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Determine the magnitude of the resultant force Fg = F; + F»
and its direction, measured counterclockwise from the positive
X axis.

SOLUTION
Fr = 2(250)% + (375)> - 2(250)(375) cos 75° = 393.2 = 393 Ib Ans. 45 Y

393.2 250

sin75°  sinu

u = 37.89° o e
T = 360° - 45° + 37.89° = 353° Ans. 2 f=375U
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2-2.

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

SOLUTION

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

Applying the law of consines to Fig. b,

- 2 7 _ - /5
Fr = 27007 + 450% - 2(700)(450) cos 45 LO™ F 450N
= 497.01N = 497 N Ans.
This yields

sina _ sin 45°

00 - 497.01 a = 95.19

7oew
RSN (&)
Thus, the direction of angle ¥ of Fr measured counterclockwise from t@? ~(\ A @6
positive x axis, is \\(b ® \({b

T =a+ 60°=9519° + 60° = 155° C)OQ
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2-3.

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

SOLUTION

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

Applying the law of cosines to Fig. b,

F

25002 + 7002 - 2(500)(700) cos 105°

959.78 N = 960 N Ans. 90°%15°=/05 °

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

sin (90° + u) _ sin 105°
700 959.78

u = 45.2°
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*2-4.

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

SOLUTION
Fr = 2(300)% + (500)? - 2(300)(500) cos 95° = 605.1 = 605 N Ans.
“
6051 500 :

= 300N

sin95°  sinu

u = 55.40°
T = 55.40° + 30° = 85.4° Ans.
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2-5.
Resolve the force F; into components acting along the u and
v axes and determine the magnitudes of the components.

SOLUTION =

By 300

sin 40°  sin 110°
Fiu = 205N Ans.

\w_f
2 3 il
qo° PN
_Fy 300 Fiv - — = fi= 300N
sin 30° - sin 110° v
F, = 160 N Ans.
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2-6.

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

SOLUTION
_By 500

sin 45°  sin 70°

FE,, = 376 N Ans.
_By 500
sin 65° - sin 70°
E, = 482N Ans.
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2-17.

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

Fa 500

sin 60°  sin 75°

FAB = 448 N Ans.
Fac 500
sin 45° - sin 75° <
FAC = 366 N Ans. q (@)
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*2-8.
Solve Prob. 2-7 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

Fan 350
sin 60° - sin 75°
Fap = 3141b Ans.
Fac 350
sin 45° - sin 75°
FAC = 256 Ib A@
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2-9.

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

SOLUTION
Sine law:
_Fyv 250 _
sin 30° 75"1 105° Fy = 129N Ans.
_Fliu _ 250 _
sin 45° ~ sin 105° F, = 183N Ans.
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2-10.

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

SOLUTION

Sine law:

Foy 150

sin 30° ~ sin 75° iy S JUHSY TS
Fy _ 150
sin 75° Sin 75° qu = 150 N AnSs.
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2-11.

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,
sin 40° sin 80°"
20
sin 40°

306 Ib Ans.

J1
n

= -Fb : 26.9 Ib Ans.
sin 60°

&
I
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*2-12.

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 ; F =1961b Ans.
sin 80°  sin 40°
_3 __F . _
sin 80°  sin 60°” i S Al Ans
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2-13.

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

SOLUTION

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

respectively.

Applying the law of cosines to Fig. b,

F = 25002 + 6502 - 2(500)(650) cos 105°
=916911b = 917 Ib Ans.
Using this result and applying the law of sines to Fig. b, yields
sinu _ sin 105° U= 318° An S é
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2-14.

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 Ib and
u = 30°.

SOLUTION

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

Applying the law of cosines to Fig. b,

Fpo = 28502 + 6502 - 2(850)(650) cos 30°

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

sin (45° + T in 30°
% = 2'23324 f = 56.5° Ans. &
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2-15.

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

SOLUTION

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

FR = 282 62 _ 2(8)(6) c0s-100°
10.80 kN = 10.8 kN Ans.

N @Nn @n @n @0 @M

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

sinu _ sin 100°

6 10.80
sinu = 0.5470
u = 33.16°

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

T = 33.16° - 30° = 3.16°
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*2-16.

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

SOLUTION

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

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

6 8

M N M M 0 @M

sin (90° - u) = 0.5745

u = 54.93° = 54.9° Ans.

From the triangle, ¥ = 180° - (90° - 54.93°) - 50° = 94.93°. Thus, using law of
cosines, the magnitude of Fzis

Fr = 282 + 62 - 2(8)(6) cos 94.93°

= 10.4 kN
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2-17.
Determine the design angle u (0° ... u .. 90°) for strut AB 4001 A
so that the 400-Ib horizontal force has a component of 500 Ib
directed from A towards C.What is the component of force
acting along member AB? Take ¥ = 40°.

SOLUTION

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

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

sinu _ sin 40° m—f':s
500 400 N
AN
AN
. _ ! AN
sinu = 0.8035 ! \
u = 53.46° = 53.5° Ans. i o
400 1b L\-———z\-\
\\\ sz\
ThUS, AN :
> AN I
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P AN
N ‘(\\.(\ \ !
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2-18.
Determine the design angle ¥(0° .. F..90°) between 4001 A

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

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

SOLUTION

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

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

Fac = 2400 + 600° - 2(400)(600) cos 30° = 322.97 Ib oot
\‘?\
The angle ¥ can be determined using law of sines (Fig. b). \ \'*\
sin \ S~

_ sin 30° \ <,
400 32207 2T

sin f = 0.6193 @ N

f = 38.3° Ans. ) (\6\ ¥ FZC
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2-19.

Determine the magnitude and direction of the resultant y
Fr = F; + F, + F; of the three forces by first finding the
resultant F; = F; + F,and then forming Fgr = F¢ + Fs.

Fi = 2(20)% + (30)2 - 2(20)(30) cos 73.13° = 30.85 N

30.85 30

- ; u = 147°
sin 73.13°  sin (70° - u) e

Fr = 2(30.85)% + (50)> - 2(30.85)(50) cos 1.47° = 19.18 = 19.2 N Ans.

19.18 _ 30.85

: =—; u=237°% Ans.
sin 1.47° sinu

6'\\(\ %) 149° l

Ly

\\b d\{'@ 303N — =Sy
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*2-20.

Determine the magnitude and direction of the resultant y
Fr = F; + F, + F; of the three forces by first finding the
resultant F; = F, + Fyand then forming Fr = F¢ + Fy.

Fs_ 50N
p——>
20
le—
Fi = 2(20)% + (50)? - 2(20)(50) cos 70° = 47.07 N -
20 _ 47.07 | = 2353
S ; ue = 23.
sinut Sin70 y
‘ f3=SON
- Y *
Fr = 2(47.07)% + (30)? - 2(47.07)(30) cos 13.34° = 19.18 = 19.2 N Ans. a0 M
F,::or; -F
19.18 30
= o = © |4 90-23.53°-(90%3(.87°)
sin 13.34°  sin ¥’ 17 S 2L < fiz30M | = 13.34°
< (o)
u = 23.53° - 21.15° = 2.37°
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2-21.
Two forces act on the screw eye. If F; = 400N and Fy

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

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

SOLUTION

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

F.

800

2400% + 600% - 2(400)(600) cos (180° - u°)

800% = 400% + 600% - 480000 cos (180° - u)
cos (180° - u) = - 0.25

180° - u = 104.48
u = 75.52° = 75.5°
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2-22.

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

resultant force Fy and the angle between F and F;.

SOLUTION

F_ F
sinf sin(u - F)

sin(u- f)=sinf

u-f=+F
u

==
2

Fr = 2(F)? + (F)? - 2(F)(F) cos (180°

Since cos (180° - u) = -cosu B
Fr = FA22821 + cosu
T+ cosu

u
Sincecosa,b = — "7
2 A 2

Then
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2-23.

Two forces act on the screw eye. If F = 600 N, determine
the magnitude of the resultant force and the angle u if the
resultant force is directed vertically upward.

500N

SOLUTION

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

sinu _sin30° . _ o _ R
600 500 sinu =06 u=36.87° = 36.9 Ans.

Using the result of u,
¥ = 180° - 30° - 36.87° = 113.13°

Again, applying law of sines using the result of F,

— Py 500 o
= —- - . _ A
sin113.13°  singoc’ TR = 91961N=920N s
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*2-24.

Two forces are applied at the end of a screw eye in order to y
remove the post. Determine the angle ul10° .. u .. 90°2

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

sinf _ sin 30°
750 500
sin ¥ = 0.750

T = 131.41° 1By observation, ¥ 7 90°2

Thus,
u = 180° - 30° - 131.41°

18.59° = 18.6°

F 500 3)
sin 18.59°  sin 30° 2
F = 319N B

© 2013 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This publication is protected by

Copyright and written permission should be obtained from the publisher prior to any prohibited reproduction, storage in a retrieval system,
or transmission in any form or by any means, electronic, mechanical,

photocopying, recording, or likewise. For information regarding permission(s), write to:

Rights and Permissions Department, Pearson Education, Inc., Upper Saddle River, NJ 07458.



2-25.

The chisel exerts a force of 20 Ib on the wood dowel rod which y
is turning in a lathe. Resolve this force into components acting t
(a) along the nand t axes and (b) along the x and y axes.
n
60 30
AL
45 K
SOLUTION N
201b '
a) F, = - 20cos45°= - 14.11b Ans.
F, = 20sin45° = 14.11b Ans.
b) F, = 20cos 15° = 19.31b Ans.
Fy = 20sin 15° = 5.18 Ib Ans.
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2-26.
The beam is to be hoisted using two chains. Determine the
magnitudes of forces F, and Fy acting on each chain in order

to develop a resultant force of 600 N directed along the Fa Fa
positive y axis. Set u = 45°.

