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2-1.
If 6 = 60° and F = 450 N, determine the magnitude of the y
resultant force and its direction, measured counterclockwise F

from the positive x axis.

700 N

SOLUTION J

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% + 4502 — 2(700)(450) cos 45°
= 497.01N = 497N Ans.
This yields

sina _ sin 45° R
700 ~ ao7.01 &=

Thus, the direction of angle ¢ of Fz measured counterclockwise from the (&)
positive x axis, is

¢ = a + 60°=09519° + 60° = 155° Ans.

Ans:
Fr, = 497N
¢ = 155°
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2-2.

If the magnitude of the resultant force is to be 500 N, Yy
directed along the positive y axis, determine the magnitude F
of force F and its direction 6.

0
15° *
700 N
SOLUTION '
The parallelogram law of addition and the triangular rule are shown in Figs. a and b,
respectively. %
Applying the law of cosines to Fig. b, D°45°=/05°
F = V/500% + 700> — 2(500)(700) cos 105° . —"J/F
(500)(700) 5_5001314(
= 959.78 N = 960 N Ans. r 3
7 |9
Applying the law of sines to Fig. b, and using this result, yields P
o &
sin (90° + 0)  sin 105° e x
700 ~959.78 /5°
JOON
0 = 452° Ans. @)

Ans:
F =960 N
0 = 45.2°
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2-3.

Determine the magnitude of the resultant force Yy

Fr = F, + F, and its direction, measured counterclockwise

from the positive x axis. F=2501b

=30°

SOLUTION + ——
Fr= \/(250)2 + (375)% — 2(250)(375) cos 75° = 393.2 = 393 Ib Ans. 45°
3932 250
sin 75°  sin 6
0 = 37.89° F,=3751b
¢ = 360° — 45° + 37.89° = 353° Ans.

F2=3754

Ans:
Fr, = 3931b
¢ = 353°
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24,

Determine the magnitudes of the two components of F
directed along members 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°

FAB = 448 N

F4c 500

sin 45°  sin 75°

FAC = 366 N

Ans.

Ans.

Eg/,f:'s.
’

£j75' ’ 5004
Ec by

(b)

Ans:
FAB - 448 N
Fyc = 366 N
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2-5.
Solve Prob. 2-4 with F = 350 Ib.

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

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

Fap 350
sin 60°  sin 75°
F, 5 = 3141b

F4c 350

sin 45°  sin 75°

256 1b

F4c

Ans.

Ans.

E&,’I o

{; , 25C 1k
5

45(\ o’
F;c ~
(k)

Ans:
FAB = 314 lb
FAC - 256 lb
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2-6.

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

SOLUTION

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

Fr = V4 + 62 — 2(4)(6) cos 105° = 8.026 kN = 8.03 kN
Using this result to apply Law of sines, Fig. b,

sinf  sin 105° R
6~ 8026 ° 6 = 46.22

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

¢ = 4622° — 45° = 1.22°

Ans.

Ans.

Ans:
Fr = 8.03 kN
¢ =122°
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2-7.
Resolve the force F; into components acting along the

u and v axes and determine the magnitudes of the
components.

SOLUTION

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

F)o 4 py 008 kN = 293 kN Ans
sin45°  sin 105 Ve ' .
(Fl)u _ 4 . (F) = 2.071 kN = 2.07 kN Ans,
sin30°  sin 105°° Ve = ' '

Ans:
(F)), = 293kN
(F), = 2.07kN
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*2-8.

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

SOLUTION

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

(B). 6 B
sin 75°  sin 75°° (F), = 6.00kN Ans.

(), 6

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

sin 30° sin 75° ’

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

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

900 1b
SOLUTION
Parallelogram Law. The parallelogram law of addition is shown in Fig. a.
Trigonometry. Applying the law of cosines by referring to Fig. b,
F = V9007 + 1200% — 2(900)(1200) cos 30° = 615.941b = 6161b Ans.
Using this result to apply the sines law, Fig. b,
sinf  sin 30°
= ; = 46.94° = 46.9° Ans.
900 61594 o e
BN
30°
L3 =200 16 . 900 1b
/
J/
/ /) A
1200 Ib
0 Ib
(a) (b)
Ans:
F=o6l6lb
0 = 46.9°
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2-10.

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

SOLUTION

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

Fp = V/800% + 5002 — 2(800)(500) cos 95° = 979.661b = 9801b  Auns. S0016
Using this result to apply the sines law, Fig. b,
sinf  sin 95° .
500 979.66° 6= 3036
Thus, the direction ¢ of F measured counterclockwise from the positive x axis is
¢ = 50° — 30.56° = 19.44° = 19.4° Ans.
ING00lb
X 8oolb
[ R
&) (k)
Ans:
Fr =9801b
¢ = 19.4°

31




© 2017 Pearson Education, Inc., Hoboken, 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.

2-11.

If 6 = 60°, determine the magnitude of the resultant 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 = V8 + 62 — 2(8)(6) cos 100°

= 10.80 kN = 10.8 kN Ans.

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

sin@ _ sin 100°

6 1080
sin 8 = 0.5470
0 = 33.16°

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

¢ = 33.16° — 30° = 3.16° Ans.

(b)
Ans:
Fr = 10.8 kN
¢ = 3.16°
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*2-12.

Determine the angle 6 for connecting member A to the
plate so that the resultant force of F, and Fj 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° — 0)  sin 50°
6 8

sin (90° — §) = 0.5745
0 = 54.93° = 54.9° Ans.

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

cosines, the magnitude of Fj is

Fr = V8 + 6 — 2(8)(6) cos 94.93°

= 10.4 kN Ans.

Ans:
0 = 54.9°
Fr = 104 kN
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2-13.

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

SOLUTION
20 F, B
snd0°  sinsor o7 00D
2 F
0 _ Db F, =2691b

sin40°  sin 60°

Ans.

Ans.

Ans:
F, = 30.61b
F, = 2691b
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2-14.

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

along line bb.
SOLUTION
30  F
sin 80°  sin 40°7
30 Fy

sin80°  sin 60°

F =19.61b

Fy = 2641b

Ans.

Ans.

aq-—

Ans:
F=1961b
F, = 26.41b
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2-15.

Force F acts on the frame such that its component acting
along member AB is 650 1b, directed from B towards A, and
the component acting along member BC is 500 Ib, directed
from B towards C. Determine the magnitude of F and its
direction 6. Set ¢ = 60°.

SOLUTION

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

Applying the law of cosines to Fig. b,

F = V500> + 650> — 2(500)(650) cos 105°
=916911b = 917 1b Ans.

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

sinf _ sin 105°
500 916.91

6 = 31.8° Ans.

T\\foolb
oy
/

8 /p5016

V

&)

Ans:
F=9171b
0 = 31.8°
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*2-16.

Force F acts on the frame such that its component acting
along member AB is 650 Ib, directed from B towards A.
Determine the required angle ¢ (0° = ¢ = 45°) and the
component acting along member BC. Set F = 8501b 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,

Fpe = V8502 + 6507 — 2(850)(650) cos 30°
=433.641b = 4341b
Using this result and applying the sine law to Fig. b yields

sin (45° + ¢) _sin 30°
850 ©433.64

¢ = 335°

Ans.

Ans.

F=820/) &45'*?‘

4
Y 4
0
3k ~6501b

b))

Ans:

FBC = 434 lb
¢ = 33.5°
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2-17.

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

SOLUTION

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

F,

40% = 307 + 60% —2(30)(60) cos 9
0 = 36.34° = 36.3° Ans.

And

30% = 40% + 60? —2(40)(60) cos ¢

¢ = 2638 = 264° Ans.

>
S E=6olb 30l 401b

©0lb

(@) b)

Ans:
0 = 36.3°
¢ = 264°
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2-18.

