of ¢,

Fg 500

sin 113.13° _ sin 30°

Fr=91961N = 920N

Ans.

Ans.
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*2-24. Two forces are applied at the end of a screw eye in y
order to remove the post. Determine the angle
0 (0° = 6 = 90°) and the magnitude of force F so that the
resultant force acting on the post is directed vertically
upward and has a magnitude of 750 N.

SOLUTION

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

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

sing  sin 30°
750 500

sin ¢ = 0.750
¢ = 131.41° (By observation, ¢ > 90°)
Thus,
6 = 180° — 30° — 131.41° = 18.59° = 18.6° Ans.

F 500
sin 18.59°  sin 30°

F =319N Ans.

45




© 2014 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

2-25. Three chains act on the bracket such that they create y
a resultant force having a magnitude of 500 1b. If two of
the chains are subjected to known forces, as shown,
determine the angle 6 of the third chain measured clockwise
from the positive x axis, so that the magnitude of force F in
this chain is a minimum. All forces lie in the x—y plane. What
is the magnitude of F? Hint: First find the resultant of the
two known forces. Force F acts in this direction.

SOLUTION

Cosine law:

Fri = V3002 + 2002 — 2(300)(200) cos 60° = 264.6 b

Sine law:

sin (30° + 6) _ sin 60°
200 T 264.6

6 = 10.9° Ans.

When F is directed along F,, F will be minimum to create the resultant force.
Fr=Fp + F
500 = 264.6 + Fp,

Foin = 2351b Ans.

%1 =264.6 )

R=5001
D)
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2-26. Determine the x and y components of the 800-1b

force.

SOLUTION
F, = 800sin 40° = 514 1b Ans.
F, = —800cos40° = —6131b Ans.
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2-27. Resolve each force acting on the gusset plate y

into its x and y components, and express each force as a F3;=650N

Cartesian vector. N ﬂ“z =750N
4

SOLUTION
F; = {900(+i)} = {900i} N Ans.
F, = {750 cos 45°(+i) + 750 sin 45°(+j)} N
= {530i + 5305} N Ans.
4 . 3\, .
F; = {650< 5 >(+1) + 650 (5)(—3)} N
= {5201 — 390j)} N Ans. "
s }(E,)f'f’@sm;w —
—F——— & =750 i k6507
1 | =
LA 5]
=74 i R W " E=tson
()= 750 cosgs*n (5)3, =bso(3 N
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*2-28. Determine the magnitude of the resultant force

acting on the plate and its direction, measured counter- F;= 650N

clockwise from the positive x axis.

SOLUTION

Rectangular Components: By referring to Fig. a, the x and y components of Fy, F,,
and F5 can be written as

(Fl)x =900 N (Fl)y =0
(F)y = 750 cos 45° = 53033 N (F,), = 750sin 45° = 530.33 N

4
(Fs), = 650(§> = 520N (F3), = 650@) = 390N

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

X S(Fp), = SF,; (Fr)x = 900 + 530.33 + 520 = 1950.33 N —
+1S(Fp)y = SF,; (F), = 530.33 — 390 = 14033 N 1

The magnitude of the resultant force Fy is

Fr=V(Fp)2 + (Fg), = V195033% + 140.33> = 1955 N = 1.96 kN Auns.

The direction angle 0 of Fg, measured clockwise from the positive x axis, is

F
R)x .
E)y
— E:?,Fol\/
| |
1 45“' FEW),V

(By=140330

" g =650
CE)?
()

T i

> X
Nz F =40n
M B

(rle= 1950338
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2-29. Express each of the three forces acting on the column
in Cartesian vector form and compute the magnitude of the
resultant force.

SOLUTION

3. 4.
F, = 150 <5)1 150<5>J

{90i — 120} Ib

e
I

F, = {-275j} Ib

F; = —75 cos 60°i — 75 sin 60°j
F; = {-37.51 — 65.0j} 1b

Fr = SF = {52.5i — 460j} Ib

-y
Y
|

= V(52.5)% + (—460)% = 463 b

Ans.

Ans.

Ans.

Ans.

Fy=2751b
F,=1501b F=751b
N
3 60°
' x
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2-30. The magnitude of the resultant force acting on
the bracket is to be 400 N. Determine the magnitude of F,
if ¢ =30°.

SOLUTION

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

(Fy), = F, cos 30° = 0.8660F), (Fy), = Fysin30° = 0.5F,
3 4
(F2)x = 650(§> =390N (F), = 650 (g) = 520N

(F3), = 500 cos 45° = 35355 N (F3), = 500 sin 45° = 353.55 N

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

X S(Fp), = SF,, (Fg), = 0.8660F, — 390 + 353.55
= 0.8660F; — 36.45

+13(Fg), = 3F,, (Fg), = 0.5F; + 520 — 353.55
= 0.5F, + 166.45

Since the magnitude of the resultant force is Fr = 400 N, we can write

Fr= V(Fp)y + (Fr),’

400 = V/(0.8660F; — 36.45)> + (0.5F, + 166.45)

F{2 + 103.32F, — 130967.17 = 0 Ans.
Solving,
F, =314N or F, = —417N Ans.

The negative sign indicates that F; = 417 N must act in the opposite sense to that
shown in the figure.

[ i
| A— 30° A (Fk
T {_‘4{ x

(Fz,)ov ; 450, (E)

?;___5 = 500N
(2] 3)7
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2-31. If the resultant force acting on the bracket is to be
directed along the positive u axis, and the magnitude of F,
is required to be minimum, determine the magnitudes of
the resultant force and F,.

SOLUTION

Rectangular Components: By referring to Figs. a and b, the x and y components of
F,, F,, F5,and Fy can be written as

(F1)y = Fycos ¢ (F1)y = Fysin¢
(Fp), = 650(2) = 390N (Fz)y = 650 (%) = 520N

(F3), = 500 cos 45° = 353.55 N (F3), = 500 sin 45° = 353.55 N
(FR)x = FR cos 45° = 07071FR (FR)y = FR sin 45° = 07071FR

Resultant Force: Summing the force components algebraically along the x and
y axes, we have
X S(Fp)y = SF, 0.7071Fg = Fycos ¢ — 390 + 353.55 @

+13(Fp), = 2F,; 0.7071F = Fysin ¢ + 520 — 353.55 @)

Eliminating F from Egs. (1) and (2), yields

202.89
= 3
1™ cos ¢ — sin ¢ 3
The first derivative of Eq. (3) is
dF, sin ¢ + cos ¢
e C))
dp  (cos ¢ — sin ¢)
The second derivative of Eq. (3) is
d*F, _ 2(sin¢ + cos $)? N 1 G)
d¢*  (cos¢ —sing)®  cosp — sin¢
For F, to be mini IEL_ ) Thus f Eq. (4) b
or ¥; to be minimum, dd = 0. Thus, from Eq. (.z)-a n}
=650N
sin¢g + cos¢ =0 Eél———Jq
| |
[ |
tan ¢ 1 e\ I
¢ = —45° AN/
P—
Substituting ¢ = —45° into Eq. (5), yields 4
Bk
d*F,
> = 07071 >0
dé¢
This shows that ¢ = —45° indeed produces minimum F;. Thus, from Eq. (3) E)y
(«)
202.89
F, = = 143.47N = 143N Ans.

cos (—45°) — sin (—45°)
Substituting ¢ = —45° and F; = 143.47 N into either Eq. (1) or Eq. (2), yields

Fr=919N Ans.

52




© 2014 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

*2-32. If the magnitude of the resultant force acting on
the bracket is 600 N, directed along the positive u axis,
determine the magnitude of F and its direction ¢.

SOLUTION

Rectangular Components: By referring to Figs. a and b, the x and y components of
Fy,F,, F3,and Fy can be written as

(F1)x = Ficos ¢ (F1)y = Fisin¢
(Fa), = 650@) = 390N (Fy), = 650 (g) = 520N

(F3), = 500 cos 45° = 353.55N (F3), = 500 cos 45° = 353.55 N

(FR)x = 600 cos 45° = 42426 N (Fgr)y = 600sin 45° = 424.26 N

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

X S(FR), = SFy; 42426 = Fycos¢ — 390 + 353.55 @
Ficos ¢ = 460.71

+TE(FR)y = ZFy; 42426 = Fysin ¢ + 520 — 353.55 ?2)
Fysin ¢ = 257.82

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

b = 292° Fy = 528N Ans.
; +
=650N
(Fky
p" _____ 3 ; fe= 6ooN
I I
: Lk | Ao
=daell = eyl —
(Ble &1k
A Cé
(" F=5000 /
(5)7
(2)
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2-33. If F,=600N and ¢ = 30°, determine the y
magnitude of the resultant force acting on the eyebolt and
its direction, measured clockwise from the positive x axis.