KX 7
SOLUTION N/
";ja X
Fa 600
= T : = Ans.
sin 45°  sin 105°° 7y S Gl
_Fg 600

sin30° ~ sin1ose’ e = SN ANS.
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2-27.

The beam is to be hoisted using two chains. If the resultant

y
force is to be 600 N directed along the positive y axis,
determine the magnitudes of forces F, and Fg acting on Fe Fa
each chain and the angle u of Fy so that the magnitude of F5
isa minimum. F, acts at 30° from the y axis, as shown. n
SOLUTION
For minimum Fg, require
u = 60° Ans.
Fa = 600 cos 30° = 520 N Ans.
Fs = 600sin 30° = 300 N Ans.
0*'\‘?‘0 ’é\v c}o"’&‘(}'
" N N
N & L@
NN AR O
O O L WK
Q 87, 2 \°
RPN <§©
N\
St o S8
NP2
& . Q€ Qe
O QT
AV D 00 3\
NS
& N o
S
D
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*2-28.

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

SOLUTION

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

Applying the law of cosines to Fig. b,

2 2 sk
Fg = 227 + 3° - 2(2)(3)cos 30° “
30° 8};\
P
= 1.615kN = 1.61 kN Ans. \K" P
Using this result and applying the law of sines to Fig. b, yields &
@)
sinu _ sin 30° U= 38.3° An S o N
2 1615 e e & ;\\o(\ &
P N B2k fa
\\&\Q Q %®®$\66 30° [
R =3 AN
OOQ o &\b 29 73
s 0k
& O N )
& e &
I N
dO7 o \@ OQ <&
Yoo 6\%
NN 2 & RS

@ N &
O N P & @
&

6\0\?’9?&06\’%\
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2-29.

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

SOLUTION

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

Applying the law of cosines to Fig. b,

Fr = 22% + 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° _ .
3 T 4013 a = 46.22

Thus, the direction angle ¥ of Fg, measured clockwise from the positive x a>§i xQ

A&\
f = a- 30° = 46.22° - 30° = 16.2° Nsd
R ¥
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2-30.

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

SOLUTION

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

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

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

Fgr = 2cos 30° = 1.73 kN Ans.
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2-31.
Three chains act on the bracket such that they create a y
resultant force having a magnitude of 500 Ib. If two of the
chains are subjected to known forces, as shown, determine
the angle u of the third chain measured clockwise from the
positive x axis, so that the magnitude of force F in this chain
is @ 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:

Fr1 = 2300 + 2002 - 2(300)(200) cos 60° = 264.6 Ib

Sine law:
sin (30° + u) _ sin 60° _ 10.0° A
200 2646 1 ns:
When F is directed along Fg,, F will be minimum to create the resultant force. 0&
Fr = Fry + F

500 = 264.6 + Foip

Fin = 2351b

, 60'|
30 ; X Q\o\ F= lfm
9 60
7 PN\
_ P ’Eé\o QKQA@Q‘% Q’b ¥
200Iby -~ g
? & S
NN @
(a) 2 @\b
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*2-32.
Determine the x and y components of the 800-Ib force.

SOLUTION

1
1

800 sin 40° = 514 Ib Ans.

T
1

Y -800cos 40° = -6131b Ans.
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2-33.

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

F, 750N

SOLUTION

4 . .
t Fr = ©Fy; Fr, = 5 (850) - 6255sin 30° - 7505sin 45° = -162.8 N

+ CFg, = OF,; Fgy = -3; (850) - 625 cos 30° + 750 cos 45° = -520.9 N =

Fr = 2 (-162.8)2 + (-520.9)2 = 546 N Ans.

-520.9
-162.8

f = tan~ !B R = 72.64°

u = 180° + 72.64° = 253° Ani{o
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2-34.

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

SOLUTION

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

= {200i+346j} N Ans.
F, = {250 cos 45°(+i)+250 sin 45°(-j)} N

= {177i+177} N Ans.

E )= 250 oses "y

E=250N
CEJJ 2250 SineE ' N
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2-35.

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

SOLUTION

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

(F,), = 4005sin 30° = 200 N (Fy), = 400 cos 30° = 346.41 N

(F,), = 250c0s 45° = 17678 N (F,), = 250sin 45° = 176.78 N

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

t ©(Fp), = OF,; (Fp)x = 200 + 176.78 = 376.78 N Ans. ”
+CO(Fg), = OF,;  (Fg), = 346.41 - 176.78 = 169.63 N C
fr=daon
o )
The magnitude of the resultant force Fp is \‘bS K @‘0 =
Fr = 2(Fr)y + (Fr),° = 2376.78% + 169.632 = 413N <&@3®
Q> £ 8.0
The direction angle u of Fg, Fig. b, measured counterclockwise fromcgled}gsi&ﬁ \%@&9
axis, is 2 . $ N\
\ "8\'0 %\ﬁ (\\(\ @ QQ) )
. (Fp) . 169.63 PRI AN,
= 1 Vi = 1 = LN
u = tan C(FR)xd tan a376.78b .Zég o &\QQO@(‘%(\
X ,F F
3 @ N \l‘(b
O N9 O R
O 0K (\Q) Q(\ éo
<@ \Q\ F o NN
O O &L W &
Q ) !bo” RS )
@ 606 QXS
o\\{‘ 04\ %(b (\0 \e,q
NP AR
OIS
& NS Q\\ &
& ot &S
O\ N 0"0
NS
"o§
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*2-36.
Resolve each force acting on the gusset plate into its x and
y components, and express each force as a Cartesian vector. Fs 650N

<

F. = {900(+i)} = {900i} N Ans.

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

4 3
Fo = €650a _ b(+i) + 650 a_h(-))f N

5201 - 390))}N ADRS.
{ D} (B )=650(%)N

o~

E=é50n
T ) < N (F)y=éso(3 00
i 5 - \(\QJ
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2-37.
Determine the magnitude of the resultant force acting on y
the plate and its direction, measured counterclockwise from F; 650N

the positive x axis. ?B\
4

/%

SOLUTION N 74

N
[

750

and F3can be written as |ﬁ_;|_ .
1

(F1)x = 900 N (Fpy =0
(F2)y = 750 cos 45° = 530.33N  (F,), = 750sin 45° = 530.33 N

(Fa), = 650a3b = 520N (Fy), = 650a%b = 390N

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

t O(FR), = OF, (Fr), = 900 + 530.33 + 520 = 1950.33 N =
+CO(FR)y, = OF,; (Fr), = 530.33 - 390 = 140.33N ¢
The magnitude of the resultant force Fg is &
0
Fp = 2(Fr) + (Fr),° = 21950.33% + 140.33% = 1955 N = 1.96 kN An&@ @
\‘b @
O \° &
The direction angle u of Fg, measured clockwise from the positive x axis, ISK\Q (\ 60 $ >
<
u = tan~% (FRlyy - 1gn-1,240.33 b =4.12° QOQ nQ\ \\6 &
"(Fr)s 1950.33 5 &
NI
P S &
SR
O <N %208 O
Qb N a“&’ %Q
\\){\’\‘ A S (Ry=r40-330
* soQv & A=
Q) O =
O . F =4g0n
\0 5 N
(I B
xQ G\ @6 SN
O %o\ 2 %$ (T
& o (\G{bg\@ &
& AL @
O O 2 Q&
NP2
R .%Q 0\ Q@
L& N & ’b(\* \\\‘Q
F b & O
0 &
S
\@
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2-38.

Express each of the three forces acting on the column in

y
Cartesian vector form and compute the magnitude of the
resultant force. F, 2751b
150 Ib
B NS /F3 751b
3 60
X
SOLUTION
3 4
F; = 150 a—hi -150a—=hj
5 5
F, = {90i - 120j}1Ib Ans.  ——
F, = {-275j} Ib Ans.
F; = -75cos 60°1 - 75 sin 60°j
F; = {-375i - 65.0j}Ib Ans.
@ L &N
o \ij@(\.b@
Fr = OF = {525 - 460j}Ib A@ RN
Fr = 2(52.5)7 + (-460)2 = 463 Ib S’ O 8
O O &
@9 \0 {\Q N
& @ &
LIS
RSN
06 O Y O .o
RSO
SIS AR
XY N
D 9 N &
P S X E
X SN N
F N & K P
YW Q9 $O B\
\O O %(9 X
Q 2" O O)
Q{‘ A\ > .0 @g
O 3 o2 & &
NSRS
\9 .@Q 0\ Q (%]
L& 6\ Y %Q* &
PN \O\\
@ O X
& \& @9
P L
D
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2-39.

Resolve each force acting on the support into its x and y
y components, and express each force as a Cartesian vector. F,

SOLUTION

F, = {800 cos 60°(+i) + 800 sin 60°(+j)} N
= {400i + 693j} N Ans.

F, = {600 sin 45°(-i) + 600 cos 45°(+j)} N Ans.
(4241 + 424j} N

oL
w
1

12 5
©650a _b(+i) + 650a _b(-{)T N Ans.

<
{600i - 250j} N ‘ O

t (Eb:&ao Sineo’N X ‘
F=6ooN D LG é0(13pIN
. 3 "

E=650N
r-;)?z 650(5”3) N

|
|
|
|
|
|
]|
T
‘ U_—I);aooaa:éo"ﬂ
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*2-40.