Determine the magnitude and direction 6 of F, so that the
resultant force is directed along the positive x axis and has a
magnitude of 1250 N.

SOLUTION

£ Fy =3F;  Fg = Fysin6 + 800 cos 30° = 1250
+1 Fg, = 3F;  Fg, = Fycosf — 800sin30° =
0 = 543°

Ans.

Ans.

Ans:
0 = 54.3°
F, = 686 N
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2-19.

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

SOLUTION

Scalar Notation: Suming the force components algebraically, we have

X Fy = 3F; Fg_= 750 sin 45° + 800 cos 30°
=1223.15N —

+1 Fg, = 3F;  Fg = 750 cos 45° — 800 sin 30°
= 130.33N 1

The magnitude of the resultant force Fy is
Fr = VFk, + Fg,

= V1223.15% + 130.332 = 1230 N = 1.23 kN

The directional angle # measured counterclockwise from positive x axis is

Fy 130.33
0 =tan'— =1t —1( : ):6.08°
MR 122305

Ans.

Ans.

/50~3:3A/J

g

¢
E}-____ Fae750 #

Ans:
Fr = 1.23 kN
= 6.08°
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*2-20.

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

30°
——> 6 kN

SOLUTION

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

Trigonometry. Referring to Fig. b,

8
F' = V6> + 8 = 10.0kN 0= tan*(g) = 53.13°.

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

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

kN

© KN

8kn

_— ¥

@)

10.0 kN

53.13°+30°= 83./3° 83.43°
F=/0-0k)

)

Ans:
Fr = 993 kN
F = 120kN
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2-21.

If the resultant force of the two tugboats is 3 kN, directed
along the positive x axis, determine the required magnitude
of force Fj 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 + 32— 2(2)(3)cos 30°
= 1.615kN = 1.61 kN
Using this result and applying the law of sines to Fig. b yields

sinf® _ sin 30° R
2 1615 0 =383

Ans.

Ans.

Ans:
Fz = 1.61 kN
6 = 38.3°
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2-22.

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

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,

Fr= V2% + 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 T 4013 a = 4622

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

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

x B2kl
6o'+4s°= pp5”

.

A

Ans:
Fp = 401 kN
¢ = 16.2°
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2-23.

If the resultant force of the two tugboats is required to be
directed towards the positive x axis, and Fj is to be a
minimum, determine the magnitude of Fy and Fj 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° = 1.73 kN Ans.

Ans:

0 = 90°

Fz = 1kN
Fp = 1.73kN
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*2-24.

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

X
SOLUTION
F,=150N
Scalar Notation. Summing the force components along x and y axes algebraically by
referring to Fig. a,
% (Fg)y = XFy (Fr)x = 200 sin 45° — 150 cos 30° = 11.518 N —
+1(Fr)y = 3F; (Fr)y = 200 cos 45° + 150 sin 30° = 216.42N 1
Referring to Fig. b, the magnitude of the resultant force Fy is
Fr = V(Fp)? + (Fp); = V11.518 + 216.42> = 216.73N = 217N Ans.
And the directional angle 6 of Fp measured counterclockwise from the positive
X axis is
(Fr)y 216.42
0 = tan! = —1( : > = 86.95° = 87.0° Ans.
an [(FR)J 11518 ns
Ans:
Fr = 217N
0 = 87.0°
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2-25.

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

SOLUTION

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

& (Fo), = SE;  (Fg), = 400 cos 30° + 800 sin 45° = 912.10N —
+1(Fr)y = 3F;  (Fg), = 400 sin 30° — 800 cos 45° = —365.69 N = 365.69 N|

Referring to Fig. b, the magnitude of the resultant force is

Fr = V(Fo)? + (Fe)> = V912.10% + 365.69° = 982.67N = 983N Aums.

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

F,
0= tan_][EFR;y} = tan*(%) =21.84° = 21.8° Ans.
R)x .

(Fly __ F;=400N 4

|
I0E),

()= 110N

800 N

Ans:
Fp = 983N
=21.8°
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2-26.

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

SOLUTION
F; = {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.

4

x CF;)J 2250 sings’ N

Ans:
F, = {200i + 346j} N
F, = {177i — 177j} N
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2-27.

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

(F1),x = 400 sin 30° = 200 N (F1), = 400 cos 30° = 346.41 N

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

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

B S(FR), = SF,;  (Fg), = 200 + 176.78 = 376,78 N

+12(Fg), = =F;  (Fp), = 34641 — 176.78 = 169.63N 1

The magnitude of the resultant force Fy is

Fr=V(Fp)+ (Fg), = V37678 + 169.63> = 413N Ans.

The direction angle 6 of Fg, Fig. b, measured counterclockwise from the positive

axis, is
F
g = tanfl[( R)y} _ t2111,1(169.63) ~oune Aus.

(FR)x 376.78

Y

FF=4oon = lbs
¢ ﬂ//( (Fﬂ)? 162950

N
- ~E S
VARN " ¥
(&) S/
R Ml
\

X

(F;)y E=250N (b)

(2)

Ans:
Fp = 413N
0 = 242°
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*2-28.
Resolve each force acting on the gusset plate into its x and y y
components, and express each force as a Cartesian vector. F3= 650N
NG /F2 =750N
4
V- 7
45°
\_ » — X
% F] =900 N
SOLUTION
F; = {900(+i)} = {900i} N Ans.
F, = {750 cos 45°(+i) + 750 sin 45°(+j)} N
= {530i + 530j} N Ans.
4 . 3\, .
F; = {650( 5 >(+l) + 650 (5)(—J)} N
= {5201 — 390j)} N Ans.

4’. (%
@ Yy=T05m#5 ‘N
i Bk éso(HpN

&—— 1 =750N —F ;

" | I
hA | ~ig*

— -f"'—& ? " E=tson

=5

(B),= 750 cosqs’n S )‘7 = bso(¥%IN

F, = {900i} N
F, = {530i + 530j} N
F; = {520i — 390j} N
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2-29.

Determine the magnitude of the resultant force acting on
the gusset plate and its direction, measured counterclockwise F,=650N

from the positive x axis. 3 X

/YFZ= 750 N
/<//

45°

\_ o X
'L""_|— F,=900N

SOLUTION

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

(F1)y = 900N (F1), =0
(F5), = 750 cos 45° = 53033 N (F,), = 750sin 45° = 530.33 N
(F3)x = 650(%) = 520N (F3), = 650(%) = 390N

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

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

The magnitude of the resultant force Fy is

Fr=V(Fp)2 + (Fp),> = V1950.33> + 140.33> = 1955 N = 1.96 kN Ans.

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

[ (FRr) } (140.33>
0 = tan™! Y1 = tan™! = ° Ans.
{(F D) =B 5033 ) = 412

1 @)y

&-—- E=750N
|
I
ﬁ 3

== X
. F =900n

DX TR
T R=6son
C5)7
CY)

(Fy=140-33N

8

(B)= 1950337

Ans:
Fr = 1.96 kN
0 = 4.12°
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2-30.

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

SOLUTION

Cartesian Notation. Referring to Fig. a,

F = (F) i + (F),j= 50<§)i+50<i)j = [30i + 40j)N  Ans.

5 5
F, = —(lh),i — (F), j = —80sin15°i — 80 cos 15°

= {-20.71i — 7727 j} N

= {-207i - 773j}N Ans.
Fy = (F),i = {301 Ans.

Thus, the resultant force is
Fr = 2F; Fr=F +F, +F;
= (30i + 40j) + (—20.71i — 77.27) + 30i
= {39.29i — 3727} N

Referring to Fig. b, the magnitude of Fj is

Fr = V/3929% + 3727 = 5416 N = 542N Ans.