SOLUTION

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

(F)), = 600 cos 30° = 519.62N  (F,), = 600 sin 30° = 300 N

(F), = 500 cos 60° = 250N (F,), = 500 sin 60° = 433.01N
3 4
(F3)x = 450(5) =270N (F3), = 450(§> = 360N

Resultant Force: Summing the force components algebraically along the x and y axes,
B 3 (Fp), = 2F,; (Fr), = 519.62 + 250 — 270 = 499.62N —

+13(Fp)y = SF,; (Fg)y = 300 — 433.01 — 360 = —493.01 N = 493.01 N |

The magnitude of the resultant force Fy is

Fr = V(Fp)? + (Fp)? = V499.62% + 493.0> = 701.91 N = 702N Ans.

The direction angle 0 of Fy, Fig. b, measured clockwise from the x axis, is

(FRr)y 493.01
= _1 = _1 . = °
6 = tan |:(FR)x tan 499 62 44.6 Ans.

7

(i)}-- e F=600pN

| G =477620

m_,l__ %

o e

s N
’F.-I.)? - Fe), =493.0/N

J
(&)
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2-34. If the magnitude of the resultant force acting on the
eyebolt is 600 N and its direction measured clockwise from
the positive x axis is 6 = 30°, determine the magnitude of
F, and the angle ¢.

SOLUTION

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

(F1)y = Fycos ¢ (Fl)y = Fysin¢

(F,), = 500 cos 60° = 250 N (Fz)y = 500 sin 60° = 433.01 N
3 4

(Fy), = 450(5) =270 N (F3)y = 450(5) =360 N

(Fgr), = 600 cos 30° = 519.62 N (Fr), = 600 sin 30° = 300 N
Resultant Force: Summing the force components algebraically along the x and y axes,
B 3(Fp), = 3F,;  519.62 = F,cos ¢ + 250 — 270
F| cos ¢ = 539.62 (€))
+TE(FR)y = 2F,; —300 = F;sin¢ — 433.01 — 360
Fysin¢ = 493.01 2
Solving Egs. (1) and (2), yields

¢ = 42.4° F, = 731N Ans.
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2-35. Three forces act on the bracket. Determine the
magnitude and direction 6 of F, so that the resultant force

is directed along the positive u axis and has a magnitude of
501b.

SOLUTION

Scalar Notation: Summing the force components algebraically, we have
5
$FR, =2F; 50 cos25° =80 + SZ(E) + F,cos (25° + )
F, cos (25° + 0) = —54.684
. 12 .
+1 Fp = 2F; —=50sin25° = 52 13| = Fysin (25°+0)

F, sin (25° + 0) = 69.131
Solving Egs. (1) and (2) yields
25° + 6 = 128.35° 0 = 103°

F =88.11b

@

2

Ans.

Ans.

F,=801b
} > X

25°

|=s.f 2 x
é{jﬂ'ﬂ&

FE,_ Fe*501b
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*2-36. If F, =1501b and 6 = 55°, determine the
magnitude and direction measured clockwise from the
positive x axis, of the resultant force of the three forces
acting on the bracket.

SOLUTION

Scalar Notation: Summing the force components algebraically, we have
5
- Fr = 3F; Fg =80+ 52(B) + 150 cos 80°

= 126.051b —

12

+1 Fg, = 3F;  Fg = 52(13) — 150 sin 80°

[
M
~

= -99.721b = 99.721b |

The magnitude of the resultant force Fy is

Frp = VF} + F} = V12605 + 99.72> = 161 Ib

The direction angle 6 measured clockwise from positive x axis is

6 = tan™! E = tan_l( 99.72
%, 126.05

> = 38.3°

Ans.

Ans.

F,=801b

1260516
s
B2 1b ;
] -

X
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2-37. If ¢ =30° and F, = 2501b, determine the y
magnitude of the resultant force acting on the bracket and
its direction measured clockwise from the positive x axis.

F,

F,=3001b

SOLUTION Lok
Rectangalar Components: By referring to Fig. a, the xand ycomponents of Fj, Fy, and F can be written s

() =25000830° = 216,51 1b (Fy)y = 250sin30° = 125 b

(B)x =3oo[i*§]= 2401b Fy)y= 300(33)= 1801b

By = 1—53)=1001b B)y = %}:24015

Resultant Force: Summing the force components algebraically along the xand yaxes,

LE(FR)c=2F; (Fg)x=21651+ 240-100=356.51 1b —
+ TE(FR)y =2Fy; (Fg)y =125-180-240=-2951b=2951b |

The magnitude of the resultant force Fp, is

Fr = f(FR)s> +(Fr),? =¥356.51 + 2957 = 4631 Ans.

The direction angle 8 of Fg, Fig. b, measured clockwise from the positive xaxis, is

-1| (Fg) -1 295
=t ey | =222 _1_39¢°
6 =tan [ (FR)x] tan ](356.51) 39.6 Ans.

(k35651 6
|
|
|
I
|

]—;)r 295 Ib

R
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2-38. If the magnitude of the resultant force acting on y
the bracket is 400 1b directed along the positive x axis,
determine the magnitude of F; and its direction ¢.

F,

F>=3001b

SOLUTION Fy =260 1b

Rectangular Components: By referring to Fig. a, the xand y components of Fj, Fy, F3, and Fg
can be written as

(F)x = K cosg (R)y = Fsing

L 3
(Fy), = 300{—5}= 2401b (Fy)y = 300{-5-]= 180 1b
- _ a6 12).
(F3)x-260(13)-1001b (F3)y =2 13]'2"0"’
(Fgr)x =4001b (FR)y =0

Resultant Force: Summing the force components algebraically along the xand yaxes,

Y E(FR)y=ZIF; 400=F cos¢ +240-100

Fj cos ¢ = 260 4))
+ T Z(Fg)y = 2Fy; 0=Fsin¢ - 180- 240
Fj sing = 420 2
Solving Egs. (1) and (2), yields
¢ =58.2° F =494 1b Ans.

wal X
fe=400 Ik

(b)
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2-39. If the resultant force acting on the bracket is to be
directed along the positive x axis and the magnitude of F, is
required to be a minimum, determine the magnitudes of the
resultant force and F,.

F,

F,=3001b

Fy=2601b

SOLUTION
Rectangular Components: By referring to Figs. a and b, the x and y components of F;, Fy, F3,and Fp
can be written as

(F)x = K cos (F)y = Fsing

4 3
(Fz)x—30({5)—2401b (Fg)y—300(5]—}80]b
(F3)x = 260{ = | =1001b (F3)y = 260{ 12 | = 2401b
3= 13)” T
(Fr)x = Fg (Fr)y = 0

Resultant Force: Summing the force components algebraically along the xand yaxes,

+ T E(Fgr)y = IFy; 0= Fsing —180- 240

A=gog o)
Y E(FR)y = 2F; FR = Fycos¢ + 240- 100 )
By inspecting Eq. (1), we realize that F] is minimum when sin¢ = lor ¢ = 90°.Thus,
F =420 1b Ans.
Substituting these results into Eq. (2), yields
Fgr =1401b ’ Ans.
FE, X
(b)
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*2-40. 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?

14 kN F

30° 45°
4 8 kN

SOLUTION
i)FRx=EFx; Fgr, =8 — Fcos45° — 14 cos 30°
= —4.1244 — F cos 45°
+TFRy: SFy; Fgy = —Fsin45° + 14 sin 30° Flew
= 7 — F sin 45°
F3 = (—4.1244 — F cos 45°)? + (7 — F sin 45°)? (§))
dFR . . 1)
ZFRF = 2(—4.1244 — F cos 45°)(—cos 45°) + 2(7 — F sin 45°)(—sin 45°) = 0
o 1
F = 2.03kN Ans. vt '3 o
s s
From Eq. (1); Fr=787kN Ans. Tk

Also, from the figure require

w
(FRlw = 0= 3F. F + 14sin 15° — 8 cos 45° = 0

F =2.03kN Ans.
(Fr)y = ZFy; Fr = 14 cos 15° — 8sin 45°

Fr = 7.87kN Ans.
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2-41. Determine the magnitude and coordinate direction
angles of the resultant force and sketch this vector on the
coordinate system.

SOLUTION

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

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

Fr = {53.1i — 44.5j — 90.0k} 1b

Fr= V(531 + (—44.5)* + (-90.0)> = 114 1b

53.1
= _1 — = o
a = Ccos <113.6> 62.1

—44.5
— -1 — o
cos < 1136 > 113

-90.0
cosl<> = 142°

=
|

\<
Il

113.6

F,=801b

30°
40°

YF =1301b

Ans.
Bzl 4 37

Ans.

Ans. ‘ﬁ;

Ans.
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2-42. Specify the coordinate direction angles of F; and F, z
and express each force as a Cartesian vector.