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

SOLUTION

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

(F,)y = 800 cos 60° = 400 N (Fy)y = 800sin 60° = 692.82 N
(F,), = 600sin 45° = 42426 N (Fy)y, = 600 cos 45° = 424.26 N
Fy), = GSOaEb = 600 N (F3), = 650 aib = 250 N
¥x 13 ¥y 13
Resultant Force: Summing the force components algebraically along the x and S
y axes, we have Q
: S
f O(Fg), = OF,; (Fr)x =400 - 424.26 + 600 = 575.74N = K \&9
N
+CO(Fy), = OF,, (Fr)y = - 692.82 + 424.26 - 250 = 867.0{\@ .69’
N
\b \06
The magnitude of the resultant force Fg is OQ \ \.
Fr = 2(Fr)’ + (Fp),2 = 2575.742 + 867.082 = 1041N
R (Fr) (Fr) y Q@ \Q
The direction angle u of Fg, Fig. b, measured counterclocl@% m th gfve
X axis, is X X
.1 (Fr) 867.08
= tan~tp Y T F—
U T 757450
)
)
xQ
©
AN K
S &
NN
SR (&
> E N
\?JC%
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2-41.

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

SOLUTION

Fi = -60¢ © <i+60¢ L <j = {-42.43i + 42.43j} Ib
27 27

F, = -70sin 60° - 70 cos 60° = {-60.62i - 35 j}

Ib
F; = {-50j}Ib
Fr = OF = {-103.05i - 42.57 j}Ib
Ans.
Fr = 2(-103.05)% + (-42.57)% = 1111b
u = tan‘laloél%n = 22.4°
B 5 . s Ans. Re)
u = 180° + 22.4° = 202 & ,.\\00 das1lb
N IS N
el e
RONPN & O
N2
D @ PO @
S Q O\\ Ny
o O X
xQ 6\3 & ) ©
%\"b & (&Q S O\'Q
SO ZENRS
S, ¥ F O
@ X \)6 >
S 5 P &
O3 . O & ©
@ O N 8
N P& @
SRS S
Q 87\ @
NS O
SIS
SRR
&‘(\ 6\ C)O %Q* \\\X\
F ot & O
& \& 699
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2-42.

Determine the magnitude and orientation u of Fg so that y
the resultant force is directed along the positive y axis and
has a magnitude of 1500 N. Fs
30° FA=700 N
A
X
SOLUTION
Scalar Notation: Summing the force components algebraically, we have
t R, = OF; 0 = 7005sin 30° - Fgcos u
Fgcosu = 350 1)
+CFg, = OF; 1500 = 700 cos 30° + Fgsinu ¥
Fgsinu = 89338 ) ::‘-"_’_ZFA=70"N
ra‘,,,f"i“ 327/5
Solving Eq. (1) and (2) yields F :;}\ /o
u=686° Fg=960N A @QQ’%OXQ}@ : E—
N 0"’0 N4 @ u
S S &
A\\ %\(\ %0 $\ S Fr=1500N
OOQ \O& 0\% \\6 .\‘5,@
O RS)
& O
X é\ N QQ’
@& Q¥ & ] x
O N P o
O~ O X O°~ &
N {\\' () g
RN S & &
3 @ O, 2
S G\
S SR E®
X S N
@0 NN P & Q
W@ 27 O O
QIFEOIEIS N
L ) D X2 (o)
QL 373\ &
N\
QFNICRF S
A\ K2 £
ARSI
&‘(\ 6\ C)O ’b(& \\\(\
CNENENSS
0 &
S
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2-43.

Determine the magnitude and orientation, measured
counterclockwise from the positive y axis, of the resultant
force acting on the bracket, if /g = 600 N and u = 20°.

Fn 700N
X
SOLUTION
Scalar Notation: Summing the force components algebraically, we have
=2 Fr, = OFy; Fgr, = 700 sin 30° - 600 cos 20°
= -213.8N = 213.8N 3
+CFg, = OF; Fgr, = 700 cos 30° + 600 sin 20°
=8114NC P
Fp FzJcon
The magnitude of the resultant force Fg is r /1,
\§ s
Fr = 2F& + F& = 221382 + 81142 = 839N Anse, ,(\Q‘O(\OF‘ 0N Ry IS
R A | A
\\ o) ‘\Q 2T~k A,_A' Ax
The direction angle u measured counterclockwise from the positive y axis is 6_,0 @ O o X
*\\ .\(\ %Q \) b‘ [T3
F , SRR RN
U= tan e = tanlglio0< = 148 & P any o*\ (Q’\\'
Fr, 8114 P OO N X °
& & @ R :
P 5 3
SRR -3
6 O \ O . '
A IS ;
\)(\\ 0(9 6@ b\{\ (\6 I B4 N
3 & !
O N9 O ¢ |
@ O S 2i38W
NN P @
RN AROIES
NI\ AR
o O &% N
\\ ) 9 ) (e)
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*2-44.

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 F3 can be written as

(Fy), = F, cos 30° = 0.8660F), (Fy), = Fysin30° = 0.5F;

650a3b = 390 N (Fp)y = 650 a%b = 520N

(FZ)X

500 sin 45° = 353.55 N

(Fs), = 500 cos 45° = 353.55 N (Fa),

Resultant Force: Summing the force components algebraically along the x and CEZ)} v’
y axes, we have = pson

o o S
T o(Fg), = OF, (Fp)x = 0.8660F; - 390 + 353.55 \fb\$ 6{\\(\ Qo(séo (F"\?
= 0.8660F; - 36.45 . \&‘ f}

+CO(Fg), = OF,, (Fg); = 05F, + 520 - 35355 &

= 05F; + 1664% 0(}0
X$ . ' b
Since the magnitude of the resultant force is Fg = 400 N, we @&Nfi () \(\\ \\S\Q \Q (Fz)w i 45?—(5)&
N (@) ]
22 K
Fr = 2(FR2 + (FR), @ O \\0 o°. < &?___ |

400 = 2(0.8660F, - 36.45)2 + g@}v 4(\%6482

N &
F)2 + 103.32F; - 130967. @9 *‘\ \° & A A
. O & $o N

Solving, o) N
. .9 ° & O
@ 373
NS AR IENNEN
F, = 314N o 4\%‘%‘6 ) %Q Ans.

© & &
"N &R .

The negative sign indicates ﬁﬁat F&\: @)I\;,bqﬁst %? in the opposite sense to that
shown in the figure. K O‘\

\\

9

"o
N
T
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2-45.

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
F1, F5, F3,and Fg can be written as

(F)x = Fycos T (Fy), = Fysin
3 4
(Fo)y = 650agb = 390N (F,), = 650 agb = 520N

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

(Fr)x = Fg cos 45°

0.7071Fg (Fr)y = Fgsin 45° = 0.7071Fy

<
Resultant Force: ing the f ts al ically along th O
esultan orce Summlng e Torce components a gebralca Yy along e X and‘.o .(\q OQ

y axes, we have \‘b\$ 6(\\ ’5\'\ N
3 &
* O(Fy), = OF, 0.7071F; = F, cos ¥ - 390 + 353.55 .&f NN Q)@Q’
+CO(Fp), = OF; 0.7071F; = Fysin F + 520 - 35355 OQA <& 6\%% $©b
O a O 2@
PO S
Eliminating Fy from Egs. (1) and (2), yields %\Q‘)\"(\é\ \(\\ ) &
O
20289 O I 9
e (PO
cosf-sinf O 06\)66 QO &
SR
06 \0& \(\Q) C}O Q{_{b
The first derivative of Eq. (3) is \Q)c’}'\g\\\ 52 QQ $()

<
e Sine%o S sb'?’ég ﬂ*&&\’@@ @)
df = N . ) X%} (o)
PARON

s AN .
@;«o SN
ati NARCASN SIS
The second derivative of Eq. X |sb\ & Q’b 0\
a%F, 2(5:2irf2>li<\é}-K cos @?ﬁ 4:6\1
a2 - B © o é\‘xoosf - sinf ©)
(cos F - sgef)gef
%\é&
. dF,
For F; to be minimum, == = 0. Thus, from Eq. (4)

df

sinf+cosF=0
tan ¥ = -1
= -45°
Substituting ¥ = -45°into Eq. (5), yields
d’F
) - = g.Yé)Jl >0 ) . o
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This shows that ¥ = -45°indeed produces minimum F;. Thus, from Eq. (3) (g)}f

202.89 = 143.47N = 143 N «
cos (-45°) - sin (-45°) N ARs.

Fl -

Substituting ¥ = -45°and F; = 143.47 N into either Eq. (1) or Eq. (2), yields

Fp = 919N Ans.
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2-46.

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 T.

SOLUTION

Rectangular Components: By referring to Figs. a and b, the x and y components of
F1, Fo, F3,and Fg can be written as

(F) = Ficos F (F))y = Fysinf
Fy), = 3b = F,), = 4b =
Fy)y = 650ag = 390N (F)y, = 650 ag = 520N

(Fy), = 500cos 45° = 35355N  (Fy), = 500 cos 45° = 35355 N

(Fp), = 600 cos 45° = 424.26 N (Fg), = 600 sin 45° = 424.26 N
. : S
Resultant Force: Summing the force components algebraically along the x ang .(\Q, O éo
y axes, we have ‘b\$ D 6\\0@$
W0 N
* ©(Fp), = OF, 42426 = F, cos f - 390 + 35355 '\\é\' ((13’ Qg$\ S
F, cos F = 460.71 AN
! R 5 QR 0&‘\
c = . 424.26 = Fysin ¥ + 520 - 353.559 Y
+CO(Fy), = OF,; o sinf + q’,\é’ é@{\\(\%\@) O\Q
1 sin ¥ = 257.82 %\, ‘\\(\ (b\o(\ QQ
SRR
Solving Egs. (1) and (2), yields \)(\ NS obg\\) \{fb
£ = 20.2° F, = 528 gbA <@ é\é\o &Oﬁ Ans.
PN
0\00 O\Q}% %Q6%$ O‘\\ GD f% %
3 82 X L
& b@ (\60 @Q&
& ® o0 &
(Oe) (YR
& P LR @
NN oo\i(b N
(VO 8 .7“'&
N
b "O$§\ (B
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2-47.
Determine the magnitude and direction u of the resultant

force Fg. Express the result in terms of the magnitudes of
the components F; and F, and the angle F.