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

37.27
0= tan*l(—) = 43.49° = 43.5° Ans.

39.29

Ans:
F, = {30i + 40j} N
F, = {-20.7i — 77.3j} N
F = {301}
Fr = 542N
0 = 43.5°
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2-31.

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

SOLUTION
Fi, =200sin45° = 141 N Ans.
Fi, =200 cos 45° = 141 N Ans.
F5, = —150 cos 30° = —130 N Ans.
F,, = 150sin30° = 75N Ans.

Ans

F,= 141N
F, = 141N
FE, = —130N
By, =75N
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*2-32.

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

SOLUTION
+NFre = 3F;  Fg,= —150c0s 30° + 200 sin 45° = 11.518 N

7+Fgy = ZF; Fgy = 150 sin 30° + 200 cos 45° = 216.421 N

Fr =V (11.518)> + (216.421)> = 217N Ans.
216.421
= | (il = °
0 = tan (11.518) 87.0 Ans.

Ans:
Fr = 217N
0 = 87.0°
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2-33.

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,

B (F), = SF;  (F), = 4 + 5cos45° — 8sin 15° = 5.465 kN —
+1(Fo)y = SF;  (Fg), = 5sin 45° + 8 cos 15° = 11.263 kN

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

Fr = V(Fp)? + (Fp)} = V54652 + 112632 = 12.52kN = 125kN  Ans.

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

(Fr) 11.2
o = tan_l{ ( FR)y} = tan_1<76653) = 64.12° = 64.1° Ans.
R)x .

Ans:
Fr = 12.5kN
0 = 64.1°
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2-34.

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

SOLUTION

4 .3 .
F, = 5(850) i-3 (850) j

(680§ — 510} N Ans.

F,= 625N

F,

—625sin 30°1 — 625 cos 30° j

(312§ — 541§} N Ans.

-
(98]
|

= —750sin 45°i + 750 cos 45° j

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

Ans:

F, = {680i — 510j} N
F, = {—312i — 541} N
F; = {—530i + 530j} 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

4
$FRX =2F,; Fgr, = 5(850) — 625sin 30° — 750 sin 45° = —162.83 N

3
+1Fg, = 2F,;  Fg, = —5(850) — 625 cos 30° + 750 cos 45° = —520.94N
Fr = V(-162.83)% + (—520.94)> = 546 N Ans.
520.94
= tan™' = 72.64°
¢ = tan (162.83) 726
6 = 180° + 72.64° = 253° Ans.

F,= 625N

l62.83W

S20.94N

Ans:
Fr = 546 N
6 = 253°
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*2-36.

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

SOLUTION

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

3 5
B (Fp)x = 3F;  (Fp)y = 40 <§) + 91(3) +30 =891b—

+1(Fp)y = 3F;  (Fg), = 40 G) - 91<%> = —521b = 521b}

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

Fr = V(Fp)? + (Fr)> = V89 + 522 = 103.08 Ib = 103 Ib Ans.

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

F
0 = tanfl{( R)y} = tan*l(%) = 30.30° = 30.3° Ans.

(FR)x

401b

X
Ans:
Fr, =103 1b
6 = 30.3°
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2-37.

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

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

Since cos (180° — ¢) = —cos ¢,

Fr = \V/F? + F3 + 2F,F,cos ¢ Ans.
From the figure,
Fsin ¢

tanf = ——————

an F, + Fycos ¢

Fisin ¢
f=tan!| ——— Ans.
an <F2+Flcosq5> ns

F.suarﬁ

Ans:
Fr = VF? + F? + 2FF,cos ¢

9 = tanﬁl(ﬂ)
F + F cos ¢
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2-38.

The force F has a magnitude of 80 Ib. Determine the
magnitudes of the x, y, z components of F.

SOLUTION

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

F, = 80 cos 45° = 56.6 Ib

F, = 80cos 60° = 40.0 Ib

F=3801b

/ B=45°

7 y
a=60° Fy

F,

Ans.

Ans.

Ans.
Ans:
F, = 40.01b
F,=56.61b
F, = 40.01b
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2-39.

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

AL
F '
s :\@\ .
SOLUTION
FX

cosB = V1 - costa — cos’y

= V1 — cos260° — cos?45°

x
B = 120°

F, =180cos 60°] = 40N Ans.

F, = [80 cos 120°| = 40N Ans.

F. =80 cos45°] = 56.6N Ans.

Ans:

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

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

SOLUTION

Coordinate Direction Angles. The unit vector of F is

uy = cos 30° cos 40°i — cos 30° sin 40°%j + sin 30° k

= {0.6634i — 0.5567j + 0.5k}

Thus,
cos a = 0.6634; a = 48.44° = 48.4° Ans.
cos B = —0.5567;, B = 123.83° = 124° Ans.
cosy = 0.5; v = 60° Ans.

The magnitude of F can be determined from
Fcos30° =17, F = 8.083 kN = 8.08 kN Ans.

Ans:

a = 48.4°

B = 124°

v = 60°

F = 8.08 kN
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2-41.

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

coordinate system.

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

= (53.1i — 44.5) + 40k} Ib

= {53.1i — 44.5j — 90.0k} Ib

V(53.172 + (—44.57 + (—=90.0 = 1141b

SOLUTION
F,

F,

F, = {—130k} Ib
Fr=F +F,

Fr

Fr=

‘T °051<113.6
B = cosl<44'5

113.6

Yy = cos_l<_90'0

531> e

> = 113°

Ans.

Ans.

Ans.

Ans.

z
F,=801b
y
30°
40°
YF,=1301b
. |
2,.
0
42 /’ 4
¢z’ -*4 37

Ans:

Fr = 1141b
a = 62.1°
B = 113°

vy = 142°
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2-42.

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

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

F, = {53.1i — 44.5j + 40k} Ib

53.1
a = cos1<> = 48.4°

80
44.5
B1 = cos_1<80> = 124°
4
v = cos ! (%) = 60°

F, = {~130k} Ib

4 0O .
@, = COoS 1<130> =90
0)

By = cos_1<130 = 90°
—130
Y2 = COS1<130> = 180°

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

F,=801b

30°
40°

YF =1301b

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

By = 124°

Y1 = 60°

F, = {—130k} Ib
ay = 900

B, = 90°

v, = 180°
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2-43.

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

SOLUTION
F, = 300(—cos 60° sin 45°i + cos 60°cos 45°j + sin 60°k)
= {=106.07i + 106.07j + 259.81k} N
= {=106i + 106j + 260k} N
F, = 500(cos 60°i + cos 45°j + cos120°k)
= {250.0i + 353.55j — 250.0k} N
= {250i + 354j — 250k} N
Fr = F, + F,
= —106.07i + 106.07j + 259.81k + 250.0i + 353.55j — 250.0k
= 143.93i1 + 459.62j + 9.81k

= {144i + 460j + 9.81k} N

Fr = \/143.93% + 459.622 + 9.812 = 481.73N = 482N
Fr 143930 + 459.62 + 9.81k

up = (0.2988i + 0.9541j + 0.02036k

T Fp 481.73
cosa = 0.2988 a = T72.6°
cos B = 0.9541 B =174°
cosy = 0.02036 y = 88.8°

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

F,=500N

Ans:

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

Fp = 482N
a = 72.6°
B =174
y = 88.8°
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*2-44.

Determine the coordinate direction angles of F;.

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

= {~106i + 106j + 260k} N

u = 3%10 = —0.3536i + 0.3536j + 0.8660k

a; = cos ' (—0.3536) = 111° Ans.
B1 = cos 1(0.3536) = 69.3° Ans.
y1 = cos 1(0.8660) = 30.0° Ans.

F,=500N

Ans:

a; = 111°
Bl = 69.30
v, = 30.0°
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2-45.