F, =801b

30°
40°

YF,=1301b

SOLUTION
F; = {80 cos 30° cos 40°i — 80 cos 30° sin 40°j + 80 sin 30°k} Ib
F, = {53.1i — 44.5j + 40k} Ib Ans.
53.1
= cos | o= | = 484° Ans.
o = cos < 20 ) 8 ns
—44.5
= cos | — | = 124° Ans.
B1 = cos < 30 > ns.
40
Y= cosfl(%) = 60° Ans.
F, = {—130k} Ib Ans.
o, = cos™! o = 90° Ans
: 130 '
B, = cos™! 0 = 90° Ans
g 130 '
—130
— -1 — o
Yy = COS ( 130 ) 180 Ans.
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2-43. 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

4 4
(s = 600( 3 eos 30N (), = o00( ) sinsor N, = o003 )

Thus, F; expressed in Cartesian vector form can be written as
4 . 4 . 3
F, = 600{§ cos 30°(+i) + 3 sin 30°(—j) + g(-i-k)} N
= 600[0.6928i — 0.4j + 0.6k] N

Therefore, the unit vector for F; is given by

_F; 600(0.6928i — 0.4 + 0.6k
VR 600

ugp = 0.6928i — 0.4j + 0.6k

The coordinate direction angles of F; are

a= cosfl(uFl)x = cos1(0.6928) = 46.1° Ans. I
B = cos Y(ur), = cos ' (—=0.4) = 114° Ans. (Q)
y = cos '(ug,), = cos '(0.6) = 53.1° Ans.
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*2-44. 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, = 600(%)005 30°(+i) + 600(%)sin 30°(—j) + 600(%)(+k)

= {415.69i — 240 + 360k} N

F, = 0i + 450 cos 45°(+j) + 450 sin 45°(+k)

= {318.20j + 31820k} N

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

FR:F1+F2

= (415.69 — 240j + 360K) + (318.20j + 318.20K)

= {415.69i + 78.20j + 678.20k} N

The magnitude of Fy is given by

FR = \/(FR)x2 + (FR)y2 + (FR)Z2 1—L
-V (415.69)% + (78.20)> + (678.20)> = 79929 N = 799 N Ans.
e
The coordinate direction angles of F are ‘H(
[FR) <415.69) B=450N
= ! = ! = 58.7° Ans.
a = COos Fy cos 79929 58.7 ns f[

[ Fr):] ,1(67820> e & o5 (E)} \

Ty Ans.

(FD 45°
_ [ YRy] ,1( 78.20 ) _ o /
B = cos Fr | cos 79929 84.4 Ans. 2‘

Y = COS
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2-45. The force F acts on the bracket within the octant
shown. If F = 400N, B = 60°, and y = 45°, determine the
X, y, z components of F.

SOLUTION
Coordinate Direction Angles: Since f and yare known, the third angle & can
be determined from

oosza+mszﬂ+mszy =1

cos? & +cos? 60°+cos2 45°= 1

cos =+0.5

Since F is in the octant shown in Fig. a, 8, must be greater than 90°. Thus,
o = cos ~}(~0.5) = 120°.

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

be written as
F, = Feos o = 400c0s 120° = -200N Ans.
Fyy = Fcos B = 400c0s60° = 200N Ans,
F; = Foosy = 400c0s 45°= 283N Ans.

The negative sign indicates that F, is directed towards the negative xaxis.

%
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2-46. The force F acts on the bracket within the octant
shown. If the magnitudes of the x and z components of F
are F, = 300N and F, = 600 N, respectively, and B = 60°,
determine the magnitude of F and its y component. Also,
find the coordinate direction angles « and .

SOLUTION

Rectangular Components: The magnitude of F is given by

F=Jaz+ﬁ,,2+1-?
F='Eoo2+1-3,2+6002

F2 = F,2 +450 000 O

The magnitude of Fy, is given by
F, = Foos 60°=0.5F 2

Solving Eqs. (1) and (2) yields
F =T77460N =775N Ans.
F, =387N Ans.

Coordinate Direction Angles: Since F is contained in the octant so that
F, is directed towards the negative x axis, the coordinate direction angle 6,

is given by

a=ws_1[-::-i)=ma“ ;i?:ﬂ]:lw" Ans.
The third coordinate direction angle is

¥ =oos_1[:}&)=m”‘(%]=39.2° Ans.
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2-47. Express each force acting on the pipe assembly in
Cartesian vector form.

Fy
SOLUTION i
Rectangular  Components:  Since  cos> a, + cos’> B, + cos’y, = 1, then
cos By = £ V1 — cos? 60° — cos? 120° = +0.7071. However, it is required that F, = 4001b

B2 < 90°,thus, B, = cos™'(0.7071) = 45°. By resolving F, and F, into their x, y, and
z components, as shown in Figs. a and b, respectively, F; and F, can be expressed in
Cartesian vector form, as

F, = 600(%)(+i) +0j + 600<%)(+k)

= [480i + 360k] Ib Ans.
F, = 400 cos 60°i + 400 cos 45°j + 400 cos 120°k

= [200i + 283j — 200k] Ib Ans.
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*2-48. Determine the magnitude and the direction of the
resultant force acting on the pipe assembly.

SOLUTION

Force Vectors: Since cos?a, + cos? B, + cos?y, = 1, then cosy, =
£ V1 — cos?60° — cos? 120° = + 0.7071. However, it is required that
B, < 90°, thus, B, = cos™!(0.7071) = 45°. By resolving F, and F, into their x, y, and
z components, as shown in Figs. a and b, respectively, F, and F, can be expressed in
Cartesian vector form, as

4
F, = 600<g>(+i) +0j + 600@)(+k)
= {480i + 360k} Ib

F, = 400 cos 60°i + 400 cos 45°j + 400 cos 120°k
= {200i + 282.84j — 200k} Ib
Resultant Force: By adding F, and F, vectorally, we obtain Fp,.
Fr=F + F,
= (480i + 360k) + (200i + 282.84j — 200k)

= {680i + 282.84j + 160k} Ib

The magnitude of Fy is

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

= V680% + 282.842 + 160> = 753.661b = 754 1b Ans.

The coordinate direction angles of F, are

[ (Fr). [ 680
_ 1 — 1 = 25.5° Ans.
a = cos | Fa cos 753.66 5.5 ns
[ (Fr)y 282.84
— -1 = === ) = 68.0° Ans.
B = cos | Fa cos 753.66 68.0 ns
[ (F, 160
Y= cosl_(];;)z:| = C051<753.66> =177.7° Ans.
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2-49. Determine the magnitude and coordinate
direction angles of F, = {60i — 50j + 40k} N and
F, = {—40i — 85j + 30k } N. Sketch each force on an x, y,
z reference frame.

F=2501b
SOLUTION
F, =60i—50j + 40k
Fy = V/(60)% + (=50)? + (40)? = 87.7496 = 87.7N Ans.
— —1 = 46.9° Ans.
a; = cos (87.7496) 6.9 ns
B = cosfl( —50 ) = 125° Ans
! 87.7496 '
40
= -1 = ©
Y1 = cos (87.7496) 62.9 Ans.

F, = —40i — 85j + 30k

Fy = V/(—40)* + (—=85)% + (30)> = 98.615 = 98.6 N Ans.
ay = 00571(9;2?5> = 114° Ans.
By = 00571(9;2;) = 150° Ans.
Yy = Cosil(%%gls) = 72.3° Ans.
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2-50. The cable at the end of the crane boom exerts b4
a force of 250 1b on the boom as shown. Express F as a
Cartesian vector.

F=2501b

SOLUTION

Cartesian Vector Notation: With o« = 30° and B = 70°, the third coordinate
direction angle vy can be determined using Eq. 2-8.

cos’a + cos’? B + cos’y = 1
cos? 30° + cos?70° + cos?y = 1
cos y = +0.3647

v = 68.61° or 111.39°

By inspection, y = 111.39° since the force F is directed in negative octant.
F = 250{cos 30°i + cos 70°j + cos 111.39°} Ib

= {217i + 85.5j — 91.2k} Ib Ans.
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2-51. Three forces act on the ring. If the resultant force
F; has a magnitude and direction as shown, determine
the magnitude and the coordinate direction angles of force F.