SOLUTION

2 2 2
R = F1 + Fp - 2R cos (180° - F)
Since cos (180° - ) = -cos T,

Fr = 2F2 + F2 + 2FF cos Ans.
1 2 12
From the figure,
an U = Fisin ¥
- antg Fisinf ) .(\q (\0‘0\ Fa 7"-{
U S Bl F, + Fycos £ A’br@ C\:(\\ %\\O$® Freost
» Q,(b e
Q \. {Q ‘b
*&\ %'\(\, %%e D
KPP @
o o &
RPN e N\
P& e &
S & X S
OIS
.s\\@ 6@ (,\\' q \6
¢ F S 2
Q* 97 N &
O S . SENIRS
@ &§ %\(\\{‘\ N
& & F S N
F ¥ F O S
Q 9
Q{‘ ;\\ > .0 @g
OO & L&
NI 2R
R .@Q 0\ Q@
E ot &0
0 &
PO
D
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*2-48.
If F; = 600 N and T = 30°, determine the magnitude of the y
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)x = 600 cos 30° = 519.62N  (F;), = 600 5sin 30° = 300 N
(F2)x = 500c0s 60° = 250N (Fy)y = 500 sin 60° = 433.0L N
3 4
(Ro)x = 450a;b = 270N (R)y = 450a;b = 360N

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

* O(R)y = ©F;  (FR)y = 519.62 + 250 - 270 = 499.62N =

$
+CO(RR)y = OF,; (Fr)y = 300 - 43301 - 360 = -493.01N = 49301N T o (\0 N
NS @éo
The magnitude of the resultant force Fy is \\(b Q)O ~(\0
Q @ ﬁ(\\ \6@
Fr = 2(R)% + (FR); = 2499.627 + 493.012 = 701.91N = 702 N *\\ )&\n%g D 6
o xS O \’{\
S $° N
The direction angle u of Fy, Fig. b, measured clockwise from the(g?am%‘fs Q(\(@ QQ;
S I &
u = tan-! BERMR - tan~1¢493:0L ¢ - 44\'@b & 0\ QO(\/@S
0

(Ea,c-etmw

m_,,]_ %

/ *_.._..... R
?:Z)5=493-a/:v
(b)
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2-49.

If the magnitude of the resultant force acting on the y
eyebolt is 600 N and its direction measured clockwise from
the positive x axis is u = 30°, determine the magnitude of
F, and the angle T.

SOLUTION

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

(F)yx = Fycos T (Fl)y = Fsinf

(F2)x = 500 cos 60° = 250 N (F2)y = 500 sin 60° = 433.01 N
3 4

(F3)x = 450a_b = 270N (Fs)y = 450a b = 360N

(RR)x = 600 cos 30° = 519.62 N (Fr)y = 600sin 30° = 300 N

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

: = OF; = O (\é N
f O(Fg)x = OF,; 51962 = F, cos F + 250 - 270 ®$% 6{\\(\&0\$é)0
F, cos F = 539.62 \\1.)@'2’ )
\Q.Q ®® \6
+CO(Fr)y = OF,; =300 = Fysin F - 433.01 - 360 ooQ \0\9\0\"’%&\6 06
F, sin F = 493,01 & \\\)o‘(\qzwo ((\’\\‘&
2.& @ &
%\. \\(\ @\ \‘9 \Q
Solving Egs. (1) and (2), yields .,\@6 @0 (’\\,\ Q’OQ O
= o - % e o *
T =424 Fo= BN § & & %n@
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2-50.

Determine the magnitude of F, and its direction u so that

y
the resultant force is directed vertically upward and has a F,
magnitude of 800 N. 600 N u
400 N
3 5|
4 30
SOLUTION X
A
Scalar Notation: Summing the force components algebraically, we have
n . 4
= R, = OF: Fr, = 0 = Fysinu + 400 cos 30° - 600a 5h
Fpsinu = 133.6 Q)

+C qu = OF; FRy = 800 = F cosu + 400sin 30° + GOOaib

F, cos u = 240 2)
Solving Egs. (1) and (2) yields

u=29.1° F, = 275N Ans.

&v \J %v. ~ O\
>’ &
‘@?606 QX
o 5 &
NP2
\%%Q\§ Q (%)
& b\ o) (\\\ A\
<O
NS
\?(g@ 6@9
"o$§\
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2-51.

Determine the magnitude and direction measured y
counterclockwise from the positive x axis of the resultant E

force of the three forces acting on the ring A. Take u '

F, = 500N and u = 20°. 600N 00N

4 30
SOLUTION

Scalar Notation: Summing the force components algebraically, we have

4
* R = ©F Fp = 5006in20° + 400 cos 30° — 60N h

= 3742N =
+CRg, = ©OF; Fr, = 500 cos 20° + 400 sin 30° + 600a2b

= 1029.8N ¢
The magnitude of the resultant force Fy is
Fo = 2Ff + Fg, = 237.42% + 1029.8° = 10305 N = 1.03kN Ans.

The direction angle u measured counterclockwise from positive x axis is

PR 10298

u = tan P, = tan""a 37.42 b =879 Ans.
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*2-52.

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

SOLUTION

Scalar Notation: Summing the force components algebraically, we have

*Fg = OF; Fg =5- Fsin30°
=5 - 0.50F :
+CFgr, = ©F; Fr, = Fcos30° - 4
= 0.8660F - 4 C
The magnitude of the resultant force Fg is
Fr = ZIERX ¥ FR, $% & é
S
_ SNEEP
= 2(5 - 050F) + (0.8660F - 4)° S8 ,bc)(\ O \$é,0
S8 Lo
= DF*=1193F +4t R\ 6\“1) L O
F2 2 OOQ \o\ ) \(o"o b$ &
R =F - 11.93F + 41 & &00 00\\(&{\
¥ O K
d_FB %\ \\Q \<\\ s(\Q’ \Q
2Fg o = 2F - 1193 ,,@6 0 & o @P
OSSN
S T
d?Fr | dFe , dFr_ _ a0 (Y Y N
¢FR E < —Q}b O ) .(\0 > 3)
dF dF dF Q;(}' & é\(\ \&\z &
& S & $0\ E
XD o S
In order to obtain the minimum res%ﬁn&\@eﬂe F(@ (i\agf_%om Eq. (2)
o L P LSS
N\ \fo ) N\
> QL@
2Fr 28 2F SN1EH=
dRy KC» NN
F=59 \N®=O‘\b.9g\‘k?| Ans.
WO
D
Substituting F = 5.964 kN into Eq. (1), we have
Fr = 25.964%2 - 11.93(5.964) + 41
= 2.330 kN = 2.33 kN Ans.

dFg

Substituting Fg = 2.330 kN with dE

= 0 into Eqg. (3), we have

d*Fg

B(2.330 +0R =1
( ) dF?

dz
=R _

5 = 0429 7 0
dF
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Hence, F = 5.96 kN is indeed producing a minimum resultant force.
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2-53.
Determine the magnitude of force F so that the resultant 14 kN F
force of the three forces is as small as possible. What is the
magnitude of the resultant force?

SOLUTION
* Fy, = OF,; Fr, = 8 - Fcos 45° - 14 cos 30°
= -4.1244 - F cos 45°
+CFg, = OFy; Fgy = -Fsin 45° + 14 sin 30°
=7 - Fsin45°
FR = (-4.1244 - Fcos 45°)% + (7 - Fsin45°)2 (1)
dFg
2Fr dF = 2(-4.1244 - F cos 45°)(-cos 45°) + 2(7 - F sin 45°)(-sin45°) = 0
N
F = 2.03 kN Ans_% (\q (\O® 14k 15° ;‘.;
From Eq. (1); Fp = 7.87kN AR & \(\rbb@ Tk
A’&\Q N %0‘(\@\ 5
Also, from the figure require O 6\,0 QO (§ ((\\ »
2 . N
(Fr)y, = 0 = OF,; F + 14sin 15° - 80s 45° = 0 \q’,@f Qe\& @\Q@@ \QQ
F = 2.03kN 82 & ans O
(Fr)y, = OF; Fg = l4cos 15° - 8'sin 430 o> \\p@ & S
Fr = 7.87kN S K S Y & Ans
O 0\ QQ QQ &O
\QJ ‘\ "O\ \&
N & @
@@ 07 O 8
RSN
Q D" R (e)
S 2 0 @
NP 2R
» ‘O_,Q S Q@
NP &P Q¢
S ot &0
& &0 669
N
&\
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2-54.
Three forces act on the bracket. Determine the magnitude and

direction u of F; so that the resultant force is directed along the
positive x; axis and has a magnitude of 1 kN.

SOLUTION

% Fry = OF; 1000 cos 30° = 200 + 450 cos 45° + F, cos(u + 30°)

+ CFgy = ©F,; -1000sin 30° = 450 sin 45° - Fysin(u + 30°)

Fysin(u + 30°) = 818.198

Ficos(u + 30°) = 347.827

u+ 30° = 66.97°, u = 37.0° Ans.

F, = 889N Ans.
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2-55.

If F;, = 300N and u = 20°, determine the magnitude and
direction, measured counterclockwise from the xi axis, of
the resultant force of the three forces acting on the bracket.