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

SOLUTION
Fr. = 2F ; 0 = —180 + 300 cos 30° sin 40° + F5cos «
Fry=2F,; 600 = 300 cos 30° cos 40° + F3cos 3

Fg, = 2F,; 0 = —3005sin 30° + F3cosy

cos’a + cos’B + cos’y = 1

Solving:
F3 =4281b
a = 88.3°
B = 20.6°
v = 69.5°

Ans.

Ans.

Ans.

Ans.

F, =3001b
Ans:
F = 4281b
a = 88.3°
B = 20.6°
vy = 69.5°
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2-46.

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

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

FR:EF

y I 0 = 300 cos 30° cos 40° + F3cos B

Fg, = 2F 0 = —300sin 30° + F5cosy

cos’a + cos’B + cosy = 1

Solving:
F3=2501b
a = 87.0°
B = 143°
vy =53.1°

Ans.

Ans.

Ans.

Ans.

F, = 3001b

Ans:

F =2501b
a = 87.0°
B = 143°
vy = 53.1°
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2-47.

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

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

F; = 400 (cos 45°% + cos 60°%j — cos 60°k) = {282.84i + 200j — 200k} N
4 .4 ., 3 . .
F, = 125 g(cos 20%)i — g(sm 20°)j + gk = {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

Fr = V(Fo)? + (Fr)> + (Fo)? = V/376.81 + 165.80% + (—125.00)*
= 43023N = 430N

The coordinate direction angles are

(Fr)x _ 376.81

= - — 28.86° = 28.9°
cos a Fe 13023 @ 8.86 8.9
(Fr)y  165.80
= - : = 67.33° = 67.3°
e ET L R
F ~125.00
cosy = (F): _ .y = 106.89° = 107°

Fr 43023 °

&

Y=107°

Ans.

Ans.

Ans.

Ans.

y
F, =400 N
Ans:
Fr = 430N
a = 28.9°
B = 67.3°
y = 107°
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*2-48.

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 I,
3. 4 .
F, = 450 (g] - §k> = {270j — 360k} N

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

Resultant Force.

FR:F1+F2

= [270j — 360k} + {371.23i — 262.5j + 262.5k}

= [371.23i + 7.50j — 97.5k} N

The magnitude of the resultant force is

Fr = V(Fo)2 + (Fr)> + (Fo)? = V/371.23% + 7.50> + (—97.5)*

= 383.80 N = 384 N

The coordinate direction angles are

(Fg)x 37123

cosa = i = 383.89; a = 14.76° = 14.8
(Fr)y  7.50
= = ; = 88.88° = 88.9°
COSB= T T 33800 P ?
o (FR)Z _ _97-5 _ o __ °
cosy = Fa = 33389 vy = 104.71° = 105
z

Ans.

Ans.

Ans.

Ans.

F,=525N
60°

45°

120°

Ans:

Fr = 384N
a = 14.8°
B = 88.9°
vy = 105°
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2-49.

Determine the magnitude and coordinate direction angles
ay, By, v, of F; so that the resultant of the three forces

acting on the bracket is F = {—350k } Ib.

SOLUTION
F,=F,i+F,j+F.k

F, = —200j

F; = —400 sin 30°i + 400 cos 30° j

~200i + 346.4

Fi = SF

~350k = F,i+ Fyj+ F,k —200j — 200 + 346.4
0=F,—200; F,=2001b

0=F,—200 +3464; F,=—14641b

F, = —3501b

F = V(200)* + (—146.4)2 + (—350)>

F; =42591b = 4291b Ans.
o, = cos ! (%) = 62.2° Ans.
Bi = cos’1<;124§§4) = 110° Ans.
y1 = cos ™! (% = 145° Ans.

Ans:

F, = 4291b
ap = 62.2°
B, = 110°

v, = 145°
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2-50.

If the resultant force Fj has a magnitude of 150 Ib and
the coordinate direction angles shown, determine the
magnitude of F, and its coordinate direction angles.

SOLUTION

Cartesian Vector Notation. For Fy, y can be determined from

cos’a + cos’B + cos’y = 1
cos® 120° + cos?50° + cos?y = 1
cos y = +£0.5804

Here y < 90°, then

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

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

Thus, the magnitude of F, is

V(=750 + 16.422 + 87.05>

B = V(B), + (B), + (B).

= 116.071b = 116 1b Ans.
And its coordinate direction angles are
cos ay = (I;Zz)x = %, a, = 130.25° = 130° Ans.
cos B, = (Z)y = 11166'227; B, = 81.87° = 81.9° Ans.
cos y, = (Z)z = 18176'2)5-7 ; v, = 41.41° = 41.4° Ans.

Ans:

E = 1161b
a, = 130°

Bz = 81.9O
v, = 41.4°
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2-51.
Express each force as a Cartesian vector. z
F;=200N
F,=150N
F, = 90N (=g 60° y
34 /
45°
SOLUTION
Cartesian Vector Notation. For F;, F, and F;, ¥
4. 3 .
F;, =90 5i + gk = {72.0i + 54.0k} N Ans.
F, = 150 (cos 60° sin 45°% + cos 60° cos 45°% + sin 60°k)
= {53.03i + 53.03j + 129.90k} N
= {53.0i + 53.0j + 130k} N Ans.
F; = {200 k} Ans.
Ans

F, = {72.0i + 54.0k} N
F, = {53.0i + 53.0j + 130k} N
F; = {200k}
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*2-52.

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

coordinate system.

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

SOLUTION
F, = 90 (gi +

3
—k
5

> = {72.0i + 54.0k} N

F, = 150 (cos 60° sin 45° + cos 60° cos 45° + sin 60°k)

= {53.03i + 53.03j + 129.90k} N

F; = {200k} N

Resultant Force.

F:F1+F2+

= (72.0i + 54.0k) + (53.03i + 53.03j + 129.90K) + (200K)
= {125.03i + 53.03j + 383.90} N

F;

The magnitude of the resultant force is

Fr = V(F)? + (Fr)2 + (Fp)2 = V125.03> + 53.03% + 383.907

= 40722 N = 407N

And the coordinate direction angles are

Cosa =

cosfB =

cosy =

(Fr)x 12503

Fr  407.22°
(Fr)y  53.03
Fr  407.22°

(Fr):  383.90
Fr ~ 407.22°

a =7212°=172.1°

B = 82.52° = 82.5°

y = 19.48° = 19.5°

F,=9N

5

F,=200N

F,=150N

60°

45°

Ans.

Ans.

Ans.

Ans.

Ans:

Fr, = 407N
a = T721°
B = 82.5°
y = 19.5°
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2-53.

The spur gear is subjected to the two forces. Express each
force as a Cartesian vector.

SOLUTION
F - 215 (50)j — % (S0)k = {14.0j — 48.0k} Ib

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

= {90i — 127 + 90k} Ib

Ans.

Ans.

Ans:

F, = {14.0f — 48.0k} Ib
F, = {90i — 127j + 90k} Ib
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2-54.

The spur gear is subjected to the two forces. Determine
the resultant of the two forces and express the result as a

Cartesian vector.

SOLUTION

Fr, = 180 cos 60° = 90

7
Fgy = E(SO) + 180 cos 135° = —113

24
Fr = =55 (50) + 180 cos 60° = 42

Fg = {90i — 113j + 42k} Ib

Ans.

F,=1801b

Ans:
Fr = {90i — 113j + 42k} Ib
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2-55.

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

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

= (325.52i — 118.48j + 200k} N

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

Resultant Force.

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

The magnitude of the resultant force is

Fr = V(Fo)? + (Fr)2 + (Fg)? = V/575.52 + 131.52° + (—153.55)’

= 610.00N = 610N Ans.