F, = 80N,

SOLUTION

Cartesian Vector Notation:
Fr = 120{cos 45°sin 30°i + cos 45°cos 30°j + sin 45°k} N

= (42430 + 73.48] + 84.85k} N

F, = 80{:i + zk} N = {64.0i + 48.0k} N

F, = {-110k} N

F,={Fi+ F3yj + B3 kI N
Resultant Force:
Fr=F +F +F;
{42431 + 73.48) + 84.85k) = {(64.0 + F; )i + F; j + (48.0 — 110 + F;_) k}
Equating i, j and k components, we have

64.0 + Fy = 42.43 B = —2157TN
F; =7348N

48.0 — 110 + F5_= 84.85 F;_ = 14685 N

The magnitude of force Fj is
Fy=\/F3 + F5 + F3,

V(—21.57)? + 73.48% + 146.85°

The coordinate direction angles for F; are

F, 2157 R
cosa = ?3 = 16562 a =975 Ans.
5, 7348
COos ﬁ = ?3 = m ﬁ = 63.7 Ans.
I3, 146.85
= =—= - = 27.5° Ans.
cosy £ 165.62 Y ns

Fr=120N

165.62 N = 166 N Ans.
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*2-52. Determine the coordinate direction angles of F, z
and Fp.
Fy
Fr=120N
F, = 110N
F; = 80 Ndger S 45°
y
34
30°
SOLUTION X

Unit Vector of F, and Fp:

4,3
wp, = S+ Cko=08i + 06k

ug = 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 F, are

cos ap, = 0.8 ap, = 36.9° Ans.
cos Bp, =0 Br, = 90.0° Ans.
cos yp, = 0.6 Y, = 53.1° Ans.
cos ap = 0.3536 ag = 69.3° Ans.
cos Br = 0.6124 Br = 52.2° Ans.
cos yg = 0.7071 yr = 45.0° Ans.
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2-53. If a=120°, B <90°% y = 60° and F = 400 Ib, z
determine the magnitude and coordinate direction angles
of the resultant force acting on the hook.

SOLUTION

Force Vectors: Since cos2a + cos2 B +c0s27 =1, then cos B = +¥1—cos? 120° — c0s260° = 0.7071.
However, it is required that < 90°, thus, B = cos ~1(0.7071) = 45°. By resolving F, and F into theirx, y, and z
components, as shown in Figs. aand b, respectively, F; and F;, can be expressed in Cartesian vector form as

F = m{(is]siﬂﬂ"(-pi )+60({i;-]ws30°(+j)+ 60({%](—10

={240i +415.69j— 360k} 1b
F = 400cos 120 + 400c0s45°j+ 400 cos 60°k
={-200i + 282.84j+ 200k} 1b

Resultant Force: By adding Fj and F vectorally, we obtain Fp.
Fr =F+F
=(240i +415.69j— 360k)+ (-200i + 282.84j + 200k)
={40i + 698.53j - 160k} Ib
The magnitude of Fp is
Fr = (FR);> +(FR)y% + (Fr)2

=J(40)2 +(698.53)2 +(—l6{))2 =717.741b="7181b Ans.

The coordinate direction angles of F, are

a=oos-l[% =oos'1( = )=ss.a° Ans.

Fp | Tn7.74

B =cos™! m =cos™ “698"53)——-]3.3“ Ans.
Fr | 717,74

¥ = m_l[m = m_l( 160 ]: 103° Ans.
Fp 717.74
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2-54. If the resultant force acting on the hook is b4
Fp = {—200i + 800j + 150k} Ib,determine the magnitude
and coordinate direction angles of F.

SOLUTION

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

F= m{(%)ﬁlﬂﬂ"(ﬁ] + 600{%)03330"&3+ &l(gs}ek )

={240i + 415.69j—360k } Ib
F = F cosai+ Foos ffj+ Foosk

Resultant Force: By adding F; and F, vectorally, we obtain Fp . Thus,
Fg =F+F
=200i + 800§+ 150k =(240i +415.69j= 360k )+ (Fcos 6i+ F cosf ,j+ Feos 6,k )
— 200§+ 800+ 150k = (240+ Fcos oc)i +(415.69 + F cos B)j+ (F cosy —360)k

Equating the i, j, and k components, we have
=200 = 240+ Fcos 0,
F cosar = —440 ®

800=415.69 + F cos
Fcosfi =38431 (2)

150 = Foosy — 360
F cosy =510 3

Squaring and then adding Egs. (1), (2), and (3), yields
F2(cos2a + cos? B +c0s 27) = 601392.49 @

However, cosZ o +cos2 B+ cos2y = 1. Thus, from Eq. (4)
F=T1549N =TI5N Ans.

Substituting F = 775.49 N into Egs. (1), (2), and (3), yields
a=125° B=603° y=489° Ans.
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2-55. The stock mounted on the lathe is subjected to a
force of 60 N. Determine the coordinate direction angle 8
and express the force as a Cartesian vector.

SOLUTION

1= Vecosla + cos’ B + cos’y i

1 = cos?60° + cos’ B + cos>45°

cosB = +0.5

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.
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*2-56. 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= 500N

(F1)x = 300 cos 30° = 259.8 N (F5), = 500 cos 45° sin 30° = 176.78 N
(F)y=0 (F2)y = 500 cos 45° cos 30° = 306.19 N
(F1), = 300sin 30° = 150 N (F5), = 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 Ans.
F, = 176.78(+i) + 306.19(+j) + 353.55(—k)
= 2{177i + 306j — 354k} N Ans.
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2-57. Determine the magnitude and coordinate direction
angles of the resultant force acting on the hook.

SOLUTION

Force Vectors: By resolving F; and F, into their x, y, and z components, as shown in F,=500N
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

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 Fy and F,. Thus,

FR = Fl + F2
— (259.81i — 150K) + (176.78i + 306.19j — 353.55k)
— [436.58i) + 306.19j — 503.55k} N

The magnitude of Fp is

Fr= \/(FR)XZ + (FR)yZ(FR)zz
= V/(436.58)% + (306.19)> + (—503.55)2 = 73343 N = 733N Ans.

The coordinate direction angles of Fp are

B ,l‘(FR)x} 3 ,1<436.58) Cen o

_ R | _ = 53, Ans.
0, = cos | Fq cos 73343 53.5 ns.

_ _(FR)y:| 306.19
6, = cos™' = cos ! = 65.3° Ans.
y = €Os F, cos <733.43> 65.3 ns.
[(F R)z} ~503.55

0. = cos™! = —1f T ) o Ans.
: | Fr €os ( 733.43 ) 133
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2-58. Determine the magnitude and coordinate direction
angles of F, so that the resultant of the two forces acts along
the positive x axis and has a magnitude of 500 N.

y

SOLUTION

F, = (180cos 15°) sin 60° I + (180 cos 15°) cos 60 ° j — 180 sin 15°k

=150.57i+86.93 j-46.59 k
E=hRceosmi+ Reoshj+rReosnk
Fr = (500} N
=K +R/

i components :
500 = 150.57 + R cos oz

Ry =F cosay = 349.43

Thus,
J components :
0 =86.93 + R cos By R = RI+Rj+Fi = {(349.43)" + (-86.93)" + (46.59)
Fy,=Fcosp = -86.93 K= 363N Ans
k components : o = 15.8° Ans
0= -4659 + Rcosp P = 104 Ans
Fy=Rcosn = 46.59 7n = 82.6° Ans
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2-59. Determine the magnitude and coordinate direction
angles of F, so that the resultant of the two forces is zero.

SOLUTION N
P, = (180 cos 15°) sin 60° I + (180 cos 15°) cos 60° ) ~ 180sin 15° & - 150N

= 150.571+86.93 J-46.59 k

RsRosmi+ Reoshhj+Reosnk

Fa=@
| components : k components :
0=150.57+K cos 0=-46.59+K cos
& cosan; = -150.57 R cos 4 =46.59
J compoocn : R = f(~150.57) + (~86.93)% + (46.59)
0=86.93+5 cos B,
R cos By = -86.93 Seiine:

£ =10N Ans

B =119° Ans
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*2-60. The cables attached to the screw eye are subjected z
to the three forces shown. Express each force in Cartesian
vector form and determine the magnitude and coordinate
direction angles of the resultant force.

Fi=350N

SOLUTION

Cartesian Vector Notation:
F; = 350{sin 40°j + cos 40°k} N

= {224.98j + 268.12k} N

= {225j + 268k} N Ans.
F, = 100{cos 45° + cos 60°j + cos 120°k} N

= {70.71i + 50.0§j — 50.0k} N

= {70.7i + 50.0j — 50.0k} N Ans.
F5 = 250{cos 60°i + cos 135°% + cos 60°k} N

= {125.0i — 176.78j + 125.0k} N

= {125i — 177j + 125k} N Ans.

Resultant Force:
FR = Fl + FZ + F3
= {(70.71 + 125.0)i + (224.98 + 50.0 — 176.78)j + (268.12 — 50.0 + 125.0)k} N

= {195.71i + 98.20j + 343.12k} N

The magnitude of the resultant force is

Fgr=\Fk + Fk + Fg.

X

= V195.71%2 + 98.20% + 343.122

= 407.03N = 407N Ans.

The coordinate direction angles are

Fr, 19571 .

cosa = Fa = 20703 a =613 Ans.
Fr, 9820

cos B = Fr = 20703 B =760 Ans.
Fr, 34312

cosy = Fr = 20703 vy =325 Ans.
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2-61. If the resultant force acting on the bracket is b4
directed along the positive y axis, determine the magnitude
of the resultant force and the coordinate direction angles of
F so that 8 < 90°.