SOLUTION

:f FRX = ©Fx; FRx

300 cos 50° + 200 + 450 cos 45° = 711.03 N

+ cFg, = OF, ; Fgy, = —300 sin 50° + 450 sin 45° = 88.38 N

Fr = 2 (711.03)> + (88.38)> = 717N

-1p 88.38

Ti(angle from x axis) = tan
711.03

e =7.10°

£ (angle from xi axis) = 30° + 7.10° W Q
f = 37.1° O, o
0@'
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*2-56.
Three forces act on the bracket. Determine the magnitude and

direction u of F, so that the resultant force is directed along
the positive u axis and has a magnitude of 50 Ib.

SOLUTION

Scalar Notation: Summing the force components algebraically, we have

5

fFr = OF; 5000525 = 80 + 52a b + Fpc0s (25° + U)

F, cos (25° + U) = -54.684 1)
12
+C R, = OF; -50 sin 25° = 52a13b - R, sin (25° +u)
F,sin (25° + u) = 69.131 ) ¥
Bt Fes21t
Solving Egs. (1) and (2) yields S é lﬂl
25° + u=12835°  u = 103° A & ;\}0(\ N
F = 88.11b PP 3 .I?'S F=goib
2~ 0 QAQ.® 6\ \CQ X »
SN
OOQ\\ PO @ ~
o F O W | S £
WSS o F [ 3
D& & @ KR 2 &
S ‘\\0 > 0 ¢
R O SO ;
3 ‘(\Q o~ N >
O &9 O ¢
> O O
FQ L e
Q«O 6%0 ,b"o%.(o$ 6\ = @; R
\ . - -
P fé‘b c‘;& Q,*&\ Fe, Fa*501b
S o\\ 4 ¢
) Q\ %Q >
\(0 X \)\ %Q s(\e
LRE SO S
NS
O\ &0 be.%
9§
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2-57.

If F, = 150 Ib and u = 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.

13 /112

SOLUTION

Scalar Notation: Summing the force components algebraically, we have

5

t Fr, = OF Fr, = 80 + 5za;b + 150 cos 80°

= 12605 b =
+CFy = ©F;  Fi, = 524, b - 150sin 80° F2

= -99.721b = 99.72Ib T

The magnitude of the resultant force Fg is

Fr = 2F&, * Fk = 2126.05% + 99.722 = 161 Ib

q - O 30 E
NG 'b& (\'50 N i -
The direction angle u measured clockwise_from_positive x axis is K\&\ Q\G 0@$\66 \‘\ i
N S & !
FR o A& < |
U= tan-! 2 = tan-1a 272 b = 38.3° QOQ \OﬁAr@\ o\\b N i
Fr, 126.05 o L O & \!
BN % \
%\fb . \(\(9 ’&Q \sg\e’ O\Q __¥
SO RS F, G150l
S S P &
& S & 126-05 16
N P& e 72
@7 2 &7 OO i
O O P K @12 b ]
QN P @ \© :
N QS S -
& S S | .
QO P
ISR
& “'OQ Q\ Q @
SN ’b(& A’\‘9
F o & O
S ‘»0 6@%
‘b\é&
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2-58.

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

SOLUTION

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

(F)y = FsinF (F)y = Frcos T
(R)x = 200 N (R)y =0
5 12
(R)x = 260¢13§ = 100 N R)y = 260¢13§ =240 N
(FR)x = 450 cos 30° = 389.71 N (RR)y = 4505sin 30° = 225 N

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

¥ ©O(RR)y = OF; 389.71 = F sin ¥ + 200 + 100
F, sin ¥ = 89.71 X
+CO(RR)y = OF; 225 = Fcos f - 240 QA

F cos ¥ = 465

Solving Egs. (1) and (2), yields .,@5 o \\e' O(\. <
f = 109° F, = 474 %ﬁ\\ F
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2-59.
If the resultant force acting on the bracket is required to be y
a minimum, determine the magnitudes of F; and the
resultant force. Set ¥ = 30°.

SOLUTION

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

(F)y = Fsin 30° = 0.5 (F)y = Fycos 30° = 0.8660F,
(F2)x = 200N (R)y =0
5 12
(R3)x = 260a, b = 100N (Rs)y = 260a, b = 240 N
13 13
Resultant Force: Summing the force components algebraically along the x and y axes,
T O(RR)y = OF; (Fr)x = 0.5F + 200 + 100 = 0.5F + 300
+CO(RR)y = ©OF; (Fr)y = 0.8660F - 240 o
The magnitude of the resultant force Fg is ,(‘\\.\(b
O ¢
R = 2(R)% + (R OQ\\‘ N
= 2(0.5F + 300)? + (0.8660F - 240)? o_,c’ c}o@ 0\9
- 5
_ 2 @ O
1 BF coF + 147 600 o ‘.o\ﬁ (\\O%é
1 1 & &S
S 2T o0 &
ThUS, % o% 6® .\Qq ’\%
NMEVCASN SRS
F2 = F? - 11560R + 14768 X & &N o
> f O ¢
&L L &N &
A\ g P N
SRS
The first derivative of Eq. (2) is 9 o g Q \,90
= TP &
dFe = Q& g0 O X O 3)
2Fq RS D
dF, O » 2,0 Q
XS O L & .0
N \ "o® > xQ
o\ "'OQ N\ Q &
- dR N\ o (%)
For Fg to be minimum, —, — = O.I\ S, fd?n Eﬁ.\ 3),&\
SRR N
@ é\&o
ey o4
o, 9 = 2R - @80 = 0
R dF,
F, = 57.846 N = 57.8 N Ans.
from Eq. (1),
Fr = 2(57.846)% - 115.69(57.846) + 147600 = 380 N Ans.
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*2-60.

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

SOLUTION
1 = 2cos’a + cos’b + cos’g
1 = cos?60° + cos’ b + cos? 45°
cosh = ;05
b = 60°, 120°
Use
b = 120° Ans.
C}\
o &
F = 60 N(cos 60°i + cos 120°] + cos 45°K) N ,§°\$‘§
= {30i - 30j + 42.4k} N @\)\n@'z’ &\\(\. @
XS X
L 2 o
oQ\\ @ A% NI
O xO o N
& o Q
& OO Q
P& Se &
> o XS
SIS NPRS
NI IESRN ¢
NS ARNRN
N
S & S &
O > . O & O
@S S
\Q)o Q\\\ Q% é Qe,
FOEEOE A\
Q 6% P O AO
@\ O K
& LSS
o o4 I 2
NP AR
IO IRSIR
& b\ & (\\\ o
S §O
B (»Q) GQ;O
‘b§

© 2013 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This publication is protected by

Copyright and written permission should be obtained from the publisher prior to any prohibited reproduction, storage in a retrieval system,
or transmission in any form or by any means, electronic, mechanical,

photocopying, recording, or likewise. For information regarding permission(s), write to:

Rights and Permissions Department, Pearson Education, Inc., Upper Saddle River, NJ 07458.



2-61.
Determine the magnitude and coordinate direction angles z
of the resultant force and sketch this vector on the

F, 1301b
L 2

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

F, = {53.1i - 44.5] + 40k} Ib

F, = {-130k} Ib 7
FrR=F +F
0
Fr = {53.1i - 445j - 90.0k} Ib I‘fz—/
Fr = 2(53.1)%+ (=445)% + (-90.0)> = 114 Ib Ans. / i é’
¢2)’ fat 113
a=cos ¢l ¢ = go1° O
1136 A:;@ "\Q,;\\OQ é,o\
N !
'@,\\.Q\éz}o@(\\b
b = cos‘1¢_44'5s = 113° ‘\K a\ns: ofo S %
1136 R T O ¢
90.0 \060\&‘)0&9 S e;‘&\
— - = - N = o N\
g = cos™¢ T 142 @ ,\({'o Q}QA\Q@ O\'Q
SSIROINZENIRS
W2 Qo 9
P S O
ARSI
S XS P &
f O &
xQ \0 (o\(\ N N\
Qc’ \\\ O\\j“ (%]
F ¥ L L
Q\ 6('9 ,b"o © O
@ O
Y S AT S
é R\ > .0 Q,Q
L O P S&E
S & LS
© o N V@
'Q(\ 6\ 00 rz)(& &
* & & \&&
&
D
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2-62.
Specify the coordinate direction angles of F; and F, and z
express each force as a Cartesian vector.

F, 1301b
Y =

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

F, = {53.1i - 44.5] + 40k} Ib Ans.
fn £ cos‘%%é = 48.4° Ans.
by = cos'1¢'gg'5S = 124° Ans.
40
g; = cos~tag,b = 60° Ans.
O é\
F, = {-130 A .
2 = {-130k}b ge,‘(\\o ;\\0009
N\ ,00.(((} $
NN
a, = cos ¢ 0-< = 90° O e N &
A\ Ns.& &
130 QL AP QO @
& 6\0 Q <§\ &
130 %\, & rb\ S 0\'
e) \Q’ O(\.@Q
{Q\\'Q "oe' @Q.(\g e}\
go = cos 1¢=130¢ = 1800 NSRS S
130 K\ (\Q, QO N > Ans
6‘0 \\. Q%'Qo o{{*
@ O N8
N P e
W 227 O
RSN
Q 87, @ \°
95 O
& & F SO
\$O O & ’b(\ \(,\\'
» ‘O_,Q 0\% Q@
NN {boﬂ \\\\\
NS
O\ &0 669
9$§\
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2-63.

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

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

of its components.