The coordinate direction angles are

_ (Fr)x _ 575.52

COS o FR = m a = 19.36° = 194 Ans.
(Fr)y  131.52

= === = 77.549° = 77.5° Ans.

cos B Fe 610.00 B = 77.549 77.5 ns
F —153.

cosy = (Fo): _ —153.55 y = 104.58° = 105° Ans.

Fy 610.00

Ans:

Fr = 610N
a = 19.4°

B =1715°

v = 105°
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*2-56.

Determine the length of the connecting rod AB by first
formulating a 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

tap = [0 — (=150 cos 30°)i + [300 — (—150 sin 30°)]j
= {129.90i + 375j) mm

Thus, the magnitude of ryp is

raz = V129.90° + 375% = 396.86 mm = 397 mm

Ans.

B
300 mm
! ¥ !
30° A
150 mm
Ans:

Yap — 397 mm
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2-57.
Express force F as a Cartesian vector; then determine its z
coordinate direction angles. A
F=1351b
e
P e
P \Q&&
-
-
s 70°
SOLUTION g 30°
7 Z y
st S
ryp = (5 + 10 cos 70° sin 30°)i 5 .
+ (=7 — 10 cos 70° cos 30°)j — 10 sin 70°k
r g = {6.710i — 9.962j — 9.397k]} ft x
rap = \/(6.710)2 + (—9.962)% + (—9.397)* = 15.25
B . .
Wap = = (0.4400i — 0.6532j — 0.6162k)
AB
F = 135u,3 = (59.40i — 88.18j — 83.18k)
= {59.4i — 88.2j — 83.2k} Ib Ans.
59.40
a = cos’l(ﬁ> = 63.9° Ans.
—88.18
— -1 — o
B = cos ( 135 ) 131 Ans.
—83.18
— -1 — o
Y = cos ( 135 ) 128 Ans.
Ans:
F ={59.4i — 88.2j — 83.2k} Ib
a = 63.9°
B = 131°
vy = 128°
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2-58.

Express each force as a Cartesian vector, and then deter-
mine the magnitude and coordinate direction angles of the
resultant force.

SOLUTION
tac = {—Z.Si —4j+ %(2.5)k}ft

Tac

F, =80 lb< > = —2620i — 41.93j + 62.89k

rac
={-262i—419j + 629k} Ib

tap = (20— 4j— 6k ft

. s\ . .
F, = 501b (*) = 13.361 — 26.73j — 40.09 k

raB
= {13.4i —26.7j — 40.1k} b
Fx=F +F,
= —12.84i — 68.65j + 22.80 k
= (-12.8i — 68.7j + 228k} Ib
Fir = V(—12.84)% (—68.65)> + (22.80)2 = 73.47 = 73.51b

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

ft

2 ft
B

Cc
1312 F,=801b
5
251t
o
.~ y
4 ft A
F,=501b

Ans:
F, = {2621 — 419j + 629k} Ib
F, = {13.4i — 26.7j — 40.1k} b

F = 7351b
a = 100°
B =159
y = 71.9°
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2-59.

If F = {350i — 250j — 450k } N and cable AB is 9 m long, z

determine the x, y, z coordinates of point A. 4
el

SOLUTION Ayw

Position Vector: The position vector r 45, directed from point A to point B, is given by
rap = [0 —x]i+ (0 - y)j+(0-2k

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

rap  —xi—yj -2k

Uyp = =
A 9

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

F \/3502 + (—250)2 + (—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
+ =—0.5623i 0.4016j — 0.7229k

Equating the i, j, and k components,

X

9 =—0.5623 x =—5.06m Ans.
-y

95 - —0.4016 y =3.61m Ans.
%Z = 0.7229 z=651m Ans.

Ans:

x = —5.06m
y =3.61lm
z =651m
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*2-60.

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

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

z = 6.63m

Ans.

Ans:
6.63 m
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2-61.

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

SOLUTION
r = {xi +yj + 5kjm
r=V@?+ )P+ (67’ =8
x =y, thus
2w =8 -5
x=y=442m

Ans.

Ans:
x=y=442m
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2-62.
Express each of the forces in Cartesian vector form and z
then determine the magnitude and coordinate direction
les of the resultant force 0"75 m,
ang A
F,p=250N
Fae= 400N ' Am
SOLUTION
Unit Vectors. The coordinates for points A, B and C are (0, —0.75, 3) m, 2m “40°"2m
B(2 cos 40°, 2 sin 40°, 0) m and C(2, —1, 0) m, respectively. / C B
ra (2cos40° — 0)i + [2sin40° — (—0.75)]j + (0 — 3)k Am
Uyp = — = -
tas \V/(2cos40° — 0)* + [2sin40° — (—=0.75)]> + (0 — 3)?
= 0.3893i + 0.5172j — 0.7622k *
tae (2 -0)i+[-1- (=075 + (0 - 3)k
e V2 =02+ [-1— (=075 + (0 — 3)
= 0.5534i — 0.0692j — 0.8301k
Force Vectors
F.p = Fypuyp = 250 (0.3893i + 0.5172j — 0.7622k)
= {97.32i + 129.30j — 190.56k} N
= {97.3i + 129j — 191k} N Ans.
Fyc = Fycuy e = 400 (0.5534i — 0.06917j — 0.8301k)
= {221.35i — 27.67j — 332.02k} N
= (221i — 27.7j — 332k} N Ans.
Resultant Force
Fr = Fap + Fac
= {97.32i + 129.30j — 190.56k} + {221.35i — 27.67j — 332.02k}
= {318.67i + 101.63j — 522.58k} N
The magnitude of Fy is
Fr = V(Fo)? + (Fp)? + (Fp)? = V318.67% + 101.63% + (—522.58)
= 62046 N = 620N
And its coordinate direction angles are
(Fr)x _ 318.67
= = ; = 59.10° = 59.1° Ans.
cos a Fr 62046 ° a 9 9 ns,
(Fr)y 10163 . 3
cos B = F_ 62046 B = 80.57° = 80.6 Ans.
(Fo).  —522.58 Ans:
cosy = Rle o 22292, vy = 147.38° = 147° Ans. F,p = {97.3i — 129j — 191k} N
F 620.46 Fac = {221i — 27.7j — 332k} N
Fr = 620N
a = 59.1°
B = 80.6°
y = 147°
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2-63.

If F3 = 560N and Fc = 700 N, determine the magnitude
and coordinate direction angles of the resultant force acting
on the flag pole.

SOLUTION

Force Vectors: The unit vectors ug and uc of Fz and F- must be determined first.
From Fig. q,
Iz 2-0i+(-3-0)j+ (0-06)k
uB = — =
B N2 =07 + (=3 - 0) + (0 — 6)
1 %0 B-0i+@2-0)j+ (0-06)k 3, 2, 6
U = — = :?l‘i‘;‘]—?k
e NGB 0P + 200+ (0- 6)

Thus, the force vectors Fp and F( are given by

2.0 3. 6
_2 3. 6
AL

2. 3, 6

Fy = Fguy = 560(? -Ji- ;k) = {160i — 240j — 480k} N
3, 2. 6 . .

Fc = Feuc = 700\ Zi + 2j — 2k | = {300i + 200 — 600k} N

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

The magnitude of Fy is

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

-V (460)? + (—40)*> + (—1080)> = 1174.56 N = 1.17 kN Ans.

The coordinate direction angles of Fy are

- (FR)X} . ( 460 ) (&)
_ 1 - 1 = °
a = CcoS { Fr cos 117456 66.9 Ans.
(Fr) -
B = cos_l{ FR y} = cos_1<1172956) = 92.0° Ans.
R .
(FR)Z} ( —1080 )
— -1 — —1 — o
Y = cos {7FR cos 1174.56 157 Ans.