SOLUTION

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

F; = 600 cos 30° sin 30°(+i) + 600 cos 30° cos 30°(+j) + 600 sin 30°(—k)

= {259.81i + 450j — 300k} N x

F = 500 cos ai + 500 cos Bj + 500 cos yk

Since the resultant force Fy is directed towards the positive y axis, then
Fr = FRj
Resultant Force:
Fr,=F +F
Frj = (259.81i + 450j — 300k) + (500 cos ai + 500 cos Bj + 500 cos yk)

Frj = (259.81 + 500 cos a)i + (450 + 500 cos B)j + (500 cos y — 300)k

Equating the i, j, and k components, xX

0 = 259.81 + 500 cos a

a =12131° = 121° Ans.

Fr = 450 + 500 cos B ) F=6oo N
0 = 500 cos y — 300 ()

y = 53.13° = 53.1° Ans.

However, since cos> @ + cos? B+ cos? vy =1,a = 121.31°,and y = 53.13°,

cos B = £ V1 — cos? 121.31° — cos? 53.13° = +0.6083

If we substitute cos B = 0.6083 into Eq. (1),

Fg = 450 + 500(0.6083) = 754 N Ans.

and

B = cos ! (0.6083) = 52.5° Ans.
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2-62. Determine the position vector r directed from point
A to point B and the length of cord AB. Take z = 4 m.

SOLUTION

Position Vector: The coordinates for points Aand B are A(3,0, 2) m and B(0, 6,4) m,
respectively. Thus,
rap = (0-3fi+(6-0)j+(4-2)k
={-3i+6j+2k} m Ans.

The length of cord AB is

4B =J(~3)2+62+22=7m Ans.
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2-63. If the cord AB is 7.5 m long, determine the
coordinate position +z of point B.

SOLUTION

Position Vector: The coordinates for points Aand B are A(3, 0, 2) m and B(0, 6, z)m,
respectively. Thus,
rap = (0-3)i+(6-0)j+(z-2)k
={-3i+6j+(z~-2)k} m

Since the length of cord is equal to the magnitude of ryz , then

rap =75= 93 +62+ (- 2

56.25=45+(z-2)?

z—-2=43354

z=535m Ans.
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*2-64. Express the position vector r in Cartesian vector
form; then determine its magnitude and coordinate
direction angles.

SOLUTION

r = (=5 co0s20°sin 30°)i + (8 — 5 cos 20° cos 30°)j + (2 + 5sin 20°)k

r = {~2.35i + 3.93j + 3.71k} ft

~
Il

V(=2.35)% + (3.93)? + (3.71)> = 5.89 ft

-2.35
= =) = 1130
a = CcoS ( 5.80 > 3

>
Il
o
o
ml
7 N
0| \O
O | W
~
|
&~
o
[\
o

Ans.

Ans.

Ans.

Ans.

Ans.

8 ft

‘54

f
2 ft
!

30°
20°

N
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2-65. Determine the lengths of wires AD, BD, and CD.
The ring at D is midway between A and B.

SOLUTION
D(2 er 0,0 er 2, 1.5 er O.S)m =D(1,1,1)m

tap=(1—-2i+1-0j+1-15k

—1i + 1j — 0.5k
tep = (1 — 0)i + (1 —2)j + (1 - 05k
=1i — 1j + 0.5k

rcp=(1—-0i+(1-0)j+ (1-2k

li + 1j — 1k

Fap = V(=172 + 12 + (=052 = 1.50m
rgp = V12 + (-1 + 05> = 1.50 m
rep= V17 + 17+ (=1)> = 1.73m

Ans.

Ans.

Ans.
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2-66. If F = {350i — 250j — 450k} N and cable AB is z

9 m long, determine the x, y, z coordinates of point A. "
e
Z
B/ ;
/ N
T
X Y y y

SOLUTION

Position Vector: The position vector r 4, directed from point A to point B, is given by
rap = [0 — (=0)]i + (0 = »)j + (0 - 2)k

=xi—yj—zk
Unit Vector: Knowing the magnitude of r 45 is 9 m, the unit vector for r 45 is given by

_I'AB_Xifyjfzk
“AB_i_ig
rAB

The unit vector for force F is
_F 350i — 2505 — 450k

F 73502 + (=250)% + (—450)?
Since force F is also directed from point A to point B, then

up = 0.5623i — 0.4016j — 0.7229k

Uyp = Up

xi —yj — zk

9 = 0.5623i — 0.4016j — 0.7229k

Equating the i, j, and k components,

g = 0.5623 x=506m Ans.
o )

9 " —0.4016 y=36lm Ans.
%Z = 0.7229 2=651m Ans.
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2-67. Ata given instant, the position of a plane at A and a b4
train at B are measured relative to a radar antenna at O.
Determine the distance d between A and B at this instant.
To solve the problem, formulate a position vector, directed
from A to B, and then determine its magnitude. Skm

60°
35°

SOLUTION

Position Vector: The coordinates of points A and B are

A(=5 cos 60° cos 35°, —5 cos 60° sin 35°, 5 sin 60°) km
= A(—2.048, —1.434, 4.330) km
B(2 cos 25° sin 40°, 2 cos 25° cos 40°, —2 sin 25°) km

= B(1.165,1.389, —0.845) km

The position vector r, 5 can be established from the coordinates of points A and B.
rap = {[1.165 — (—2.048)]i + [1.389 — (—1.434)]j + (—0.845 — 4.330)k} km
= {3.213i + 2.822j — 5.175)k} km

The distance between points A and B is

d=rup = V3213% + 2.8222 + (=5.175) = 6.71 km Auns.
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*2-68. Determine the magnitude and coordinate direction
angles of the resultant force.

F,=1001b

SOLUTION
r - -looG)amw'i + mG)mwl - lw(g)k

= (-38.5671 + 45,963 - 80k} Ib

4 7 4
F,xBllb(a I-;j—ak]
= {36 1-63) - 36k }b

Fp=F +8 = (-2.567i- 17.04) - 116.0k} b

Fp = (=2.567) +(~17.04)* +(-116.0) = 117.27 b= 1171b  Ans

-1 =2.567 °
@ = cos (111.27)291'3 Ans

B=cos™! G—g—g:) =98.4° Ans

y=cos™ ({%) =172° Ans
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2-69. Express Fp and F. in Cartesian vector form.

SOLUTION

Force Vectors: The unit vectors ug and uc of Fz and F- must be determined

first. From Fig. a

1 (F15-05)i + [-25 - (-15)]i + 2 — 0k

R V(=15 - 057 + [-25 — (~1.5)] + (2 — 0)
R g' — l‘ + gk
-3 T3 s
re (—1.5—0.5)i + [05 — (~L5)]j + (3.5 — 0k
U = — =
e \/(=1.5 - 05) + [0.5 — (=15 + (3.5 — 0
L SO PR
IR

Thus, the force vectors Fz and F are given by

2 1., 2

Fp = Fpug = 600(*? - gj + Ek) = {—400i — 200j + 400k} N
4. 4. 7 . .

Fc = Frue = 450<*§l + AL + §k) = {-200i + 200j + 350k} N

a-

5(’/‘6’—2-52)m : CC_./,j; 6,5.‘/3.5‘),#)

N

@)

Ans.

90




© 2014 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

2-70. Determine the magnitude and coordinate direction
angles of the resultant force acting at A.

SOLUTION

Force Vectors: The unit vectors ug and uc of Fp and Fe must be determined

first. From Fig. a

ry (15— 05)i + [-25 — (~19)]j + (2 - 0)k

R V(=15 - 05 + [-25 — (L5 + 2 — 0)
RS
-3 73173
L_fe_ (C15-05)i+[05 ~ (-L3)]i + (35 ~ Ok
e A\{C15 - 052 + [05 — (—15)F + (5 — 0)?
—_ ﬂ' + ﬂ‘ + Zk
IR L

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

2. 1, 2
Fp = Fpug = 600(—? -5+ gk) = {—400i — 200j + 400k} N

Fc

4, 4. 7
Feuc = 450(,? i §k) = {~200i + 200j + 350k} N

Resultant Force:
Fr = Fp + Fc = (—400i — 200j + 400k) + (—200i + 200j + 350k)
= {—600i + 750k} N

The magnitude of Fy is

FR = \/(FR)xz + (FR)y2 + (FR)Z2

-V (—600)? + 02 + 750° = 960.47 N = 960 N

The coordinate direction angles of Fy are

Fr), —600
a = 00571{%} = 00871(960.47) = 129°

(FR)y 0
ol R — one
B = cos { Fr } cos (960.47) %0

(FR)Z} < 760 )
= e I = —1 — o
Y = cos { Fr cos 960.47 38.7

E—
B(/5-252)m

@)

Ans.

Ans.

Ans.

C(—15,05,35)m

&R
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2-71. 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 «, B, y of the
resultant force. Take x = 20m,y = 15 m.