AF:
2 lp
3 ‘1_‘_‘——_ ¥ ¥ 1 \
7'-;,' a'\\ g’[
SOLUTION
cosb = 21 - cos’a - cos’g ’
= 21 - c0s®*60° — cos?45° «
b = 120°
F, = |80 cos 60°| = 40N A
F, = [80 cos 1209 = 40N Ans
F, = |80 cos 45°| = 56.6 N
Ans é
& \(\q oQ ‘0\
\\@2@6\\({2}\@@@
AR\ .
\\(@9.0 e@gé\@\b S
<
OoQC}O\ O\ o&\b \s{'\.
SIS 2\
¥ & e &L
S 2 X S
SO
N @&. O b\%
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*2-64.

Determine the magnitude and coordinate direction angles of
F, = 560i - 50j + 40k6 N and F, = 5-40i - 85j + 30k6 N.
Sketch each force on an x, y, z reference frame.

SOLUTION 2o
F, =60i -50j + 40k F
1 ]
F, = 21602 + 1-502 + 1402 = 87.7496 = 87.7 N Ans. \ 62 1
[
60 Losp
— -1l — o .
a; = cos a87.7496b = 46.9 Ans.
-50
— -1, — = o
b, = cos a87.7496b = 125 Ans. 2
40 Ex
— -1 = o
g; = cos a87.7496b = 62.9 Ans.
=
F 40i - 85 + 30Kk S 00&\2 7%,
=S o = + . 4
R, NSO N s
F, = 21-402 + 1-852 + 1302 = 98.615 = 986 N @X;@,’b&\(\ @ I1#
AN
40 OQ* SO &\6 o
a, = cos g . b = 114° O & MO A
. \Q) \g\) \(\Q &((\
Q.2 & s(\e’ Q
o (& 2 X Q
S el o X
1,-=85 @ 00 (,\\'\ QO ©
b, = cos a98.615b = 150 00\ \)fo 6@ 6\0 S@
3@ W S
9O s
30 LS O §E
gp = cosh —— = 72.3° D NI & ans
98.615 2’ & .¢° O
A A Q <
C L £
.gQ O brb N (o)
AN/ X
&S S
U Q \
O, &P & P
.. & Q
OIS OIS
> N & A
e O o)
& (g@ %\ﬁ
Q7 P
D
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2-65.

The cable at the end of the crane boom exerts a force of z

250 Ib on the boom as shown. Express F as a Cartesian
vector.

SOLUTION

Cartesian Vector Notation: With a = 30° and b = 70°, the third coordinate

direction angle g can be determined using Eq. 2-8.

2 ; 2 F=2501Ib
cos“a + cos“b + cos“g =1

cos? 30° + cos? 70° + cos’ g = 1

cos g = ;0.3647

g = 68.61°or 111.39° <
By inspection, g = 111.39° since the force F is directed in negative octant. (©) 0@

F = 2505cos 30°i + cos 70°j + cos 111.39°6 Ib o
& R
= 217i + 855j - 91.2k Ib \\g\gé@s @Q’&\$\ 5
{ } K
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2-66.

Express each force acting on the pipe assembly in Cartesian
vector form.

Fi

SOLUTION x

Rectangular __Components: __ Since  C0s? a, + cos? by + cos?g, = 1, then

cos b, = ; 21 - cos? 60° - cos? 120° = ;0.7071. However, it is required that P2l 4001Ib

b, 6 90° thus, b, = cos™1(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

=

= 600a45‘b(+i) +0j + 600aib(+k)
= [480i + 360K] Ib

F, = 400 cos 60°i + 400 cos 45°j + 400 cos 120°k

[200i + 283j - 200k] Ib
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2-67.

Determine the magnitude and direction of the resultant
force acting on the pipe assembly.

Fi

SOLUTION

Force Vectors: Since cos?a, + cos? b, + cos® g, = 1, then C0sg, =

; 21 - cos? 60° - cos? 120° = ; 0.7071. However, it is required that
b, 6 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

\N
(o)
F, = 600a~b(+i) + 0j + 600a°b(+K) & \(.\\(9&\0(\ Qp\
5 5 2 &8 ®\$
= {480i + 360K} Ib i\\o'ﬁ\\@@@@ @\66
F, = 400 cos 60°i + 400 cos 45°j + 400 120°k QA \% N \6 '\\.'0
> j cos Y C}o Q NI
] ) N
= {200i + 282.84j - 200k} Ib ¥ é@)(‘\@QQ &
o (& & X &
Resultant Force: By adding F, and F, vectorally, we obtairj,\@% 00 (’\\,\ 0-’OQ \of\
¥ F (b&

FR=F +F S
R (1 K + ( @?@\ @b@c}:&
= (480i + 360k) + (200i + 28
2\ \\\ fo’° & @

= {680i + 282.84) + 160K} @?’ \@ ,Ofoe &L \’%\
SCAON
The magnitude of Fg is \{. b® O Cﬁ\
N \ {\o (s\\@
Fr= 2R + (FR),ﬁ(Ré)? & Q
= 26802 + 2§ 84{@ ]@ @%‘3 8@5 = 754 Ib Ans.
‘Q \Q) Q%
The coordinate direction angles of F{ar&%
(Er)x 680
= _lB R = -1 § = 5°
a = cos Fe cos ¢753.66 255 Ans,
b = cos'lB(FR)yR = cos~1¢282.84¢ = gg e Ans
753.66 '
g= COS_lB(FR)ZR = COS_1¢ 160 S S TIF
Ans.

Fr 753.66
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*2-68.

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

(Fp)y = 300 cos 30° = 259.8 N (F,), = 500 cos 45° sin 30° = 176.78 N
(Fy)y =0 (F,), = 500 cos 45° cos 30° = 306.19 N
(F1); = 300sin 30° = 150 N (F,), = 500 sin 45° = 353,55 N =

Thus, F; and F, can be written in Cartesian vector form as

F, = 259.81(+i) + 0j + 150(-K)
= {260i - 150K} N
F, = 176.78(+i) + 306.19(+j) + 353.55(-K)
= 2{177i + 306j - 354K} N
5%
S
& Qo‘\
OMERS
3@
O &9
O 0& QQ QQ
N & S
W@ 27 O O
O O & W &
L ) D X2 (o)
o0 DT
@ \@ DR
ORI O
O3S p A2
N\ LEL S
\"0 X & Q Q
& JY Y (\% &
NS
DS &0 b@%
%§
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2-69.

Determine the magnitude and coordinate direction angles z
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
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 - 306.19] - 353.55k} N

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

FR=F +F,
= (259.81i - 150k) + (176.78i + 306.19] - 353.55k) \,§\%
'\
= {436.58i) + 306.19] - 503.55k} N (@0-0@
N
The magnitude of Fp is OQA o\r’ O\%
RS
2 2 2 f&@} "o\$ &Q <
Fr = 2(Fr)" + (Fr)y"(Fr). o \\0 0{& Q\,‘Q
.\06 0O \\ Qo &
= 2(436.58)2 + (306.19)2 + (-503.55)2 = @@.\43@%&0&&\ %\Q %‘@
<
The coordinate direction angles of Fy are *0* B > C}\) "bQ
O o& QQ Q(\ Q{“
R N e o
= cos‘lc@E&d = cos“\@@\h Q’%@ 0$ Ans
T
& & O
ug, = cos‘lc(FR)yg)K\':~ S i@é\: 6 R Ans.
’ S O 3
ST O Q%03
U, = cos”e ol £ Fok @ b = 133° Ans.
@ 7HW3
A (&0 %\&
o7 P
S
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2-10.

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

SOLUTION
7 24
630a--bj - 630a--bk
25 25

F.

F, = (176.4 j - 604.8K) NF, 630Ib
F, = {176 - 605k} Ib Ans
F, = 250 cos 60°i + 250 cos 135°j + 250 cos 60°k
F, = (125i - 176.777j + 125k)
<
. . o
F, = {125i - 177j + 125k} Ib
2 = {125 J } Agg \(\q 0(\ @
- N & ‘&\@
=R RS
Fr = 125i - 0.3767) - 479.8k NS AR\ NS
OQA F PO
Fg = {125i - 0.377j - 480K} Ib o \)c‘,\ . \$o* N
AENERS ©
Fp = 2(125)2 + (-0.3767)2 + (-479.8)° = 495@(&‘ .\(\’} & @ O\Q
B 57 & \Q’b Q<
= 496 Ib © o &
.\@ %) (’\\ q \
O P 4 A
., 125 2 &
_ 1 _ X O
a =costa b= 754 Q\\“@ o &
495.82 3 ‘\0\ ] ch @ $O Ans.
5 > & L@
~0.3767 O \\\ 95”
b = costa 4853 82 90.016@%&® & L 6\\\\
. .%
SR o A
sty 4798 T S S LD
g = cos-a b0546{\\®
495.82%$ © @QJ Qro @\0 Ans.
¥ 9T O
L& QY & ’b(& \\\?
NN
O\ (&@ 60
"o§

© 2013 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This publication is protected by
Copyright and written permission should be obtained from the publisher prior to any prohibited reproduction, storage in a retrieval system,

or transmission in any form or by any means, electronic, mechanical,

photocopying, recording, or likewise. For information regarding permission(s), write to:
Rights and Permissions Department, Pearson Education, Inc., Upper Saddle River, NJ 07458.



2-71.
If the resultant force acting on the bracket is directed along z
the positive y axis, determine the magnitude of the resultant

force and the coordinate direction angles of F so that
b 6 90°.