Ans:

Fr, = 1.17kN
a = 66.9°

B = 92.0°

y = 157°
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*2-64.

If Fg = 700N, and F- = 560 N, determine the magnitude
and coordinate direction angles of the resultant force acting

on the flag pole.
6m
SOLUTION
Force Vectors: The unit vectors ug and uc of Fp and Fo must be determined first. %
From Fig. a, B
&3
g 2-0i+(-3-0j+0O-6k 2. 3. 6 m
up = — = :;l—;_]—;k
B \/(2 = 07 + (=3 — 07 + (0 — 6)°
X

" _Tc _ B-0i+2-0j+ ((0-060k =§i+gj—9k
e NE-opre-opro-e6r 1 T 7

Thus, the force vectors Fp and F( are given by

2. 3, 6

Fy = Fyuy = 700(7i -Ji- ;k) = {200i — 300j — 600k} N
3. 2. 6 . .

Fo = Feue = 560 Ji + Zj — k) = {2400 + 160j — 480k} N

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

The magnitude of Fy is

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

= V(440> + (~140)> + (~1080)? = 1174.56 N = 1.17 kN Ans.
The coordinate direction angles of Fy are Cﬂ’)
a = cos_l{%} = cos‘(%) = 68.0° Ans.
B = cos_l[(l;ljy} = COS_](11_71:F5)6> = 96.8° Ans.
y = cos*{(l;i)z} = cosfl<%) = 157° Ans.

Ans:

Fr = 1.17kN
a = 68.0°

B = 96.8°

y = 157°
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2-65.

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

SOLUTION

I'pq 5 . 6 . 14
= =) = + +
Fa = 350 <r3A> 350( 16.031" " 160317 T 16.031 k)

= [~109i + 131j + 306k} Ib

3

Ica 3. . 14 )
F., = 500( 4 ) = 500 + + X
A (rCA) (14.629 ' 146297 T 14629

= {103i + 103 + 479k} Ib

r 2
Fp, = 400 (ﬂ) = 400(
DA

= {-52.1i — 156 + 365k} Ib

L6 14 k)
15362 153627 T 15362

Ans:

Fy, = {—109i + 131 + 306k} Ib
Fcu = {103i + 103§ + 479k} Ib
Fp, = (-52.1i — 156 + 365k} Ib
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2-66.

Represent each cable force as a Cartesian vector. z
SOLUTION

rc=0-5i+(-2-0j+@B—-0k={-5—-2j+3k}m

re= V(=5 + (-2’ + 3 = V38m

15 =(0—5)i+ 2-0)j+ (3 —0k={-5i+2j +3klm
rg= V(=57 + 2+ 3 =1V38m
rr=(0—2)i+ (0 - 0)j+ (3—0k={-2i+0j+3klm
re= V(=22 + 0 +3=V13m

ne)

—5i — 2 + 3k
V38

—5i + 2 + 3k

=)

—2i + 0f + 3k

=)

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

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

F, = 350( {—194i + 291k} N Ans.

Ans:

Fo = {—324i — 130j + 195k} N
Fy = {—324i + 130j + 195k} N
Fy = {—194i + 291k} N
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2-67.

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

SOLUTION
rc = (0= 5)i+ (-2 - 0)j + (3 — 0)k = {~5i — 2j + 3K}

re= V(=5 + (-2 + (3) = V38m

B e\ (—5i — 2§ + 3k)>
F. = 400 (rc) = 400 <—\/3§

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

rp=0-5i+2-0j+ 3 —-0k={-5+2j+ 3k}

rg= V(=52 + 22+ 3 =\V38m

) (—5i + 2 + 3k)>
400 (rg) = 400 <—V3§

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

Fp

Fi = Fo + Fy = (—648.89i + 389.33k)

Fr = V/(—648.89)2 + (389.33)2 + 02 = 756.7242

Fr = 757N Ans.
—648.89
= S b — — o
@ = cos <756.7242) 149.03 = 149 Ans.
B = cos! (L) = 90.0° Ans
756.7242 ’ )
389.33
— cog [ 29722 ) _ _ coqe
v = cos (756.7242) 59.036 = 59.0 Ans.

Ans:

Fr = 757N
a = 149°

B = 90.0°
vy = 59.0°
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*2-68.

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

SOLUTION
I'pp — (_3i + 2j + 6k)

1
'cp = EI’AB = (_15i + 1j + 3k)

Tco = Tpo T Icp

—6k — 1.5i + 1j + 3k

=—-15i+1j — 3k
rco = 35
Tco . .
F =280 <—) = {—34.3i + 22.9j — 68.0k} Ib
r'co

Ans.

Ans:
F = {=343i + 22.9j — 68.6k} Ib
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2-69.

The load at A creates a force of 60 1b in wire AB. Express
this force as a Cartesian vector.

SOLUTION

Unit Vector: First determine the position vector r 45. The coordinates of point B are
B (5sin 30°, 5 cos 30°, 0) ft = B (2.50, 4.330, 0) ft

Then

rag = {(2.50 — 0)i + (4330 — 0)j + [0 — (—10)]k} ft

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

rap = V2502 + 43307 + 10.0* = 11.180 ft

rap _ 2.50i +4330j + 10k

r'AB 11.180

Uyp =
= 0.2236i + 0.3873j + 0.8944k

Force Vector:

F = Fuyp = 60 {0.2236i + 0.3873j + 0.8944k} 1b

= {13.4i + 23.2j + 53.7k} Ib Ans.

Il

10 ft

F=601b

Ans:
F = {13.4i + 23.2j + 53.7k} b
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2-170.

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

F,o=150N
N 4N Fap =200N
ol 1
\ 3m
SOLUTION 3 ~
m
Unit Vector. The coordinates for points A, B and C are A(0, 0,3) m, B(2,4,0) m, N
and C(—3, —4, 0) m, respectively. 4m B
rygg =2 —0)i+ (4 —-0)j+(0—3k=1{2+4 —3kjm *
I'yp 2i + 4j - 3k 2 . 4 . 3
Uyp = — = = i+ j- k
TAB 2+ 42+ (=32 V29 V29T V29
Yyue=(3-0i+(-4—-0)j+ (0 —3)k={-23i—4j —3kjlm
| Yol —3i — 4j — 3k 3 . 4 . 3
Uyc=—— = = 1- | k
tac V(=3P + (—47+ (537 V34 V3T V34
Force Vectors
2 4 3
FAB:FAB“ABZZOO( i+ j - k)
V29 V29T V29
= {74.28i + 148.56j — 111.42k} N
3 4 3
F C=FACuAC=150( i— j_ k)
! V34 347 V34
= {=77.17i — 102.90j — 77.17k} N
Resultant Force
Fr = Fap + Fac
= {74.28i + 148.56j — 111.42k} + {—77.17i — 102.90j — 77.17k}
= {—2.896i + 45.66j — 188.59 k} N
The magnitude of the resultant force is
Fr = V(F)? + (Fr)2 + (Fp)? = V(—2.896)> + 45.66> + (—188.59)?
= 194.06 N = 194N Ans.
And its coordinate direction angles are
Fg)y  —2.896
cosa = % = 194.06 ; a = 90.86° = 90.9° Ans.
(Fr)y  45.66 . .
cos B = Fe = 194.06° B = 76.39° = 76.4 Ans.
(Fg).  —188.59
= = = 166.36° = 166° Ans.
OSY =g T 19406 Y e
Ans:
Fr = 194N
a = 90.9°
B =1764°
v = 166°
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2-71.

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

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

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

=(A-B) + (A-D) (QED)
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*2-T72.

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

SOLUTION

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

by (0= 9t Q-9+ 10- (2 R
=—= = —0.7428i — 0.5571 0.3714k
Y VO -y 0- (P o >E

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

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

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

(Fep)paral = Frugp = (—445.66i — 334255 + 222.83k) - (—j)
= (—445.66)(0) + (—334.25)(—1) + (222.83)(0)

= 33425 = 334N Ans.