SOLUTION

20 15 24
_ - .
Foa 400(34.66 " 34667 T 3466 k) N

6 4 . 24
800(25 06" " 25067 ~ 25.06 k) N

16, 18, 24
Fc—600(§1 340 34k)N

Fr = Fpa + Fpp + Fpc

= {321.66i — 16.82j — 1466.71k} N

Fr = V(321.66)* + (—16.82)? + (—1466.71)2

= 1501.66 N = 1.50 kN Ans.
a= cos_1(1352011'§666) = 77.6° Ans.

B = <1501 66> 90.6° Ans.

- ( 12?)?66761) - 1o¥ Ans.
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*2-72. 'The man pulls on the rope at C with a force of 70 1b
which causes the forces F, and F at B to have this same
magnitude. Express each of these two forces as Cartesian
vectors.

SOLUTION

Unit Vectors: The coordinate points A, B, and C are shown in Fig. a. Thus,

ry, [B-=(CD)ji+[-7-(5]+ G -8k

VB (CDF 7 - P+ G- 8
_ %2 3k
7 7 7
ao_Fe 15— DI+ TS+ (4 - 9k
¢ V5 - ()P + [P + (4 - 8)
3. 6. 2 BC-,-5.8) 4
=7l+?‘]+$k Ua \u&é

<

Force Vectors: Multiplying the magnitude of the force with its unit vector,

A5 7504t

6 2 3
= = —4 - =3 + =
F,= F uy 70(71 7J 7k>

= {60i - 205 + 301(} Ib Ans. e(5, 74 8¢

3 6 2
F- = F, =70{ i+ -j + -k
c cUc (71 7J 7 )

= {30i + 60j + 20k} Ib Ans. @
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2-73. The man pulls on the rope at C with a force of 70 1b
which causes the forces F, and F- at B to have this same
magnitude. Determine the magnitude and coordinate
direction angles of the resultant force acting at B.

SOLUTION

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

g - D+ [Z7(=9] + 5 - 8k

M VB P ISP G 8
S0 %
7'

ue = Y€ _ [5 - D)+ [-7(=5)]j + (4 - 8)k
re \/[5 _ (71)]2 + [77(75)]2 +4- 8)2 " B(-l,-58)4

3. 6, 2
=-i+t-j+tzk
7 7 7

<

A5 7504t
Thus, the force vectors Fg and F¢ are given by

6 2 3
F = Fyu, = 70<7i --j+ fk) = {60i — 20j + 30k} Ib
7 7 7 e(s,74M¢
F- = F, = 70(5' + 6 + gk) = {30i + 60j + 20k} 1b
c clc 71 7J 7 1 ] Y
Resultant Force: @

Fg = F, + Fo = (60i — 20§ — 30k) + (30i + 60j — 20Kk)
— {90i + 40j — S0k} Ib

The magnitude of Fy is

Fr=\V(F)? + (Fp),* + (Fg).2

-V (90) + (40)%> + (—50)> = 110.451b = 1101b Ans.
The coordinate direction angles of Fy are
Fg) 90
_ -1 ( R)x _ -1 — o
a = cos |:7FR } cos (7110.45) 354 Ans.
- 1{(&)@ - *1( ) — 68.8° A
B = cos Fr = COs 11045 ) = . ns.
(FR)Z} ( -50 >
— —1 — —1 — o
Y = cos { Fr cos 11045 117 Ans.
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2-74. The load at A creates a force of 60 1b in wire AB.
Express this force as a Cartesian vector acting on A and
directed toward B as shown.

2

SOLUTION

Unit Vector: First determine the position vector r 4 5. The coordinates of point B are /A

F=601b

B (5sin 30°, 5 cos 30°, 0) ft = B (2.50, 4.330, 0) ft
Then
rap = {(2.50 — 0)i + (4.330 — 0)j + [0 — (—10)]k} ft

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

rap = V2502 + 43302 + 10.0* = 11.180 ft
rap 2500 + 4.330j + 10k

B 11.180

Uyp =
= (0.2236i + 0.3873j + 0.8944k

Force Vector:

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

= {1340 + 232§ + 537k} Ib Ans.
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2-75. Determine the magnitude and coordinate direction
angles of the resultant force acting at point A.

SOLUTION

tacl = V32 + (—0.5)% + (—4)2 = \/25.25 = 5.02494

F, = 200(3i — 095 - 4k> = (119.4044i — 19.9007j — 159.2059Kk
2= 5.02494 = (119.4044i = 19.9007j : )

rag = (3cos 60% + (1.5 + 3 sin 60°)j — 4k)

rap = (L5i + 4.0981j + 4k)

ksl = V(1.5)F + (4.0981)2 + (—4)> = 5.9198

F,

. (1.5i + 4.0981j — 4k
B 5.9198

) = (38.0079i + 103.8396j — 101.3545k)

Fg = F, + F, = (157.4124i + 83.9389j — 260.5607K)

Fr = V/(157.4124)2 + (83.9389)2 + (—260.5604)* = 315.7786 = 316 N
a = *1(%) = 60.100° = 60.1°
B *1(738135'-97378896) = 74.585° = 74.6°
y = s‘(%ﬁ?ﬁé?) = 145.60° = 146°

1.5m
A
F, = 150N
F,=200N ' 4m
/ I g
m 60°
B

Ans.

Ans.

Ans.

Ans.
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*2-76. Two cables are used to secure the overhang boom
in 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
Fpand F..Setx = 3mand z = 2 m.

SOLUTION

Force Vectors: The unit vectors u g and u¢ must be determined first. From Fig. a,
g __(=2-0)i+(0-6)j+(3- 0k =_3i&%j+%k

B J2-02+0-62+3-02

uc . (3-0)i+(0-6)j+(2 -0k =-§-i—£j+-g-k

© Ja-02+0-62+2-0? A

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

up

2 6 3
Fg =F =—=Fgi-—Fgj+=Fgk
p =Fpup =-ZFpi-—Fpj+>Fp
3 6 2
Fr = Frup == Foi-—Foj+ = Fok
c =Fuc =ici=g cl 7 fc
Since the resultant force F is directed along the negative y axis, and the

load W is directed along the zaxis, these two forces can be written as
Fp =-Fpj and W =[-1500k]N

Resultant Force: The vector addition of Fg, F, and W is equal to Fp . Thus,
FR =F8 +FC +W

2 6 3 3 6 & i
_FRj=(—?Fsi—?‘f‘.sj*l-7F3k]+(?Fci—7ch+7Fc‘k)+( 1500k)
2 3 " 6 6 3 2
-Fpj=|—-= - —-—fp = - = F-~ -1500
Frj { TFB +TFC)]+[ 78 7Fc]j+[7F5+7FC }k

Equating the i, j, and k components,

S | =
0-_-—-3 Fg +5FC ()]
6, 6
—Fp =——=Fp—=F, 2
Fp=-<Fg-3Fc 2
3. .2

Solving Eqs. (1), (2), and (3) yields 0(3,0,2)M

Fc = 161538N = 1.62kN Ans.

Fg = 2423.08 N =242 kN Ans. . T‘é,

Fg =3461.53N =3.46kN Ans.

x
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2-77. 'Two cables are used to secure the overhang boom 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 F3 = 1610 N
and F = 2400 N.

SOLUTION

Force Vectors: From Fig. a,

wp o8 (2mOHO-6J+G-0k _ 2, 6.3
B 2-02+0-62+(3-02

uc _k_ (x—0li+(0-6)j+(z-0)k _ x g 6 j+ z k
T Ja-02+0-62+c-07 P +:2+36 il +:2436  Jl+:2+36
Thus,

2, 6, 3 &

Fg = Fgupg =161 _?i—?j+?k = [-460i- 1380j+ 690k N o

Fc =Ruc = X i_;j.,.;
1:2+:2+36 2422436 x2+32436

e et | L e} i TS 3 p2)m
Jx2+:2+36 -Jx2+:2+36 4x2+:2+36 €C%%

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

Fg =-Fgj and W =[-1500k] N x

Resultant Force:

Fgr =Fg +Fc +W

2400x 14 400 | 2400z

i- j+ =k |+(-1500k)
Jx2+.:2+36 JJ‘:2+:2 +36 ]

#FRj=(~460i—13801+690k)+[

Jx" + .-:2 +36

—Fﬂ:[ i 460]1—[ 2'4400 +1380]j+ B0+ it -1500]1:
X

]x2+:-2+36 +:2+36 x? 422436

Equating the i, j, and k components,
2400x 2400x

O s~ 460 e O i 480 a
2422436 P +32+36
—Fp= 1400+ 1380 Fp =m0 +1380 @
12+:2+36 Jx2+ :2+36
0=690+—=220 __ _ 1500 o S &)
Jx2+:2+36 2422436

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

x=0.5679:z 4)
Substituting Eq. (4) into Eq. (1), and solving

:=2197m=220m Ans.
Substituting z = 2.197 m into Eq. (4), yields

x=1248m=125m Ans.
Substituting x = 1.248 m and = = 2.197 m into Eq. (2), yields

Fp =3591.85 N =3.59kN Ans.
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2-78. Given the three vectors A, B, and D, show that
A-B+D)=(A-B) + (A-D).

r\400 mm_____|

250 mm

SOLUTION

Since the component of (B + D) is equal to the sum of the components of B and D, then
A-(B4D) = A-B+ A-D (QED)

Also, Lamype oG onl

A-(B+D) = (Ai+ AJ+ Ak)-[(B. + D)i+ (B, +D,)j + (B, + D, k]
= A(B, + D) + A, (B, +D,) + A(B, + D)
=(AB; + AB, + AB)+ (AD; + AD,+ AD,)

= (A-B) + (A-D) (QED)
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2-79. Determine the angle 6 between the edges of the
sheet-metal bracket.