SOLUTION

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

F, = 600 cos 30° sin 30°(+1i) + 600 cos 30° cos 30°(+]j) + 600 sin 30°(-k)

{259.81i + 450j - 300k} N

F

500 cos ai + 500 cos bj + 500 cos gk

Since the resultant force Fp is directed towards the positive y axis, then

Fr = FR]

Resultant Force:
Fr = F + F
Frj = (259.81i + 450j - 300k) + (500 cos ai + 500 cos bj + 500 cos

Frj = (259.81 + 500 cos a)i + (450 + 500 cos b)j + (500 cosg -.&0

(5\'0
Equating the i, j,and k components, b%\ os\\o

0 = 259.81 + 500 cos a 0(\
a = 121.31° = 121° ‘0* \\S@ é’ C}

NN X &)
Fr = 450 + 500 cos b\o6 OISR

N P e
< N
0 =500cosg - 3@5\' %0\e @%Qf%$o 6\\‘
G D
g = 53.13° &5?1@0 S &S
&O O\\ Q,% (\' Q\'@
Q\ & D N\
SRR

NN N T
However, since cos? a + cos? b :z;(\co &g -‘&1? 9521.31°,and g = 53.13°, :
RN ‘

@
cosbh = ;21 - cos? 121.3]%&‘ c\@g’SS.IS" = ;0.6083
If we substitute cos b = 0.6083 into Eq. §),

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

b = cos~!(0.6083) = 52.5° Ans./J
X \
: Y

L — - =500/J

and
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*2-72.
A force Fisapplied at the top of the tower at A. If it acts in z
the direction shown such that one of its components lying in
the shaded y-z plane has a magnitude of 80 Ib, determine its
magnitude F and coordinate direction angles a, b, g.

SOLUTION

Cartesian Vector Notation: The magnitude of force F is

F cos 45° = 80 F = 113.141b = 1131b Ans.

Thus,

n
1

5113.14 sin 45°i + 80 cos 60°j - 80 sin 60°k6 Ib

580.0i + 40.0j - 69.28k6 Ib

The coordinate direction angles are

S
o
_Eé_ﬂ _ o (\Q Q ,0\
cosa= " =79, ~a=450 \%@?®C§Q§O$®
S — oS
_Fy_ w0 s QA‘\ @\(\‘690 6$\06'
cosb = _ =0, = 69. Y &0 /%Oﬁ\é\’\\
F, -69.28 NN ‘\(\qe) Qé
_ Tz _ -69.28 _ 19g° N \Q%m\
€50 = ¢ 7 13314 9 NN N
¥ 54 @6\ Qob\%
\)(\ NI 6\(\ Q
AN
SR SRR
L\ N
N @
e’ F O
S S
SRS
N\ PO
O O o X &
NP RS
ORI
o
PR NG &o\\
& O &8
‘&&@ 6@
N\
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2-73.

The spur gear is subjected to the two forces caused by 74
contact with other gears. Express each force as a Cartesian
vector. 60
F, 180%
SOLUTION ; 135
_ T . _ 24 _ . -
F = 25 (50)j 55 (50)k = {14.0j - 48.0k} Ib Ans. .
F, = 180 cos 60°i + 180 cos 135°j + 180 cos 60°k
= {90i — 127j + 90k} Ib Ans. F, 50lb
\N
O
O LT
I
\\ fbo‘(\(b
07 Q@
SRS
D @ GO 28
O8N O© OV P X
OO o &
o O
NAENIRS ¢
2.0 &9 R
NARSIENSRS RN
SSIRONNAPNIAS
.\\\Q) Q Q\' S &
S P SO
37 a@ &2
QY 97 N ¢
06 \0& (\Q QQ &O
X S N
®0 N P & Q
W@ 27 O
O S & W K
Q b@ @ O)
RACHSIAS Qg@
AR\ K2 N
\@ .QQ 0\ Q (%)
&‘Q b\ 00 Q* \‘S\
ot §O S
& N Q,%’
S
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2-T74.

The spur gear is subjected to the two forces caused by Z
contact with other gears. Determine the resultant of the two
forces and express the result as a Cartesian vector.

SOLUTION

Fp, = 180 cos 60° = 90
-_— 7 0 —
Fry = ?5(50) + 180 cos 135° = —113

24

Fr, = —g (50) + 180 cos 60° = 42

Fr = {90i - 113j + 42k} Ib Ans.
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2-75.

Determine the coordinate direction angles of force F;.

SOLUTION

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

(F)c = 600a¢bcos30°N (), = 600a{bsin30°N (), = 600a, b N

Thus, F{ expressed in Cartesian vector form can be written as

4

F
! 5

600e

cos 30°(+1i) + g sin 30°(-J) + %(+ k)T N

600[0.6928i - 0.4j + 0.6k] N

Therefore, the unit vector for Fy is given by
_ F1 _ 600(0.6928i -0.4] + 0.6k

up, = 0.6928 - 0.4j + 0.6k

R 600 &S
O
The coordinate direction angles of F; are 60 D . O @o <

K& e &L - 30 ik

a = cosM(up), = c0s~1(0.6928) = 46.18% 6\\0 & éﬁ‘% S x
) N O o
b = cos(ug), = cos™'(-0.4) :6@ \)"og bé\&(\q (@? (_Q)
>

«©«
1

@
cos Y(up), = cos™1(0.6) @{\‘9 > (}\) & Ans.
06 g\o QQ QQ $O
& > X @
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*2-T76.

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, = GOOa%bcos 30°(+1) + GOOa%bsin 30°(=j) + 600agb(+k)

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

Resultant Force: The resultant force acting on the eyebolt can be

vectorally adding F; and F,. Thus, S
Fr=F +F, \&° &S
N \(\
= (415.60i - 240j + 360K) + (318.20j + 31%@%0\ &
= 5415.69i + 78.20j + 678.20k6 N \)° \QQ’\)'
O &*‘6‘ 2
The magnitude of Fy is given by e,b \O g\bQQ
_ \Q\\\ O \‘90
FR - 3(FR)X + (FR)y + (FR)A KO % %% $ 6\
=3 2 4 2 4 :8&&@{\&99 N
O& & F >

The coordinate direction angles\qﬂé—%ér?e &

5415.69i - 240j + 360k6 N

5318.20j + 318.20k6 N

¢ sz»(\ Q’\(‘\
Is& b O\) * ’\(\
(Fp ) 0 6

a = cosc d.@@oigl 6@29b = 58.7°

(FR)y \%
= cos™?! 1= ‘a78200—844°
= cos e Py ' T COS™ 8200 50
(FR), 678.20
= cos~? i = cos'a = 32.0°
cos™ ¢ Fy 799.29b 32.0

Ans.

Fe
+K

Ans. 1 i f-;:‘ 450 A/
45°
Ans. / ?“
By N,

®)
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2-77.

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

N

F1 =350 N

SOLUTION

Cartesian Vector Notation:

F, = 3505sin 40°j + cos 40°k6 N

= 5224.98] + 268.12k6 N

= 5225j + 268k6 N Ans.
F, = 1005cos 45°i + cos 60°j + cos 120°k6 N

= 570.71i + 50.0j - 50.0k6é N

= 570.7i + 50.0j - 50.0k6 N Ans. <
o O
F; = 2505cos 60°i + cos 135°) + cos 60°k6 N N o \}0$0
NP
= 5125.0i - 176.78] + 125.0k6 N RONPS NS
*K\ %\(\. %Q,Q $ 6‘
= 5125 - 177j + 125k6 N C:OQ AR o*\b 8
@) 5
9 N
PN ('\\(9@ K
& XS
Resultant Force: 37
<9 PRSI
N4 PYCIN
FrR=F +F +F3 \)(\00\\}6 \)6\(\ S
= 5170.71 + 125.02i + 1224.98 + 500 - 176.785??:05%% -.Q@o&é\ﬁzaozke N
x0 N N
= 5195.71i + 98.20j + 343.12k6 N O \\\ 27 (2

= 4005 IS & &o* Ans.

27 N

The coordinate direction angles are \$\
cos a :F?F: = ig?g; a=613° Ans.
cos b :%F: = % b =76.0° Ans,
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2-178.

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

SOLUTION

Cartesian Vector Notation:

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

{42.43i + 73.48j + 84.85k} N

F, = 80b;4_)i + 2kr N = {64.0i + 48.0k} N .
F, = {-110k} N
Fs ={FR3 i+ R j + R, kiN
N
o
Resultant Force: Q\% \(.\\(9\30(\ @
_ & &
FR=F +FR +F (§\\' <@ (&Q'bg
’\ . \)
{42.43i + 73.48) + 84.85k} = EA64.0 + Ry Bi + F3 j + A48.0 - 110 3‘&3@0‘@&6$ 5
Equating i, j and k components, we have 6000(}0 QO$OK\ \,{@
NN
64.0 + F;_ = 42.43 Ry, = -2157 %\f&:\.\g} (b@\ N Qé®
o X
R, = 734 & eoé’\\\ QO (o(\o
Q o & S
480 - 110 + F; = 84.85 = F &
3, Fs, ‘0\% %E@\' S C}\) S
FN L& °
The magnitude of force F <9 \@\ & O 2
BR=2 Q \\ 6\
\{. \6 o & ,\\\\
= @2 Q‘B@Q’ Q@as
= 165@\1 6? D Q, Ans.
> ‘\Q’ N
*@ @ \«0
The coordinate direction angles for Ez‘bare b@.
N
_ B —_21'57$\ = 975° A
csa= g = eren a=97. ns.
R, 7348
= 3= — = °
cos b = E 165.62 b =637 Ans.
Fs, 14685 .
cosg = = = = 165.62 g =275 Ans.
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2-19.