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

(Fep)per = VF? = (Fgp)para® = V6007 — 334.25” = 498 N Ans.

Ans:

(FED)L = 498 N
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2-73.

Determine the angle 6 between BA and BC.

SOLUTION

Unit Vectors. Here, the coordinates of points A, B and C are A(0, —2,0) m,
B(0,0,0) m and C(3, 4, —1) m respectively. Thus, the unit vectors along
BA and BC are

B-0i+@-0j+(-1-00k 3 4 1
V(3 =072+ (4 — 07 + (-1 —0) \f \FJ \/276

The Angle 0 Between BA and BC.

Ups = ) Upg =

uguge = (—j) - ( 26 \j276j_\/1276k)

- 1)< 426) \/%

Then

4
6 = cos L(ugy rupe) = cosfl(— 7) = 141.67° = 142° Ans.

V26

Ans:
0 = 142°
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2-74.

Determine the magnitude of the projected component of
the 3 kN force acting along 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 +@-0j+(-1-0k 3, 4 1
Ugc = = i+ j - k
VGB-02+ @4 —0)? +(-1-0?% V26 V26 V26
B-=3)i+0-4j+[0-(-Dlk 5 . 4 1
Ucp = = i— Jj T k
VE-37+0-4 +[0- (D V4 Ve Va
Force Vector. For F,
5 4 1
F = Fucp = 3( i— j+ k)
T \Ve ' Vel Ve
15 12 3
= i— j+ k) kN
(\/AE Vol Va
Projected Component of F. Along BC, it is
15 12 3 3 4 1
(Fgo)| = ‘F-u =’( i— j+ k)( i+ j— k)’
’ " “I\Ve Vel Ve )\ vaet Ve
108 G5) () G5) + va(3s)
V42/\\/26 Va2 /\\V26/ Va2 \ Va6
= 6 ‘ = ’—0.1816 kN‘ = 0.182 kN Ans.

- ‘ V1092

The negative signs indicate that this component points in the direction opposite to

that of ug,..

Ans:
’ (Fpe)

= 0.182 kN

95



© 2017 Pearson Education, Inc., Hoboken, 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.

2-75.
Determine the angle 6 between the two cables. z
%C o
F,= 40N /
‘ 4m
_ 0 F,=70N ‘
A ek
) \\é m\‘
< B
2m 3m
SOLUTION -
\i; 3m
Unit Vectors. Here, the coordinates of points A, B and C are A(2, —3,3) m, X
B(0,3,0) and C(—2, 3, 4) m, respectively. Thus, the unit vectors along AB and AC
are
(0-2)i+[3-(3))+(0-3)k 2, 6. 3
Upp = =—it+t-jJ— -k
VO-22+B-(-3)F+@©0-3?> 7 10 17
(=2-2)i+[3-(3)]i+(# -3k 4 . 6 . 1
Wy = = - i+ jt+ k
V(=2 =22+ [3 - (-3) + (4 — 3 3 V53T V53
The Angle 0 Between AB and AC.
(2,+6_ 3k)( 4 .- 6 - 1 k)
Upp Uy = | —51T ) — K 1 J
77T V53 V53T Vs3
- Nv8) 05 5)E)
7N 53/ T\\/53 7)\\V/53
4
7V53
Then
6 = cos ' (uyp-uye) = cos_'(i) = 36.43° = 36.4° Ans.
7V'53
Ans:
0 = 36.4°

96




© 2017 Pearson Education, Inc., Hoboken, 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.

*2-76.

Determine the magnitude of the projection of the force F;

along cable AC. C
_ /
A %
) \\gm\‘
N ' B 7

2 m 3m

SOLUTION AN

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

O0O-2i+[B-(3+O-3)k 2 6 ik
7

VO-27+B- (3 +03p 17
+

Uyp =

j —
(2 - i+ 3 (-3 + 4 - 3k 46
u = = 1
N2 -2t B- (3G -37 V53 V53

1
jr k
V53
Force Vector, For F,,
3

2. 6
F, = Fu,, = 70(—? +oi- ;k) = {~20i + 60j — 30k} N

Projected Component of F;. Along AC, it is

4 6 1
(F)ac = Fi-uye = (=200 + 60 —30k)-( i+ j+ k)
! V53 V53T Vs3

o) e ) L)

= 56.32N = 563N Ans.

The positive sign indicates that this component points in the same direction as u 4.

Ans:
(F)ac = 563N
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2-T717.

Determine the angle 6 between the pole and the wire AB.

SOLUTION

Position Vector:
rac = {=3j} 1t

ras = {(2 - 0)i+ (2—3)j+ (-2 — 0k} ft

= {2i — 1j — 2k} ft

The magnitudes of the position vectors are

Fac = 3000t ryp= V22 + (=1)2 + (=2)% = 3.00 ft

The Angles Between Two Vectors 6: The dot product of two vectors must be
determined first.

Yac tap = (—3j)-(2i — 1j — 2k)

=0(2) + (=3)(=1) + 0(=2)

Then,

1 Ya0"YaB _ 3
9 = cos I T4 TAB ) _ 1{7} = 70.5° Ans.
€os ( FAOTAB > % 13.00(3.00) s

Ans:
0 = 70.5°
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2-78.

Determine the magnitude of the projection of the force
along the u axis.

SOLUTION
Unit Vectors: The unit vectors up 4 and u,, must be determined first. From Fig. a,
T —2-0i+@4-0)j+ 4 -0k 1 2 2
by oA (2-0iF@-0ir @Ok 1 2. 2

oA \(2-0P+ @ -0+ @—o0F 3 373
u, = sin30° + cos30°j
Thus, the force vectors F is given by

1, 2, 2
F = Fup, = 600(— R gk) = {~200i + 400j + 400k} N

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

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

=246 N Ans.

A(-2,4,4¢)m

Ans:
F, = 246 N
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2-79.

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

SOLUTION
Yoc= {61 + 4] — 2k} ft
F 100 {-6i + 8j+ 2k}

= {-58.831 + 7845) + 19.61k} Ib

—~ .~ — ypc  —7845
F,=F - =F: 2% = = —10.48
r Hac Tocl 7483
F, =1051b Ans.

Ans:
F,=10.51b
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*2-80.

Determine the angle 6 between pipe segments BA and BC.

SOLUTION
Fec= {61 + 4] — 2k}t

VBa = {_35} ft

0= cos_l(L%C Vb ) = cos_l(;18 >
| VBl 7Bl 22.45

0 = 143°

Ans.

Ans:
6 = 143°
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2-81.

Determine the angle 6 between the two cables.

SOLUTION
_ _1(¥ac YaB
0= cos (rAC F'aB )

_1{ 2i—8j+10k)-(—6i+2j+ 4k)
¢ V22 + (=82 + 102 V(—6) + 22 + 42

cos! (172)
96.99

82.9°

S
Il

8 ft

10 ft

10 ft—

B
Y jﬁ
//‘ 4¢ft
vl y
F,z=121b
WAB 6 it
ye

. sf—>" A

Ans.

Ans:
6 = 82.9°
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2-82.
Determine the projected component of the force acting in z
the direction of cable AC. Express the result as a Cartesian T
vector. 8 ft
}‘/
C
10 ft—
B
RS
10 ft
SOLUTION 4

WABzflle
tae = [2i— 8j + 10K} ft At

; gf—>" A

TAB 6 2 . 4
Fup =12 —— ) =12( - + + k
4P (rAB) ( 7483 " " 74837 T 7483 )

Faip = (—9.621i + 3207 + 6.414 K} Ib

Wi = 2 jo 8 e 10
A€ T 12061 T 129617 T 12,961

_ . = _9, — ) + 3. —— | + 6.
Proj Fup = Fap-uyc 9.621 (12.961) 3207 ( 12.961) 6414 (12.961)

= 1.4846

Proj Fap = Fapuuc

2 8 10 }

Proj Fyp = (1.4846 i - i+ k
roj Fap = ( ){12.9621 129627 " 12962

Proj Fup = {02291 — 0916 + 1.15k} Ib Ans.