SOLUTION
r; = {400i + 250k} mm ; ry = 471.70 mm
r, = {50i + 300j} mm ; r, = 304.14 mm

1 -1 = (400) (50) + 0(300) + 250(0) = 20 000

9 = cosl B2
rr

= cos_1<20000> = 82.0° Ans.

(471.70) (304.14)

250 mm
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*2-80. Determine the projection of the force F along z
the pole.
F = {2i + 4j + 10k} kN
o / y
2m
SOLUTION v y
2m 1m
2 2 1
ProjF=F~ua=(2i+4j+10k)-<§i+§j—§k> * |

Proj F = 0.667 kN
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2-81. 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 6, r,,, and r, and
then using the cosine law.

SOLUTION
nc={31+2j-4k}m

ric=y/(3P +(2P +(4)*=2539m Ans
Also,

ne={31+4j-1k} m

ric =y (3P + (4P +(-1)* = 5.0990 m

e ={2j+3k}lm

ras = (2P +(37 =3.6056 m

fac: Tap =0+4(2)+(-1)(3) =5

.BT
4 m
W
LA
Im] |
o / y
Im 3
Sm c
x
Omonc“(-'.‘-‘-'_ﬂ'i].m."-_s___.
TACTAD (5.0950)(3.6056)
0=74.219°

rac = f (5.0990) + (3.6056)* ~ 2(5.0990) (3. 6056) cos 74.219°

rac=539m  Ams

102




© 2014 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

2-82. Determine the angle 6 between the y axis of the b4
pole and the wire AB.

3ft

C
7 I @A y
0
ft

N

/L 21t ﬂ(
SOLUTION x b
Position Vector: L B
rae = {3j} ft

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

The magnitudes of the position vectors are

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

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

Yac Tap = (—3§) - (2 — 1j — 2k)

=0(2) + (=3)(—1) + 0(=2)

Then,

_1[ Ya0°YaB . 3
0 = cos | A0 TAB 1[7} = 70.5° Ans.
€08 ( FaoTaB ) * 13.00(3.00) "
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2-83. Determine the magnitudes of the components of F

acting along and perpendicular to segment BC of the pipe
assembly.

2 ft

SOLUTION

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

Ycp B-7i+H@-06)j+][0—-(—4]k 2. 1 2
Ucp = — = g

= 77]77j +

_ k
s G-+ @-6P+[0— (- 3 3

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

3

- o0 -2) + a9 -1) + (2
= 28.331b = 2831b Ans.

The magnitude of F is F = V307 + (—45)% + 502 =\/5425 Ib. Thus, the magnitude

of the component of F perpendicular to segment BC of the pipe assembly can be
determined from

(Fpc)or = VF*= (Fpc)pa = V5425 — 28332 = 68.01b Ans.

2 1 2
(FBC)pa = F’“CB = (30i - 45j + 50k)'<i - gj + 3k>
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*2-84. Determine the magnitude of the projected
component of F along AC. Express this component as a
Cartesian vector.

F = {30i — 45j + 50k} Ib

SOLUTION
Unit Vector: The unit vector u,c must be determined first. From Fig. a
(7-0)i+ (6-0)j+ (—4-0k
Uyc =
V(T =00 + (6 - 0) + (4 — 0)?

= 0.6965i + 0.5970j — 0.3980k

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

Fac = Fruye = (30i — 45§ + 50k) - (0.6965i + 0.5970j — 0.3980k)
= (30)(0.6965) + (—45)(0.5970) + 50(—0.3980)
=25871b
Thus, F 4¢ expressed in Cartesian vector form is
Fic = Facuyc = —25.87(0.6965i + 0.5970j — 0.3980k)

= {—18.0i — 15.4j + 10.3k} Ib

Ans.

Ans.
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2-85. Determine the projection of force F = 80 N along
line BC. Express the result as a Cartesian vector.

SOLUTION
Unit Vectors: The unit vectors u gp and u g~ must be determined first. From Fig. q,

(2-2)i+(0-2)j+(1.5-0k _ —ij+2k

w  Ja-22+0-22+15-02 5 3
I (G-t 025+ OOk 90715-0.7071

ure
yze J(4--2)2 +(0-2)2 +(0- 0)2

Thus, the force vector F is given by

F=Fupp= 8({—%j+-§-k]= [-64j+48k |N

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

Fgc =F-uge = (-64 j+48k)-(0.7071i - 0.7071;)
=(0)(0.7071) + (—64)(—0.7071) + 40)

=4525=452N Ans,
The component of Fp~ can be expressed in Cartesian vector form as
Fpo = Fgo (u g )= 45.25(0.7071i - 0.7071j)
Anms.

={32i-32j} N

;]:LF& F(/Z,Z,O)m
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2-86. Determine the angles § and ¢ made between the z
axes OA of the flag pole and AB and AC, respectively, of
each cable. 15m]
-
B 2m A4E
L

SOLUTION
rgc={-2i —4j + 1k} m; Fac = 458m
rap = {1.5i — 4j + 3k} m; Fap = 522m
rao = (—4j — 3k} m; ri0 = 5.00m
X
T4 Tao = (15)(0) + (=4)(=4) + 3)(=3) =7
6= cosl<rAB.rAO>
rABT A0
= COS_l 4 — 74 40 Ans
5.22(5.00) ’ .
fac Tao = (=2)(0) + (=4)(=4) + (1)(=3) = 13
¢ = cos’l(irAC.rA0>
ractao
13
= il — o
o8 (4.58(5.00)) 554 Ans.
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2-87. Two cables exert forces on the pipe. Determine the
magnitude of the projected component of F; along the line
of action of F,.

SOLUTION

Force Vector:

ug, = cos 30° sin 30°i + cos 30° cos 30°j — sin 30°k
= 0.4330i + 0.75j — 0.5k
F, = Frup, = 30(0.4330i + 0.75j — 0.5k) Ib

= (12.990i + 22.5] — 15.0k} Ib

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

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

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

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

—5.441b

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

The magnitude is (Fy)p, = 5.44 1b Ans.
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*2-88. Determine the angle 0 between the two cables
attached to the pipe.

SOLUTION

Unit Vectors:

ug, = cos 30° sin 30° + cos 30° cos 30°j — sin 30°k

1

0.4330i + 0.75j — 0.5k

up, = cos 135° + cos 60°j + cos 60°k

—0.7071i + 0.5j + 0.5k

The Angles Between Two Vectors 0:

up cup = (043300 + 0.75) — 0.5k) - (~0.7071i + 0.5§ + 0.5k)

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

—0.1812

Then,

6 = cos! (up, -ug,) = cos 1(—0.1812) = 100° Ans.
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2-89. Determine the projection of force F = 400 N acting
along line AC of the pipe assembly. Express the result as a
Cartesian vector.

SOLUTION

Force and unit Vector: The force vector F and unit vector u 4~ must be determined first.
From Fig. (a)
F = 400(— c0s45° sin30°i + cos 45°cos 30°j+ sin45°k )
={-141.42i +244.95j+282.84k }
_ne _ (0-0)i+@-0)j+(3-0)k

L el =ij+2k
' 3(0-0)2+(4-0)2+(3-0)2 55

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

Fye =Fuye = (»l4l.421+m951+282.84k}-[%j+%k]

=(-141.42Y0)+ 244.9{ %]+ 28284(;3J

= 365.661b Ans.

Thus, F 4~ written in Cartesian vector form is

4. 3
Fuo = Fpcupe =365, —5j+§k]={293j+219k}lh Aans.
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2-90. Determine the magnitudes of the components
of force F = 400 N acting parallel and perpendicular to
segment BC of the pipe assembly.

SOLUTION

Force Vector: The force vector F must be determined first. From Fig. a,
F = 400(= cos 45° sin30°i + cos 45°c0s 30°j+ sin45°k )
={-141.42i + 244.95j+ 282.84k} N

Vector Dot Product: By inspecting Fig. () we notice thatu g~ = j Thus, the magnitude of the
component of F parallel to segment BC of the pipe assembly is
(Fac Jparat =F -j =(-141.42i + 244.95j+282.84k) -
= -141.42(0)+ 244.951) +282.84(0)
=244951b=245N Ans.