Determine the coordinate direction angles of F; and Fg. z

SOLUTION

UnitVector of F; and Fy:

4
5

=i+ ﬁk:O.Si + 0.6k
Ug = cos 45°sin 30°i + cos 45° cos 30°j + sin 45°k

l.]|:1

= 0.3536i + 0.6124j + 0.7071k

Thus, the coordinate direction angles F, and Fy are

cosag, = 0.8 ag, = 36.9° Ans.
_ _ o \
cos bg, =0 bg, = 90.0 Ans. S
- - sare & LSS
cos gg, = 0.6 OF, = 53.1 Q\m' 6(\(\,;)\. @
S (\0 0@\ R
cosag = 0.3536  ag = 69.3° NN
R c R 0 @ R S x@
cos by = 06124 by = 52.2° & @0‘&5 O
cosgr = 07071 gg = 45.0° @\\ ~<<\é\ Q§°\ ~§\® O\Qe
L S 0@ L
NI TR
X oF & S
* (] \'0 O >
O K o8 ¢
(o3 o\ QQ QQ &O
\Q) ‘\ "O\
&N & S
F ¥ L E S
Mo )97, e)
SIS
RN §*
QYFNICHF S
N K2 £
@ O ¥ Q@
&‘(\ 6\ C)O (\* &
o &S
DS &0 be.%
9§
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*2-80.
If the coordinate direction angles for F3 are a; = 120°, z

b; = 45° and g5 = 60°, determine the magnitude and

coordinate direction angles of the resultant force acting on /F3 800 Ib
the eyebolt. /
F, 600Ib
SOLUTION g
Force Vectors: By resolving Fy, F, and F; into their X, y, and z components, as shown
in Figs. a, b, and c, respectively, F;, F, and F3 can be expressed in Cartesian vector . y
form as F, 700 Ib
F, = 700 cos 30°(+i) + 700 sin 30°(+j) = 5606.22i + 350j6 Ib
. 4 ; 3 B :
F, = 0i + GOOagb(ﬂ) + 600a§b(+ k) = 5480j + 360k6 Ib
F; = 800 cos 120°i + 800 cos 45°j + 800 cos 60°k = 3-400i + 565.69j + 400k4 Ib <
©)
O ST
Resultant Force: By adding F;, F, and F5 vectorally, we obtain Fg. Thus, \(§\"0 60\(\(8\\0$60
AN
FR=F, +F+ Fy .\‘0\(\\0 ®®$\6
)
= (606.22i + 350j) + (480j + 360k) + (-400i + 565.69j C%% Q\%O\\b e,b
O . R
= 3206.22i + 1395.69j + 760k4 Ib (5@% ‘.o\&‘\’ &QQ Q)@ &‘Q\
The magnitude of Fy is %\' g\\o > & QQ)
Qé ) \\Q’ OQ o
Fr = 3(Fp)’ + (Fr)y * + (Fr), 2 NP F.O L
O LV O S N
2 2 2 O&Qﬁ QO &
= 3(206.22)7 + (1395.69)° + (760)2 SL60ES2 IS 138 kip oSANS.
> . O & &
e° L N
@6\ \* @% OK\{‘ $O
The coordinate direction angles of Fy are \C‘)\' o\® %%®6$ \‘9@
% .,
F o e d R
a = cos~I¢ d 30\5'@\ 4 k(\.=082 © Ans
F A\ 5 ( '
R & Q 20y ) xQ

(a7 N
O o8 $505.690
b = cos‘lci?:Qg(}s'l e 29.4° Ans.
R

B TG 160282
F ° 0%
z . 60
(Fr) Q\\\\
— el — epe-l _ o
g = cos cFR i = cos a1602.52b 61.7 Ans.
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2-81.

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

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

SOLUTION e i .

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

F, = 700 cos 30°(+i) + 700 sin 30°(+j) = 5606.22i + 3506 Ib

F, = 0i + 600a%b(+j) + 600a§b(+k) = 5480j + 360k6 Ib

F; = 800 cos 120°i + 800 cos 45°j + 800 cos 60°k = 5-400i + 565.69j + 400k6 Ib

Fr=Fi + F + F3 \(b\s‘b
X
= 606.22i + 350j + 480j + 360k - 400i + 565.69j + 400k .\\&\,Q\
- 5206.22i + 1395.69] + 760K6 Ib oQ\\\o@ QPO %
Fp = 3(206.22)2 +(1395.60)2 + (760)2 %\«5\. & <
\)
= 1602.52 Ib = 1.60 kip Q S \\Qp O‘AU\%(\
. N
a = cos'a 200.22 b = 82.6° ‘0* & <" S o\\{" Ans
1602.52 RSN
o o & @
_, 139569 . @ \?}* i \@‘ &
b =cos™a; 0,0 = 294 Y 2 6\ Ans.
: QL 373
9 \@ O {\\'
g = cos‘laﬂo = 61.7° é B @(b (\.o <@
1602.52 : { O & & Q Ans.
o .Q € Q@
&‘(\ b\% OO\) (\* \(.\
S0 &% @Q’
& O &8
O\ N 60
N
D
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2-82.

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

determine the coordinate direction angles of F; and the /4|:3 800 Ib
magnitude of Fg. -

F, 600 Ib
SOLUTION
Force Vectors: By resolving Fq, F, and F5 into their x,y, and z components, as shown
in Figs. a, b, and c, respectively, F, F,, and F3 can be expressed in Cartesian vector y
form as F, 7001
F, = 700 cos 30°(+1i) + 700 sin 30°(+j) = 5606.22i + 350j6 Ib
F, = 0i + 600a%b(+j) + 600a§b(+ k) = 5480j + 360k6 Ib
F; = 800 cos azi + 800 cos by j + 800 cos gk

Since the direction of Fg is defined by ugp, = cos 30°j + sin 30°k; it can be wrltten |n
Cartesian vector form as

Fr = Frup, = Fgr(cos 30°j + sin 30°k) = 0.8660F; j + 0.5F; k ®$

6 b 0
3

Resultant Force: By adding F;, F,, and F; vectorally, we obtain Fg. Th@ o{oqo O\ ((\\
S

FR=F +F +F; \Qv(o\ﬁﬁ(\\s(\ \Q
0.8660F; j + 0.5F; k = (606.22i + 350j) + (480 + 360k) Sq%%q\c&\&u bQOO i) b;j + 800 cos g3k)
0.8660F; j + 0.5F; k = (606.22 + 800 cos az)i + (350 \\380 ®@@cg@%§© (360 + 800 cos gs)k

Equating the i, j,and k components, we have 0 "o 0 N
0 = 606.22 + 800 coS ag e g\o‘ \{.
800 cos ag = -606.22 O 0 Q)
¥ \‘?}2%@ o 6\
0.8660Fg = 350 + 480 + 800 cos bs Q& a_,ob \\'\\ ©
800 cos bz = 0.8660I: - 830 \{‘\"o 606(0(\ O‘\ Qgﬁ (2)
N XS
0.5F; = 360 + 800 cos g3 $O\ KOA\K%Q Q(b(\ &
B00cos g; = 05T - 3600 &0 QG <° 3)
N b\\\ O\’b \SO*
Squaring and then adding Egs. (1)%) @'% (&ylelds
8007 [cos? ag + cos® by + cos? g5] = FR'$ - 1797.60F; + 1,186,000 4)
However, cos? ag + cos? by + cos? gz = 1.Thus, from Eq. (4)
Fr? - 1797.60F; + 546,000 = 0
Solving the above quadratic equation, we have two positive roots
Fy = 387.09N = 387N Ans.
Fz = 141051 N = 1.41 kN Ans.
From Eg. (1),
az = 139° Ans.

Substituting Fg = 387.09 N into Egs. (2), and (3), yields
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g; = 102° Ans.

Substituting Fg = 1410.51 N into Eqgs. (2), and (3), yields
by = 60.7° g3 = 64.4° Ans.
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2-83.
The bracket is subjected to the two forces shown. Express z
each force in Cartesian vector form and then determine the
resultant force Fg. Find the magnitude and coordinate

direction angles of the resultant force.

SOLUTION

Cartesian Vector Notation:

F1

2505co0s 35° sin 25°1 + cos 35° cos 25°j - sin 35°k6 N

586.551 + 185.60j - 143.39k6 N

Fy =250 N

586.5i + 186] - 143k6 N Ans.

F, = 4005cos 120° + cos 45°] + cos 60°k6 N

= 5-200.0i + 282.84j + 200.0k6 N

= 5-200i + 283j + 200k6 N Ango \(\9 \0(\ N
2 (bo ‘Q‘é\' éo
@S N
Resultant Force: \\\\g RS 2N 4
Fr=F +F, DL/
O O o@
= 518655 - 200.02i + 1185.60 + 282.842) + 1-143.39 + 20%@%\@ {\\(\Q \$o* &
UK ATEIAN ©
= 5-113.45i + 468.44j + 56.61k6 N b% S ¥ O\Q
= 5-113j + 468j + 56.6k6 N R 2 ) %n?
D TN N
h itude of the resultant force i & & N (}oo‘\{‘
The magnitude of the resultant OM%Q(\®$
Fr = 2F% + FAQ P O
R R+ P 6'%?&2’ QN

&
%
%
%
%
B

o .0 o S
PN S
=530 =N & Ans.
NP K@
O
The coordinate direction angles arg@ \06\ e.éé
O
 En_ %@?@\ o
cosa = FR 485.3 a = AnS.
Fr, 46844
= = b =15.1°
cos b Fo | 485.30 Ans.
Fr, _ 5661 s
cosg = - = 485.30 g = 833 Ans.
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*2-84.

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

FZ
its three components. A 7
SOLUTION
-g F Fy
cos’a + cos’ b + cos’g =1 b

cos®a + cos? 30° + cos? 75° = 1 /F, ‘a
a = 64.67° F
= 3c0s 64.67° = 1.28 kN Ans. X /

3 cos 30° = 2.60 KN Ans.

o oA A
1l 1

3cos 75° = 0.776 kN
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