Ans:
Proj F,p = {0.229i — 0.916j + 1.15k} Ib
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2-83.

Determine the angles 6 and ¢ between the flag pole and the
cables AB and AC.

SOLUTION

fac={-2i —4j + 1k} m; rac =4.58m
r g = {1.51 — 4j + 3k} m; rap = 522m
rio = {—4j — 3k} m; ra0 = 5.00m

rap Tao = (1.5)(0) + (=4)(=4) + 3)(=3) =7
0= cos1<rAB.er>
raBT A0
B 7 o
= COS 1<522(500)> =744

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

—1( YacTao
¢ =cos | ——

racrao

13
—cos I [—> ) = 5540
o (4.58(5.00))

Ans.

Ans.

Ans:
6 = 74.4°
¢ = 55.4°
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*2-84.
Determine the magnitudes of the components of F acting z
along and perpendicular to segment BC of the pipe ‘
assembly. 3 f>\
t
s T~
4 ft 2 ft
\/ /}
. y
SOLUTION F = {30i — 45j + 50K} Ib
Unit Vector: The unit vector ucp must be determined first. From Fig. a,
reg (B-7i+ (@ —6)j+[0— (—4k 2. 1. .2 ¢
Y e =itk
B N (G=T72+ (4— 62+ [0 — (4P

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

2 2
(Fpc)pa = Frucg = (30i — 45j + 50k)-<—3i -=j+ k)

3
- o 2]+ (4] + [ 2)

=28331b =2831b Ans.

The magnitude of F is F = V302 + (—45)% + 502 =\/5425 1b. Thus, the magnitude
of the component of F perpendicular to segment BC of the pipe assembly can be
determined from

(Fpc)per = V F?= (Fpe)pa® = V5425 — 28332 = 68.01b Ans.

Ans:
(Fgc)y = 2831b
(Fge) . = 68.01b
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2-8s.

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

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 =072 + (6 - 0) + (=4 — 0)

= 0.69651 + 0.5970j — 0.3980k

Vector Dot Product: The magnitude of the projected component of F along line AC is
Fic = Fruye = (30i — 45§ + 50k) - (0.6965i + 0.5970j — 0.3980k)
= (30)(0.6965) + (—45)(0.5970) + 50(—0.3980)
= 25.871b Ans. X

Thus, F 4¢ expressed in Cartesian vector form is

Fic = Facuye = —25.87(0.69651 + 0.5970j — 0.3980K) c(16 -1

= (~18.0i — 15.4j + 10.3k} Ib Ans. @

Ans:
Fyc = 2587 1b
Fyc = {—18.0i — 15.4j + 10.3k} Ib
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2-86.
Determine the angle 6 between the pipe segments
BA and BC.
2 ft
—~ <>
. y
SOLUTION F = (30i — 45j + 50k} Ib

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

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

The magnitude of rz4 and rpc are

tga = V(=3)* + (—4)* =51t
rpe = VA& + 27 + (—4) = 61t
Vector Dot Product:

Tpa-Tpe = (—3i — 4j)- (4i + 2j — 4k)
(=3)#) + (=4(2) + 0(=4)

= —20ft
Thus,
6= cosfl<M) = cosfl{;zo} = 132° Ans.
Ipa XpC 5(6)

Ans:
6 = 132°
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2-87.

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.

=051 + 0.2j + 0.2k
Uy =

0.57446 o
= —0.8704i + 0.3482j + 0.3482k s J _
F = —100 cos 10°% + 100 sin 10°k e
F -
6 = cosfl(ﬁ) i5e
Fuyp B #
B 71(7100 (cos 10°)(—0.8704) + 0 + 100 sin 10° (0.3482))
- 100(1)
= cos 1 (0.9176) = 23.4° Ans.

Ans:
0 = 23.4°
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*2-88.

Determine the magnitudes of the components of the force z
acting parallel and perpendicular to diagonal AB of the crate.

SOLUTION

Force and Unit Vector: The force vector F and unit vector u, 3 must be determined
first. From Fig. a,

F = 90(— cos 60° sin 45°i + cos 60° cos 45°j + sin 60°k)
= {—31.82i + 31.82j + 77.94k} b
T'sp O0—-15i+@-0)j+(1-0k 3,

up = i 6j—i—zk Z
AB = T = —-1—Z -
ras NO-152+@-02+a-07 [ T 7

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

[(F)alpa = Frusp = (—31.82i + 31.82 + 77.94k)~<—3i + gj + §k>
A5 00)f8,

- (—31.82)(—?) + 31.82(2) + 77.94(3) x,/—

=63.181b = 63.21b Ans.

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

[(F)alper = VF2= [(F) aglpa® = V90> — 63.18% = 64.11b Ans.

Ans:

[(F)ag]) = 6321b
[(F)ap] . = 64.11b
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2-89.

Determine the magnitudes of the projected components of
the force acting along the x and y axes.

SOLUTION

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

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

[—75i + 259.81j + 129.90k] N

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

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

Ans:
F,=75N
F, = 260N
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2-90.

Determine the magnitude of the projected component of
the force 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

tos (=045 — 0)i + (0.3 — 0)j + (0.2598 — 0)k ) )
up, = 24 = — —0.75i + 0.5j + 0.4330k
roa \(—045 — 02 + (0.3 — 0)* + (0.2598 — 0)?

Vector Dot Product: The magnitude of the projected component of F along line OA is
Fox = F-upy = (=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.

"A[-(034035m30%), 0.3, 0.3Cos30* ]

- (‘0‘49/ 0'3/ 0.2575),"

Ans:
Fou = 242N
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2-91.

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:
up, = cos 30° sin 30°i + cos 30° cos 30°% — sin 30°k
= 0.4330i + 0.75j — 0.5k
F = Frugp, = 30(0.4330i + 0.75j — 0.5k) Ib

= {12.990i + 22.5j — 15.0k} Ib

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

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

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

(12.990)(— 0.7071) + (22.5)(0.5) + (~15.0)(0.5)
= —5441b

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

The magnitude is (F1)p, = 5.44 1b Ans.

Ans:
The magnitude is (F)r, = 5.44 1b
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*2-92,

Determine the angle 6 between the two forces.

SOLUTION

Unit Vectors:

uz = cos 30° sin 30°i + cos 30° cos 30°j — sin 30°k

1

= 0.4330i + 0.75j — 0.5k

ug, = cos 135°% + cos 60°%j + cos 60°k

2

—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”'(—0.1812) = 100° Ans.

Ans:
6 = 100°
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*R2-4.

The cable exerts a force of 250 1b on the crane boom as 2
shown. Express this force as a Cartesian vector.

SOLUTION

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

cos’a + cos® B + cos’y = 1
cos?30° + cos? 70° + cos®y = 1 F=2501b
cosy = +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 + 85.5] — 91.2k} Ib Ans.
{ j

Ans:
F = {217i + 85.5j — 91.2k} Ib
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*R2-8.
Determine the projection of the force F along the pole. z
F = {2i + 4j + 10k} kN
O
SOLUTION
2m
2 2 1
PrOjF:F'ua:(2i+4j+10k)-<7i+7j——k) /
3 3 3 \\ }
Proj F = 0.667 kN Ans. 7m I
g l
Ans:
F = 0.667 kN
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