The magnitude of the component of F perpendicular to segment BC of the pipe assembly can be
determined from

(FC Jger = JFZ - (Fae paral = ¥400% - 244952 =316N  Ans.
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2-91. 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°% + 300 sin 30°cos 30°k

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

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

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

F, = F-j = (~75i + 259.81j + 129.90k) -

= —75(0) + 259.81(1) + 129.90(0)

=260N

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

F,=75N, F,=260N Ans.
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*2-92. Determine the magnitude of the projected compo-
nent of the force F = 300 N acting along line OA.

SOLUTION

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

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

toa  (—0.45 — 0)i + (0.3 — 0)j + (0.2598 — O)k ) )
up, = 22 = = —0.75i + 0.5j + 0.4330k
roa /(=045 — 0)% + (0.3 — 0)2 + (0.2598 — 0)2

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

=242 N Ans.

Al-(034035m30%), 0.3, O.3Cos20° ] M

- (‘0‘49/ 0'3/ 0.2575),"
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2-93. 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
tae = (3 +4j —4k),  ruc= V(3 + 4+ (-4 =V4Hm

tie =3+ 4 + 4k
,AB_$=+=—1.5i+2j—2k

Yap =Tap T Ipp

Ipp = Tap — I4B

(4i + 6] — 4k) — (—1.5i + 2j — 2k)

= {5.5i + 4j — 2k} m

rep = V(5.5)% + (4)% + (=2)? = 7.0887m

I'pp

F = 600( ) = 465.528i + 338.5659j — 169.2829k

BD

Component of F along r4¢ is F)

C Forge  (465.528i + 338.5659) — 169.2829K) - (<3i + 4j — 4K)
rac V41

Fj|=99.1408 = 99.1 N Ans.

ar

Component of F perpendicular tor ¢ is F |
F% + Ff = F* = 600°
F% = 600* — 99.14082

F, =591.75=592N Ans.
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2-94. 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
rea = 3i — 4 + 4k

rea = 6.403124

3 . .
res = ¢ 03104 (Foa) = 1405561 — 1.874085) + 1.874085k

Yop = Yoc t ¥cp

= 3i+4j +rep

= —1.59444i + 2.1259j + 1.874085k
Yop = Yop + Ipp
tgp = top — Top = (4i + 6)) — rop

= 5.5944i + 3.8741j — 1.874085k

rgp = \/(5.5944)2 + (3.8741)2 + (—1.874085)2 = 7.0582
o Ipp, . .
F = 600(r—) = 475.568i + 329.326j — 159.311k
BD

rac = (=3i + 4j — 4k), Fac = Va1

Component of F along r ¢ is F |

Feorae (4755681 + 329.326j — 159.311k) - (—3i + 4j — 4k)
rac Va1

Fjj= 824351 = 824N Ans.

F =

Component of F perpendicular torcis F |
F% + Ff = F* = 600
F% = 600* — 82.4351%

F, =59%4N Ans.
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2-95. Determine the magnitudes of the components
of force F = 901b acting parallel and perpendicular to

diagonal AB of the crate. F=901b

SOLUTION

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

F = 90(— cos 60° sin 45° + cos 60° cos 45°j + sin 60°k)
= {—31.82i + 31.82j + 77.94k} Ib
rig (0—-15)i+(3—-0)j+ (1—-0k 3

6. 2
= 2%+ %k
ras N0 -152+@B-02+a-0p [ T 7

Uyp =

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

[(F)aslpa = Fruap = (—31.82i + 31.82j + 77.94k) (31 + gj + §k>

= (31.82)(?) + 31.82(3) + 77.94(3)

= 63.181b = 63.21b Ans.

K098,

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

[(F)aBlpr = \/W V90> — 63.18% = 64.11b Ans.
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*2-96. 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

r,, = [16 — (=5sin 30°)]i + (0 — 5cos 30°) j
= {185i — 4.330} in.
ra = V(18.5) + (4.330)* = 19.0 in.

Ans.
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2-97. Determine the x and y components of F; and F,.

SOLUTION
Fi, =200sin45° = 141 N Ans.
Fi, =200 cos 45° = 141 N Ans.
F,, = =150 cos 30° = =130 N Ans.
Fy, = 150sin 30° = 75N Ans.
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2-98. Determine the magnitude of the resultant force and
its direction, measured counterclockwise from the positive
X axis.

SOLUTION
+NFp, = SF;  Fg, = —150cos 30° + 200sin 45° = 11.518 N

/+Fgy = 2F; Fgy = 150 sin 30° + 200 cos 45° = 216.421 N

Fr =V (11.518)> + (216.421)> = 217N Ans.
216.421
— tan— 22274 ) Z g7 00
6 = tan <11.518> 87.0 Ans.
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2-99. Determine the x and y components of each force 7
acting on the gusset plate of the bridge truss. Show that the F=2001b
resultant force is zero.

F, = 400 Ib

/ As
X : y

SOLUTION %F3=3001b
F, = -2001b Ans.
Fi, =0 Ans.

4
F,, =400 5 = 3201b Ans.

3

Fy, = —400 5)= —2401b Ans.

3
F3, = 300 5)° 180 1b Ans.

4
Fs3y, = 300(5) =2401b Ans.
F,, = =3001b Ans.
Fyy =0 Ans.

FRx:F1x+F2x+F3x+F4x
Fgy = —200 + 320 + 180 — 300 = 0
:F1y+F2y+F3y+F4y

Fry=0-240+240+0=0

ThuS,FR:O
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z
*2-100. The cable attached to the tractor at B exerts a
force of 350 1b on the framework. Express this force as a
Cartesian vector.
A
Kp
¥
35ft B F=3501b

Kp

KK

N

20° Y
S0 &

X
SOLUTION
r = 50 sin 20°i + 50 cos 20°j — 35k
r = {17.10i + 46.98j — 35k} ft
r = V(17102 + (46.98)2 + (—35)2 = 61.03 ft
u= { = (0.280i + 0.770j — 0.573k)
F = Fu = {98.1i + 269j — 201k} Ib Ans.
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2-101. Determine the magnitude and direction of the
resultant Fp = F; + F, + F; of the three forces by first
finding the resultant F'= F; + F; and then forming F =
F'+ F,. Specify its direction measured counterclockwise
from the positive x axis.

SOLUTION
F' = V(80)2 + (50)* — 2(80)(50) cos 105° = 104.7 N

sin¢  sin 105° )
80 104.7 °

¢ = 47.54°

Fr = V(104.7)% + (75)* — 2(104.7)(75) cos 162.46°
Fr=1777 = 178N

sin B sin 162.46° )
1047 1777

B =10.23°

0 = 75° + 10.23° = 85.2°

F
/‘4\\
8o ] \\
\
1] \\
10 & AB50N
>45 x
750
(@)

Ans.

Ans.

50N,

105° | s

goN

(b)

FIZSON

30°—

F,=75N

f F3=50N
/

30°

70\ T

«©)

4547 54
iy ?2'5’4—’

o (4D
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2-102. Resolve the 250-N force into components acting
along the u and v axes and determine the magnitudes of
these components.

SOLUTION

—  — F, = 186N Ans

— e F, = 987N Aps
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2-103. If6 = 60° and F=20kN, determine the magnitude
of the resultant force and its direction measured clockwise
from the positive x axis.

SOLUTION

4 1
B Fre = 3F,; Fry = 50(*) + ——=(40) — 20 cos 60° = 58.28 kN
2

5) " a

3 1
+1Fpy = SF,;  Fgy = 50(—) — —— (40) — 20'sin 60° = —15.60 kKN

5/ V2
Fr = V(5828)% + (~15.60)> = 60.3 kN Ans.
15.60
= -1 = — o
¢ = tan [58.28] 150 Ans.

S0kN
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*2-104. The hinged plate is supported by the cord AB.
If the force in the cord is F = 340 Ib, express this force,
directed from A toward B, as a Cartesian vector. What is
the length of the cord?
SOLUTION
Unit Vector:
ru = {(0—8)i+ (0-9)j+ (12 — 0)k} ft
= {-8i — 9j + 12k} ft
rag = V(=82 + (=9)% + 122 = 17.0ft Ans.
_rAB_—8i—9j+12k_ i. 9'-‘1-21(
Wag = = 17 BT AT T
Force Vector:
8 9 12
= = _] 1 + —
F = Fuy,p 340{ 171 17J 17k} Ib
= {—160i — 180j + 240k} 1b Ans.
125

Visit TestBankDeal .comto get conplete for all chapters



https://testbankdeal.com/download/statics-and-mechanics-of-materials-4th-edition-hibbeler-solutions-manual/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 150
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 2.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'Preview crops \(transparency\)'] [Based on 'Preview crops \(transparency\)'] [Based on 'Preview crops \(transparency\)'] [Based on 'Pearson High Res PDFMaker'] Pearson High Res PDFMaker.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks true
      /AddColorBars true
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks true
      /BleedOffset [
        18
        18
        18
        18
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


